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INTRODUCTION 
 

Preeclampsia (PE) is a major cause of maternal and perinatal morbidity and 

mortality, affecting 2% to 8% of pregnant women globally, resulting in the annual 

deaths of 76,000 women and 500,000 newborns. PE is defined as hypertension 

accompanied by one of the following symptoms after the 20th gestational week: 

proteinuria, thrombocytopenia, impaired liver function, pulmonary edema, renal 

insufficiency, brain injury, and visual disturbances 

(https://pubmed.ncbi.nlm.nih.gov/24150027/) (Loussert L. et al. (2020). 

 

Preeclampsia is associated with an increased risk of long-term cardiovascular and 

chronic diseases in both mothers and their offspring resulting from compromised 

pregnancies. 

 

Known risk factors for developing preeclampsia include ethnicity, age over 35, BMI 

> 30 kg/m2, nulliparity, previous preeclamptic pregnancy, family history of 

preeclampsia, in vitro fertilization, and associated conditions such as chronic 

hypertension, diabetes, chronic kidney diseases, systemic lupus erythematosus, and 

antiphospholipid syndrome. Several professional organizations, including the 

National Institute for Health and Care Excellence (NICE) and the American College of 

Obstetricians and Gynecologists (ACOG), recommend screening for preeclampsia 

based on maternal risk factors. Unfortunately, the detection rates with these 

methods are only 41% and 34%, with a 10% false-positive rate for preterm and term 

preeclampsia. 

 

The Foundation for Fetal Medicine's (FMF) first-trimester predictive model, 

comprising maternal factors and measurements of mean arterial pressure, 

pulsatility index of the uterine artery, and serum placental growth factor, deserves 

special attention. The FMF screening has detection rates of 90% and 75% for early 

and late preeclampsia prediction, respectively, with a 10% false-positive result. 

 

It has been established that combinations of biomarkers have better detection than 

individual risk factors/predictors. (Poon L.C et al. (2014); (Al-Rubaie Z. et al. (2016) 

(Chaemsaithong P. et al. (2018) 
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Several authors report that the use of low-dose aspirin, initiated before the 16th 

gestational week, significantly reduces the frequency of preterm preeclampsia. 

 

In the scientific realm, debates continue regarding the possibilities of optimizing the 

prognosis and prevention of preeclampsia. Additional research is needed for the 

complete and early identification of high-risk pregnancies for preeclampsia, which 

should be easily accessible to practicing specialists and imposed as a widespread and 

more effective screening. 
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GOAL AND OBJECTIVES 

2.1. GOAL. Evaluation of screening for preeclampsia and prevention through acetylsalicylic acid 

in the high-risk group of pregnant women in the Bulgarian population. 

2.2. OBJECTIVES.  

To achieve the current goal, the following objectives were set: 

1. Investigate the impact of sociodemographic characteristics on certain medical and obstetric 

indicators. 

2. Analysis of risk factors for preeclampsia. 

3. Analysis of fetal growth restriction and risk factors. 

4. Analysis of screening for preeclampsia and its prevention through acetylsalicylic acid in 

high-risk pregnant women. 

5. Algorithm for management in high risk for PE/FGR. 
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MATERIALS AND METHODS 

Study Design 

 

 

In the Outpatient Clinic for specialized outpatient medical care "Fetal Medicine" Ltd., examinations 

for first-trimester screening during the period from January 30, 2018, to November 30, 2020, were 

conducted. Primary data for the study were extracted from the archived medical records for each 

case. A total of 1730 pregnant women were initially included in the study based on selected inclusion 

criteria, with data collected from 1383 women who were pregnant between 11 and 13 +6 gestational 

weeks. Other patients either withdrew consent, could not be located at the provided contacts, 

experienced spontaneous abortion, or had pregnancy terminated for medical reasons. Two of the 

women lacked PAPP-A information, and the models were developed based on 1383 sets of data. 

The data were distributed across 33 variables, and the variables along with their descriptive statistics 

are presented in Table 1 in the Appendix. The primary variable of interest was the occurrence of 

preeclampsia or gestational hypertension (PE/PIH), as well as the calculated risk based on first-

trimester screening at 11-13+6 weeks (Adjusted risk). Other variables included factors influencing 

the two severe conditions - preeclampsia and gestational hypertension. 

For the completeness of the study, we additionally examined a control group of 533 pregnant women 

who did not undergo screening for preeclampsia and have entered at a later stage of pregnancy at 

the outpatient clinic. 

Table 1 in the Appendix provides descriptive statistics for the variables collected for 1383 women 

who underwent screening. 

Table 2 presents descriptive statistics for the variables collected for 533 women who did not undergo 

screening. 

The study was retrospective and conducted in two stages. The first stage (within the interval of 11+0 

gestational weeks to 13 gestational weeks +6 days) involved collecting and documenting maternal 

characteristics, medical and obstetric history, and status as part of first-trimester screening. Detailed 

examinations were performed on each patient: the blood pressure of both arms was measured twice, 

successively on each one separately, after at least 5-10 minutes of rest, with the legs parallel to each 

other and on a firm base, the arms at the level of the heart; including blood pressure measurements 

on both arms, detailed fetal examination through transabdominal and, if necessary, transvaginal 

sonography, Doppler velocimetry of the left and right uterine arteries, and blood sample collection 

for biochemical markers (free bHCG, PAPP-A, and PlGF) to screen for common aneuploidies 

(Down, Edwards, and Patau syndromes) and preeclampsia. The second stage, after the birth of each 

participating woman, involved gathering data on the mode of delivery, newborn weight, developed 

preeclampsia, the gestational week at which PE occurred, occurrences of gestational hypertension 

and diabetes, fetal retardation, use of acetylsalicylic acid, complications, and other medical and 

obstetric data. 

For the purposes of the study, patients were categorized into groups based on high (risk for 

preeclampsia higher than 1:150) and low risk for PE, fetal retardation, gestational hypertension, 

diabetes, mode of conception, etc. 
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Study Object:  

The analysis of the effectiveness of screening for preeclampsia and prevention through 150mg 

acetylsalicylic acid in a high-risk group of pregnant women under the influence of changes in 

biochemical, biophysical, medical, and obstetric indicators. 

Logical Unit of Observation:  

Each patient (from the archived medical record) visiting the clinic for pregnancy monitoring and 

meeting the inclusion criteria for the study. 

Technical Unit of Observation:  

The Outpatient Clinic for specialized outpatient medical care "Fetal Medicine" Ltd., where 

examinations of patients for first-trimester screening during the period from January 30, 2018, to 

November 30, 2020, were conducted. 

Inclusion Criteria for the Study:  

• Gestational age from 11 gestational weeks +0 days to 13 gestational weeks +6 days with a fetus 

measuring 45 to 84mm.  

• Live fetus.  

• Singleton pregnancy.  

• Pregnant woman aged 18 or older.  

• No serious mental or physical illnesses. 

Exclusion Criteria for the Study:  

• Minors.  

• Multiple pregnancies.  

• Structural anomalies of the fetus.  

• Abortion.  

• Ulcers and gastritis.  

• Blood circulation disorders.  

• Intolerance to acetylsalicylic acid.  

• Termination of pregnancy for medical reasons.  

• Stillborn fetus. 

Detailed observation features are provided in Table 1 in the Appendix.  
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Observation features are mainly divided into two groups. 

 

Factorial features: age, tobacco smoking, parity, interval between two pregnancies, previous PE 

(preeclampsia), chronic hypertension, family history of PE, anthropometric indicators - BMI 

(Body Mass Index), chronic diseases, In Vitro Fertilization, mean values of pulsatility index in 

both uterine arteries, mean arterial pressure, maternal biochemical markers - angiogenic placental 

factors involved in trophoblast invasion and placental growth and development: 

• Pregnancy-associated plasma protein-A (PAPP-A); 

• Placental growth factor (PLGF), and others. 

To discover the relationship between factors that may explain the presence of preeclampsia and 

gestational hypertension, multinomial regression models were used since the dependent variable is 

nominal with three classes: 0-no preeclampsia or gestational hypertension, 1-preeclampsia, and 2-

gestational hypertension. 22 factors from those listed in Table 1, which could explain the 

occurrence of preeclampsia, were used. 

Individual relationships between non-numeric variables were also examined through chi-square 

analysis: intake of acetylsalicylic acid, calculated risk for preeclampsia/hypertension, gestational 

week of onset of preeclampsia/gestational hypertension, and the dependent variable - onset of 

preeclampsia/gestational hypertension. 

Gestational age at birth and newborn weight were studied using the ANOVA method - one-way 

analysis of variance. 

Result based: the occurrence of preeclampsia and in which gestational week the complication 

developed, the effectiveness of screening for preeclampsia, and prevention with 150mg 

acetylsalicylic acid in a high-risk group of pregnant women. Effectiveness of drug prevention and 

the ability to predict early, preterm, and term preeclampsia. 

Study duration: January 30, 2018, to November 30, 2020. 
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3.1. STUDY METHODS 

Documentary and registration methods:  

Data from patients who underwent specialized examinations during pregnancy, primarily during 

first-trimester screening at 11-13+6 weeks of gestation, were extracted from the outpatient 

register. Medical records of patients were collected based on inclusion and exclusion criteria for 

the study. Primary data included information from medical records, anamnestic data, biochemical 

and biophysical indicators, post-birth interview data, etc. The primary data were encoded, entered 

into electronic spreadsheets, verified, and processed for statistical analyses. 

3.2. CLINICAL METHOD  

Includes anthropometric methods such as measuring height, weight, and calculating BMI. 

3.3. LABORATORY METHODS  

Indicators were examined using a specialized automated biochemical analyzer for immunoassay, 

"Perkin Elmer DELFIA Xpress." The following were investigated:  

3.3.1. Pregnancy-associated plasma protein-A (PAPP-A);  

3.3.2. Placental growth factor (PLGF). 

 

 

3.4. ULTRASOUND METHODS  

3.4.1. Transabdominal ultrasound of uterine arteries  

Abdominal ultrasound was conducted using a high-class GE device (Voluson E6) with a 4-6 MHz 

transducer.  

Uterine arteries were visualized through:  

• Sagittal section of the cervical canal;  

• Color Doppler mapping;  

• Movement of the transducer from side to side parallel to the cervical canal. Arteries were 

identified at the level of the internal axis of the cervical canal.  

• Isolation window with a width of 2 mm to cover the entire vessel;  

• Isolation angle: less than 30º  

• Maximum systolic velocity: more than 60 cm/sec  

• Mean pulsatility index (Mean PI): arithmetic mean of the sum of the PI of both uterine arteries 

(left PI + right PI)/2.  



 16 

3.4.2. Transvaginal ultrasound of uterine arteries  

Transvaginal access with a 5-7 MHz transducer was used in cases where transabdominal 

examination was technically impossible (excessive weight, myomatous uterus, previous surgery 

with scars preventing good visualization).  

The same orientation and evaluation criteria as in the transabdominal examination applied. 

3.5. MEASUREMENT OF MEAN ARTERIAL PRESSURE According to the imposed 

protocol recommended by the Australian Cardiovascular Disease Association, measurements were 

taken using automatic devices 3BTO A2, Microlife, regularly calibrated during the study. 

3.6 The software used for risk calculation and data archiving is FetView with an 

implemented calculator from the Fetal Medicine Foundation. 

3.7. The diagnostic criteria for establishing preeclampsia are based on the ISSHP criteria for 

preeclampsia. Criteria from different countries, such as ACOG, RCOG, NICE, and WHO, were 

used for diagnostic approach comparison. 

Statistical methods:  

Results were processed using the statistical program R version 4.2.2 (2022-10-31 ucrt). The 

accepted level of significance was α=0.05. The following statistical analyses were used: 

• Descriptive analysis for describing the structure of processes and phenomena. 

• Chi-squared test (X2 analysis) to establish dependencies between qualitative variables. 

• Student's t-test for comparing parameters of two samples with quantitative variables. When 

the distribution of quantitative variables was not normal, the non-parametric analog of the 

t-test, the Mann-Whitney U test, was used. 

• One-way analysis of variance (ANOVA), with the post-hoc Tukey test for multiple 

intergroup comparisons under specific conditions. 

• Multiple response analysis for combining multiple different dichotomous variables and 

analyzing them as a new multivariate (with multiple characteristics; categories) qualitative 

variable. 

• Correlation analysis to assess the strength and direction of interaction between variables, 

using Cramer’s V for qualitative parameters. 

• Graphical analysis for visualizing the obtained results. 
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                                     RESULTS AND DISCUSSION 

 

4.1. FIRST TASK 

 

4.1.1. CHARACTERISTICS OF THE STUDY POPULATION 

Age Characteristics 

The study analyzed 1383 pregnant women, with the average age of the studied population being 

29.959±5.104 years. The youngest patient is 18 years old, while the oldest is 47 years old. Women 

who developed preeclampsia were 27 (1.95%) up to 37 gestational weeks, and 34 (2.46%) of the 

total sample had gestational hypertension (Fig. 4.1). The mode of conception in the studied 

population was distributed as follows: 95.6% conceived spontaneously, and 4.4% through assisted 

reproduction (Fig. 4.2). Gestational diabetes developed in 3.8% of the studied population, and 

chronic hypertension was reported in 1.7%. According to the method of delivery, 36.5% of the 

studied population completed pregnancy with normal delivery, while 63.5% concluded with 

cesarean section. 

     Figure 4.1  

 

When classifying pregnant women as high or low risk for developing preeclampsia, it was found 

that 506 (36.6%) of the studied patients were classified as high risk.  

Among the observed pregnant women, 94 (6.8%) developed fetal growth retardation. Cases where 

both fetal retardation and premature birth occurred totaled 30, representing 2.17% of the overall 

sample. 

92%

6%

2%

8%

ЧЕСТОТА НА ХИПЕРТЕНЗИВНИ УСЛОЖНЕНИЯ

Общо PIH PE
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Table 4.1. 1383 women with complete data  

 

PE\PIH 
Number of births 

Total 
0 1 2 3 

None 741 474 41 5 1263 

preeclampsia 19 14 1 0 34 

gestational 
hypertension 

59 27 2 0 86 

Total 819 515 44 5 1383 

 

Additionally, we examined a control group of 533 pregnant women who did not undergo 

screening for preeclampsia in the first trimester and presented later in pregnancy at the outpatient 

clinic. All data for patients in this group will be marked as the CONTROL GROUP. Those that 

are not explicitly described are from the main group of patients who underwent first-trimester 

screening for preeclampsia. 

Figure 4.2 

 

Despite the increasing percentage of pregnancies following assisted reproductive techniques, the 

frequency of pregnancies after in vitro fertilization (IVF) is a small fraction of all pregnancies in 

our studied sample. Nevertheless, these women require attention as it is a risk factor for 

preeclampsia and fetal retardation. This is the reason why we are investigating this factor. 

Table 4.2. Frequency of gestational diabetes  

GDM/Гестационен диабет number percentage 

None 1330 96.17%  

Present 53 3.83% 

96%

4%

Начин на забременяване

Спонтанно

IVF
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One of the common complications during pregnancy is gestational diabetes. Its frequency varies 

according to different sources. We considered this complication because we find a correlation with 

hypertensive complications of pregnancy. The frequency in our observed population is 3.83%. 

Women who developed gestational diabetes have over 30% higher risk of developing gestational 

hypertension and preeclampsia (Table 4.3). 

Table 4.3 

 

gestational diabetes 
PE/PIH Прееклампсия/ 

Гестационна Хипертония 
Брой Процент 

No No 1215 91.4% 

No preeclampsia 32 2.41% 

No gestational hypertension 83 6.24% 

Yes No 46 86.8% 

Yes preeclampsia 2 3.77% 

Yes gestational hypertension 5 9.43% 

 

From the descriptive statistics in the table and the graph, we observe that among women who did 

not develop gestational diabetes (1330 women or 96.17% of all women), 91.4% did not develop 

PE/PIH, 2.4% developed preeclampsia, and 6.2% developed gestational hypertension. Of the 

remaining 3.83% of the population of women who developed gestational diabetes, 86.6% did not 

develop PE/PH, 3.8% developed preeclampsia, and 9.4% developed gestational hypertension. This 

means that women with gestational diabetes have a 58.33% higher risk of developing 

preeclampsia and a 51.6% higher risk of developing gestational hypertension. 

Table 4.4. CONTROL GROUP. Frequency of Gestational Diabetes  

GDM/ Гестационен диабет number percenatge 

None 501 94.00% 

Present 32 6.00% 

 

 

In the control group (Table 4.4), the frequency of gestational diabetes is 6%, compared to 3.83% 

in the main group. This may be due to screening for gestational diabetes performed in the main 

group and better control over dietary habits with timely consultation with an endocrinologist. 
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Table 4.5. CONTROL GROUP. Gestational Diabetes and PE/PIH  

 

GDM/ Gestational 
Diabetes  

PE/PIH/ Preeclampsia/ 
Gestational Hypertension 

number % 

None None 457 91.20% 

None Preeclampsia 13 2.59% 

None Gestational Hypertension 31 6.19% 

Present None 23 71.90% 

Present Preeclampsia 4 12.50% 

Present Gestational Hypertension 5 15.60% 

 

 

In the control group (Table 4.5), among patients with gestational diabetes, there are 12.5% 

preeclampsia and 15.6% gestational hypertension, which is statistically significant compared to 

2.59% and 6.19%, respectively, in women without gestational diabetes. 

Table 4.6.  

Chronic Hypertension 
PE/PIH Preeclampsia/ 
Gestational Hypertension 

number % 

None None 1242 91.3% 

None Preeclampsia 31 2.28% 

None Gestational Hypertension 87 6.4% 

Present None 19 82.6% 

Present Preeclampsia 3 13% 

Present Gestational Hypertension 1 4.35% 

 

 

 

Pregnant women in the main group with a history of chronic hypertension (Table 4.6), despite the 

small number of patients in the sample, have a significantly higher risk of developing 

preeclampsia compared to the data from our study. The risk of developing PE in women with 

chronic hypertension is nearly 6 times higher. 
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Figure 4.3 

 

 
 
 
 
 
 
 

Table 4.7. Frequency of Patients at High Risk for PE  

Risk of Preeclampsia Number Percentage 

Low 877 63.41% 

High 506 36.59% 

 

According to our data (Table 4.7), 506 (36.6%) of the patients are at high risk for developing 

preeclampsia/fetal growth retardation. 807 (63.4%) are determined to be at low risk for these 

complications, with 10 (1.1%) of women developing preeclampsia and 39 (4.5%) developing 

gestational hypertension in this group, meaning these are women with a falsely negative result 

from the first-trimester screening for preeclampsia. From the high-risk contingent, 24 (4.7%) 

developed PE, and 49 (9.7%) developed GH. It is important to note that in the high-risk group, 

compliance with acetylsalicylic acid is 75.9%, and 70.6% of those who developed PE are in this 

group. That is, 24.1% of the high-risk group did not take the medication.  

Figure 4.4 
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According to the obtained data, the detection rate for preeclampsia for the entire population using 

the algorithm is 70.6%. As a secondary result, it can be noted that gestational hypertension has a 

significantly lower detection rate (true positive rate) of 55.7%, but it is still a cost-effective 

method.  

 

 

Table 4.8.  

 

PE/PIH/ Preeclampsia / 

gest. hypertansion 

Adjusted risk/ 

risk for 

Preeclampsia 

number % 

None Low 828 65.70% 

None High 433 34.30% 

Preeclampsia Low 10 29.40% 

Preeclampsia High 24 70.60% 

Gestational Hypertension Low 39 44.30% 

Gestational Hypertension High 49 55.70% 
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Figure 4.5. Frequency of patients at high risk for PE 

 

Patients identified as high risk for developing preeclampsia represent 36.6% of the total sample, 

while 63.4% are classified as low risk (Table 4.9). All pregnant women at high risk have been 

recommended to start taking acetylsalicylic acid 150 mg every evening immediately after 

receiving the result from the preeclampsia screening but no later than the 16th gestational week. 

The discontinuation of intake should occur at the 36th gestational week to reduce the risk of 

unwanted bleeding during childbirth or hemorrhage in the newborn, although there is no data from 

the world literature for such complications. Recommendations have been given to monitor blood 

pressure and examine protein in the urine after the 20th gestational week.  

Table 4.9. Frequency distribution of PE/PIH 

 

PE/PIH preeclampsia / 
Gestational Hypertension 

number % 

None 1261 91.23% 

preeclampsia 34 2.46% 

Gestational Hypertension 88 6.36% 

 

From the collected data (Table 4.9), it becomes clear that less than 2.5% of the total population 

has developed preeclampsia by the end of pregnancy, 6.4% have developed gestational 

hypertension, and the remaining 91.2% of the patients have not been affected by hypertensive 

complications of pregnancy. 
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Figure 4.6. Control group  PE/PIH 

 

 

 

Among women who did not undergo screening, 17 pregnant women developed PE, and 36 

developed gestational hypertension. The frequency of preterm preeclampsia is 3%, compared to 

1.95% in the screened group, and before delivery is 3.19%, compared to 2.46% in the main group. 

Gestational hypertension is comparable in both groups, at 6.8%. 

In the control group, the distribution of PE is mainly before term, i.e., 94.1% of pregnant women 

developed this complication before the 37th gestational week. The main task of prevention is to 

prevent the development until this point in pregnancy. In the brief overview between the two groups 

in Table 4.8 and Table 4.9, it is evident that there is a difference between the two groups in both the 

overall frequency of developing PE and the time of onset. 

In Table 4.9, the distribution of PE by weeks is presented, and for GH, it is for the entire pregnancy 

period. In the studied sample, efforts have been directed towards establishing prediction and 

prevention of PE, considering the time of onset and birth. The focus on gestational hypertension has 

not been as detailed, and further analysis is needed. 

It is evident from Table 4.9 that the more advanced the week, the higher the frequency of developing 

preeclampsia. For early-onset preeclampsia before the 32nd gestational week, we have found that 8 

pregnant women, or 0.58% of all women, developed it. Until the 34th gestational week, there are 

16 pregnant women, or 1.16% of the total sample, and for preterm preeclampsia before the 37th 

gestational week, there are 27 pregnant women, or 1.95%. For all cases of developed PE, until the 

end of pregnancy, there are 34 cases, or 2.46% of the total sample. Women who developed 

gestational hypertension are 88 (6.4%). The frequency of gestational hypertension is nearly 3 times 

higher than that of preeclampsia. The overall frequency of hypertensive complications in our sample 

is below 8.84%. 
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In the CONTROL GROUP, the data for PE are as follows:  

The distribution of women who developed preeclampsia by gestational week of onset compared to 

all women is as follows: 

• Until the 32nd gestational week, 2.44% of all women developed preeclampsia. 

• Until the 34th gestational week, 2.81% of all women developed preeclampsia. 

• Until the 37th gestational week, 3.00% of all pregnant women developed preeclampsia. 

• Until term, 3.19% of all pregnant women developed preeclampsia. 

• The remaining 96.81% of women are distributed as follows: 6.75% are women with 

gestational hypertension, and 93.25% are women who did not develop PE/PIH. 

Figure 4.6.1 

 
 

Figure 4.6.1: Structural distribution of pregnant women with preeclampsia, categorized by 

gestational week of onset. 

• Before the 32nd gestational week: 0.58% of cases. 

• Before the 34th gestational week: 1.16% of cases. 

• Before the 36+6 gestational week: 1.95% of cases. 

                                                       Figure 4.6.2: 

 

Structural distribution of pregnant women with preeclampsia, categorized by gestational week of 

onset. 
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• Before the 32nd gestational week: 2.44% of cases. 

• Before the 34th gestational week: 2.81% of cases. 

• Before the 36+6 gestational week: 3% of cases. 

                           Table 4.10: Mode of birth by count and percentage. 

 

Mode of birth Number Percantage 

Vaginal delivery 505 36.5% 

Cesarean section 878 63.5% 

The mode of delivery shows that the majority of women (63.5%) gave birth via cesarean section, 

which is a negative contemporary trend leading to various complications not addressed in the 

present study. Vaginal birth occurred in the remaining (36.5%) of deliveries. 

                           Table 4.11: Control group - mode of delivery. 

Delivery Number Percantage 

PN 197 36.96% 

SC 336 63.04% 

 

The mode of resolution for both groups shows no significant difference. Unfortunately, there is a 

trend in choosing the mode of delivery in both groups, observed at the national level in the last 

decade. 

                                                    Figure 4.7: 

 

Inclusion criteria are adulthood, so the youngest participant is 18 years old, and the oldest is 47 

years old.  

The average age of women is 30 years, with the highest frequency in the age group 25-35 years, 

comprising 71.66% of all women. The distribution of pregnancies is even, with no significant 

excessive age differences. 
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                                              Table 4.12: 

• Age up to 35 years: 85.4% (1181 cases). 

• Age over 35 years: 14.6% (202 cases). 

The study found that 202 (14.6%) of pregnant women are over 35 years old. Recently, significant 

importance has been attached to the age factor for the outcome of pregnancy. Of course, the clear 

connection is not to be underestimated, both with an increased risk for genetic disorders (e.g., 

Down syndrome) and an increase in the frequency of gestational diabetes, premature birth, 

preeclampsia, placental abnormalities, etc. Over 85% of surveyed pregnant women are under 35 

years old, with the study having limited lower age thresholds but not upper age limits.  

 

More patients who developed preeclampsia are in the younger group (under 35 years), which is 

logical, given that 84.6% are in this group. Interestingly, the frequency of complications is very 

close in both groups from our study – up to 35 years, it's 2.46%, and over 35 years, it's 2.48%. 

 

Figure 4.8 

 

 
 

From Table 4.12 and Figure 4.8, it is observed that among women under 35 years old, 91.36% did 

not develop PE/PIH, 2.46% developed preeclampsia, and 6.18% developed gestational 

hypertension. Meanwhile, among women over 35 years old, 90.10% did not develop PE/PIH, 

2.48% developed preeclampsia, and 7.43% developed gestational hypertension. In those who 

developed preeclampsia, there is almost no difference between the two age groups. The difference 

arises from those who developed gestational hypertension, which is 1.25% higher in the over 35 

age group. 
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Figure 4.9 

 

When comparing the distribution of fetal growth retardation between women under and over 35 

years old, no significant difference is observed between the two groups. The higher frequency of 

the development of PE (preeclampsia) and FGR (fetal growth restriction) in women over 35 years 

old is likely due to the higher percentage at high risk (Table 4.12 and Figure 4.9) – 34.5% high 

risk under 35 years old compared to 49% over 35 years old, and consequently, a higher frequency 

of preventive measures. 

                       Figure 4.10 

 

In women under 35 years old, 65.50% are described as having a low risk of developing 

preeclampsia, while the remaining 34.5% are at high risk. In women over 35 years old, the 

distribution is different – 51% are at low risk, and 49% are at high risk. It can be said that age 

matters, as younger women have a lower risk of developing preeclampsia. 

As mentioned earlier, age is a risk factor for both genetic anomalies in offspring and pregnancy 

complications. It is evident that in pregnant women over 35 years old, the risk of developing PE 

significantly increases (Table 4.13) according to screening data, but not the frequency of occurred 

preeclampsia (Table 4.14). This can be explained once again (Table 4.14) by the higher frequency 

of acetylsalicylic acid intake. Pregnant women under 35 years old who regularly take the 

medication are 26.7%, while those over this age are 40.1%. 
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Figure 4.11. Distribution of Acetylsalicylic Acid Intake by Age 

 

In women under 35 years old, 70.10% did not take acetylsalicylic acid, 3.2% took it irregularly, 

and 26.70% took it regularly.  

In women over 35 years old, 57.92% did not take acetylsalicylic acid, 1.98% took it irregularly, 

and a significant 40.10% took it regularly. 

In conclusion, it can be said that women over 35 years old, due to the higher risk of developing 

preeclampsia, took regularly almost twice as much acetylsalicylic acid compared to those under 35 

years old. Patients under 35 years old took irregularly almost twice as much compared to those 

over 35 years old. 

• Distribution of MAP (Mean Arterial Pressure), Mean Ut PI (Pulsatility Index), PAPP-A, 

and PlGF according to the age of women under and over 35 years old. 

 

Table 4.13 

age, years. under 35  over 35 

Arithmetic mean of  MAP  89.7 92.7 

Standard deviation of MAP  8.79 9.79 

PAPP A МоМ 1.04 1.09 

Standard deviation of PAPP A МоМ 0.583 0.659 

Arithmetic Mean of Mean Ut PI 1.88 1.77 

Standard deviation of Mean Ut PI 0.502 0.516 

PlGF МоМ 0.895 0.855 

Standard deviatiom of PlGF МоМ 0.460 0.476 

 

 

There are no significant differences in the descriptive statistics and boxplot graph, with women 

under 35 having more extreme values, especially in the upper values of MAP (Mean Arterial 

Pressure). Despite slightly higher variation in women over 35, there are only two cases that are 

extreme, one in the low values of MAP and the other in the high values.  
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                                                       Table 4.14 

One-way ANOVA analysis for MAP and age, years: 

Parameters DF Sum Sq Mean Sq F-value Pr(>F) 

Age 1 1534 1535.4 22.1 2.85e-06*** 

Residuals 1381 95897 69.4     

 

 

The results of the analysis show statistically significant differences between the group means of 

women under and over 35 for MAP. This means that different mean values can be expected in 

women over and under 35. In the Tukey multiple comparison test of the groups, the following 

results were obtained.  

 

Table 4.15 

 

Tukey's multiple comparison test: 

  diff  lwr upr p adj 

over 35 -under 35 2.982 1.738 4.227 2.9e-06 

 

An average difference in MAP mean values of around 3.04 is expected, with women over 35 

expected to have 3.04 units more than those under 35. Since the sample is large enough, the results 

can be generalized and applied to all pregnant women in Bulgaria. 

For PAPP-A MoM, no significant differences in its mean level are observed compared to the age 

of women, with more abnormal values in women under 35, justified by their much higher 

frequency than those over 35. 

Mean Ut PI (mean pulsatility index of the two uterine arteries) shows higher mean values in 

women under 35 compared to those over 35. There are several extreme values in women under 35 

due to their large number and only one extreme value in women over 35. However, as mentioned 

earlier, this is due to the higher frequency of women under 35. 

To further examine the relationship between age groups and Mean Ut PI levels, another ANOVA 

analysis was conducted for Mean Ut PI and age groups - under and over 35. The results are stored 

in the next table.  

Another ANOVA analysis was conducted for Mean Ut PI and age groups - under and over 35. The 

results are stored in the next table. 
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    Fugure 4.12 

 

 
 
 

                                                           Table 4.16 

 

One-way ANOVA analysis for Mean Ut PI and age, years 

Parameters DF Sum Sq Mean Sq F-value Pr(>F) 

Age 1 2.1 2.1494 8.451 0.00371** 

Residuals 1381 351.3 0.2543     

 

Statistically significant differences are observed between the age group means for Mean Ut PI, 

with the post-hoc Tukey test showing that women over 35 are expected to have on average 0.112 

lower values of Mean Ut PI compared to those under 35. 

 

Table 4.17 

Tukey's multiple comparison test 

  diff  lwr upr p adj 

over 35 -under 35 -0.112 -0.187 -0.0363 0.00371** 
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                     Figure 4.13. CONTROL GROUP PE/PIH and age years 

 

                                                       Figure 4.14 

 

 

In the control group, women under 35, it is observed that 90.20% of them did not develop PE/PIH, 

3.26% developed preeclampsia, and 6.52% developed gestational hypertension. In women over 

35, 89.04% did not develop PE/PIH, 2.74% developed preeclampsia, and 8.22% developed 

gestational hypertension.  

There is a small difference between the age groups in the percentage of those who developed 

preeclampsia, with women under 35 having 0.52% more cases. The larger difference between age 

groups comes from those who developed gestational hypertension, with women over 35 having 

2.59% more cases than those under 35, or 1.46 times more cases of gestational hypertension. 
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4.2. SECOND TASK 

 

 

 

4.2.1. ANALYSIS OF RISK FACTORS FOR PREECLAMPSIA 

The table below (Table 4.18) shows how many cases of PE were registered as high risk for 

complications. It is noted that 70.6% of the studied women with PE were classified as high risk, 

and 36.6% of all women in the main group were identified as high risk. When pregnant women are 

classified into the high-risk group for the onset of PE, the actual relative risk of developing the 

complication is over 4 times higher than in low-risk pregnant women. 

 

Frequency distribution of the development of preeclampsia PE/PIH 

Table 4.18 

PE/PIH Preeclampsia / 

Gest. Hypertension 
Count Percentage 

None 1261 91.23% 

Preeclampsia 34 2.46% 

Gest. Hypertension 88 6.36% 

Table 4.19 Developed preeclampsia 

GA_PE_PIH Count Cumulative Percentage 

under 32 8 8 23.50% 

under 34 8 16 47.10% 

under 37 11 27 79.40% 

 over 37 7 34 100.00% 

 

 

 

The cumulative frequency of preeclampsia increases as the pregnancy progresses, which is logical. 
There are scientists who believe that every pregnant woman would develop this complication if 

the pregnancy lasts more than 60 gestational weeks.  
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Table 4.20. Frequency Distribution of Gestational Week at the Onset of Preeclampsia  

 

Gestational Week 

of Onset of 

Preeclampsia 

Preeclampsia/Gestational 

Hypertension 
number Cumulative 

Percentage of 

Cumulative 

under 32 Preeclampsia 8 8 0.58% 

under 34 Preeclampsia 8 16 1.16% 

under 37 Preeclampsia 11 27 1.95% 

over 37 Preeclampsia 7 34 2.46% 

None None 1261 1295 93.60% 

None Gestational Hypertension 88 1383 100.00% 

 

 

Until the 32nd gestational week, 0.58% of all women in the screening data developed 

preeclampsia, up to 34 weeks it was 1.16%, up to 37 weeks it was 1.95%, and after 37 weeks 

(until delivery) it was 2.46%. The remaining 97.54% are distributed as follows: 91.18% are 

women without PE/PIH, and 6.36% are women who developed gestational hypertension (Table 

4.20). 

Percentages are based on cumulative frequencies of the number of women by gestational week at 

the onset of PE, excluding women with gestational hypertension in each category. Women who 

developed preeclampsia by the 32nd week are 0.58% of all women, with 75% at high risk and 

25% at low risk. Those who developed preeclampsia by the 34th week accounted for 1.16%, with 

18.75% at low risk and 81.25% at high risk. 

Women who developed preeclampsia by the 37th week accounted for 1.95% of all women, with 

74.07% at high risk and 25.93% at low risk. Pregnant women who developed preeclampsia after 

the 37th week accounted for 2.46% of all women, with 70.59% at high risk and 29.41% at low 

risk. Women who did not develop preeclampsia accounted for 97.54% of all women, with 63.41% 

at low risk and 36.59% at high risk. 

This leads to the following conclusions: 

Up to the 34th week, the success/detection rate for determining preeclampsia is higher than that up 

to the 32nd gestational week in this study, which is likely due to the small number of women who 

developed PE by the 32nd week. 

Up to the 34th week, the highest success rate is observed in the accurate prediction of 

preeclampsia. 

Overall, until the end of delivery, accurately predicted women with preeclampsia are 70.59%, and 

only 29.41% are not detected. 
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Table 4.21 False Positive Frequency at Gestational Weeks of Preeclampsia Development 

Gestational Week of Preeclampsia Development 

  under 32 under 34 under 37 over 37 Няма 

Low Risk 25.00% 18.75% 25.93% 29.41% 63.41% 

  

False 

negative 

False 

negative 

False 

negative 

False 

negative 

True 

positive 

High Risk 75.00% 81.25% 74.07% 70.59% 36/59% 

  True positive True positive True positive True positive 

False 

positive 

 

The false positive rate of screening for preeclampsia is also assessed in the current sample. For 

preterm preeclampsia, it ranges from 19% to 26% - 25% up to 32 weeks, 18.75% up to 34 weeks, 

and 25.9% up to 37 weeks. For late-onset preeclampsia, the false positive rate is highest and reaches 

29.4%. 

                                                               Table 4.22 

Risk of Preeclampsia Count Percentage 

Low 877 63.4% 

High 506 36.6% 

 

Figure 4.15 illustrates the detection rate and false positive rate of the algorithm used in the sample. 

Figure 4.15 
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The analysis examines the percentage of women with preeclampsia classified as high-risk depending 

on the gestational age (weeks) of preeclampsia onset. Tables 4.21 and 4.22 present cases where 

preeclampsia developed up to 36+6 weeks, up to 34 weeks, and up to 32 weeks. It is found that the 

earlier the complication occurs, the higher the predictive ability to assess the risk. For cases where 

preeclampsia occurred up to 32 weeks, the predictive ability of diagnostic tests is 75%, for pregnant 

patients with preeclampsia detected up to 34 weeks, it is 81.25%, and for cases where preeclampsia 

occurred up to 36+6 weeks, the predictive ability of risk assessment tests is observed at 74.07%. 

Figure 4.16 Stage of Birth by Gestational Age in Women with Preeclampsia 

 

For women with preterm birth, the distribution is almost identical in weeks up to the 33rd gestational 

week—between 0.07% and 0.29%. At the 34th gestational week, 0.507% of all women gave birth, 

the 35th gestational week—1.377% of all women, and the 36th gestational week—5.290% of all 

women. The data show that the smallest percentage is of women giving birth between the 27th and 

30th gestational weeks (0.072%), followed by those in the 26th week with 0.145%. In total, women 

giving birth prematurely constitute 8.41% of all women. The largest percentage is of women giving 

birth in the 38th gestational week—43.986%. 

 

Tables 4.23 describe pregnant women who developed preeclampsia and gave birth prematurely or 

at term. The division into groups of preterm birth is from the 26th g.w. until the 36th g.w. + 6 days 

inclusive. 

Table 4.23 Stage of Birth by Gestational Age in Women with Preeclampsia 

Preterm Birth (Weeks) in 

Women with 

Preeclampsia 

Count 

26 2 

31 2 

33 1 

34 2 

35 5 

36 7 

When analyzing all pregnant women who developed PE regardless of gestational age at the onset 

of this complication, it is found that 55.9% of women with PE gave birth prematurely (Table 4.23). 

Those without preeclampsia or gestational hypertension who gave birth prematurely are 7.3%. 

Pregnant women with gestational hypertension and preterm birth are 8.8%. The risk of women 

giving birth prematurely if they developed PE is significantly higher.  
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In total, 19 pregnant women with PE gave birth prematurely. This represents 55.9% of all women 

who developed PE and gave birth preterm. Premature birth proves to be a significant challenge 

despite modern knowledge, therapy, and equipment. The goal of every obstetrician-gynecologist is 

to postpone this moment as long as possible until the fetus reaches maximum maturity. In the 

presented data, it becomes clear that PE is an important factor for premature birth. More than half 

of those who developed PE gave birth before reaching 37 weeks, even with the efforts made. Despite 

the high percentage of preterm birth, the majority of pregnant women gave birth close to the 37th 

gestational week (Table 4.23), showing a certain delay in giving birth at a higher degree of fetal 

maturity. This raises the question for future studies to show the cost-effectiveness of screening for 

PE and its prevention. We are encouraged by the fact that early preeclampsia can be reduced by 

more than 75%, and from there, early preterm birth. A cost-effectiveness study with good results 

would be an additional prerequisite for large OB-GYN hospitals and clinics to encourage the 

implementation of this approach in practice.  

                                                                           Figure 4.17 

 

                                                                  

 

Table 4.24 Frequency of Fetal Growth Restriction (FGR) 

Presence of Fetal Growth Restriction Count Count 

No 1285 93.18% 

Yes 94 6.82% 

   

6.82% of all women in the screening data have FGR, with 93.18% not developing fetal growth 

restriction.  
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Figure 4.18 

 

 

Examining the gestational week of delivery in women with intrauterine fetal growth restriction 

compared to all women, the highest frequency is observed at 38 gestational weeks—2.025% of all 

women gave birth in this week and had fetal growth restriction. This is followed by the 37th 

gestational week—0.868%, 40th week—0.868%, 36th week—0.795%, and 39th week—0.723%. 

The remaining weeks are distributed between 0.145% and 0.217%.  

A chi-square test was conducted to assess the dependence between fetal growth restriction and the 

gestational week of delivery, revealing a statistically significant association with 95% confidence. 

                                                       Table 4.25 

chi-square test of fetal retardation and 

gestational week of birth 

chi-square 

statistics 

Degrees of 

freedom 
P-value 

166.63 17 2.20E-16 

 

We found that among primiparous women, 90.45% did not develop PE/PIH, 2.33% developed PE, 

and 7.22% developed PIH. In women with one previous delivery, 92.04% did not develop PE/PIH, 

2.72% developed PE, and 5.24% developed PIH. Among those with two deliveries, 93.20% did not 

develop PE/PIH, 2.27% developed PE, and 4.55% developed PIH. In cases with three previous 

deliveries, there were no women who developed PE and/or PIH. 
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MULTINOMIAL LOGISTIC REGRESSION 

For the detection of the functional dependency between preeclampsia/gestational hypertension 

(PE/PIH) and the factors described above, a multinomial logistic regression has been constructed 

in the following form: 

log⁡(
𝑝𝑗(𝑥)

𝑝𝐽(𝑥)
) = 𝛽0𝑗 + 𝛽1𝑗𝑋1 +⋯+ 𝛽𝑝𝑗𝑋𝑝, where j is the respective class of the dependent variable, 

and j=1,…,J−1 where J is the last class of the dependent variable. In this case, PE/PIH has 3 

categories: 0-no preeclampsia/gestational hypertension, 1-has preeclampsia, 2-has gestational 

hypertension. 

The model illustrates the log-odds ratio between class 1 and class 2 of PE/PIH, with the value 0 

(no preeclampsia) taken as the reference. Table 5.1 presents the results of the model. The R 

programe, version 4.2.2 (2022-10-31 ucrt), and the nnet library have been used. 

The model demonstrates the log-odds ratio between class 1 and class 2 of PE/PIH, with the value 0 

indicating no preeclampsia. The results from the model are presented in Table 5.1. 

Table 5.1 

 Dependent variable: 
   
 Full model Stepwise model 
 PE PIH PE PIH 

  

PlGF MoM -1.573* 0.820* -1.607** 0.739* 
 -0.859 -0.486 -0.733 -0.443      
PAPP MoM -0.147 -0.359   

 -0.498 -0.398   
     
MAP  0.054* 0.087*** 0.046* 0.086*** 
 -0.032 -0.026 -0.026 -0.023      
Mean Ut PI/средно аритметично на 

пулстативен индекс на двете а.утерини 
-0.072 -0.377   

 -0.467 -0.412   
     
Adjusted risk/краен риск за прееклампсия: 

висок 
0.167 -0.804   

 -1.124 -1.067   
     
Anti-hypertensive 

medication/антихипертензивни 

медикаменти: Приема 

0.652 -1.42   

 -2.051 -1.934   
     
AH started GA weeks/АХ медикаменти 

започнати в гестационна седмица 
0.179*** 0.208*** 0.233*** 0.244*** 

 -0.054 -0.049 -0.026 -0.025      
AH details/АХ медикаменти 

подробностти: chlophazolin 
1.474 2.632   

 -1.876 -1.887   
     
Low dose aspirin starts/ Ацетилсалицилова 

киселина започнат в г.с 
-0.216 -0.141   

 -0.182 -0.189   
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Low dose aspirin ends/ Аспирин спрян в 

г.с. 
-0.013 0.081 0.028* 0.034*** 

 -0.068 -0.065 -0.015 -0.013      
Other medication/други лекарства 0.065 0.034   

 -0.047 -0.04   
     
Height/височина -0.160*** -0.028 -0.128*** -0.032** 
 -0.022 -0.02 -0.015 -0.013      
Weight/тегло 0.148*** -0.036 0.123*** -0.014 
 -0.039 -0.032 -0.035 -0.026      
Smoking currently/тютюнопушене: да 0.324 0.39   

 -0.738 -0.541   
     
Cigarettes / day/ цигари/ден -5.004*** -0.232   

 -0.0003 -0.557   
     
Conception/ Начин на забремняване: 

инвитро 
-8.457*** 0.278   

 -0.0004 -0.922   
     
Age/възраст -0.106* -0.016   

 -0.057 -0.045   
     
GDM/ Гетсационен диабет: има 0.745 0.05   

 -1.015 -0.989   
     
Chronic Hypertension/Хронична 

хипертония: има 
-2.175* -4.356*** -1.012 

-

3.701*** 
 -1.188 -1.428 -0.85 -1.254      
FH of PE/ фамилна анамнеза за ПЕ: има -4.870*** -5.642***   

 -4E-05 -3E-05   
     
Parity/Брой раждания: 1 0.789 0.14   

 -0.57 -0.483   
     
Parity/Брой раждания: 2 -0.852 -2.566   

 -2.427 -2.372   
     
Parity/Брой раждания: 2 -7.394*** -9.251***   

 -2E-05 -0.0001   
     
Aspirin intake/ Прием на Аспирин: 

нерегулярно 
7.943*** 8.914***   

 -0.966 -0.762   
     
Aspirin intake/ Прием на Аспирин: 

регулярно 
8.767*** 8.582***   

 -0.794 -0.631   
     
Dosage mg./ доза мг.:75 -1.751 -7.920***   

 -1.172 -1.153   
     
Dosage mg./ доза мг.:100 14.053*** 8.752***   

 -0.048 -2.051   
     
Dosage mg./ доза мг.:125 -3.707*** 3.697***   

 -0.587 -1.307   
     
Dosage mg./ доза мг.:150 0.150*** 2.863   

 -0.011 -2.51   
     
GDM-risk/ Гестационен диабет риск в 11-

14г.с.: има 
0.622 0.656   

 -0.652 -0.527   

BMI 11-14g.w./Боди мас индекс 11-14г.с. -0.394*** 0.113 -0.276*** 0.092 
 -0.117 -0.088 -0.096 -0.066      
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Constant 9.549*** 
-

17.078*** 
11.388*** 

-

9.451*** 
 -0.09 -0.404 -0.012 -0.006      
  

Akaike Inf. Crit. 518.736 518.736 460.134 460.134 

  

Note: *p<0.1; **p<0.05; ***p<0.01 

 

 

 

Two multinomial logistic models were created, with the first including all 26 factors, while the 

second is a stepwise multinomial logistic regression made with respect to the AIC in a bidirectional 

direction, selecting 9 significant factors. The information criteria for the full model were 506.671 

and 450.885 for the stepwise model. The smaller value indicates a more accurate and better model, 

which is why the stepwise multinomial regression was chosen for prediction and accuracy 

calculation. Values marked with stars indicate statistically significant variables with a certain 

confidence probability. In both models, the following variables were statistically significant at a 

95% confidence probability: PlGF MoM, MAP, AH started GA weeks, Height, Weight, Chronic 

Hypertension, Outcome of this pregnancy G.A., Age, BMI 11-13th week. The full model also 

includes Aspirin intake, Cigarettes per day, Dosage, Conception method, FH of PE, Parity, as 

statistically significant, while in the stepwise regression, Low dose aspirin ends is included. The 

interpretation of statistically significant coefficients is done using the formula: 

𝑝𝑗(𝑥) = 𝑒𝛽0𝑗+𝛽1𝑗𝑋1+⋯+𝛽𝑝𝑗𝑋𝑝 ∗ 𝑝𝑗(𝑥) 

                                                              Figure 5.1 
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Looking at the stepwise multinomial model, the following dependencies are expected: 

• With an increase in PlGF MoM by one unit, the probability of women having preeclampsia 

is expected to decrease by approximately 80%, and the probability of developing gestational 

hypertension to increase by 209.4%. 

• An increase in MAP by one unit is expected to result in a 4.7% higher risk of preeclampsia 

and a 9% higher risk of gestational hypertension compared to women without PE/PIH. 

• The risk of developing PE is expected to increase by 26.3% when antihypertensive 

medications are started one week later. The risk of developing gestational hypertension is 

also 27.6% higher with one week delayed initiation of antihypertensive medications. 

• There is an expected 2.9% higher risk of preeclampsia for those who stop aspirin one week 

later compared to those without PE/PIH. The expected risk of gestational hypertension is 

3.5% higher for those stopping aspirin one week later. 

• In the model, there is a 13.1% reduction in the risk of developing preeclampsia with an 

increase of 1 cm in women's height. This indicates an expected negative association and 

causation between height and preeclampsia. 

• There is an expected 13.1% higher risk of developing preeclampsia with an increase of 1 

kilogram in weight. No statistically significant difference with weight was found for 

gestational hypertension in women without PE/PIH. 

• There is an expected 8% higher risk of developing preeclampsia with an increase of 1 year 

in age. 

• There is a 24.1% higher probability of developing preeclampsia with an increase of 1 unit in 

BMI. No statistically significant difference with weight was found for gestational 

hypertension at a 95% confidence probability. 

Table 5.2 

 

Accuracy Matrix on the "train" sample 

Observed/Predicted No PE GH 

No 1003 1 3 

PE 11 0 16 

GH 20 3 47 

Accuracy: 95.11% 

 

Table 5.3 

 

Accuracy Matrix on the "test" sample 

Наблюдавани/Прогнозирани No PE GH 

No 251 0 1 

PE 3 0 4 

GH 2 0 16 

Accuracy: 96.39% 
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Table 5.4 A chi-square analysis was performed on PE/PIH and aspirin 

 

PE/PIH/ 
Aspirin intake/Прием на ацетилсалицилова киселина 

Total 
No Non regularly Regularly 

NO 895 36 330 1261 

PE 11 1 22 34 

GH 39 5 44 88 

Total 945 42 396 1383 

χ2=48.478 · df=4 · Cramer's V=0.132 · Fisher's p=0.000 

 

Regarding the results, there is a statistically significant difference between the group means of the 

two variables. People who do not take aspirin regularly, irregularly, and those who do not take 

aspirin at all show different frequencies for PE, PIH, and without PE/PIH. In the frequency table 

above, it can be seen that most of those not taking aspirin have neither PE nor GH - 95.11% of the 

entire group. Among women taking aspirin irregularly, most are without either condition. 64.7% 

of women with preeclampsia take aspirin regularly, but the remaining 32.35% have not taken 

anything. For gestational hypertension, 45.8% of women do not take aspirin, and 51.76% take it 

regularly, and the remaining 2.35% take it irregularly. Over 50% of women with preeclampsia and 

gestational hypertension are included in the group of regular aspirin intake. It turns out that 

pregnant women with PE/PIH either take aspirin regularly or do not take it at all. The percentage 

of those taking aspirin irregularly with PE/PIH is 0.33% of all women. 
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5.1. THIRD TASK 

 

5.1.1. FETAL GROWTH RESTRICTION 

Fetal growth restriction is a condition in which the fetus cannot reach its predefined genetic 

potential. The frequency of FGR in different populations ranges from 3% to 7%. To determine 

fetal growth retardation, the biometric parameters of the fetus, EFW (estimated fetal weight), 

approximate weight of the fetus, and/or AC (abdominal circumference), are used, with or without 

changes in Doppler velocimetry. The criteria for determining fetal retardation can vary from a 

fetus below the 10th percentile to a fetus below the 3rd percentile with deviations in Doppler 

velocimetry. For the present study, we chose the inclusion criterion of a fetus below the 5th 

percentile, regardless of Doppler velocimetry. Thus, we found that in 94 (6.8%) of the pregnant 

women studied, fetal growth retardation was identified. (Fig. 5.2). The cases in which fetal 

retardation developed and premature birth occurred were a total of 30, representing 2.2% of the 

total sample. (Table 5.5) 

                                                                     Figure 5.2 

 

 

Table 5.5  

Fetal Retardation 
PE/PIH Preeclampsia/ 

Gestational Hypertension 
Count Percentage 

None None 1185 91.9% 

None Preeclampsia 24 1.86% 

None Gestational Hypertension 80 6.21% 

Present None 76 80.8% 

Present Preeclampsia 10 10.6% 

Present Gestational Hypertension 8 8.51% 

 

 

Еутрофни
93%

Фетална ретардация
7%

FGR

Еутрофни Фетална ретардация
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It is interesting to note that the frequency of fetal retardation is higher among women who develop 

preeclampsia, but this is not unexpected. Since both complications share similar etiological 

hypotheses, a clear connection between them is observed in our study. Table 5.5 shows that among 

women without fetal retardation, 1.86% have preeclampsia. The presence of FGR increases the 

probability of developing preeclampsia by more than 5 times, with 10.6% of pregnant women with 

fetal retardation also having preeclampsia. This can serve as an additional marker in building an 

algorithm for managing high-risk patients and draw the clinician's attention to fetal growth 

restriction. 

Figure 5.3. Term of Delivery in Fetuses with FGR  

 

A chi-square test was conducted to assess the relationship between fetal retardation and the 

gestational week of delivery. The results reveal that with a 95% confidence level, there is a 

statistically significant association between fetal retardation and the week of delivery. 

Table 5.6  

Chi-square test for Fetal Retardation and Gestational Week of Delivery 

Chi-square statistic Degrees of Freedom P-value 

166.63 17 2.20E-16 

From the frequency distribution table (Table 5.6) of the two variables, it is evident that in women 

with fetal retardation, the percentages of preterm birth are higher. This trend is noticeable from the 

31st week onwards, with significant differences between the 35th and 37th weeks. Between the 35th 

and 37th gestational weeks, in women with fetal retardation, the percentages are 30.85% of all 

women with retardation, compared to 11.87% in this period for women without fetal retardation. 

These percentages are based on the number of women with and without fetal retardation. 

A total of 94 women have fetal retardation, with 80.9% of them not having preeclampsia/gestational 

hypertension (PE/GH), 10.6% having preeclampsia, and 8.5% having gestational hypertension. This 

demonstrates an almost 2-fold higher frequency of fetal growth retardation (FGR) among women 

who develop preeclampsia. There is an elevation in the frequency of FGR among women with 

gestational hypertension as well. 
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Figure 5.4 

 

In the current study, correlations between preeclampsia and fetal growth retardation are identified. 

Our interest was to determine what proportion of patients at high risk for preeclampsia would 

develop fetal growth retardation (FGR). Therefore, we decided to calculate the risk of developing 

fetal retardation using the algorithm of the Fetal Medicine Foundation (FMF) for assessing the risk 

of preeclampsia. This could have clinical applications in the practice of obstetricians and 

gynecologists for determining the management approach for pregnant women with an elevated 

risk. 

Table 5.7   

Adjusted risk  FGR 

  None Present 
Low 64.9% TNR 42.6% FPR 

High 35.1% FNR 57.4% TPR 

Total 100% 100% 

 

Successfully, 57.4% of all pregnant women who will develop fetal growth restriction can be 

predicted in the first-trimester screening.  

Among women with a low risk of preeclampsia and no fetal retardation, 95.4% did not develop 

fetal retardation, and 4.6% did. Among women qualified as high risk, 10.7% developed FGR, and 

89.3% did not. There is more than a two-fold higher frequency of fetal retardation among women 

at high risk. However, the detection of this screening is only 57.4% (Table 5.7). 

Figure 5.5 
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Pregnant women who took 150 mg of aspirin have a higher rate of FGR development at 12.2% 

compared to the overall frequency of 6.8%, but this can be explained by the fact that these women 

are in the high-risk group. Women who did not take aspirin have a 4.7% FGR development, 

corresponding to the low-risk group. 

 

Figure 5.6 

 

 

 

     Table 5.8. Frequency of women at high risk taking aspirin and developing FGR 

Risk of 

Preeclampsia 

Fetal 
Retardation 

Aspirin 
Intake 

Number Percentage 

High Developed Did not take 6 11.10% 

High Developed Irregularly 3 5.56% 

High Developed Regularly 45 83.30% 

The majority of high-risk pregnant women (83.3%) for preeclampsia, who developed FGR, took 

preventive aspirin, while only 11.1% of high-risk women did not. Only 5% of low-risk women who 

developed fetal retardation took the medicine regularly, and 95% did not.  

Women who developed intrauterine fetal retardation are 94 or 6.8% of all surveyed women. Among 

those who developed fetal retardation, 42.55% are low risk, and 57.45% are high risk. Also, 40.4% 

are low risk and not taking aspirin, and only 2.1% of all patients with fetal retardation are low risk 

and taking aspirin regularly. 6.4% of all patients with fetal retardation are high risk without taking 

aspirin, 3.2% are high risk and taking aspirin irregularly, and 47.9% are high risk and taking aspirin 

regularly. 
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Figure 5.7 

 

If we consider the percentage distribution of aspirin intake based on the risk of developing 

preeclampsia in women with established fetal retardation, the following results are obtained: 

In women with low risk, 95% did not take aspirin, and 5% took it regularly. 

In women with high risk, 11.1% did not take aspirin, 5.56% took it irregularly, and 83.33% took it 

regularly. 

We will also focus on premature birth in the sample, particularly among women who developed 

fetal retardation and preeclampsia. Both complications are significant precursors to iatrogenic 

premature birth. The primary goal of prenatal care is to ensure a favorable outcome for both the 

mother and the newborn. With the increasing frequency of premature birth, we aim to understand 

some of the reasons behind it and explore potential methods for prevention. 

Among women who gave birth prematurely, it is observed that 26.1% had fetal retardation, 

indicating a significant impact of FGR on the timing of delivery. Considering the frequency of 

premature birth due to PE (1.37%) and FGR (2.17%) for the entire population, they constitute a 

leading factor, collectively accounting for 42.1% of pregnancies. 

Figure 5.8. Frequency of Preterm Births in Women with and without FGR 
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Figure 5.9. Frequency of Preterm Births  

 

 

In the entire sample, the frequency of preterm births is 8%, and 92% gave birth at term.  

80.87% of all women did not have PE/PIH and FGR and gave birth after the 37th gestational week. 

5.14% of all women had gestational hypertension, did not have fetal retardation, and did not give 

birth prematurely. 4.78% of women without PE/PIH and FGR gave birth prematurely, and 4.13% 

of women without PE/PIH but with FGR gave birth after the 37th gestational week. Regarding 

preeclampsia, 0.94% gave birth after 37+0 gestational weeks without fetal retardation, 0.80% gave 

birth prematurely without fetal retardation, 0.58% had both fetal retardation and gave birth 

prematurely, and 0.14% had preeclampsia, FGR, and gave birth after the 37th gestational week. 

Figure 5.10  

 

 

 

Table 5.9. Birth and FGR  

Outcome G.A. in this pregnancy/ 

Gestational age at birth 
FGR Number Percentage 



 50 

Birth >37w.g None 1200 94.90% 

Birth >37w.g  Present 64 5.06% 

Preterm Birth None 86 74.10% 

Preterm Birth Present 30 25.90% 

Women who gave birth due to fetal growth retardation are 30 out of a total of 94, i.e., 31.9% of 

women with retardation gave birth before term. Comparing them to the overall preterm birth rate of 

8.4%, there is an almost 4 times higher probability for a woman with fetal retardation to give birth 

before 37+0 weeks. In the control group, the risk is even higher, which is probably due to the small 

number of patients. 

Figure 5.11. CONTROL GROUP  

Frequency distribution of preterm birth in FGR by gestational week.  

 

In the control group, only 4 women have fetal retardation and gave birth prematurely, accounting 

for 0.75% of all women. Two of them gave birth in the 36th gestational week, and one each in the 

32nd and 34th gestational week. 

Table 5.10. CONTROL GROUP  

PE/PIH FGR Number Percentage 

None Present 21 72.40% 

Preeclampsia Present 3 10.30% 

Gestational 

Hypertension 
Present 5 17.20% 

 

Among women who developed fetal retardation, 10.3% had preeclampsia, 17.2% had gestational 

hypertension, and 72.4% did not have PE/PIH.  

Considering all women, in the group of women without PE/PIH, 95.6% did not have FGR, and 4.4% 

had FGR. Among women with preeclampsia, 82.4% did not have FGR, and 17.6% had FGR. 

Among women with gestational hypertension, 13.9% had fetal retardation, and 86.1% did not 

develop fetal retardation. 

 

 



 51 

Figure 5.12. CONTROL GROUP PE/PIH and FGR  

 

 

CONTROL GROUP FGR and Outcome G.A. in pregnancy  

A chi-square test was conducted to assess the dependence between fetal retardation and the 

gestational week of delivery in the unscreened/control group of patients. The results reveal that with 

a 95% confidence level, there is a statistically significant dependence between fetal retardation and 

the week of delivery. 

 

                    Table 5.11 

  

Chi-square test for fetal retardation and gestational week 

of delivery 

Chi-square statistic Degrees of Freedom P-value 

42.496 13 5.433e-05 

 

– Factors with the greatest correlation with FGR - degree and mode of influence  

For nominal variables, the effect size coefficient of the size of the chi-square test for independence 

– Cramer's V was used. The results show that there are no strong correlations with categorical 

variables (nominal variables), with the strongest being with PE/PIH, but again it is approximately 

0.14, which is too low to be called a strong effect. This leads to the conclusion that no statistically 

significant dependencies are found between these variables and FGR. 

Table 5.12  

  Cramer's V 

Adjusted risk 0.1141 
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Anti-hypertensive medications 0.0784 

AH details 0.0989 

Other medication 0.1071 

Smoking currently 0.0238 

Cigarettes / day 0.0532 

Conception 0.0110 

GDM 0.0155 

Chronic Hypertension 0.0459 

FH of PE 0.0000 

Delivery 0.0704 

PE/PIH 0.1398 

Aspirin intake 0.1288 

GDM-risk 1.08E-17 

 

When studying the relationship between numerical variables and FGR, individual ANOVA analyses 

or logistic regression can be used. Logistic regression was used for this purpose, and the results are 

presented in the tables below. The logistic model was calculated using the R software, the glm 

function for model calculation, and a stepwise logistic regression with the AIC criterion. 

 

 

Logistic Regression for FGR  

A logistic regression was conducted for FGR considering 20 variables. The Firth model for logistic 

regression was used, which resolves the problem of error in estimating the Maximum Likelihood 

Estimator (MLE) for dichotomous variables with a low frequency in one class or the so-called rare 

events regression (Puhr et al., 2017). Before calculating the model, numerical variables were 

centered due to significant differences in variable scales. Therefore, the focus will be on interpreting 

the effect of variables on FGR. 

The model was calculated in R, using the "logistf" library. The results are presented in the following 

table: 

Table 5.13 

  coef se (coef) 
lower 

0.95 

upper 

0.95 
Chisq p   

(Intercept) -3.40 2.57 -10.81 1.58 1.53 0.22   

GA w 0.30 0.18 -0.12 0.68 2.01 0.16   

Mean Ut PI 0.64 0.15 0.31 1.00 13.55 0.00 *** 

AH started GA weeks -0.75 0.60 -2.26 0.59 0.92 0.34   

AH details:no  0.00 0.40 -0.95 0.92 0.00 1.00   
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AH details: other -0.66 2.12 -6.22 3.62 0.09 0.77   

Low dose aspirin starts at 

week 
0.20 0.26 -0.47 0.83 0.38 0.54   

Height -0.24 0.18 -0.67 0.16 1.32 0.25   

Smoking currently:yes -0.47 0.73 -2.38 2.32 0.09 0.76   

Cigarettes / day/  0.15 0.19 -2.64 0.47 0.13 0.72   

Conception:invitro 0.80 1.14 -2.81 3.53 0.24 0.63   

Age -0.01 0.24 -0.56 0.52 0.00 0.97   

GDM:present -1.84 0.97 -4.48 0.11 3.37 0.07 * 

Parity/Number of births: 1 3.76 1.44 0.49 7.45 5.04 0.02 ** 

Parity/Number of births: 2 3.92 1.73 0.01 8.15 3.87 0.05 ** 

Parity/Number of births: 3 5.09 2.03 -0.39 9.33 3.46 0.06 * 

Last BW -2.50 0.80 -4.57 -0.74 7.68 0.01 ** 

Interval betweeen births 0.51 0.31 -0.20 1.23 1.91 0.17   

PE/PIH: Preeclampsia 3.77 2.02 -1.02 8.54 2.26 0.13   

PE/PIH: Hypertension 4.39 2.21 -0.63 9.85 2.74 0.10   

Dosage mg.:100mg -0.92 1.40 -4.91 2.22 0.26 0.61   

Dosage mg./150 mg 0.39 1.26 -2.84 3.24 0.06 0.80   

Dosage mg:75mg -1.15 1.91 -7.21 2.72 0.24 0.62   

Weight increase during 

pregnancy 
-0.42 0.22 -1.05 0.07 2.78 0.10   

BMI first visit -0.09 0.22 -0.62 0.40 0.12 0.73   

Educational level: basic -1.86 2.48 -8.26 4.80 0.34 0.56   

Educational level: high 

school 
0.57 2.02 -3.00 6.83 0.05 0.82   

Educational level: висше 0.58 2.04 -3.02 6.89 0.05 0.82   

Other_meds: Clexan -2.84 1.57 -8.05 0.19 3.31 0.07 * 

Other_meds: Dopegyt -4.67 2.20 -10.44 -0.03 3.90 0.05 ** 

Other_meds: L-thyrox -3.41 1.59 -8.57 -0.41 5.11 0.02 ** 

Other_meds: vitamins -1.90 0.86 -3.96 0.08 3.54 0.06 * 

 
 
 

From the statistically significant variables at a 95% confidence level are the mean pulsatile index of 

both uterine arteries, the number of births, the weight of the last delivery, and other medications. 

Gestational diabetes is also statistically significant, but at a 90% confidence level. To interpret the 

results again, the exponential coefficients provided in the following table will be used. 
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Table 5.14  

Exponential coefficients of the Firth logistic regression for FGR  

Intercept 0.03347 Parity/Брой раждания: 1 42.8767 

GA week 1.34986 Parity/Брой раждания: 2 50.5227 

Mean Ut PI/средно аритметично 

на пулстативен индекс на двете 

а.утерини` 

1.89209 Parity/Брой раждания:3 161.624 

AH started GA weeks/АХ медик 

аменти запознати в гестационна 

седмица` 

0.47072 
Last BW/ тегло на последно 

раждане 
0.08205 

AH details/АХ медикаменти 

подробностти: не употребява 
1.00192 

Interval/интервал между 

ражданията 
1.66103 

AH details/АХ медикаменти 

подробностти:други 
0.51731 PE/PIH : Прееклампсия 43.2187 

Low dose aspirin starts/ Аспирин 

започнат в г.с 
1.21724 PE/PIH : Гестационна Хипертония 80.9474 

Height/височина 0.78884 Dosage mg./ доза мг.100мг 0.3981 

Smoking 

currently/тютюнопушене:да 
0.62566 Dosage mg./ доза мг.150мг 1.47492 

Cigarettes / day/ цигари/ден 1.1591 Dosage mg./ доза мг.75мг 0.31582 

Conception/ Начин на 

забремняване: инвитро 
2.22024 

Weight inrease during pregnancy 

наддаване на килограми през 

бременността 

0.6581 

Age/възраст 0.98831 
`BMI first vis it/Боди мас индекс 

при първо посещение` 
0.91547 

GDM/ Гестационен диабет: има 0.15838 Educational level: основно 0.15506 

Other_meds:Clexan 0.05817 Educational level:средно 1.76159 

Other_meds: Dopegyt 0.00939 Educational level: висше 1.77768 

Other_meds: L-thyrox 0.03307     

Other_meds: vitamins 0.14905     

 

It is expected that an increase of one unit in the mean pulsatile index of both uterine arteries will 

increase the risk of fetal growth restriction (FGR) by 89%. 

The risk of developing FGR is expected to increase with the presence of more children. The most 

significant among the statistically significant coefficients is the coefficient for the number of 

previous births, indicating a substantial impact on FGR. Since the variation in the number of births 

is large, and most are in the zero class, the interpretation will not have a numerical character, but 

there is an observed difference in the risk of FGR with one and two children, increasing with the 

presence of more children. 
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An increase in the weight of the previous delivery is expected to decrease the risk of developing 

fetal retardation. 

The results from the logistic regressions show a statistically significant association with FGR for 

the variables Mean Ut Pl, AH started GA weeks, AH details/med. Details, and PE/PIH together with 

the intercept. The Akaike Information Criterion (AIC) indicates that the stepwise logistic regression 

is better, as the coefficient is smaller. The results from this regression will be analyzed. 

For interpretation, exponential coefficients will be used. The following dependencies are observed: 

With an increase of one unit in Mean Ut Pl, the risk of FGR is expected to increase by 85.4%. 

Women who start antihypertensive therapy one gestational week earlier have a 4.7% lower risk of 

developing FGR. 

Women taking methyldopa are expected to have a 4.83 times higher risk of developing FGR 

compared to those who do not take it. 

The PE/PIH variable is composed of three groups: the reference is those without preeclampsia or 

gestational hypertension, and the other two are women with preeclampsia and those with gestational 

hypertension, respectively. Of the two coefficients, the one for preeclampsia is statistically 

significant, indicating that there is a statistically significant difference in the presence of 

preeclampsia compared to the reference group and the presence of FGR. The coefficient after 

exponentiation shows that the probability of developing FGR is 3.878 times higher when women 

have developed preeclampsia compared to those who have not. 

The program used for calculating the study results is R version "4.2.2 (2022-10-31 ucrt)". The "nnet" 

package (function "multinom") was used for calculating multinomial and logistic regression, and 

the "stats" package (function "glm") for ANOVA analysis. The "chisq.test" function from the "stats" 

package was used for chi-square analysis. 
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5.2. FOURTH TASK 

5.2.1. PREVENTION OF PREECLAMPSIA WITH ACETYLSALICYLIC ACID. 

From the study population of 438 (31.6%) pregnant women, it is reported that they have taken 

preventive acetylsalicylic acid (Table 5.15). Out of the respondents, 396 women (28.6%) report 

regular intake of the medication, while 42 (3%) inform about irregular intake. 

Among all participants in the present study (1383), 506 (36.6%) are identified as having a high risk 

of preeclampsia. From the data on the number and percentage of those taking acetylsalicylic acid, it 

is evident that not all high-risk pregnant women have been covered by the prophylaxis for 

preeclampsia.                           

Figure 5.13 

 

Table 5.15  

 

Aspirin/PE/Hypertension No Preeclampsia Hypertension Общо 

Does not take 895 11 39 945 

Irregular intake 36 1 5 42 

Regular intake 330 22 44 396 

Общо 1261 34 88 1383 

 

Table  5.16 

Aspirin/PE/Hypertension No Preeclampsia Hypertension 

Does not take 94.7% 1.16% 4.13% 

Irregular intake 85.70% 2.38% 11.90% 

Regular intake 83.3% 5.56% 11.1% 

 

In percentage terms, 1.16% (11) of patients who did not take acetylsalicylic acid developed 

preeclampsia. Meanwhile, 5.56% (22) of those taking acetylsalicylic acid developed preeclampsia, 

corresponding to patients at high risk. 

 

68%3%

29%

Прием на Аспирин

Не приема

Нерегулярен

Регулярен
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     Figure 5.14 

 

 

32.4% (11/34) of women who developed preeclampsia did not take acetylsalicylic acid, 

corresponding to pregnant women qualified as low risk, as one of the low-risk patients had taken 

acetylsalicylic acid regularly at a dose of 150 mg. 23.9% (330) of all pregnant women took the 

medication regularly and did not develop preeclampsia (Fig. 5.14). 

It is evident from the table and the graph that 46.40% of pregnant women who started taking 

acetylsalicylic acid began in the 12th gestational week. Until the tenth gestational week, between 

0.23% and 28% took it. In the 10th gestational week, 30 women or 6.76% of those starting 

acetylsalicylic acid began. In the 13th week, 167 women or 37.6% of all women taking 

acetylsalicylic acid started. In the 14th week, it is 6.31%, and in the 15th week, only one woman - 

0.23%. The arithmetic mean of the gestational week when acetylsalicylic acid was started is 

12.3.  

 

Figure 5.15 
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Acetylsalicylic acid was stopped, with the arithmetic mean being the 34.6th gestational week or 

approximately the 35th gestational week. Its discontinuation started from the 13th week and mostly 

concluded by the 38th week according to the data distribution. 

Among women who developed preeclampsia, acetylsalicylic acid was started between the 11th and 

13th gestational weeks (Table 5.16), but there is uneven distribution of its discontinuation, which 

started from the 25th to the 37th week, with 17 out of 23 stopping it in the 34th–36th weeks, as 

initially recommended. 

From low-risk pregnant women who developed preeclampsia, only one out of ten started 

acetylsalicylic acid in the 11th gestational week and stopped it in the 35th gestational week; the 

other nine did not take acetylsalicylic acid. Most women at high risk started taking acetylsalicylic 

acid in the 13th gestational week and concluded it in the 36th. 

In the control group, 49 women (9.79%) took acetylsalicylic acid, and the distribution of 

acetylsalicylic acid based on the start of intake in gestational weeks is right-skewed. This is evident 

as in the early weeks, the frequencies of starting acetylsalicylic acid are highest, with the peak in 

the 12th gestational week at 18.4% of women taking acetylsalicylic acid. After the 12th week, the 

distribution percentage ranges between 2.0% and 4.1%. The latest initiation is in the 34th gestational 

week. In the sixth, seventh, and eighth weeks, the frequency is 14.3% of women taking 

acetylsalicylic acid. The arithmetic mean is the 11th gestational week.  

 

 

Figure 5.16 

 

The discontinuation of acetylsalicylic acid starts from the 13th week and mostly concludes by the 

38th week according to the data distribution. The highest percentage is among women taking 

acetylsalicylic acid and stopping intake in the 36th gestational week - 75.90%. This is followed by 

those stopping in the 34th and 35th weeks - 5.63% and 5.41%, respectively, followed by the 20th, 

32nd, and 30th gestational weeks at 1.80% and 1.58% for the 30th week. The remaining are below 

1% of women taking acetylsalicylic acid. The arithmetic mean is the 34.6th gestational week or 

approximately the 35th gestational week. 
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Figure 5.16 presents the distribution of surveyed pregnant women based on the dosage of 

acetylsalicylic acid they took. Out of the prophylactic group, 411 (93.8%) took 150 mg of the 

medication, 5 (1.1%) took 75 mg, and 23 (5.1%) took 100 mg. 

 
Figure 5.17 

 
 

 
 
 
 
Table 5.17. Distribution of Women who Developed PE/Risk/Aspirin Intake 

Adj.Risk PE Aspirin intake Number Percentage 

Low No intake 9 90% 

Low Regular intake 1 10% 

High No intake 2 8.30% 

High Irregular intake 1 4.20% 

High Regular intake 21 87.50% 

 
 
 
 
Based on the data from Table 5.17, it is observed that out of 34 women with preeclampsia, 10 
were classified as low risk, of whom 9 did not take any acetylsalicylic acid, and only one woman 
took it regularly but still developed preeclampsia. The same woman took 150 mg of acetylsalicylic 
acid and developed preeclampsia in the 33rd gestational week with fetal retardation. Among the 
remaining 24 women with preeclampsia classified as high risk, 87.5% took acetylsalicylic acid 
regularly, 8.3% did not take any acetylsalicylic acid, and 4.2% took it irregularly.  
 
 
 
The majority of high-risk patients took 150 mg, which is the recommended dose of acetylsalicylic 
acid. However, 8.3% of high-risk patients who developed PE refused to take the medication due to 
fear, lack of understanding, or insufficient motivation. Irregular intake was observed in 4.2% of 
women at risk who developed PE, likely for similar reasons. 
 

75мг.
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100мг.

5%
125мг.

0%

150мг.
94%

Количество приеман Аспирин
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Figure 5.18. Acetylsalicylic Acid Intake Dose (mg) and Preeclampsia Risk 
 

 
 
In Table 5.18, the structural distribution of the studied women is shown based on the classification 
of the risk of preeclampsia and acetylsalicylic acid intake. Out of the women at high risk for 
preeclampsia, 408 (80.6% of high-risk women) took acetylsalicylic acid regularly at 150 mg. Those 
prophylactically treated with the same dose and classified as low risk were 3 pregnant women, 
with 16 (1.2%) of all women taking acetylsalicylic acid at various doses. Among those at high risk 
for PE who did not take acetylsalicylic acid, 82 (16.2%) did not take it, and 16 (3.2%) took a lower 
dose. It is crucial to pay special attention to this fact to analyze and select optimal approaches to 
prophylax all pregnant women at high risk for PE. 
 

 
 
 
 
 

Figure 5.19. CONTROL GROUP 
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 90.81% of all women in the control group did not take acetylsalicylic acid. The first week of 
stopping acetylsalicylic acid is the 20th gestational week, with women who stopped in this week 
constituting 0.75% of all. Between the 20th and 34th weeks, the frequency of stopping 
acetylsalicylic acid ranges between 0.188% and 0.75%. In the 34th gestational week, 1.88% of 
women stopped acetylsalicylic acid, in the 36th gestational week, 2.25%, and in the 37th week, 
1.13%. The average gestational week for stopping acetylsalicylic acid is 33.5 or between the 33rd 
and 34th gestational weeks. 
 
 
 

Table 5.18. CONTROL GROUP Acetylsalicylic Acid Dosage (mg) 
 
  

Dosage mg Number Percentage 

0 mg 484 90.80% 

100 mg 31 5.82% 

150 mg 14 2.63% 

75 mg 4 0.75% 

 
90.81% of all women do not take acetylsalicylic acid, 5.8% take 100 mg, 2.6% take 150 mg, and 
only 0.8% take 75 mg. 

In the control group, Women without preeclampsia or gestational hypertension and not taking 

acetylsalicylic acid constitute 82.7% of all women, Among them, 4.9% take 100mg, 1.9% take 

150mg, and only 0.6% take the low dose of 75mg. 

Women with preeclampsia and not taking acetylsalicylic acid make up 2.1%, with 0.6% taking 

100mg, 0.4% taking 150mg, and only 0.2% taking the low dose of 75mg. 

6% of all women have gestational hypertension and do not take acetylsalicylic acid, 0.4% have 

gestational hypertension and take 100mg, and 0.4% again have gestational hypertension and take 

the low dose of 75mg.  

Figure 5.20. CONTROL GROUP  
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Figure 5.21. CONTROL GROUP 
 

 
In women not taking acetylsalicylic acid, 91.04% are without preeclampsia and gestational 
hypertension, 2.44% have preeclampsia, and 6.52% have gestational hypertension. Among those 
taking 75 mg of acetylsalicylic acid, 75% do not have preeclampsia or gestational hypertension, 
and 25% have gestational hypertension. Women taking 100 mg of acetylsalicylic acid are 84.48% 
without both conditions, 11.11% have preeclampsia, and 7.41% have gestational hypertension. 
Those taking 150 mg of acetylsalicylic acid are 72.73% without PE/PIH, 9.09% have preeclampsia, 
and 18.18% have gestational hypertension. 
 
 
 
 
Table 5.19. Frequency of High-Risk Women/Taking Acetylsalicylic Acid and Developing PE 
 

Risk of 

Preeclampsia 
Preeclampsia 

Aspirin 

Intake 
Number Percentage 

High Preeclampsia No intake 2 8.33% 

High Preeclampsia 
Irregular 

intake 
1 4.17% 

High Preeclampsia 
Regular 

intake 
21 87.50% 

 
 
 
 
 
Among women at high risk of developing preeclampsia and those who developed it (24 women), 
8.33% did not take acetylsalicylic acid, 4.17% took it irregularly, and a significant 87.50% or 21 out 
of 24 women took acetylsalicylic acid regularly. 
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Table 5.20. Frequency of Low-Risk Women/Taking Acetylsalicylic Acid and Developing PE 
Risk of 

Preeclampsia 
Preeclampsia 

Aspirin 

Intake 
Number Percentage 

Low Preeclampsia No intake 0 90.00% 

Low Preeclampsia 
Regular 

intake 
1 10.00% 

 
Among women with a low risk of developing preeclampsia but who developed preeclampsia (10 
women), 90% did not take acetylsalicylic acid, and 10% took acetylsalicylic acid regularly. 
 

Figure 5.22.  
 

 
 
 
Among women identified as having a low risk of developing preeclampsia and giving birth 
naturally, the highest number of births occurred in the 40th gestational week. In contrast, for those 
delivering via cesarean section, the highest percentage was in the 38th gestational week. When 
comparing these patterns with women at risk of preeclampsia who also took acetylsalicylic acid, 
the distribution of births appears very similar. This can be visualized through histograms (Figures 
5.22 and 5.23). 
 
 
    Figure 5.23 
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The frequency of premature births induced by preeclampsia in the sample is 17.4%, totaling 19 

women with preeclampsia. This indicates that 55.9% of all pregnant women in the study with 

preeclampsia have given birth prematurely. This raises questions about the prevention of premature 

birth through the reduction of the frequency of hypertensive complications. Among the patients who 

delivered prematurely, 8.7% had gestational hypertension. 

 

Table 5.21. Control group. Premature birth in women with preeclampsia 

Outcome G.A. in this 

pregnancy 
PE Number Percentage 

31 Present 1 14% 

32 Present 1 14% 

35 Present 1 14% 

36 Present 4 57% 

 

In the CONTROL group, pregnant women who developed preeclampsia and gave birth prematurely 

amounted to 7 out of 533, or 1.31% of all women in the control group. Of these 7 women, 14% gave 

birth in the 31st, 32nd, and 35th gestational weeks each, while 57% delivered in the 36th gestational 

week. 

Out of all 17 women who developed preeclampsia, 23.5% gave birth in the 36th week, 11.76% in 

the 37th, and 35.29% in the 38th week. The remaining women were distributed at 5.88% each or 

one each across other weeks. Premature birth in women with preeclampsia is 41.18%, and the 

remaining 58.82% delivered after the 37th week. 

In the main group, women who developed preeclampsia and gave birth prematurely accounted for 

55.9%, compared to 41.2% in the control group. This difference cannot be explained by the existing 

data and requires additional analysis.  

A chi-square analysis was performed in the main group, comparing patients who developed 

preeclampsia or gestational hypertension and were taking aspirin. 

     Table 5.22 

`PE/PIH/  

`Aspirin intake  

Not take 
Irregular 

intake 
Regular 

Няма 895 36 330 

ПЕ 11 1 22 

ГХ 39 5 44 

Total 945 42 396 

χ2=48.478 · df=4 · Cramer's V=0.132 · Fisher's p=0.000 
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The results show a statistically significant difference between the group means for the two 
variables. People who take aspirin irregularly, regularly, and those who do not take aspirin show 
different frequencies for PE, PIH, and no PE/PIH. In the frequency table 5.22 above, it can be 
observed that from the group not taking aspirin, the majority do not have either PE or PIH - 95.11% 
of the entire group. Among women taking aspirin irregularly, the majority also do not have either 
of the two conditions. 64.7% of women with preeclampsia take aspirin regularly, but the remaining 
32.35% have not taken the medication. For gestational hypertension, 45.8% of women do not take 
aspirin, 51.76% take it regularly, and the remaining 2.35% take it irregularly. In the group of regular 
aspirin users, over 50% are women with preeclampsia and gestational hypertension. It turns out 
that pregnant women with PE/PIH either take aspirin regularly or do not take it at all; the 
percentage taking irregularly with PE/PIH is 0.33% of all women. 
 
 
 
 
 
  Figure 5.24 CONTROL GROUP. Patients in % who have taken aspirin: 
 

 
 

Table 5.23  CONTROL GROUP. Aspirin intake vs PE/PIH 
 

Aspirin intake/ 

Прием на Аспирин 

PE/PIH/ Прееклампсия/ 

Гестационна Хипертония 
Брой Процент 

Не приема Няма 441 91.10% 

Не приема Прееклампсия 11 2.27% 

Не приема Гест.хипертония 32 6.61% 

Приема Няма 39 79.60% 

Приема Прееклампсия 6 12.20% 

Приема Гест.хипертония 4 8.16% 
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In the control group, the intake of aspirin is divided into two categories: taking and not taking. 
From Figure 5.25, it can be observed that 92% of pregnant women do not take aspirin, while 8% 
do. The intake of aspirin in this group is not based on the algorithm proposed by us but rather on 
a random principle or algorithms similar to NICE and ACOG, where each risk factor is considered 
for screening.     

Figure 5.25 CONTROL GROUP 

 

Analyzing the intake of aspirin and the development of PE/PIH, it is observed that 91.1% of women 

who have not taken aspirin did not develop PE/PIH, 2.3% developed preeclampsia, and 6.6% 

developed gestational hypertension. In the group of women who took aspirin, 79.6% did not develop 

PE/PIH, 12.2% developed preeclampsia, and 8.2% developed gestational hypertension. 

 
Figure 5.26 CONTROL GROUP 

 

 
 
 
 
Examining the presence of PE/PIH in relation to aspirin intake, the following dependencies are 
observed: 
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• Among women who did not develop PE/PIH, 91.9% did not take acetylsalicylic acid, and 
8.1% took acetylsalicylic acid. 

• 64.7% of women who developed preeclampsia did not take acetylsalicylic acid, while 35.3% 
took acetylsalicylic acid. 

• 88.8% of patients who developed gestational hypertension did not take acetylsalicylic acid, 
and 11.1% took it. 

            Table 5.24. Comparison of Acetylsalicylic Acid Intake in Two Samples  

Screening Data/Main Group 

PE/PIH/ Preeclampsia / 
Gestational hypertension 

Aspirin intake Number Percentage 

None No intake 895 71.00% 

None Intake 366 29.00% 

Preeclampsia No intake 11 32.40% 

Preeclampsia Intake 23 67.60% 

Gestational hypertension No intake 39 44.30% 

Gestational hypertension Intake 44 55.70% 

 

Comparing patients with screening data from the main group and the control group strongly 

impresses the distribution of acetylsalicylic acid intake and the development of PE. In the main 

group, 32.4% of those who developed preeclampsia did not take acetylsalicylic acid, compared to 

64.7% in the control group. Conversely, 67.6% in the main group versus 35.3% in the control group 

took acetylsalicylic acid. The relationships are reversed, which is likely the reason for the final 

results of the percentage development of PE (Table 5.24). 

Table 5.25. Comparison of Acetylsalicylic Acid Intake in Two Samples  

Non-Screening Data/Control Group 

PE/PIH/ Preeclampsia / 
Gestational hypertension 

Aspirin intake/  Number Percentage 

None No intake 441 91.90% 

None Intake 39 8.12% 

Preeclampsia No intake 11 64.70% 

Preeclampsia Intake 6 35.30% 

Gestational hypertension No intake 32 88.90% 

Gestational hypertension Intake 4 11.10% 
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Figure 5.27 

 

For the purpose of comparison, acetylsalicylic acid intake in screening data is presented in two 

classes: intake, no intake.  

It can be seen (Table 5.25) that in pregnant women who did not develop preeclampsia or GH, 29% 

took acetylsalicylic acid in screening data, and 71% did not, whereas in the control group, the 

percentage of those taking acetylsalicylic acid is much lower - 8.10%, and 91.90% do not. Among 

women who developed preeclampsia, in screening data, 67.60% took acetylsalicylic acid, and 

32.40% did not, while in the control group, the distribution is almost reversed - 64.70% did not take 

it, and 35.30% took acetylsalicylic acid. For gestational hypertension, there is a greater difference 

in the distribution of acetylsalicylic acid intake, with 44.30% not taking it and 55.70% taking it in 

screening data, whereas in non-screening data, 88.90% did not take it, and 11.10% took 

acetylsalicylic acid. In summary, the differences in acetylsalicylic acid intake between the two 

samples come from women who did not develop PE/PIH and women who developed gestational 

hypertension. In screening data, the percentage of acetylsalicylic acid intake is much higher than 

those who did not undergo screening. 

Difference Between Screening Data and CONTROL GROUP in PE 

 

Table 5.26. 

GA PE difference Cumulative Percentage 

Up to 32 53.00% 

Up to 34 41.10% 

Up to 37 14.70% 

 Over 37 0.00% 

 

 
 



 69 

Until the 32nd week, the difference between screening data and the CONTROL GROUP in PE is 

53%. There are 53% more cases of preeclampsia in the CONTROL GROUP than in patients with 

screening and prevention with acetylsalicylic acid. Up to the 34th gestational week, there are 

41.10% more cases of preeclampsia in the CONTROL GROUP compared to the main group. Up to 

the 37th gestational week, there are 14.70% more cases of preeclampsia in the CONTROL GROUP 

than in the main group. Overall, according to the data, the CONTROL GROUP has a higher 

percentage of preeclampsia cases than pregnant women with screening, with the greatest difference 

up to the 32nd week and the smallest difference up to the 37th week. 

Table 5.27. Difference between the screening and non-screening/control group data in 

PE/PIH 

 

Gest. Week of 

Preeclampsia 

Preeclampsia/Gestational 

Hypertension 

Difference 

between screening 

and non-screening 

data 

Up to 32 PE -76.23% 

Up to 34 PE -58.72% 

  Up to 37 PE -35.00% 

Over 37 PE -22.88% 

No None 0.47% 

No PIH 0.00% 

 

The difference between the percentages of women developing preeclampsia in individual 

gestational weeks, between the two types of data, is calculated using the growth rate formula. The 

data are given in Table 5.27. 

Figure 5.28 

 

It is evident that pregnant women who undergo screening and subsequent prevention have a 76.23% 

(about 4 times) lower frequency of preeclampsia development up to the 32nd gestational week 

compared to the control group, 58.72% lower (about 2 times) up to the 34th week, and 35% lower 

up to the 37th week. For those who develop gestational hypertension, the screening data have 0.43% 

more cases than those who did not undergo screening. 
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Figure 5.29 

 

From a clinical point of view, it is important to emphasize that 9.2% or 49 patients from the 

CONTROL GROUP took acetylsalicylic acid in some dose, started and stopped at different times. 

However, the frequency of PE is significantly higher, especially in the earlier weeks, which is 

significant.  

This is another reason to argue that the prevention of PE with 150mg acetylsalicylic acid is 

successful only in the high-risk group, initiated before the 16th gestational week, applied every 

evening until the 36th gestational week. 
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5.3. FIFTH TASK 

 

5.3.1. Algorithm for Behavior in High Risk for PE 

In recent decades, various recommendations and algorithms have been developed in every medical 

field, serving as a guide for practicing physicians. This prompted us to create an algorithm to assist 

doctors in several steps while reducing omissions. On the other hand, the involvement of the patient 

in self-monitoring is undoubtedly helpful to the obstetrician-gynecologist, rather than remaining a 

passive observer of one of the most severe complications for her and the fetus. 

At the core of monitoring patients at high risk for the development of preeclampsia are blood 

pressure monitoring, the patient's subjective condition, and laboratory tests. Although there is a 

reduction in preeclampsia, the increase in the frequency of fetal growth restriction is noticeable. 

Both pathologies share a similar etiopathogenesis, but there may be additional factorial features in 

the external environment in fetal growth restriction. This is the reason for the frequency of 

ultrasound examinations in the presence of an increased risk of developing these complications. 

We have focused not on behavior in already discovered pathology but on its earliest detection. Thus, 

we believe that our behavior, the duration of pregnancy, prognosis, and the outcome of pregnancy 

for the mother and fetus can be improved. We are fully aware that screening for preeclampsia has 

its limitations and cannot fully cover all pregnant women who will develop it. The closer we are to 

unlocking this complication, the easier it is to predict it. This is, of course, associated with more 

resources for various biophysical and biochemical studies – among which are sFlit/PlGF or the more 

modern method through the study of the pulsatility index in the ophthalmic artery. These methods 

are not yet conventional, require additional resources, training, and new algorithms for behavior at 

different stages of pregnancy, which would create confusion and reluctance to use them at this stage. 

They would be useful for large centers where high-risk pregnancies are monitored, working in close 

collaboration with clinics and departments of Obstetrics and Gynecology and Neonatology 3rd 

level. 

The algorithm we propose is step-by-step and sequential, synthesizing the behavior of most 

colleagues, likely. After already performed screening and assessed risk for PE/FGR in the first 

trimester and starting low-dose acetylsalicylic acid from the high-risk group, the next examination 

is at 20-22 weeks for fetal morphology. Earlier monitoring is not necessary since, by definition, 

preeclampsia occurs no earlier than the 20th week. At this stage of pregnancy, we will use the same 

screening model proposed in the first trimester with or without biochemistry (sFlit/PlGF) depending 

on the desired detection. The ratio between the pulsatility indices of the ophthalmic artery improves 

the prediction of preterm preeclampsia compared to providing only maternal factors (from 56.1% 

to 80.2%), maternal factors, MAP, and UtA-PI (80.7% to 87.9%), maternal factors, MAP, and PlGF 

(85.5% to 90.3%), and maternal factors, MAP, UtA-PI, PlGF I sFlI-1 (84.9% to 89.8%) at a 10% 

false positive rate (I Sapantzoglou et al. 2022). 

Women at high risk are conditionally divided into those with a risk greater than 1 in 150; moderate-

high risk, greater than 1 in 50; and very high risk, higher than 1 in 10. Patients with low risk continue 

their outpatient observation in low-risk pregnancy, followed by an examination at 36 weeks due to 

the low predictive value of term preeclampsia. 

Patients identified in the high-risk group (greater than 1:150) should actively participate, especially 

after 28-30 weeks, through self-monitoring for subjective complaints, daily blood pressure 

monitoring and documentation, fetal movement monitoring, and weekly urine protein testing. 

Patients should be trained on which signs to monitor, how to measure blood pressure, the frequency, 
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and equipment suitable for home use, and under what circumstances to seek medical help—

outpatient or hospital. We believe that self-participation would lead to the earlier recognition of 

signs of hypertensive complications of pregnancy, and from there, more adequate therapy and better 

outcomes. As we have already noted, earlier initiation of antihypertensive therapy (Table 109) 

reduces the risk of developing PE. 

Ultrasound examinations would provide us with detailed information about fetal growth, the amount 

of amniotic fluid, "well-being," or its health condition through the assessment of Doppler 

velocimetry, which has a direct relationship to the development and severity of preeclampsia, as 

well as fetal growth restriction. Additionally, valuable information about the fetus's position, 

placental position, and assessment of part of the anatomy, which are related to the mode of delivery, 

will be obtained. Above (Table 103), we found that women with FGR have several times (more than 

5) a higher risk of developing preeclampsia, and PE and FGR are important causes of preterm birth. 

For a risk of preeclampsia greater than 1:150, we recommend an examination at 32 weeks, followed 

by an assessment at 36 weeks or earlier. In the presence of signs of PE/FGR, hospitalization for 

more thorough examination and monitoring, especially as the term approaches, should be 

considered. 

For patients with a moderate-high risk, we propose using the same algorithm but starting earlier. 

Self-monitoring should begin at 24-26 weeks, and ultrasound examinations should be performed 

every 4 weeks or more frequently from 28 weeks. 

Patients who are most vulnerable to the development of PE/FGR with a risk higher than 1:10 require 

more frequent monitoring starting from the 20th week. For them, we propose, in addition to self-

monitoring from 20 weeks and check-ups every 2-4 weeks, adding testing for CBC, AST, ALT, 

urea, albumin, and total protein every 2-4 weeks. 
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Figure 5.119 
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IMPLICATION: 

The algorithm proposed by us is basic and does not require many resources, but we believe it is 

sufficiently effective and practically oriented.  

The active participation of patients would assist in detecting signs of complications as early as 

possible. Monitoring and documenting blood pressure trends are beneficial for tracking its elevation 

in the high-risk group, leading to the earlier initiation of antihypertensive medications. Even in the 

normotensive group with some elevation in systolic and/or diastolic blood pressure, there is an 

increased risk of eclampsia. The presence of protein in urine can be one of the first signs of 

preeclampsia, with subsequent blood pressure increase; therefore, we recommend weekly 

qualitative testing starting from 24-28 weeks. These easy-to-apply home monitoring methods for 

patients can bring non-severe cases of preeclampsia or, even better, only gestational hypertension 

to us, obstetricians and gynecologists, before they unfold into a full clinic. As we have already noted, 

starting antihypertensive medication a week earlier reduces the chances of developing PE by 26%. 

Early detection of signs will provide us with time for better blood pressure control, protein excretion, 

and thus prolonging the pregnancy. At the same time, we will have the opportunity for better birth 

planning – both in terms of location (if a higher level of resuscitation and neonatology is needed), 

safe application of corticosteroid prophylaxis, and the timing and method of childbirth. 

Additionally, we want to emphasize that the proposed model aims to stratify pregnant women at the 

end of the first trimester and determine who needs prevention for the considered complications. We 

also aim to further determine the monitoring method (frequency of check-ups and tests) for the high-

risk group at the 20-22-week mark. For those patients who were missed in the first trimester but 

show high risk in the middle of pregnancy. The third task of the algorithm is to determine the timing 

of childbirth, aiming to reach term for the benefit of the fetus while not compromising the health 

and life of the pregnant woman. At the time of delivery, we also include the location, if there is a 

need for level III Neonatology, ICU, Cardiology, and other specialists and clinics. The method of 

delivery – cesarean section or vaginal delivery – is again related to the moment of childbirth. 

We cannot overlook the significant contribution of colleagues, cardiologists, neonatologists, and 

anesthesiologist-reanimators in the fight against preeclampsia. Without them, modern management 

would be unthinkable, and postpartum and perinatal mortality for both mother and newborn would 

be much higher, with our proposed algorithm being of little significance. 
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CONCLUSIONS: 

1. The frequency of preterm PE is 1.95%, and for the entire pregnancy, it is 2.46%; fetal 

growth restriction developed in 6.8%. Gestational diabetes occurred in 3.83%, and chronic 

hypertension in 1.7%. 

2. PlGF MoM, mean arterial pressure, and BMI are statistically significant variables with a 

95% confidence level. 

3. The detection rate for PE before 37 weeks is 74%, and for term preeclampsia, it is 70% for 

the studied population using the FMF algorithm. 

4. Prevention of PE with 150mg acetylsalicylic acid is successful only in the high-risk group, 

initiated before 16 weeks. 

5. The risk of developing PE is expected to increase by 26.3% when antihypertensive 

medications are started one week later. 

6. The frequency of preterm birth in our study in PE is 55.7%, and in fetal growth restriction, 

it is 26.1%. 

7. A successful outcome of pregnancy involves risk stratification for PE, prevention, 

reassessment, and choosing the timing of delivery. 
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CONTRIBUTIONS 

Contributions with Original Character: 

1. Development of a behavior algorithm for high-risk patients. 

Confirmed Contributions: 

1. Conducted a retrospective study on two groups of pregnant patients, one with screening for 

PE (1383 cases) and one without screening for PE (533 cases); the cases of PE were 34 and 

17, respectively, in the corresponding groups. 

2. Presented and analyzed demographic and clinical indicators from this study. 

3. Compared the results of conducted studies in cases of PE, PIH, and FGR with a control 

group. 

4. Established the frequency of PE, PIH, and FGR in the screening group compared to the 

control group. 

5. Identified risk factors for PE and FGR. 

6. Detected PE before 32 weeks, 34 weeks, 36+6 weeks, and at term. 

7. Detected FGR. 

8. Established the frequency of PE development before 32 weeks, 34 weeks, 36+6 weeks, and 

at term in the group with aspirin prophylaxis and the group without prophylaxis. 

9. Established the frequency of FGR development in the group with aspirin prophylaxis and 

the group without prophylaxis. 
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