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 Purpose: Preeclampsia (PE) is a specific syndrome of multiple organ insufficiency in case of pregnancy, which is 

included in the panel of major obstetric syndromes and is among the main causes of maternal morbidity and 

mortality in the whole world.  

Material and methods: We conducted a prospective cohort study of 91 pregnant women to evaluate the 
effectiveness of integrated use of maternal risk factors (2019 International Federation of Gynecology and 

Obstetrics recommendations), placenta location (ultrasound at 18-20 weeks of gestation), and serum cystatin C 

(at 18-36 weeks of gestation) in screening for pe in the second and third trimesters of gestation.  

Results: In the subgroup of pregnant women with cystatin C levels greater than 1.0 mg/L (27 women), PE 

developed in 26 women, which is 96.29% in percentage terms. When calculating GFR for cystatin C in a group with 
PE there was a significant violation of the renal filtration system -52.46±2.08 (95% CI, 48.39-56.54), while in healthy 

group the indicator is within normal limits -97.6±1.64 (95% CI, 94.38-100.82). In the analysis of the ratio of cystatin 

C levels more than 1.0 mg / l and the development of PE, a sensitivity of 98.46%, specificity of 100% and accuracy 

of 98.9%, p<0.001. 

Conclusions: The data show that the combined model of maternal factors, ultrasound of the placenta and serum 
cystatin C, is prognostically effective in pregnant women in the second and third trimesters of gestation and is a 

reliable marker for the development of pe. 
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INTRODUCTION 

Concept of Preeclampsia 

Preeclampsia (PE) is a specific syndrome of multiple organ 

damage in pregnancy that is among the major obstetric 

syndromes and is the leading cause of maternal morbidity and 

mortality worldwide. 

Given the numerous positive studies of preventive and 

therapeutic measures to reduce the complications of PE, the 

world scientific community offers screening tests to identify 

risk groups [1-6]. For example, the American College of 

Obstetricians and Gynecologists (ACOG) [7] and the National 

Institute for Health and Care Excellence (NICE) have proposed 

screening for pe based on maternal risk factors. One factor 

(hypertension in a previous pregnancy, chronic hypertension, 

chronic kidney disease, diabetes mellitus, autoimmune 

disease) or more than one moderate factor (first birth, age 40 

years or older, family history of pe, pregnancy interval >10 

years, body mass index (BMI) 35 kg/m2 or greater) is considered 

high risk for PE. From 12 weeks’ gestation until birth, it is 

recommended that high-risk women take 75 to 150 mg of 

aspirin per day [2].  

Risk Factors for Preeclampsia 

PE risk factor screening significantly increases the use of 

low-dose aspirin does not statistically reduce the diagnosis of 

pe but has a significant reduction effect [8]. However, a 

combined first-trimester screening test (maternal factors, 

mean arterial pressure, uterine artery pulsatility index, and 

serum placental growth factor) as recommended by the Fetal 

Medicine Foundation (FMF) and approved by the International 

Federation of Gynecology and Obstetrics (FIGO). Low-dose 

aspirin of 150 mg/day is prescribed for high-risk women <16 

weeks to 36 weeks of pregnancy [5]. 

Research Problem  

Combined FMF screening provides a significant 

improvement in clinical outcomes compared with the practice 

of risk factor screening by effectively reducing the frequency of 

positive results and improving the targeted use of aspirin 

prophylaxis [9]. However, due to the numerous pathological 

links in the development of PE, no universal screening 

currently exists, prompting the scientific community to search 
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for markers with high specificity and sensitivity, wide 

availability, noninvasiveness, and low cost. According to FIGO 

recommendations, all pregnant women should be screened for 

PE in the first trimester of pregnancy, considering maternal risk 

factors and BP. The proposed biomarkers are the potential in 

early diagnosis, but more evidence is needed at this stage [10]. 

A history of chronic kidney disease and hypertension 

before or during a previous pregnancy most often leads to 

acute kidney injury (AKI) preceding the clinical development of 

PE. 

The kidney disease 

Improving Global Outcomes (KDIGO) organization held a 

2019 discussion conference titled “early detection and 

intervention in CCN”. During the event, a strategy for screening, 

risk stratification, and treatment of early CCN was defined. 

Conclusions regarding the ideal initial screening approach 

suggested including a panel of “triple markers” of serum 

creatinine, cystatin C, and urinary albumin to creatinine ratio. 

It was also agreed with the 2012 KDIGO recommendations to 

include cystatin C as a critical component of accurate risk 

stratification, which markedly reinforces the association 

between GFR and cardiovascular events, renal failure, and 

death [11]. 

Research Focus 

Recent evidence suggests that cystatin C is a promising 

biomarker for detecting pe during the third trimester of 

pregnancy, especially pregnancies complicated by 

hypertension, or even for predicting high-risk pregnancies [12, 

13], which has better predictive value than creatinine in the 

diagnosis of renal damage, even in the early stages [14-16]. An 

additional advantage is the determination of FFR by cystatinin 

C without the requirement to include race quotient, age, sex, 

and muscle volume as required for creatinine [17]. Creatinine 

FFR assessment is also unreliable during episodes of AKI [11], 

whereas PE is a common cause of AKI [18-19]. The main 

predictor of maternal and fetal outcomes is intra-gestational 

FFR determination [20, 21] and provides an opportunity to 

anticipate preterm delivery in patients with severe PE [22]. 

Thus, we can suggest the feasibility of using cystatin C as a 

biomarker of early renal damage in PE. 

Research Aim and Research Questions 

The main factor in the development of PE is impaired 

placentation. The impact on the development of impaired 

complete blood supply associated with asymmetry in the 

blood supply to the right and left halves of the uterus, the 

presence of low- and nonvascular zones, unequal arterial flow 

to the anterior and posterior walls of the uterus [23], will result 

in the incorrect transformation of the maternal uterine spiral 

arteries broad sinusoids and, consequently, to pe [24]. That is, 

it is possible to assume the advisability of attention regarding 

the place of placental attachment using ultrasound 

examination. 

Study objectives 

Study objective is to identify the relationship of screening 

criteria for PE. Objectives of the study can be listed, as follows: 

1. To evaluate the effectiveness of the combined use of 

maternal risk factors, placental location, and serum 

cystatin C in screening for pe in the second and third 

trimesters of gestation. 

2. Comparison of glomerular filtration rate levels for 

cystatin C and creatinine among pregnant women 

examined between the groups with and without pe. 

3. To propose a three-component screening model for pe 

in the first, second, and third trimesters of pregnancy. 

RESEARCH METHODOLOGY  

General Background 

The study was conducted in accordance with international 

ethical and moral standards. The study is a prospective cohort 

study. Written consent was concluded with each patient, where 

she was familiarized with the therapy tactics and gave her 

consent to participate in the study. The study adhered to the 

principles of anonymity and confidentiality of the information 

obtained.  

Sample/Participants/Group/Gestational Age Placenta 

Location/Serum Cystatin C Levels 

A prospective cohort study of 91 pregnant women was 

conducted in 2018-2020 based on the women’s consultation 

and obstetric hospital of Maternity Hospital No. 2, Odessa. 

Average age of pregnant women 22.5±2.5 years, 20 to 27 years. 

At the first stage of the study, 56 (61.54%) women with 

factors, according to the 2019 FIGO recommendations, 

associated with the development of pe were assigned to the 

main group (group I1); the control group (group I2) consisted of 

35 (38.46%) virtually healthy pregnant women. The second 

stage of allocation per subgroup was based on certain 

placental locations on ultrasound examination at 18-20 weeks 

of gestation. 47 (51.65%) pregnant women were assigned to 

the subgroup with the placenta located along the anterior 

uterine wall (subgroup II1) and 44 (48.35%) with the placenta 

located along the posterior uterine wall (subgroup II2). The 

third stage of allocation was at gestational age 18-36 weeks 

(mean was 32.22±0.41 weeks), based on serum cystatin C levels 

(1.0 mg/L). 27 (29.67%) pregnant women had cystatin C 1.0 

mg/g (subgroup III1) and 64 (70.33%) pregnant women had 1.0 

mg/l (subgroup III2). In a final step, preliminary data were 

analyzed in the groups of pregnant women with pe (group IV1), 

26 (28.57%), and those who had not developed pe (group IV2), 

65 (71.43%). PE was determined according to the 

recommendations of the International Society for the Study of 

Hypertension in Pregnancy and approved by FIGO [5]. 

General exclusion criteria were cancer, tuberculosis, severe 

somatic pathology in decompensation, mental illness, chronic 

alcoholism, drug addiction, and injuries during pregnancy that 

resulted in obstetric complications. 

Instrument and Procedures 

Ultrasound assessment of placental location was 

performed at 18-20 weeks of gestation using a ToshibaAplio 

400 universal expert ultrasound machine (Japan) [9]. 

Serum cystatin C was studied in women without clinical 

manifestations of PE in the second or third trimester of 

gestation (18-36 weeks) and measured by an 

immunoturbidimetric method using Cystatin C reagent on an 

ADVIA 1800 device according to the manufacturer’s 

instructions, manufacturer “Siemens” (USA) [5, 14, 15].  
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Data Analysis 

We analyzed the data entered in MS Excel using a PC 

statistical program, version 3.6.2 (Foundation for Statistical 

Computing, Vienna, Austria). We used descriptive analysis of 

intergroup comparisons to determine the most important 

factors in the development of pe, descriptive analysis of 

intergroup comparisons, and determination of maximum 

sensitivity and specificity limit levels for serum cystatin C, 

creatinine, and urea levels. Receiver operating characteristic 

(ROC) plots were used. Between-group comparisons were 

performed by one-way ANOVA using the Pearson correlation 

coefficient. A p<0.05 value was considered statistically 

significant. Given the sample size (91 women), the statistical 

significance, considering the sample size, is 0.95. Thus, the 

representativeness of the results obtained is at the level of 

p≤0.05. 

RESULTS 

Maternal, Obstetric, and Extragenital Factors of PE. 

Among 91 (100%) pregnant women in our study, 26 

(28.57%) women developed pe. In our study, the age 

composition of pregnant women in groups I1 versus I2 was 

statistically significantly higher, p=0.05, but there was no 

difference between groups IV1 and IV2 (p=0.05) (Table 1).  

When analyzing ROC area under the curve (AUC) chart, no 

significant difference was demonstrated between age and the 

development of PE (AUC in group IV1 was 0.54, IV2 was 0.46); 

the model is unsatisfactory. In women aged 35 years or older, a 

sensitivity of 70.77% and specificity of 30.77%, with an 

accuracy of 59.34%, an odds ratio of 1.08 (95% CI 0.4 to 2.89) 

but p˃0.05 was observed in relation to PE. The mean age 

composition of our study was 30.53±0.62 (95% CI 29.3-31.75). It 

is possible to assume that this led to a low significance of the 

effect of age on the development of PE. 

In our study, there was a statistically significant difference 

in weight and BMI of women before pregnancy between groups 

I1 and I2, p<0.001, whereas in the analysis between groups IV1 

and IV2 there was no statistical difference in weight and BMI 

values, (p˃0.05) (Table 1). In the ROC analysis of pregnant 

women’s AUC BMI relative to PE, an average quality (0.62) was 

noted for women in group IV1 and an unsatisfactory quality 

(0.38) in group IV2, suggesting a negligible probability of the 

effect of increasing BMI on the development of PE. At aBMI ratio 

>30 kg/m2, the PE calculated a sensitivity of 84.62% and 

specificity of 23.08% with an accuracy of 67.03%, the odds ratio 

was 1.65 (95% CI 0.53 to 5.13), but p˃0.05. At a maximum BMI of 

36.85 kg/m2 by PE, the sensitivity was 60%, the specificity 

90.91% with an accuracy of 81.25%, the odds ratio 15. Thus, our 

study observed a high risk of PE in pregnant women starting 

with second-degree obesity. 

There was no statistical risk in the growth analysis between 

groups I1 and I2, (p˃0.05). However, statistically significant 

results were observed between groups IV1 and IV2 (p=0.034, 

Cohen’s d 0.5 (95% CI: 0.38 to 0.62)) (Table 1). Consequently, 

our study suggests that women with less than average height 

have an increased risk of developing PE. 

Thus, among maternal characteristics, such as age, height, 

weight, and BMI before pregnancy, the greatest influence on the 

development of PE was noted in the pregnant woman’s short 

stature and obesity (BMI 36 kg/m2). The influence of age, weight, 

and BMI 30 kg/m2 before pregnancy on the development of PE 

was not statistically confirmed in our study (Table 1). 

When we analyzed the obstetric history of 91 (100%) 

women, 36 (39.56%) had their first pregnancy; group I1 

included 23 (25.27%) and 13 (14.29%) were I2. Of these, group 

IV1 included 13 first pregnancies (50%): eight pregnant women 

from group I1 and five from group I2 (practically healthy). Thus, 

of the known PE risk factors, the first pregnancy was the major 

factor in five (19.23%) of the 26 (100%) pregnant women in 

group IV1. When adjusting for PE with the first pregnancy, the 

odds ratio in the study was 1.83 (95% CI 0.73 to 4.59), sensitivity 

76.36%, specificity 36.11%, and accuracy 60.44%. The most 

important effect on the development of PE in first-pregnant 

women from group I1 was noted when combined with chronic 

kidney disease (in six of eight first-pregnant women). In the 

analysis of the distribution of risk factors for pe in primiparous 

women, statistical significance was observed in association 

with chronic kidney disease-odds ratio (OR)=0.3 (95% CI 0.11 to 

0.83) p=0.033. Risk factors such as age 35 years or older 

(HR=0.32 (95% CI 0.12 to 0.91), obesity (HR=0.65 [95% CI 0.2 to 

2.04]), multiple pregnancies (HR=1.54 (95% CI 0.09 to 25.48), in 

vitro fertilization (HR=0.36 [95% CI 0.04 to 3.4]) and 

antiphospholipid syndrome (HR = 1.54 [95% CI 0.09 to 25.48]) 

were statistically insignificant (p˃0.05). Thus, the most 

important influence on the development of PE in primiparous 

women belongs to a history of chronic kidney disease. 

Adjusted obstetric factors that led to PE can be allocated in 

the direction of decreasing importance, as follows: 

1. During previous pregnancy PE 6 (95% CI 0.88 to 40.87). 

2. Multiple pregnancies VS 2.56 (95% CI 0.15 to 42.53). 

3. First pregnancy 1.83 (95% CI 0.73 to 4.59). 

4. ECO VSH 1.72 (95% CI 0.27 TO 10.96). 

5. Maternal PE 1.57 (95% CI 0.35 to 7.08). 

6. Interval ≥10 years between pregnancies WS 0.77 (95% 

DI 0.14-4.20). 

Among extragenital diseases, the greatest influence on the 

development of PE was noted when combined with APS (HR 

2.56 [95% CI 0.15 to 42.53]), whereas a history of kidney disease 

(HR 1 [95% CI 0.34 to 2.94]) and chronic hypertension (HR 0.18 

[95% CI 0.02 to 2.08]) [34] were reported as low in our study. 

Thus, in our prospective study, the most important risk 

factor was PE in a previous pregnancy. Multiple pregnancy and 

antiphospholipid syndrome ranked second. However, when 

factors are combined, especially with chronic kidney disease 

and/or maternal characteristics, the risk of PE increases. In the 

Table 1. Characteristics of the mother: age, height, weight, and BMI before pregnancy* 

 I1 main 95% DІ I2 control 95% ДІ p IV1 PE 95% DI IV2 without PE 95% DI р 

Age 31.88±0.86 30.19-33.56 28.37±0.74 26.92-29.82 0.006* 30.65±1.25 28.21-33.10 30.48±0.72 29.06-31.89 0.899 

Height 166.05±0.81 164.46-167.65 166.23±1.74 162.82-169.64 0.919 163.35±1.26 160.87-165.82 167.23±1.02 165.23-169.20 0.034* 

Weight 73.69±2.48 68.83-78.54 61.85±1.48 58.96-64.75 0.001* 71.80±3.66 64.63-78.98 68.07±1.93 64.28-71.86 0.332 
BMI* 26.70±0.86 25.00-28.39 22.50±0.59 21.35-23.65 0.001* 26.83±1.29 24.31-29.36 24.38±0.68 23.06-25.71 0.071 
 Note. BMI-Body mass index; p*>0.05; *General sampling characteristics=0.3; &n=91 
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analysis of maternal factors for development of PE, sensitivity 

is 37.50%, the specificity 85.71%, and the accuracy 56.04%. 

Placental Characteristics and Their Influence on the 

Development of PE 

 According to the results of our study, 47 (51.65%) pregnant 

women had the placenta located on the anterior uterine wall 

(II1) and 44 (48.35%) respectively on the posterior uterine wall 

(II2). Of these, the group IV1 (26 (28.57%) included 19 (20.88%) 

with the anterior location of the placenta and 7 (7.69%) with 

the posterior location. In calculating 100% equivalence: 

73.07% for anterior placental location and 26.93% according to 

posterior placental location. .08%, accuracy 61.54% (p=0.019) 

Thus, we found that when the placenta is located along the 

anterior wall of the uterus, the risk of PE increases 3.59 times. 

Cystatin C in the Preclinical Diagnosis of PE 

 Renal function markers (cystatin C, creatinine, and urea) 

were studied overnight at 18-36 weeks of gestation in pregnant 

women without clinical manifestations of PE. The mean serum 

cystatin C values in group I1 were 1.1±0.05 (95% CI: 1.01 to 1.19) 

and were significantly higher than those in I2 at 0.89±0.05 (95% 

CI: 0.79 to 0.98), (dCohene=0.65 [95% CI: 0.55 to 0.75], p=0.003) 

(Figure 1). This proves that the levels of cystatin C values were 

significantly and significantly elevated in the group of pregnant 

women at risk of PE compared with the control group. When 

calculating GFR by cystatin C, the mean levels in group I1 were 

76.66±2.97 (95% CI: 70.84 to 82.48), indicating impaired renal 

filtration system, and in I2, 97.57±3.58 (95% CI: 90.56 to 104.59), 

 

Figure 1. Comparison of cystatin C, creatinine, & urea levels among surveyed pregnant women between survey & control groups 

(Source: Authors’ own elaboration) 

 

Figure 2. Comparison of glomerular filtration rate levels for cystatin C & creatinine among the surveyed pregnant women between 

the survey & control groups (Source: Authors’ own elaboration) 
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no renal function impairment. Statistical significance was 

Cohen’s d=0.96 (95% CI: 0.85-1.07), p<0.001 (Figure 2). 

Thus, it can be assumed that the risk of renal damage in 

pregnant women with a history of a poorer outcome is 

significantly higher than in healthy women and is highly likely 

to lead to the development of PE. 

When comparing cystatin C and FFR values between groups 

II1 and II2, an increase in cystatin C over 1.0 mg/L was observed 

in group II1 (1.08±0.05), whereas in II2 the values did not exceed 

the normal reference values (0.95±0.05), which was also 

marked on the values of FFR-in group II1 the filtration capacity 

of the kidneys was reduced (79.53±3.72), and in group II2 the 

kidney function was not impaired (90.23±3.2) (Table 2). 

Cystatin C levels were statistically significantly (p=0.001) 

different between groups IV1 and IV2. Thus, in group IV1 the 

value was 1.46±0.06 (95% CI: 1.35-1.57), i.e., at the preclinical 

stage of PE they exceeded the reference norm of 1.0 mg/l; in 

group IV2 the values were within the norm and were 0.84±0.01 

(95% CI: 0.81-0.86) (Figure 3).  

When calculating FFR by cystatin C, significant impairment 

of renal filtration system was noted in group IV1 -52.46±2.08 

(95% CI: 48.39-56.54), while in group IV2 the value was within 

the norm -97.6±1.64 (95% CI: 94.38-100.82) (Figure 4). 

Mean serum creatinine levels in the total group were 

72.28±1.17 (95% CI: 69.99 to 74.57) with a glomerular filtration 

rate (GFR) of 92.34±2.17 of which pregnant women further 

developed pe, creatinine levels were 76.68±1.81 from a 

creatinine GFR of 90.23±2.83 and were within reference norm 

for healthy pregnant women. Serum urea levels in all study 

groups were within the reference norm for healthy pregnant 

women (Table 2).  

Group III included 27 pregnant women. Of these, only one 

pregnant woman with a cystatin C1.0 level (1.09 mg/L) did not 

develop pe, because of the indication for an early operative 

delivery at 35 weeks of gestation (feto-fetal syndrome 

diagnosed). In the subgroup of pregnant women with cystatin 

C levels greater than 1.0 mg/L (27 women), pe developed in 26 

women, or 96.29% in the percentage equivalent. There was a 

correlation in the rate of clinical symptomatology of PE in 

subgroup III1, namely, pregnant women with cystatin C levels 

of ˃1.85 mg/L developed clinical symptoms rapidly over one-

two weeks, whereas those with cystatin C levels ≥1.08 mg/L 

developed clinical symptoms over five-seven weeks. When 

analyzing the ratio of cystatin C levels greater than 1.0 mg/L to 

the development of PE, a sensitivity of 98.46%, specificity of 

100%, and accuracy of 98.9% were noted, p <0.001.  

The odds ratio of the risk of cystatin C elevation adjusted 

with PE factors in the downward direction: 

1. PE in a previous pregnancy-six (95% CI 0.88 to 40.87), 

p=0.146; 

2. Anterior location of the placenta -3.92 (95% CI 1.45 to 

10.57), p=0.011*, 

3. Antiphospholipid syndrome -2.42 (95% CI 0.15 to 

40.22), p=1; 

4. First pregnancy, 2.06 (95% CI 0.82 to 5.13), p=0.186; 

5. In vitro fertilization, 1.63 (95% CI 0.26 to 10.33), p=0.987; 

Table 2. Renal biomarker levels as a function of allocation to groups in PE screening (immunoturbidimetric method, n=91) 

 Creatinine (µmol/l) GFR by creatinine Urea (mmol/l) Cystatin Smg/L GFR by cystatin C 

I1 (main) 75.24±1.59 92.34±2.17 3.31±0.16 1.10±0.05 76.66±2.97 

I2 (control) 67.56±1.34 104.97±2.21 3.08±0.29 0.89±0.05 97.57±3.58 

II1 (anterior location of placenta) 73.82±1.60 95.04±2.25 3.00±0.10 1.08±0.05 79.53±3.72 

II2 (posterior location of placenta) 70.64±1.70 99.50±2.56 3.46±0.28 0.95±0.05 90.23±3.20 

IV1 (got PE) 76.68±1.81 90.23±2.83 3.67±0.39 1.46±0.06 52.46±2.08 

IV2 (not got PE) 70.52±1.42 99.98±2.01 3.04±0.13 0.84±0.01 97.60±1.64 

Σ 72.28±1.17 97.20±1.70 3.22±0.15 1.01±0.04 84.70±2.52 

Р 0.016 0.121 0.000 <0.001 0.001 
 

 

Figure 3. Comparison of cystatin C, creatinine, & urea levels among pregnant women examined between groups with & without 

PE (Source: Authors’ own elaboration) 
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6. Obesity (BMI >30 kg/m2), 1.54 (95% CI 0.5 to 4.78), 

p=0.65; 

7. Maternal PE, 1.48 (95% CI 0.33 to 6.66), p=0.918; 

8. A history of renal disease, 1.07 (95% CI 0.37 to 3.14), 

p=1; 

9. Age 35 years or older, 1 (95% CI 0.37 to 2.67), p=1; 

10. Pregnancy interval >10 years, 0.77 (95% CI 0.14 to 4.2), 

p=1; 

11. Chronic hypertension, 0.19 (95% CI 0.02 to 2.2), 

p=0.412, 

12. Multiple pregnancy -Inf (95% CII NaN-Inf), p=0.156. 

According to the results of our study, the anterior location 

of the placenta statistically significantly increases by 3.92 times 

the risk of AKI during pregnancy, which may lead to the 

development of PE. Among the other maternal factors studied, 

the highest risk was noted in pregnant women with a history of 

PE in a previous delivery–the risk increased six-fold, but 

statistical significance in the isolated factor was not noted. 

DISCUSSION 

Numerous scientific studies have concluded that older age 

(35 years) and an increase in BMI before pregnancy (25 kg/m2) 

are considered moderate risk factors for PE [25-31]. A high rate 

of PE is associated with the study selection of pregnant women 

with maternal risk factors according to FIGO recommendations 

[5]. Studies demonstrated an age dependence of PE 

development, with the authors suggesting in their conclusions 

that the highest risk is in women under the age of 20 and after 

30 years [25]. 

Statins play an essential role in the human body, including 

during pregnancy. Statins as well as fatty acid sequestrants are 

effectively used to lower high-density lipoprotein cholesterol 

levels. The prescription of fibrates and nicotinic acid helps to 

reduce triglyceride levels and increase the above-mentioned 

lipoproteins. When using statins, the level of lipoproteins is 

reduced by more than 55%, triglycerides–by 7-30%. In 

addition, there is an increase in the concentration of 

lipoproteins–by 5-15% [32]. 

Being overweight and obesity before pregnancy are 

associated with an increased risk of PE [32]. Our findings are 

consistent with [33], which noted that tall women have the 

lowest rate of PE. Determination of the location of the placenta 

by ultrasound examination is one of the most accessible and 

noninvasive routine methods in obstetric practice. It is possible 

that the influence on the development of incomplete 

trophoblastic invasion, which leads to the release of markers 

such as fms-like tyrosine kinase type 1 (sFlt-1), vascular 

endothelial growth factor (VEGF) and placental growth factor 

(PlGF) and contributes to endothelial dysfunction. in various 

organs [40, 41], there is an anatomic feature of unequal 

distribution of arterial inflow to the front and back uterine 

walls [23]. Our data confirm that at the preclinical stage of renal 

failure development, cystatin C is a reliable and early marker of 

endotheliosis and has high diagnostic significance in screening 

pe among such biomarkers as serum creatinine and urea [42]. 

Regarding the duration of pe, our data support other 

findings that the main pathological processes occur before 

delivery, but the risk of renal damage persists after delivery 

[41]. According to other data, the risk of PE persists during 

pregnancy if diabetic patients take vitamin C and aspirin [40]. 

Placental placement (lateral or central) does not affect the 

incidence of hypertension in patients [39], which is also 

confirmed by our data. On the other hand, the lateral location 

of the placenta indicates an increased likelihood of developing 

pe [38], which is also reflected in our results. Our results 

coincide with those of other authors who have found that the 

use of mid-trimester ultrasound screening techniques can 

predict the risk of pe [37]. Some authors link placental laterality 

and the high risk of hypertension in pregnant women [35, 36], 

which also coincides with our findings. The development of 

 

Figure 4. Comparison of glomerular filtration rate levels for cystatin C & creatinine among pregnant women examined between 

groups with and without PE (Source: Authors’ own elaboration) 
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eclampsia can also be associated with adolescence, and age 

over 35 years - with hypertension [28]. Thus, our work clearly 

shows the risk factors and presents a screening model for PE. 

Future studies should investigate the influence of these 

factors in more detail, e.g., by considering the older maternal 

age (40 years and over). Similar studies of mothers with 

pathologies such as alcoholism and drug addiction are of some 

interest [43]. 

CONCLUSIONS 

According to the results of our study, there is a close 

correlation of screening criteria for pe. We propose a three-

component screening model for pe in the first, second, and 

third trimesters of pregnancy. 

The first step is the collection of maternal anamnestic 

factors and the formation of risk groups for pe according to 

internationally accepted factors, which is done in the first 

trimester of pregnancy. 

The second stage–during ultrasound screening in the 

second trimester of gestation, we suggest that pregnant 

women with anterior placenta be assigned to the risk group for 

the development of pe. 

At the third stage, we recommend that pregnant women 

classified at the first and second stages to the pe risk group 

determine the serum cystatin C, a biomarker of AKI. A limitation 

of this study is the small sample size, so similar research on a 

larger sample is needed. In addition, the age of expectant 

mothers can also affect the results of the study, so this factor 

can also be a limitation of the study. 
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