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PRECIS: We aimed to compare maternal serum catestatin levels of preeclamptic and normotensive pregnant women and to evaluation the 
relationship between maternal serum catestatin levels and fetal cardiac functions.
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Öz
Amaç: Preeklamptik (PE) ve normotansif gebelerin maternal serum catestatin (CST) düzeylerini karşılaştırmak ve maternal serum CST düzeyleri ile fetal 
kardiyak fonksiyonlar arasındaki ilişkiyi değerlendirmek.
Gereç ve Yöntemler: Bu kesitsel çalışma, erken başlangıçlı preeklampsili (EOPE) 27 gebe, geç başlangıçlı preeklampsili (LOPE) 28 gebe ve sağlıklı 28 
gebe üzerinde yürütülmüştür. Maternal serum CST seviyeleri, enzime bağlı immünosorbent assay testleri kullanılarak ölçüldü. Fetal kardiyak fonksiyonlar, 
kardiyak Doppler ile değerlendirildi.
Bulgular: EOPE grubunda maternal serum CST düzeyleri daha düşük olmasına rağmen gruplar arasında istatistiksel olarak anlamlı fark bulunmadı. EOPE 
grubu diğer iki grupla karşılaştırıldığında, fetal E/A oranı ve miyokard performans indeksi (MPİ) değerlerinde istatistiksel olarak anlamlı fark bulundu 
(sırasıyla, p=0,013, p=0,002, p=0,005, p<0,001). Fetal E/A oranı hem preeklampsi hem de kontrol grubunda maternal serum CST seviyeleri ile pozitif 
korelasyon gösterdi (p<0,001, p<0,001). Hem preeklampsi hem de kontrol grubunda fetal IRT (izovolümetrik relaksasyon zamanı) ve MPİ değerleri 
maternal serum CST düzeyleri ile negatif korelasyon gösterdi (sırasıyla, p<0,001, p=0,001, p<0,001, p=0,002).
Sonuç: Düşük CST seviyeleri, fetal kardiyovasküler disfonksiyon ile ilişkilidir ve CST, fetal kalp fonksiyonunun değerlendirilmesinde kritik bir biyokimyasal 
belirteç olabilir.
Anahtar Kelimeler: Catestatin, kardiyak fonksiyon, Doppler, miyokardiyal performans indeksi, preeklampsi

Abstract
Objective: To compare the maternal serum catestatin (CST) levels in pregnant women with preeclampsia (PE) and with normal blood pressure and evaluate 
the relationship between the maternal serum CST levels and fetal cardiac functions
Materials and Methods: This cross-sectional study was conducted on 27 women with early-onset PE (EOPE), 28 women with late-onset PE (LOPE), and 
28 healthy pregnant women. Maternal serum CST levels were measured using the enzyme-linked immunosorbent assay kits. Fetal cardiac functions were 
evaluated using the cardiac Doppler.
Results: Maternal serum CST levels were lower in the EOPE group; however, no statistically significant difference was found between the groups. Compared 
with the other two groups, a statistically significant difference was found in the fetal E/A ratio and myocardial performance index (MPI) values of the EOPE 
group (p=0.013, p=0.002, p=0.005, p<0.001, respectively). The fetal E/A ratio was positively correlated with the maternal serum CST levels in both the PE 
and control groups (p<0.001, p<0.001). The fetal isovolumetric relaxation time and MPI values were negatively correlated with maternal serum CST levels 
in both the PE and control groups (p<0.001, p=0.001, p<0.001, and p=0.002, respectively).
Conclusion: Lower CST levels are associated with fetal cardiovascular dysfunction, thus CST can be a critical biochemical marker in fetal cardiac function 
evaluation.
Keywords: Catestatin, cardiac function, Doppler, myocardial performance index, preeclampsia

The role of maternal serum catestatin in the 
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Introduction

Preeclampsia (PE) is a critical disease affecting multiple organ 
systems in a normotensive woman, which occurs after the 
20th week of pregnancy with hypertension and proteinuria or 
progresses to hypertension and end-organ damage without 
proteinuria(1). Complicating 2%-8% of all pregnancies, this 
situation is one of the leading causes of maternal and neonatal 
morbidity and mortality(1,2).
The underlying mechanism of PE remains unclear; however, 
placental incompatibility appears as the main problem due 
to insufficient trophoblastic invasion of spiral arterioles(3). 
Placental hypoxia and ischemia that develop due to this 
situation cause fetal heart expansion and increased aortic wall 
thickness, whereas the increased placental vascular resistance 
may cause fetal cardiac function changes by increasing fetal 
cardiac afterload(4,5).
The effective way to evaluate the global cardiac function in fetal 
life is using the Doppler-derived myocardial performance index 
(MPI), independent heart rate, and ventricular geometry(6). This 
index, first proposed by Tei et al.(7), evaluates the myocardial 
function as a whole by combining both systolic and diastolic 
cardiac performance.
Catestatin (CST) is a hydrophobic and cationic structured 
peptide of 21 amino acids stored and released together with 
catecholamines in the storage vesicles of adrenal chromaffin 
cells and adrenergic neurons. It is obtained by degrading 
chromogranin A (CgA) with proteolytic enzymes, such as 
serine protease plasmin and cysteine protease cathepsin L(8,9). 
CST modulates the sympathoadrenal system by inhibiting 
catecholamine release via the neuronal nicotinic acetylcholine 
(Ach) receptors(8). CST, which stimulates histamine release from 
mast cells via heterodimeric G proteins, causes vasodilation and 
decreased blood pressure(9). Other vital functions of CST include 
regulating the inotropy, lusitropy, and coronary tonus by 
increasing nitric oxide synthase, limiting apoptosis, providing 
proangiogenesis, and ultimately having cardioprotective 
effects(10,11). A study found low plasma CST levels not only 
in patients with hypertension but also in their normotensive 
children(12).
Firstly, this study aimed to compare the serum CST levels of 
pregnant women with PE and those normotensive. Another aim 
is to evaluate the cardiac function in fetuses of women with PE 
and those normotensive and reveal the relationship between the 
maternal serum CST levels and the fetal cardiac function.

Materials and Methods

This cross-sectional study was conducted between November 
2020 and May 2021 at the Karadeniz Technical University 
Faculty of Medicine Perinatology Clinic. The study was 
approved by the Faculty of Medicine Ethics Committee of our 
University and was conducted following the Declaration of 

Helsinki (ethics committee no: 2020/283, date: 16.11.2020). 
Written informed consent was obtained from all-volunteer 
pregnant women who participated in the study.

Study Design

A total of 55 patients with PE who were admitted to our clinic 
during the study period were randomly and consecutively 
chosen, wherein 27 were in the early-onset PE group (EOPE) 
and 28 in the late-onset PE group (LOPE). The normotensive 
control group consisted of 28 consecutive cases admitted to our 
clinic at the same date range (November 2020-May 2021), and 
whose ages and gestational ages matched with the study group.
PE was diagnosed with the presence of hypertension (systolic 
and/or diastolic blood pressure of 140 and/or 90 mmHg in two 
measurements made at least 4 h apart) and proteinuria (≥300 mg 
in a 24-h urinalysis or urine protein/creatinine ratio of ≥0.3) that 
occurred after the 20th week of pregnancy in a woman who was 
previously normotensive(1). Cases with new-onset hypertension 
without proteinuria were included in the PE group if they had 
a headache that is unresponsive to medical treatment, visual 
impairment, pulmonary edema, platelet count of <100×109/L, 
and signs and symptoms of end-organ damage, such as elevated 
blood concentrations of liver transaminases to twice the normal 
concentration, and serum creatinine concentration above 1.1 
mg/dL or a doubling of the serum creatinine concentration in 
the absence of other renal diseases(1). PE was divided into two 
groups according to the gestational age of patient diagnoses; 
<34 weeks as EOPE and ≥34 weeks as LOPE(13). The pregnant 
women in the normotensive control group consisted of 
singleton and term pregnancies with infants showing an 
appropriate development according to the gestational age. The 
exclusion criteria include chronic hypertension, pregestational 
diabetes, premature rupture of membranes, chorioamnionitis, 
multiple pregnancies, fetal anomalies, autoimmune diseases, 
and maternal chronic liver and kidney diseases. No patients 
were excluded after the study completion since inclusion 
and exclusion criteria were met. Pregnancy outcomes and 
maternal demographic characteristics were obtained from the 
participants’ medical records by a single clinician blinded to the 
fetal cardiac evaluation. The gestational age was confirmed by 
the last menstrual period and sonographic measurement of the 
crown-rump length in the early pregnancy period.

Maternal CST Serum Concentrations

After 12 hours of fasting, 5 mL of venous blood samples were 
obtained from all participants and placed in vacuum tubes 
without anticoagulants. Blood samples of pregnant women with 
PE were taken at the first visit after diagnosis. These samples 
were then centrifuged at 1800 g for 10 min. Serum samples were 
stored at -80 °C until measurements were made. Serum CST 
levels were measured using an enzyme-linked immunosorbent 
assay (ELISA) kit (Bioassay Technology Laboratory, Shanghai, 
China, catalog no. E4996Hu). The test sensitivity was 0.046 ng/
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mL (0.1-40 ng/mL). Absorbance in specimens was measured at 
a 450 nm wavelength on a VERSA microplate reader (Molecular 
Devices in California, USA). Results are presented in ng/mL. 
The intra-assay (CV) reliability of this ELISA method was <8%, 
and that of the inter-assay distribution was <10%.

Doppler Velocimetry

Ultrasonographic evaluation of all participants was performed 
by the only specialist (M.O.) experienced in the fetal heart using 
the Voluson E10 (General Electrics Healthcare, Zipf, Austria) 
ultrasound system. MPI measurements were performed 
from the fetal left ventricle using the technique specified by 
Hernandez-Andrade et al.(14). After obtaining the four-chamber 
of the heart in the transverse section of the fetal thorax, the 
probe was angled toward the left ventricular outflow tract. 
The Doppler sample was set to 3 mm and was positioned to 
contain both the lateral wall of the ascending aorta and the 
inner leaflet of the mitral valve (MV) so that the mitral inlet 
and the aortic outlet were simultaneously captured. During 
the MPI waveform measurement, attention was paid to the 
absence of fetal breathing or movement. The insonation angle 
was set to <15 degrees, the Doppler scan speed at 5 cm/s, and 
the wall motion filter at 300 Hz. Measurements of three-time 
intervals were used: İsovolumetric contraction time (ICT), 
the time between the MV closure and the aortic valve (AV) 
opening; isovolumetric relaxation time (IRT), the time between 
AV closure and MV opening; and ejection time, (ET), the time 
between the AV opening and closure. MPI value was calculated 
with the formula: (ICT + IRT)/ET(7). The peak velocity of the 
E wave represents early diastole with the MV opening and the 
peak velocity of the A wave resulting from atrial contraction 
in late diastole was determined as positive flow, and then the 
E/A ratio was calculated (Figure 1). Uterine artery Doppler 
evaluation was made as specified in the International Society of 
Ultrasound in Obstetrics and Gynecology guideline(15).
The intraobserver reproducibility was assessed by calculating 
the intraclass correlation coefficients (ICC). ICC was 0.86 (95% 
confidence interval: 0.82-0.90) for interobserver agreement. 
Women in the reliability study were excluded from the control 
group of the study.

Statistical Analysis

Statistical Package for the Social Sciences 21 program (IBM, 
NY) designed for Windows was used for the statistical analysis. 
All continuous variables were defined as mean and standard 
deviation, whereas categorical variables were defined as a 
percentage of the total group. A p-value of <0.05 was statistically 
significant. The three groups were first compared using the 
Kruskal-Wallis test, then paired groups were compared using 
the Mann-Whitney U test and chi-square or Fischer test. 
The Mann-Whitney U test was used to compare continuous 
variables in two groups. The chi-square or Fischer test was 
used to compare categorical variables. The relationship between 
the maternal serum CST levels and the fetal echocardiographic 
parameters was tested using the Pearson and Spearman 
correlation analyzes.

Results

Demographic and clinical characteristics and biochemical 
results are presented in Table 1. No significant difference was 
found between the groups in terms of age, gravida, parity, body 
mass index, aspartate aminotransferase, and platelet levels. 
When the control group was compared with the other two 
groups, a statistically significant difference was found between 
the groups in terms of systolic blood pressure, diastolic blood 
pressure, and uterine artery mean pulsatility index (p<0.001). 
The proteinuria value, blood sampling time, and ultrasound 
time in the EOPE group were statistically significantly 
different than the LOPE group (p<0.001, p=0.015, p=0.015, 
respectively). The maternal serum CST levels were low in the 
EOPE group; however, no statistically significant difference was 
found between the groups.
Perinatal results of cases are summarized in Table 2. The 
comparison of the EOPE group with the other two groups in 
terms of the gestational age at birth, fetal weight, 5th minute 
Apgar score, and neonatal intensive care unit admission was 
statistically significant (p<0.001). No significant difference was 
found in the cord pH values between the groups.
The echocardiography results, which evaluate the fetal cardiac 
functions, are shown in Table 3. The comparison of the EOPE 
group with the other two groups was statistically significant 
different in the fetal E/A ratio and MPI values (p=0.013, 
p=0.002, p=0.005, p<0.001, respectively). When the EOPE 
group and the control group were compared, a significant 
difference was found between the fetal E wave and IRT results 
(p=0.046, p=0.040, respectively).
The correlation of the maternal serum CST levels with the fetal 
echocardiographic parameters for both the PE and control 
groups is presented in Table 4. The fetal E/A ratio was positively 
correlated with maternal serum CST levels in both the PE and 
control groups (p<0.001, p<0.001, respectively). The fetal IRT 
and MPI values were negatively correlated with the maternal 
serum CST levels in both the PE and control groups (p<0.001, 
p=0.001, p<0.001, p=0.002, respectively).

Figure 1. The myocardial performance index, E/A ratio, E and A 
waves peak velocity ratio at the mitral valve
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Discussion

This study evaluated the maternal serum CST levels and the fetal 
cardiac functions in pregnant women with PE and with normal 
blood pressure. Based on the known cardioprotective properties 
of the molecule, the relationship was examined between the 
maternal serum CST levels and the fetal cardiac functions. Only 
one recent study was reported in the literature evaluating the 
maternal serum CST levels in pregnant women with PE(16). 
The study by Tüten et al.(16) revealed that the maternal serum 

CST levels were significantly higher in the PE group than that 
in the control group. Our study revealed low maternal serum 
CST levels in the EOPE group, but no statistically significant 
difference was observed between the groups. To the best of our 
knowledge, our study is the first study in the literature that 
evaluates the fetal cardiac functions in preeclamptic and control 
group pregnancies and examines their relationship with the 
maternal serum CST levels.
While the pathophysiology of PE is still controversial, partial 
or complete failure of placental implantation and trophoblastic 

Table 1. The comparison of the clinical and biochemical profiles of the study subjects

EOPE LOPE Control p-value

(n=27) (n=28) (n=28) 1-2 1-3 2-3

Age (years) 31.3±6.6 29.1±6 29.7±5.7 0.218 0.873 0.527

Gravidity 2 (1-5) 3 (1-6) 2 (1-5) 0.842 0.229 0.129

Parity 1 (0-3) 1 (0-4) 1 (0-4) 0.922 0.323 0.335

BMI (kg/m2) 31.4±5.3 30.8±4.7 30.5±2.6 0.655 0.755 0.935

SBP (mmHg) 160.5±18.7 145.1±7.8 117.8±6.9 <0.001 <0.001 <0.001

DBP (mmHg) 104.2±11.5 95.8±7.5 76.2±5.5 0.004 <0.001 <0.001

Proteinuria (g/day) 2900.8±3392.1 418±490.1 - <0.001 - -

AST (U/L) 30.3±29.6 24.9±10.5 21.3±6.8 0.980 0.311 0.313

ALT (U/L) 23.2±21.4 16.5±14.2 13.2±8.5 0.231 0.032 0.120

Platelet (109/L) 198.8±72.1 204.9±70.6 226.9±61.9 0.686 0.084 0.201

Creatinine (mg/dL) 0.77±0.45 0.59±0.1 0.49±0.1 0.064 <0.001 0.001

Uric acid (mg/dL) 5.4±1.3 4.9±1.4 3.4±0.8 0.129 <0.001 <0.001

LDH (U/L) 300.8±128.4 227.1±77 193.1±49.2 0.051 0.002 0.131

UA mean PI 1.44±0.4 1.06±0.2 0.73±0.2 <0.001 <0.001 <0.001

GA at USG (weeks) 31.5±4.5 34.6±0.5 34±1 0.015 0.062 0.055

GA at blood sampling (weeks) 31.5±4.5 34.6±0.5 34±1 0.015 0.062 0.055

Catestatin (ng/mL) 3.77±2.83 5.20±4.6 5.23±4.43 0.242 0.162 0.851

EOPE: Early onset preeclampsia, LOPE: Late onset preeclampsia, BMI: Body mass index, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, AST: Aspartate aminotransferase, ALT: 
Alanine aminotransferase, LDH: Lactate dehydrogenase UA: Uterin artery, GA: Gestational age, USG: Ultrasonography

Table 2. Perinatal outcomes of EOPE, LOPE and control groups

EOPE LOPE Control p-value

(n=27) (n=28) (n=28) 1-2 1-3 2-3

GA at birth (weeks) 31.5±4.5 36.6±1 38.8±1 <0.001a <0.001a <0.001a

Cesarean section rate (%) 24/27 (88.9%) 25/28 (89.3%) 17/28 (60.7%) 1c 0.016b 0.014b

Birth weight (g) 1735±1061 2952±658 3334±409 <0.001a <0.001a 0.024a

Cord pH 7.29±0.1 7.33±0.1 7.33±0.1 0.214a 0.124a 0.565a

Apgar score 5th min 5.85±2.8 8.3±1.1 8.3±1.2 <0.001a <0.001a 1a

NICU admission (%) 25/27 (92.6%) 12/28 (42.9%) 10/28 (35.7%) <0.001b <0.001b 0.584b

aMann-Whitney U test, bChi-square test, cFischer’s exact test, GA: Gestational age, NICU: Neonatal intensive care unit, EOPE: Early onset preeclampsia, LOPE: Late onset preeclampsia
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invasion are the main focus mechanisms(17,18). Impaired 
Ach-mediated vasorelaxation due to developing endothelial 
dysfunction, decreased production of vasodilators such as nitric 
oxide and prostacyclin, increased production of vasoconstrictors 
such as endothelins and thromboxane, oxidative stress, and the 
changing rate of antiangiogenetic factors are other mechanisms 
that are thought to have a role in the disease. Another critical 
factor in the pathogenesis of PE is the increased sympathetic 
nervous system response(19). Schobel et al.(20) observed an 
increased sympathetic nerve activity in the muscles of women 
with PE compared to those who are normotensive. While 
antihypertensive responses to nonselective adrenergic receptor 
blockage are high in women with PE, baroreflex sensitivity 
has decreased(19,21). Increased sympathetic activity in the early 
period was associated with placental hypoxia/reperfusion. Pro-
hypertensive placental factors that develop due to hypoxia 
play a role in the development of PE by joining the maternal 
circulation(22). PE is divided into two groups according to the 
age of gestation upon diagnosis. While EOPE seems to be 
associated with poor placentation in the first trimester and 
represents a more severe clinical spectrum, the main problem 

in LOPE is the exaggerated maternal systemic inflammatory 
response(13).
CST regulates the autonomic cardiovascular control at the 
central systemic level through the baroreceptor afferent 
fibers of the nucleus tractus solitarius(10). CST, effective in the 
peripheral system by stimulating histamine release, inhibiting 
catecholamine release, and lowering blood pressure(11). Fung 
et al.(9) reported that decreased CST levels are associated 
with the risk of hypertension and the vasodilatory effect of 
local infusion of exogenous CST. Exogenous CST infusion 
provided normotension in CgA knock-out mice, representing 
a monogenic model of mouse hypertension(12). In vivo CST 
also showed a supportive effect on angiogenesis/arteriogenesis 
and vasculogenesis in a unilateral mouse hindlimb ischemia 
model(23). In our study, the maternal serum CST levels were 
lower in the EOPE group than that of the other two groups, 
but without a statistically significant difference. Tüten et al.(16) 
found higher maternal serum CST levels in pregnant women 
with severe PE than those of the control group and stated that 
their results were not consistent with other studies conducted 
on patients with hypertension in the literature. Differences 

Table 3. Fetal echocardiography results of EOPE, LOPE and control groups

EOPE LOPE Control p-value

(n=27) (n=28) (n=28) 1-2 1-3 2-3

Mitral E (cm/s) 35.7±3.7 37.6±3.6 37.9±3.7 0.770 0.046 0.934

Mitral A (cm/s) 59.4±10.5 56.7±6.5 56.6±4.1 0.203 0.215 0.532

Mitral E/A ratio 0.61±0.06 0.66±0.08 0.67±0.07 0.013 0.002 0.812

ICT (ms) 35.1±5.3 33.8±5 34.2±4.9 0.413 0.715 0.709

IRT (ms) 48.9±4.7 45.7±6.5 44.9±7.3 0.068 0.040 0.576

ET (ms) 145±14.3 146.4±14.5 150.1±15.8 0.846 0.270 0.275

MPI 0.58±0.03 0.54±0.05 0.53±0.05 0.005 <0.001 0.197

ICT: Isovolumetric contraction time, IRT: Isovolumetric relaxation time, ET: Ejection time, MPI: Myocardial performance index, EOPE: Early onset preeclampsia, LOPE: Late onset 
preeclampsia

Table 4. Correlation of maternal serum catestatin levels with fetal echocardiographic parameters in preeclampsia and control groups

Catestatin

                                      Preeclampsia group (n=55) Control group (n=28)

r* p r** p

Mitral E wave -0.103 0.454 0.625 <0.001

Mitral A wave -0.580 <0.001 -0.395 0.370

Mitral E/A ratio 0.662 <0.001 0.935 <0.001

ICT 0.269 0.470 0.007 0.972

IRT -0.838 <0.001 -0.603 0.001

ET 0.339 0.110 -.0.037 0.852

MPI -.0.758 <0.001 -0.557 0.002

*Pearson correlation, **Spearman’s rho ICT: Isovolumetric contraction time, IRT: Isovolumetric relaxation time, ET: Ejection time, MPI: Myocardial performance index



277

Turk J Obstet Gynecol 2021;18:272-278Özalp et al. Fetal cardiac function and preeclampsia

in the classification of PE (EOPE-LOPE/mild-severe) among 
studies caused changing results. In addition, Kiranmayi et 
al.(24) revealed that the Gly364Ser allele, a common naturally 
occurring genetic variation of CST, is associated with high 
blood pressure levels. Genetic variants of CST that can affect 
autonomic activity can also change the risk of hypertension.
Our study revealed that in fetuses in the EOPE group, MPI, 
which is a total indicator of cardiac function, significantly 
increased, whereas the E/A value, which was used to evaluate 
the diastolic cardiac function, significantly decreased. The 
high IRT value in the EOPE group is another parameter that 
indicates diastolic dysfunction in these fetuses. In a recently 
published study evaluating >2000 fetuses, the longitudinal 
reference ranges of fetal cardiac Doppler parameters were 
determined according to the weeks of gestation(25). According 
to the study results, the mean values of fetal cardiac Doppler 
parameters and the 5th and 95th percentile values were similar 
in the mean ultrasound weeks of our EOPE and LOPE groups. 
Therefore, we think that the difference between the ultrasound 
times is not the main reason for the results in the EOPE and 
LOPE groups. We think that the mechanism that causes cardiac 
dysfunction in fetuses in the EOPE group is related to increased 
fetal cardiac afterload due to the increased placental vascular 
resistance. Compatible monitoring of fetal cardiac parameters 
in the control and LOPE groups may be associated with the 
milder placental involvement of the disease. Api et al.(26) 
evaluated the cardiac functions of the PE group and the control 
group fetuses and could not find any differences between the 
MPI and E/A values of the groups. The study by Balli et al.(27) 
evaluated the cases with mild PE and control groups and found 
that the IRT value was high in the PE group, but the MPI value 
was low, without any differences between the groups for the 
E/A value. In these studies, the case analyses in the PE group 
was not performed as early and late-onset subgroups, which 
may have a difference with the results of our study since the 
cause of cardiac dysfunction seems to be an increased cardiac 
afterload secondary to a more severe placental involvement in 
the EOPE group. Another recent study compared 60 fetuses 
with EOPE with 60 normotensive pregnant fetuses, which 
found a significantly lower E/A value in the EOPE group(28). 
Considering the studies suggesting that babies of mothers with 
PE are more likely to develop heart diseases later in life, this 
may be related to changes in the cardiac function that begin in 
the in-utero period(17-19).
Evidence accumulated in the literature points to the 
cardioprotective effects of CST. The sympathetic nervous 
system may contribute to the atherosclerosis process and 
the development of coronary artery disease(29). Adrenergic 
overactivity may cause mechanical damage to the vascular wall 
due to increased blood pressure and increased flow rate(29,30). 
CST demonstrates a protective effect on cardiac hypertrophy by 
reducing the pressure signal, and cardiac afterload also inhibits 
adrenergic stimulation in the heart and reduces myocardial 
ischemia/reperfusion injury(24,30). At the organ level, CST has 

a negative inotropic effect in the myocardium and provides 
coronary dilatation through the β2-adrenergic receptor-nitric 
oxide-cGMP signal and plays a role in the cardiovascular 
function regulation(10,29,30). Our study evaluated the correlation 
of the maternal serum CST levels with the fetal cardiac function 
markers in separate groups and obtained moderate/strong 
correlation results, especially for MPI, E/A ratio, and IRT. Lower 
CST levels are associated with fetal cardiovascular dysfunction. 
We believe that the cardiac afterload reduction effect of CST 
against the increased fetal cardiac afterload, which results from 
the pathophysiology of PE, is one of the crucial factors of these 
results.

Study Limitations

The primary strength of our study is its prospective design. 
Showing the effect of PE on fetal cardiac functions using the 
cardiac Doppler is important. This is the first study in the 
literature showing CST as an effective marker in evaluating 
fetal cardiac functions. However, our current study has some 
limitations. The relatively low number of cases in this cross-
sectional study may have prevented us from finding a significant 
difference for CST in cases with PE. In addition, the genetic 
variants of CST were not studied.

Conclusion 

In summary, no significant difference was found between 
the maternal serum CST levels between the PE and the 
control groups in this study. EOPE can cause fetal cardiac 
function changes. Lower CST levels are associated with fetal 
cardiovascular dysfunction. CST may be a critical biochemical 
marker in the evaluation of fetal cardiac function.
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