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Abstract
Background/Aim: Preeclampsia, a significant cause of maternal mor-
bidity and mortality, is linked to increased cardiovascular risks. Catestatin 
regulates cardiovascular function which indicates its usefulness in under-
standing pathophysiology of preeclampsia and its severity. Aim of this 
study was to evaluate association of catestatin in preeclamptic women and 
control non preeclamptic women and assess its association with presence 
and severity of preeclampsia. 
Methods: A case-control study at Al-Zahraa Teaching Hospital, Iraq, per-
formed from January to December 2023 involved 90 pregnant women: 
30 with severe preeclampsia, 30 with mild preeclampsia and 30 healthy 
controls. Inclusion criteria were preeclamptic pregnant women at 27-40 
weeks of gestation and age ranging from 20-40 years and similar non-ec-
lamptic controls. Exclusions were smokers, chronic drug users and those 
with chronic illnesses. Data collection included general and clinical infor-
mation, BMI, vital signs, examinations and laboratory tests including serum 
catestatin. 
Results: Catestatin levels varied significantly among severe preeclamp-
sia, mild preeclampsia and control groups. Average catestatin level in se-
vere preeclampsia group was markedly lower at 29.01 ng/mL, compared 
to 43.67 ng/mL in mild preeclampsia and 59.96 ng/mL in controls. The 
diagnostic performance of catestatin for severe preeclampsia was notable, 
with a cutoff point of ≤ 37.165 ng/mL, sensitivity of 80 % and specificity 
of 83.3 %, highlighting its potential as a critical biomarker in preeclampsia 
evaluation. 
Conclusion: Catestatin level was significantly lower in sever preeclamp-
sia compared to mild and control group, which may indicate its association 
with preeclampsia. Lower catestatin in sever preeclampsia suggest its in-
verse relation with preeclampsia severity. 
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Introduction

Catestatin (CST) is a peptide derived from chro-
mogranin A, known for its role in inhibiting cate-
cholamine release and modulating cardiovascular 
function. It acts as a feedback inhibitor, regulating 
the release of epinephrine and norepinephrine. 
CST exerts cardioprotective effects by reducing 
myocardial oxygen demand and promoting coro-
nary dilation.1 It also stimulates angiogenesis and 

exhibits anti-inflammatory properties. Dysregu-
lation of CST levels has been associated with hy-
pertension, heart failure and preeclampsia (PE). 
Overall, CST is a multifunctional peptide involved 
in maintaining cardiovascular homeostasis and 
presents potential as a therapeutic target for car-
diovascular disorders.2
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Methods

This was a prospective case control study con-
ducted in the Department of Obstetrics and Gy-
naecology at Al-Zahraa Teaching Hospital, Iraq, 
during a period from January 2023 till December 
2023. The study included 90 pregnant women (30 
women who suffered from severe PE, 30 wom-
en who suffered from mild PE and another 30 
healthy pregnant women with similar maternal 
and gestational ages as control group) in the third 
trimester that had been admitted at Consultant 

CST has been implicated in various aspects of 
pregnancy, particularly in relation to the patho-
physiology of PE. Studies have shown alterations 
in maternal serum CST levels in women with PE 
compared to those with normal blood pressure 
during pregnancy. Some studies have reported 
significantly lower CST levels in women with PE, 
while others have found higher levels. The exact 
relationship between CST and PE is still being in-
vestigated and more research is needed to eluci-
date the mechanisms involved.3

CST has been implicated in regulating angio-
genesis/arteriogenesis and vasculogenesis, pro-
cesses critical for proper placental development 
and function.3 CST plays a role in modulating 
autonomic cardiovascular control and has been 
shown to have vasodilatory effects and inhibit 
catecholamine release. It may help counteract the 
increased sympathetic activity and endothelial 
dysfunction seen in PE.4

The reduced CST levels in early onset preeclamp-
sia (EOPE) may contribute to the altered foetal 
cardiac function observed in these cases.5 Given 
the cardioprotective and vasodilatory effects of 
CST, it has been suggested as a potential thera-
peutic target in the management of PE.
 
The future implications of CST in PE include its 
potential as a diagnostic biomarker and risk pre-
dictor for PE. CST may also serve as a therapeutic 
target to mitigate PE-related processes such as 
endothelial dysfunction and increased sympa-
thetic activity.5

Aim of this study was to evaluate the association 
of ST in preeclamptic women and control non 
preeclamptic women and assess its association 
with presence and severity of PE.

Obstetric and Gynaecological Clinic at Al-Zahraa 
Teaching Hospital triage room and labour room. 

Inclusion criteria were pregnant woman with PE 
with mild or severe form; from 27-40 weeks of 
gestation and 20-40 years of age. Control group 
was of similar age and gestation. Smoker preg-
nant women or chronic drug users and women 
who had chronic medical illness (diabetes melli-
tus, chronic hypertension, connective tissue dis-
ease) were not included in the study. 
 
All cases were informed about the nature of the 
study and verbal consent was obtained from 
them, as well as demographic and full history 
from the patient as maternal age, educational lev-
el, occupation, residency, parity. 

Study patients underwent general examination, 
vital signs (systolic blood pressure (SBP) and di-
astolic blood pressure (DBP)), abdominal and ob-
stetric examination. Body mass index (BMI) was 
calculated by weight (kg) divided by the square 
of height (m). Weight and height were measured 
by the same scale for all the subjects,6 laboratory 
investigation and sonographic examination were 
performed:

- The BP of the patient measured by mercury 
sphygmomanometer at right sitting position. 

- When the measured BP was ≥ 140/90 mm Hg 
but < 160/110 mm Hg, the BP was reassessed 
after about four hours, if still the same reading 
or more, then urine sample was sent for albu-
min. If the result was + 1 then the patient was 
diagnosed to have mild PE7 and included in 
the study, after that blood sample was drown 
for investigations (which included blood test 
sent for liver function test, haemoglobin level, 
platelet count, renal function test, serum CST).

- When the measured BP was < 140/90 mm Hg 
the woman is considered as a control group 
along with normal investigation and negative 
protein in urine.

Five mL of venous blood was collected from the 
participants before receiving any medication. 
Five mL of whole blood was collected into tubes 
with anticoagulant (EDTA or citrate) to measure 
liver function test, haemoglobin level, platelet 
count, renal function test, serum CST). After in-
cubated at room temperature for 10-20 minutes, 
tubes were centrifugated for 20 min at 2,000-
3,000 rpm. The supernatant was carefully col-
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Results

The study included 90 women and divided into 3 
groups: severe PE group (30 cases), mild PE group 
(30 cases) and control group (30 cases).
 
Table 1 showed that the mean age was not sig-
nificantly different among the three groups, with 
severe PE having a mean age of 30.4 ± 8.02, mild 
PE at 29.4 ± 6.44 and the control group at 26.47 
± 4.06 (P1: Severe vs Mild = 0.856, P2: Severe vs 
Control = 0.054, P3: Mild vs Control = 0.098). Par-
ity did not significantly differ among the groups, 
with values of 2.5 ± 1.78 for severe, 2.13 ± 1.91 
for mild and 1.8 ± 1.35 for the control group (P1 = 

Table 1: Demographics of participants

Table 2: Comparison of blood pressure between the three groups

PE: preeclampsia; Control: healthy women in third trimester; P1: Severe vs Mild; P2: Severe vs Control; P3: Mild vs Control; BMI: 
body mass index;

PE: preeclampsia; Control: healthy women in third trimester; P1: Severe vs Mild; P2: Severe vs Control; P3: Mild vs Control; SBP: 
systolic blood pressure; DBP: diastolic blood pressure;

Variables

Variables

Age (years)
Parity
Gestational age (weeks)
BMI (kg/m2)

SBP (mm Hg)
DBP (mm Hg)
Proteinuria (g/day)

Severe PE
Mean ± SD

30.40 ± 8.02
2.50 ± 1.78

35.53 ± 3.39
33.16 ± 7.74

Severe PE
Mean ± SD

176.38 ± 14.01
115.52 ± 7.22
0.90± 0.66

Mild PE
Mean ± SD

29.4 ± 6.44
2.13 ± 1.91

34.83 ± 5.72
31.10 ± 6.03

Mild PE
Mean ± SD

150.20 ± 8.72
96.50 ± 6.99
0.73 ± 0.90

Control
Mean ± SD

26.47 ± 4.06
1.80 ± 1.35

34.93 ± 4.47
25.77 ± 5.38

Control
Mean ± SD

129.57 ± 5.20
83.21 ±4.20
0.00 ± 0.00

P-value
P1 P2 P3

0.856
0.722
0.833
0.493

0.098
0.716
0.997
0.002

0.054
0.208
0.828

< 0.0001

P-value
P1 P2 P3

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

lected as plasma sample. If precipitates appeared 
during reservation, the sample was centrifu-
gated again. After collection of plasma, either 
freezing into -4 °C was done (to be thawed before 
measurement), or measurement was performed 
directly using (Human Catestatin (CST) ELISA 
KIT Catalogue Number: EKHU-2331) and loaded 
into analyser.

Statistical analysis
All data were introduced into Microsoft Excel 
16 and statistical analysis were conducted us-
ing IBM-SPSS. Data were presented in the form 
of counts, percentage, mean, standard deviation 

(SD), minimum (Min) and maximum (Max) and 
presented in the form of tables or graphs. Test-
ing of the level of significance of the categorical 
data was conducted using Chi square or Fisher 
exact test while continuous variables were test-
ed using Student t-test or Mann Whitney U-test 
when appropriate. Receiver operator character-
istics curve (ROC) was used to estimate the best 
cutoff points (after running of Yoden J index test) 
at which estimation of the area under the curve 
(AUC), sensitivity (SN), specificity (SP) positive 
predictive value (PPV), negative predictive value 
(NPV), accuracy of the test (Acc) and relative risk 
of each variable.

0.722, P2 = 0.208, P3 = 0.716). The gestational age 
was similar across all groups with no significant 
difference (severe: 35.53 ± 3.39, mild: 34.83 ± 
5.72, control: 34.93 ± 4.47; P1 = 0.833, P2 = 0.828, 
P3 = 0.997). The BMI was significantly higher in 
the severe PE group (33.16 ± 7.74) compared to 
the control group (25.77 ± 5.38), with a p-value 
< 0.0001. Mild PE (31.1 ± 6.03) also showed a sig-
nificantly higher BMI than the control group (P3 
= 0.002). However, the difference between se-
vere and mild PE was not statistically significant 
(P1 = 0.493).
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Table 2 shows SBP values. The mean SBP was 
significantly higher in the severe preeclampsia 
group (176.38 ± 14.01 mm Hg) compared to the 
mild preeclampsia (150.2 ± 8.72 mm Hg) and 
control groups (129.57 ± 5.20 mm Hg), with a p 
< 0.0001 for both comparisons (P1 and P2). The 
difference between mild preeclampsia and con-
trol was also significant (P3 < 0.0001). 

Similarly, the mean DBP was significantly high-
er in the severe preeclampsia group (115.52 ± 
7.22 mm Hg) compared to the mild preeclampsia 
(96.5 ± 6.99 mm Hg) and control groups (83.21 ± 
4.20 mm Hg), with a p < 0.0001 for both compar-
isons (P1 and P2). The difference between mild 
preeclampsia and control was also significant 
(P3 < 0.0001).

The p < 0.0001 suggested that there is a statisti-
cally significant difference in the distribution of 
proteinuria levels between the groups with the 
control group showing no proteinuria and an in-
creasing prevalence and severity of proteinuria 
in the mild and severe PE groups there was also 
complicated cases (HEELP 6 cases, eclampsia 2 
cases and abruption 3 cases). This aligns with 
the clinical understanding that proteinuria is a 
hallmark of PE and its severity can vary with the 
condition’s severity.

Table 3: Distribution of haematological and biochemical findings in the three groups

Table 4: Distribution of catestatin (CST) level (ng/mL) between 
the three groups

PE: preeclampsia; Control: healthy women in third trimester; P1: Severe vs Mild; P2: Severe vs Control; P3: Mild vs Control; 
SGOT: glutamic-oxaloacetic transaminase or aspartate aminotransferase; SGPT: serum glutamic-pyruvic transaminase or ala-
nine transaminase;

PE: preeclampsia; Control: healthy women in third trimester; P1: Severe vs 
Mild; P2: Severe vs Control; P3: Mild vs Control;

Variables

Catestatin

Platelet count (x103/μL)
Urea (mg/dL)
Creatinine (mg/dL)
SGOT (U/L)
SGPT (U/L)

Mean
Standard deviation
Minimum
Maximum
Percentile 25
Median
Percentile 75

P1: < 0.0001; P2: < 0.0001; P3: 0.077

Severe PE

Severe PE

Mean ± SD

102.21 ± 1.03
29.13 ± 8.28
2.90 ± 4.83

104.58 ± 16.65
128.07 ± 33.21

29.01
11.14
5.17

54.87
23.44
27.12

36.36

29.01
11.14
5.17

54.87
23.44
27.12

36.36

29.01
11.14
5.17

54.87
23.44
27.12

36.36

Mild PE

Mild PE

Mean ± SD

150.30 ± 83.98
22.26 ± 4.03
1.58 ± 0.30

62.64 ± 32.61
76.09 ± 22.12

Control

Control

Mean ± SD

405.93 ± 10.70
15.43 ± 4.34
0.81 ± 1.31

25.07 ± 8.81
27.06 ± 8.97

P-value
P1 P3P3

0.007
0.020
0.020
0.001
0.001

0.002
0.007
0.030
0.007
0.002

0.030
0.006
0.010
0.001
0.001

Table 3 shows platelet counts. Platelet counts 
(x103/μL) showed a significant decrease in the se-
vere PE group (102.21 ± 1.03) compared to both 
the mild PE (150.3 ± 83.98) and control groups 
(405.93 ± 10.7), with all p values indicating sta-
tistical significance (P1 = 0.007, P2 = 0.002, P3 
= 0.030). Urea levels (mg/dL) followed a similar 
pattern, being highest in the severe PE group 
(29.13 ± 8.28) and lowest in the control group 
(15.43 ± 4.34), with significant differences not-
ed across all group comparisons (P1 = 0.02, P2 = 
0.007, P3 = 0.006).

Creatinine levels (mg/dL) were also observed 
to be highest in the severe PE group (2.9 ±4.83) 
and lowest in the control group (0.81 ±1.31), with 
statistically significant differences across all 
comparisons. Liver enzymes, glutamic-oxaloace-
tic transaminase or aspartate aminotransferase 
(SGOT) and serum glutamic-pyruvic transam-
inase or alanine transaminase (SGPT), showed 
significantly higher levels in the severe PE group 
compared to both the mild PE and control groups, 
with P values indicating strong statistical signifi-
cance in all comparisons. 

Table 4 shows that the average CST level was sig-
nificantly lower in the severe PE group (29.01 ng/
mL) compared to the mild PE (43.67 ng/mL) and 

the control group (59.96 ng/mL). This gradient 
suggests that serum CST levels may be inversely 
related to the severity of PE. 
There was greater variability in the control 
group (SD = 37.48 ng/mL) compared to the mild 
(SD = 13.22 ng/mL) and severe (SD = 11.14 ng/
mL) preeclampsia groups. The high SD in the con-
trol group may reflect a wider range of normal 
CST levels in the general population. The mini-
mum recorded level of CST was much lower in the 
severe group (5.17 ng/mL) compared to the mild 
(22.57 ng/mL) and control groups (18.06 ng/mL), 
suggesting that very low levels of CST were asso-
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ciated with more severe cases of PE. The maxi-
mum value was considerably higher in the con-
trol group (195.06 ng/mL) than in the mild (82.71 
ng/mL) or severe groups (54.87 ng/mL), which 
might indicate the presence of outliers or a wide 
range of normal levels in the control group.

The comparison of CST levels between the severe 
and control groups (P1 < 0.0001) and between 
the mild and control groups (P2 < 0.0001) showed 
highly significant differences, indicating that CST 
levels were markedly different in PE patients 
compared to healthy controls. The comparison 
between severe and mild PE groups (P3 = 0.077) 
was not statistically significant, suggesting that 
while CST levels were associated with PE, they 
may not differentiate well between the severities 
of the condition.

The data indicated that lower serum CST levels 

Figure 2: Correlation analysis between catestatin (CST) level (ng/mL) and diastolic blood pressure 
(DBP) (mm Hg)

Figure 1: Correlation analysis between catestatin (CST) level (ng/mL) and systolic blood pressure 
(SBP) (mm Hg)

were significantly associated with the presence 
of PE and there was a trend towards lower levels 
as the severity of the condition increased. How-
ever, the overlap in CST levels between the severe 
and mild PE groups suggests that additional fac-
tors may be necessary to discriminate between 
different severities of PE.

There was a moderate negative correlation be-
tween CST levels and SBP (Pearson correlation r 
= -0.443) as shown in Figure 1. This means that as 
CST levels increased, SBP tended to decrease and 
vice versa. The significance level (p-value) was < 
0.0001.

The negative correlation between CST levels and 
DBP was slightly stronger (r = -0.499) compared 
to SBP as shown in Figure 2.

This also indicates an inverse relationship where 
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higher CST levels were associated with lower 
DBP. The significance of this correlation was also 
< 0.0001. Overall, there was a significant inverse 
relationship between serum CST levels and both 
SBP and DBP. This could imply that CST has a 
physiological role in blood pressure regulation 
and its levels are relevant in the context of PE, 
where hypertension is a key symptom.

The analysis of ROC curve presented the diagnos-
tic capability of CST for identifying severe and 
mild PE. In the context of severe PE, CST levels 
showed a strong diagnostic performance, as indi-
cated by an area under the curve (AUC) of 0.869 
as shown in Figure 3. This high AUC value sug-
gests that CST was a reliable marker for severe 
PE, with the optimal cutoff point identified at a 
CST level of ≤ 37.165. With this cutoff, the sensi-
tivity of the test was 80 %. The specificity was 
also high, at 83.3 %, indicating that it correctly 
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Figure 4: Receiver operator curve (ROC) analysis for catestatin (CST) in diagnosing mild preeclampsia

Figure 3: Receiver operator curve (ROC) analysis for catestatin (CST) in diagnosing severe 
preeclampsia

recognised the majority of non-severe cases. In 
terms of predictive values, the positive predictive 
value (PPV) was 82.8 % and the negative predic-
tive value (NPV) was 80.6 %. The overall accura-
cy of CST in diagnosing severe PE stand at 81.7 %. 

In contrast, the diagnostic utility of CST for mild 
PE was moderate. The AUC for mild PE was 0.616, 
which indicated less discriminative power com-
pared to its use in severe PE as shown in Figure 
4. The same cutoff point of ≤ 37.165 was applied; 
however, the sensitivity dropped significantly to 
33.3 %, which means it only correctly identifies a 
third of the true mild PE cases. Despite this, the 
specificity remained consistent with that of se-
vere PE, at 83.3 %. The PPV for mild PE was 66.7 
% and the NPV decreases to 55.6 %. The accuracy 
of CST in diagnosing mild PE was relatively low 
at 58.3.
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The data suggests that CST was a more effective 
biomarker for detecting severe PE than mild PE, 
with higher sensitivity, accuracy and both PPV 
and NPV for the more severe condition. This dif-
ference in diagnostic performance may neces-
sitate the consideration of different CST level 
thresholds for severe and mild PE to improve the 
test’s efficacy.

Discussion

CST has been implicated in various aspects of 
pregnancy, particularly in relation to the patho-
physiology of PE.8 The current study included 
three groups of mild and severe PE with healthy 
control, intending to investigate the risk factors 
and associated factors with PE. Mean age of the 
participants was not different, although cases of 
PE tend to occur in older pregnant women as stat-
ed by Sheen et al,9 Khalil et al,10 Wadhwani et al11 
and Miller et al.12

The mean BMI was significantly higher in PE pa-
tients than control. According to the studies by 
Robillard et al13 and Jiang et al14 there is linear 
relationship between BMI and increased risk of 
development of PE. All three groups were select-
ed at around the same gestational age, no statis-
tically significant difference was discovered. The 
blood pressure was significantly higher in the 
case of preeclampsia (by definition), than control. 

The current study found that low platelet count 
was associated with increased severity of PE, as 
it is part of HELLP syndrome, which is marker 
of severe PE, similar to the result found by Li-
sonkova et al15 and Yang et al.16 Blood urea and 
serum creatinine were both elevated in cases of 
PE, which gives idea about the damaging effect of 
high blood pressure on the kidneys with super-
imposed proteinuria which further affect filtra-
tion gradients. Similar result found by Charles et 
al17 (n = 144) who compared 72 cases of PE and 72 
normotensive women in regards renal function 
and electrolytes and found worsening renal func-
tion associated with increased severity of PE. 

The liver enzymes were significantly higher in cas-
es of PE than control. This elevation highlights the 
effect of PE on the endothelial lining of hepatic cir-
culation, making the liver more prone to injury and 
development of HELLP syndrome. This result was 
similar to what found by Munazza et al18 (n = 100) 

who compared 50 women with PE with another 50 
women without PE and found that eclampsia cases 
associated with higher liver enzymes than control.

There was significant decline in CST levels in sev-
er PE compared to mild and control group. This 
pattern suggests a potential inverse relationship 
between CST levels and the severity of PE. The 
reduced CST levels in severe cases could be indic-
ative of more pronounced physiological changes 
associated with PE and its severity. The variabil-
ity in CST levels, as indicated by the standard 
deviation, is notably greater in the control group 
compared to the PE groups. This could reflect a 
natural range of CST levels in a healthy popula-
tion, while the PE groups exhibit more uniform 
alterations due to the disease. The observation of 
extreme minimum and maximum values in the 
control group of the study warrants a more de-
tailed analysis.

The study also revealed a moderate negative cor-
relation between CST levels and both SBP and 
DBP, highlighting a potential physiological role of 
CST in regulating blood pressure. This is partic-
ularly relevant in the context of PE, where hyper-
tension is a hallmark symptom.

The diagnostic capability of CST, as illustrated 
by the ROC curve analysis, is notable. In severe 
PE, CST levels demonstrate a strong diagnostic 
performance, suggesting its reliability as a bio-
marker for this condition. However, its utility in 
diagnosing mild PE appears moderate, indicating 
a potential need for different diagnostic thresh-
olds or additional biomarkers for mild cases.

On the other hand, the research by Özalp et al,3 
Palmrich,8 Bralewska19 indicated a notable con-
nection between CST levels and the severity 
of early-onset PE, particularly concerning foe-
tal cardiovascular dysfunction. Early-onset PE, 
which develops before 34 weeks of gestation, 
is often more severe compared to its late-onset 
counterpart and poses greater risks to both the 
mother and the foetus. One of these risks includes 
complications related to the foetal cardiovascu-
lar system.

The previous studies showed a discrepant find-
ing as the study by Tüten et al5 found increased 
mean serum CST levels in women with PE com-
pared to controls, contrasting with the findings 
of this study where decreased levels were ob-
served, especially in severe cases, furthermore 
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found a positive relationship between CST level 
and blood pressure. Tüten et al explained the dif-
ferent findings by their study by a genetic variant 
of CST that could be investigated by different CST 
kit.5 Studies evaluating CST levels in preeclamp-
tic pregnancies should also include genetic vari-
ants in their evaluations.

The physiological role of CST in regulating cat-
echolamine release and vascular tone might 
provide a basis for understanding its inverse re-
lationship with PE severity. The complex patho-
physiology of PE involves a multifaceted interplay 
of factors, where CST levels could be influenced 
variably, contributing to the differences observed 
across studies.

Lower CST levels were found in severe PE com-
pared to mild cases and controls indicating an 
inverse relationship with disease severity. A 
value of ≤ 37.165 ng/mL for CST was indicated 
as a cutoff point for distinguishing between se-
vere and mild PE. Overall, the study showed the 
potential of CST as a biomarker, particularly in 
identifying severe PE with higher accuracy. 

Conclusion
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