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Abstract

Background: This study aimed to investigate serum levels of calcitonin gene-related peptide (CGRP) and explore potential associations
between serum CGRP, adiponectin, and ghrelin concentrations in patients with preeclampsia. Methods: This study evaluated 43 nor-
motensive healthy pregnant women and 36 pregnant women diagnosed with preeclampsia. Serum concentrations of CGRP, adiponectin,
and ghrelin were measured in both groups during the third trimester of pregnancy. Results: Serum concentrations of CGRP were sig-
nificantly elevated in the preeclampsia group compared to the control group. Conversely, the preeclampsia group exhibited significantly
decreased serum levels of adiponectin and ghrelin relative to the controls. No significant correlation was observed between serum CGRP
levels and adiponectin or ghrelin levels in either the preeclampsia or control groups. Conclusions: Our study demonstrates a considerable
increase in serum CGRP concentrations in patients with preeclampsia compared to the control group. These outcomes strongly indicate
that CGRP may play a pivotal role in the pathogenesis of preeclampsia.
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1. Introduction
Preeclampsia is a serious pregnancy disorder that typ-

ically occurs after the 20th week of gestation, characterized
by new-onset hypertension accompanied by proteinuria or
by significant end-organ dysfunction in the absence of pro-
teinuria [1]. The global prevalence of preeclampsia varies
between 2% and 8% of all pregnancies [2]. This varia-
tion is largely attributed to differences in population char-
acteristics such as the ratio of nulliparous pregnant women
in the population and the average age of pregnant women.
Preeclampsia is a leading cause of perinatal and maternal
morbidity or mortality worldwide. Women diagnosed with
the preeclampsia face increased risk of diabetes, cardiovas-
cular disease, stroke, and reduced life expectancy. Simi-
larly, newborns from preeclamptic women are at elevated
risk of perinatal death, preterm birth, neurodevelopmental
disability, and metabolic and cardiovascular disease later in
life [3–5]. It is estimated that over 300 million women and
children with a history of preeclampsia exposure are at high
risk for chronic health conditions worldwide [6]. Despite its
multiple comorbidities, the underlying cause of preeclamp-
sia in some pregnant women remains unclear. A better
understanding of its pathophysiology and improved early
diagnosis methods are crucial to reduce associated health
complications.

Preeclampsia is clinically classified according to the
gestational age at presentation. The International Soci-

ety for the Study of Hypertension in Pregnancy (ISSHP)
classifies preeclampsia as preterm (delivery <37 weeks
of gestation), term (delivery ≥37 weeks), and postpartum
preeclampsia [7]. In mechanistic studies, preeclampsia is
often classified as early-onset and late-onset [6]. However,
this classification is not clinically preferred, as it is insuffi-
cient to accurately reflect the maternal and fetal prognosis.
The onset timing of preeclampsia is believed to reflect vari-
ations in the underlying etiologies [6]. This is supported by
differences in the effectiveness of early-onset preeclampsia
prediction tests [8] and aspirin prophylaxis, which appears
to be beneficial for preterm but not term preeclampsia [9].
Nevertheless, categorization based on the time of diagno-
sis is inherently inaccurate, especially due to the variabil-
ity in disease progression and the timing of hospital admis-
sion for diagnosis [10]. Simard et al. [11] performed a
population-based retrospective study and reported that cat-
egorizing preeclampsia solely based on gestational week
at delivery alone may overestimate the rate of early-onset
preeclampsia by nearly 19%. Although the clinical impact
of this underestimation may be insignificant, research stud-
ies that accurately classify the timing of onset are essential
for advancing the development of preventive therapies and
novel predictive tests.

A typical pregnancy is categorized by a range of
metabolic and endocrine variations, including decreased
vascular resistance that begins immediately after concep-
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tion to support fetal growth. Disruption of this adap-
tive mechanism during pregnancy can lead to significant
complications. Although the underlying mechanisms of
preeclampsia are not fully understood, endothelial dysfunc-
tion is strongly associated with its pathogenesis [12,13].

Calcitonin gene-related peptide (CGRP) is a neu-
ropeptide composed of 37 amino acids [14]. Its most well-
documented effect is its strong potent vasodilatory activ-
ity, a or the ability to widen blood vessels [15]. CGRP is
primarily found in both the central and peripheral nervous
systems, but it is also present in non-neuronal tissues such
as the cardiovascular, endocrine, and gastrointestinal sys-
tems [16,17]. Despite several previous research, the precise
metabolic role of CGRP remains unclear. However, the in
vitro study has shown that this peptide plays an important
role in mediating vasodilation, especially during pregnancy
[18]. Systemic infusion of CGRP has been shown to de-
crease blood pressure in a dose-dependent manner in spon-
taneously hypertensive rats, as well as in normotensive hu-
mans and animals [19,20]. During pregnancy, serumCGRP
concentrations significantly increase in women, followed
by a decrease in the postpartum period [21]. This observa-
tion indicates a potential role for elevated CGRP levels in
promoting vascular endothelial adaptation and blood pres-
sure regulation during pregnancy.

Adiponectin is a polypeptide hormone produced by
adipose tissue that regulates lipid metabolism, glucose
metabolism, angiogenesis, and inflammatory processes
[22]. Adiponectin is associated with insulin resistance, obe-
sity, and hypertension [23,24]. During a healthy pregnancy,
serum adiponectin concentrations gradually decline, partic-
ularly in the third trimester, in response to physiological
changes [25]. Previous studies have shown that adiponectin
interacts with several risk factors of preeclampsia such as
insulin resistance, abnormal vascular reactivity, and inflam-
matory disorders. This evidence suggests that adiponectin
may play a role in preeclampsia [26–28]. However, the
findings regarding adiponectin levels in preeclampsia re-
main inconsistent across the literature.

Ghrelin, a peptide hormone consisting of 28 amino
acids, is primarily synthesized by the stomach, with smaller
amounts produced in pancreatic cells, the hypothalamus,
kidneys, heart, adrenal glands, and placenta [29–31]. The
study has highlighted its significant role in cardiovascular
and sympathetic regulation [32]. Intravenous administra-
tion of ghrelin has been shown to reduce blood pressure in
a dose-dependent manner in both healthy individuals and
animal models [32–34]. Additionally, ghrelin may con-
tribute to blood pressure regulation in both animals and hu-
mans. Previous studies have investigated its potential role
in the pathophysiology of preeclampsia [35,36]. However,
its role in the physiological processes of pregnant women
with preeclampsia remains unclear, as studies examining
ghrelin levels in this condition have yielded contradictory
results.

Based on the aforementioned discussions, the role of
CGRP in the pathogenesis of preeclampsia remains con-
troversial. The primary objective of this study was to
evaluate CGRP levels in pregnant women diagnosed with
preeclampsia. Furthermore, the study aimed to exam-
ine potential associations between serum levels of CGRP,
adiponectin, and ghrelin, as well as the influence of these
molecules in pathogenesis of preeclampsia.

2. Methods
This investigation was designed as a single-center,

multidisciplinary, cross-sectional study. It was conducted
between February 2019 and September 2020 at the De-
partment of Obstetrics and Gynecology, Pamukkale Uni-
versity Hospital, a tertiary care center in Denizli, Turkey.
The study was approved by the Non-Interventional Ethics
Committee of Pamukkale University and conducted in ac-
cordance with the principles outlined in the Declaration
of Helsinki (Ethics Committee Approval No: 60116787-
020/13223, Date: 20/02/2019). All pregnant women were
informed about the study, and written informed consent was
obtained from each participant.

A total of 79 pregnant women with singleton pregnan-
cies between 30–32 weeks of gestation, along with their
healthy newborns, were included in the study. Gesta-
tional age for each pregnant woman was calculated based
on the first day of their last menstrual period and con-
firmed through previous medical records and routine ul-
trasound examinations. Height and weight measurements
were obtained from all participating pregnant women. Ma-
ternal bodymass index (BMI)was calculated using the stan-
dard formula: weight (kg)/height2 (m2). These calcula-
tions were performed at the time of blood sample collec-
tion. Pregestational weight and BMI were also determined.
Patient records provided additional medical information,
including maternal age, parity, gravida, number of abor-
tion, as well as reproductive and medical history. Neonatal
data collected at delivery included gestational age and birth
weight.

The American College of Obstetricians and Gynecol-
ogists (ACOG) recommended new criteria in 2020 for the
diagnosis of preeclampsia [1]. In this study, new diagnostic
criteria recommended by ACOG were used for the identifi-
cation of preeclampsia. Preeclampsia was diagnosed based
on the new onset of hypertension (systolic blood pressure
≥140 mmHg or diastolic blood pressure ≥90 mmHg on at
least two occasions, at least 4 hours apart, repeated mea-
surements) and proteinuria (a 24 hour urine specimen con-
taining≥0.3 g of protein or a urine sample with≥2+ protein
by dipstick measurement), or the new onset of hyperten-
sion with significant end-organ dysfunction (platelet count
<100,000/µL, serum creatinine>1.1 mg/dL, liver transam-
inases at least twice the upper limit, new-onset and persis-
tent headache, visual symptoms, pulmonary edema), with
or without proteinuria after 20 weeks of gestation in preg-
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nant women. Women with a history of health conditions
such as chronic hypertension treated with antihypertensive
drugs, epilepsy, migraine, type 1 diabetes mellitus (T1DM),
type 2 diabetes mellitus (T2DM), gestational diabetes mel-
litus (GDM), liver diseases, hematological disease, heart
disease, renal disease, any other chronic conditions, prema-
ture membrane rupture, intrauterine fetal dead, or verified
fetal malformations were excluded from the study. 36 pa-
tients with preeclampsia and 43 normotensive healthy preg-
nant women with no complications were included in the in-
vestigation.

Venous blood samples (10 mL each) were collected
from pregnant women immediately after preeclampsia was
diagnosed at 30–32 weeks of gestation. In addition, at 30–
32 weeks of gestation, venous blood samples (10 mL) were
obtained from normotensive healthy pregnant women in our
clinic for the control group. Blood samples were collected
in the gynecology and obstetrics clinic and immediately
transported in a plasma transport cooler box to the biochem-
istry laboratory on the upper floor. There, the serum sam-
ples were separated by centrifugation in plain gel tubes for
approximately 40 minutes at 4 °C using a refrigerated cen-
trifuge. The obtained serum samples were stored at –80 °C
until further analysis. Before analysis, the frozen sera were
thawed at room temperature, and 100 µL of each sample
was used for the analysis.

Human CGRP serum levels were measured using
enzyme-linked immunosorbent assay (ELISA) kits (Cat-
alog Number: CSB-E08210h, Cusabio, Wuhan, Hubei,
China). Similarly, human adiponectin levels were as-
sessed using sandwich-ELISA kits (CatalogNumber: CSB-
E07270h, Cusabio), and human ghrelin levels were quan-
tified with ELISA kits (Catalog Number: CSB-E13398h,
Cusabio). Serum levels were measured with ELISA kits
according to the manufacturers’ instructions. Optical den-
sities (ODs) were recorded at 450 nm to quantify the serum
levels of CGRP, adiponectin, and ghrelin in pg/mL.

Statistical analyses were carried out using SPSS for
Windows, version 23.0 (IBM Corp., Armonk, NY, USA).
Both parametric (Student’s t-test) and non-parametric
(Mann-Whitney U test) methods were used for the analy-
ses. Pearson’s correlation coefficients were calculated to
evaluate the relationships between variables. Additionally,
multiple logistic regression was employed to validate the
data. Adjusted odds ratios (ORs) and their corresponding
95% confidence intervals (CIs) were calculated. Receiver
operating characteristic (ROC) analysis was utilized to de-
termine the optimum CGRP cut-off value. Results were
presented as mean± standard error (SE), and statistical sig-
nificance was assumed for p-values less than 0.05.

3. Results
36 pregnant women with preeclampsia and 43 nor-

motensive healthy pregnant women without complications,
as well as their neonates, were evaluated in this study.

The comparative demographic and clinical characteristics
of these are shown in Table 1. The mean age of pregnant
women with preeclampsia was 29.55 ± 0.76 years, com-
pared to 30.11 ± 0.52 years for the controls, and the differ-
ence was statistically insignificant (p = 0.536). The mean
gravidity of pregnant women with preeclampsia was 2.00±
0.20, compared to 2.47± 0.19 for the controls, and the dif-
ferencewas statistically insignificant (p = 0.107). Themean
parity of pregnant women with preeclampsia was 0.78 ±
0.16, compared to 1.26± 0.17 for the controls, and the dif-
ferencewas statistically insignificant (p = 0.054). Themean
number of abortions in pregnant women with preeclamp-
sia was 0.31 ± 0.09, compared to 0.21 ± 0.07 for the con-
trols, and the difference was statistically insignificant (p =
0.436). The mean gestational age at delivery of pregnant
women with preeclampsia was 33.36 ± 0.73 weeks, com-
pared to 38.46± 0.18 weeks for the controls, and it was sta-
tistically significant (p = 0.000). The mean neonatal birth
weight in the preeclampsia group was 2467.77± 164.52 g,
compared to 3264.18 ± 56.21 g for the controls, and it was
statistically significant (p = 0.000). The mean gestational
age at delivery and the mean neonatal birth weight were
significantly lower in the preeclampsia group compared to
the control group. The mean BMI of pregnant women with
preeclampsia at delivery was 34.86± 1.1 kg/m2, compared
to 29.78 ± 0.58 kg/m2 for the controls, and the difference
was statistically significant (p = 0.000). The mean pre-
pregnancy BMI of pregnant women with preeclampsia was
30.32 ± 1.1 kg/m2, compared to 25.37 ± 0.66 kg/m2 for
the controls, and it was statistically significant (p = 0.000).
In the preeclampsia group, both BMI and pre-pregnancy
BMI were significantly higher when compared to the con-
trol groups. The preeclampsia group had an average weight
gain during pregnancy of 11.86 ± 1.11 kg, while the con-
trol group had an average of 11.44 ± 0.72 kg. However,
this difference was not statistically significant (p = 0.746).

Fig. 1 illustrates the comparative serum concentra-
tions of CGRP, adiponectin, and ghrelin in pregnant women
with preeclampsia versus the control group. The average
CGRP level in pregnant women with preeclampsia was
145.53 ± 16.83 pg/mL, compared to 17.53 ± 2.7 pg/mL in
the control group. These differences were found to be sta-
tistically significant (p = 0.000). The average adiponectin
level in pregnant women with preeclampsia was 22.61 ±
3.90 µg/mL, compared 115.46 ± 14.02 µg/mL in the con-
trol group. These differences were found to be statistically
significant (p = 0.000). The average ghrelin level in preg-
nant women with preeclampsia was 13,460.97 ± 1503.70
pg/mL, compared to 20,654.96 ± 1743.13 pg/mL in the
control group, these differences were found to be statisti-
cally significant (p = 0.003). Higher serum CGRP levels
were observed in the preeclampsia group compared to the
control group, and this difference was statistically signif-
icant. In addition, serum levels of adiponectin and ghre-
lin in pregnant womenwith preeclampsia were significantly
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Table 1. Demographic and clinical characteristics of the studycohort.
Variables Preeclampsia Group (n = 36) Control Group (n = 43) p-value

Age (years) 29.55 ± 0.76 30.11 ± 0.52 0.536
Gravida 2 (1–5) 2 (1–6) 0.107
Parity 0 (0–4) 1 (0–5) 0.054
Number of Miscarriages 0 (0–2) 0 (0–2) 0.436
Gestational age at birth (weeks) 33.36 ± 0.73 38.46 ± 0.18 0.000*
BMI at delivery (kg/m2) 34.86 ± 1.1 29.78 ± 0.58 0.000*
Pre-pregnancy BMI (kg/m2) 30.32 ± 1.1 25.37 ± 0.66 0.000*
Weight gain during pregnancy (kg) 11.86 ± 1.11 11.44 ± 0.72 0.746
Neonates birth weight (g) 2467.77 ± 164.52 3264.18 ± 56.21 0.000*
The data are presented as mean± standard error (SE) or median (range) as indicated. * Statistically signif-
icant at p < 0.05. BMI, body mass index.

Fig. 1. Serum concentrations of CGRP, adiponectin, and ghrelin for preeclampsia and control groups. CGRP, calcitonin gene-
related peptide.

lower than those in the control group, and these differences
were statistically significant.

Table 2 shows the correlation coefficients between
serum CGRP concentrations and various evaluated param-
eters in both the preeclampsia and control groups, as well as
in the overall research cohort. In the preeclampsia group,
a statistically significant, positive, weak positive correla-
tion was observed between parity and adiponectin levels (r
= 0.327). This correlation was statistically insignificant in
the control group. Also, the preeclampsia group demon-
strated a statistically significant, negative, and weak corre-
lation between weight gain during pregnancy and CGRP (r
= –0.292), whereas no significant correlation was observed
in the control group.

No significant correlation was observed between ma-
ternal weight any of the serum biomarkers in the preeclamp-
sia group. The control group exhibited a statistically signif-
icant, positive, and weak correlation between weight and
CGRP (r = 0.310), as well as a statistically significant, neg-
ative, and weak correlation with ghrelin (r = –0.295). Sim-
ilarly, no significant correlation was found with BMI in the
preeclampsia group. In the control group, there was a statis-
tically significant, positive, and weak correlation between
BMI and CGRP levels (r = 0.343), a statistically signifi-
cant, negative, and weak correlation with adiponectin (r =
–0.273), and ghrelin (r = –0.379). No significant correla-
tion was found with pre-pregnancy BMI in the preeclamp-
sia group. The control group had a statistically significant
positive and weak correlation between pre-pregnancy BMI

and CGRP (r = 0.28), as well as a statistically significant
negative and weak correlation with ghrelin (r = –0.308).
The control group demonstrated a statistically significant,
positive, and moderate correlation between adiponectin and
ghrelin levels (r = 0.69). This correlation was not statisti-
cally significant in the preeclampsia group.

In the univariate logistic regression model, pre-
pregnancy BMI, neonatal birth weight, and serum
CGRP levels were identified as significant predictors for
preeclampsia. However, in the multivariate logistic regres-
sion model, serum CGRP levels were the only significant
predictor of preeclampsia. Regardless of pre-pregnancy
BMI and neonatal birth weight, serum CGRP levels were
higher in pregnant women with preeclampsia compared
to those without preeclampsia. Serum CGRP level was
identified as an independent predictor of preeclampsia in
pregnant women. Table 3 shows the results of multiple
logistic regression analyses for preeclampsia in pregnant
women. These analyses indicated that serum CGRP levels
are a significant indicator of preeclampsia during the
third trimester of pregnancy. The ROC curve analysis
yielded an area under the curve (AUC) of 0.951 (95% CI:
0.895–1.000). To predict preeclampsia, a serum CGRP
value of 40.5 was identified as the optimal cutoff, with a
sensitivity of 91.7% and specificity of 90.7% (Fig. 2).
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Table 2. Correlation coefficient among serum CGRP, adiponectin, ghrelin levels and various parameters in control and
preeclampsia groups.

Control Group (n = 43) Preeclampsia Group (n = 36)

CGRP Adiponectin Ghrelin CGRP Adiponectin Ghrelin

Age
r –0.074 0.080 –0.137 –0.038 –0.022 –0.011
p 0.319 0.306 0.190 0.413 0.450 0.476

Parity
r 0.215 0.047 –0.147 0.119 0.327* –0.204
p 0.083 0.383 0.173 0.248 0.026 0.117

Maternal weight at birth
r 0.310* –0.163 –0.295* –0.015 0.198 –0.076
p 0.021 0.148 0.027 0.466 0.124 0.331

BMI at birth
r 0.343* –0.273* –0.379* –0.099 0.154 –0.112
p 0.012 0.038 0.006 0.285 0.185 0.258

Pre-pregnancy BMI
r 0.280* –0.171 –0.308* 0.017 0.175 –0.103
p 0.035 0.136 0.022 0.462 0.154 0.276

Weight gain during pregnancy
r 0.062 –0.136 –0.044 –0.292* –0.031 –0.020
p 0.346 0.193 0.390 0.044 0.428 0.454

Neonates birth weight
r –0.039 –0.106 0.141 –0.233 –0.009 0.084
p 0.402 0.250 0.184 0.089 0.479 0.314

CGRP
r 1 –0.127 –0.227 1 –0.024 –0.167
p 0.208 0.072 0.446 0.169

Adiponectin
r 1 0.690* 1 0.118
p 0.000 0.247

Ghrelin
r 1 1
p

* p < 0.05 statistically significant. CGRP, calcitonin gene-related peptide; BMI, body mass index.

Table 3. Logistic regression analysis with multiple variables for preeclampsia.
Variables β Wald p OR (95% CI)

CGRP 0.059 11.474 0.001* 1.060 (1.025–1.097)
Neonates birth weight –0.002 3.728 0.054 0.998 (0.867–1.253)
Pre-pregnancy BMI 0.042 0.197 0.657 1.043 (0.998–1.277)
* p < 0.05 statistically significant. CGRP, calcitonin gene-related peptide; BMI,
body mass index; OR, odds ratio; CI, confidence interval.

4. Discussion
The extensive neural networks of motor and sen-

sory nerves are responsible for synthesizing and releasing
CGRP, highlighting its diverse metabolic functions across
various biological processes. For instance, CGRP acts as
a potent vasodilatory agent, influencing vascular tone [18],
and has been shown to decrease blood pressure in both in
vivo and in vitromodels [19,20]. Additionally, it seems that
CGRP is linked to the physiological adaptations that occur
during pregnancy [21]. These data suggest that CGRP may
play a major role in regulating peripheral vascular resis-
tance both under the normal physiological conditions dur-
ing pregnancy and in the pathophysiology of preeclamp-
sia [18,37,38]. These results are consistent with the find-
ings of our study. This investigation identified a significant
increase in serum CGRP levels in preeclampsia. Further-
more, regression analysis indicated that only serum CGRP
levels were independently associated with preeclampsia.

Increasing serum CGRP levels in preeclampsia may
contribute to maternal adaptation of vascular endothelial
cell function and blood pressure regulation during preg-
nancy. Masuda et al. [39] conducted a study in hyperten-
sive patients and suggested that increased serumCGRP lev-
els may be a compensatory response to high blood pressure.
Supowit et al. [40] performed a study using a rat model and
reported that increased CGRP synthesis and release in hy-
pertension serve as a compensatory depressor response as-
sociated with the reduction of elevated blood pressure. Fur-
thermore, Yallampalli and Wimalawansa [41] conducted a
study using a rat model and suggested that hypertension
during pregnancy may result from the failure of compen-
satory vasodilatory functions mediated by CGRP. The re-
sults of the present investigation provide further support for
this hypothesis. Our outcomes suggest that maternal cir-
culating CGRP may play a key role in the compensatory
vasodilation responsible for mitigating hypertensive disor-
ders during pregnancy. Failure of CGRP-mediated com-
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Fig. 2. ROC for CGRP in predicting preeclampsia (AUC for
ROC, 0.951; 95% CI, 0.895–1.000). ROC, receiver operator
curve; AUC, area under the curve; CI, confidence interval.

pensatory vasodilation may result in preeclampsia and fe-
tal growth restriction [41]. Preeclampsia is often related
to fetal growth restriction [42]. The results show that the
mean birth weight of neonates was significantly lower in
the preeclampsia group; however, no significant correlation
was found with CGRP. In normal pregnancy, serum CGRP
concentrations are elevated in both maternal and fetal cir-
culation [21]. Fetal serum CGRP concentration is associ-
ated with fetal weight [43]. Dong et al. [44] conducted
a study involving 6 subjects with preeclampsia and 6 sub-
jects in the control group, and they observed that decreased
CGRP levels in both maternal and fetal circulation may be
associated with the pathogenesis of preeclampsia and fe-
tal growth restriction. Furthermore, Dong et al. [45] con-
ducted a study involving 8 groups with preeclampsia and 8
control groups, and they reported decreased CGRP levels in
both pregnant women and fetal circulation in preeclampsia.
These results are in disagreement with those of our study.
However, this study was conducted with very small sam-
ple size. CGRP has been implicated in the pathogenesis of
preeclampsia. Some studies reported higher CGRP levels
in preeclamptic patients compared to controls, which may
be due to the small sample sizes. On the other hand, Ya-
dav et al. [46] reported that CGRP levels were decreased
in pregnant women with preeclampsia and were positively
correlated with neonatal birth weight. Halhali et al. [47]
conducted a study involving 25 women with preeclampsia
and 25 controls, and found decreased CGRP levels in preg-
nant women with preeclampsia. Furthermore, magnesium
sulfate therapy increased CGRP levels in the preeclamp-
sia group [47]. Similarly, Fondjo et al. [48] conducted

a study in 2023 on 50 women with severe preeclampsia,
50 women with mild preeclampsia, 50 normotensive sub-
jects. Their findings also reported an increase in CGRP lev-
els following MgSO4 treatment in the preeclampsia group
[48]. However, in both studies, serum CGRP levels were
higher in the control group compared to the preeclampsia
group [47,48]. In this present study, we measured serum
CGRP levels only prior to MgSO4 treatment. Many stud-
ies cite the short half-life of CGRP as a primary limitation
of their research [49,50]. However, a recent review and
comprehensive experimental analysis concluded that, in ad-
dition to buffering with a peptidase inhibitor, the most ef-
fective method for preserving CGRP content is the imme-
diate freezing of samples [49,50]. The observed increase
in CGRP levels following magnesium sulfate treatment in
preeclampsia patients supports both the vasodilatory role
of CGRP and its association with the pathophysiology of
preeclampsia. The results of the presented study suggest
that increased serumCGRP levels may represent a compen-
satory response to hypertension. Although this variability
may be attributed to differences in sample collection meth-
ods, biochemical analyses, sample size, patient ethnicity,
population heterogeneity, and study design, these studies
consistently highlight an association between CGRP and
preeclampsia.

Considering these findings, the weight gain observed
in preeclampsia is believed to result from edema rather than
increased adipose tissue. Additionally, CGRP appears to
contribute to endothelial dysfunction, which is strongly as-
sociated with the pathogenesis of preeclampsia.

Adiponectin is a polypeptide hormone primarily re-
leased by adipose tissues and is believed to be involved in
the pathogenesis of preeclampsia. Adiponectin regulates
key processes such as hypertension, systemic inflammation,
placentation, endothelial dysfunction, and proteinuria, all
of which are implicated in the development of preeclamp-
sia [51]. Previous studies have reported both decreased
[52–55] and increased [56–59] serum adiponectin levels in
preeclampsia. Also, a recent review has reported increased
serum adiponectin levels in preeclamptic women of nor-
mal weight, and decreased serum levels in those who were
overweight or obese [53]. The results of this study validate
the existing evidence, showing that maternal adiponectin
levels are decrease in preeclamptic women who are over-
weight or obese. The correlation analysis conducted in this
study showed a relationship between adiponectin levels and
BMI in the control group. A weak negative correlation
between BMI and adiponectin levels was observed. Al-
though this difference may be attributed to variations in
pregnancy stages, tissue types, population heterogeneity,
these studies underscore the relation between adiponectin
and preeclampsia.

Ghrelin is a peptide hormone synthesized in various
tissues, particularly the stomach and is believed to have an
important role in the regulation of the cardiovascular and
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sympathetic systems [32]. Recently studies have shown
that ghrelin exerts beneficial effects on blood pressure reg-
ulation. Li et al. [60] performed a study on 14 partici-
pants in the hypertension group and 14 in the control group.
The study reported that ghrelin levels and the ghrelin-to-
obestatin ratio were lower in the hypertension group. Ghre-
lin can directly vasodilate blood vessels, promote diuresis,
and regulate the sympathetic nervous system to lower pe-
ripheral vascular resistance [61]. Furthermore, ghrelin is
believed to play an important role in improving endothe-
lial function [62]. Wu et al. [36] performed a study on
31 preeclampsia patients and 31 control subjects. It was
reported that maternal ghrelin levels and the ghrelin-to-
obestatin ratio were lower in preeclampsia. Our results val-
idate existing evidence, demonstrating a reduction in ma-
ternal ghrelin levels in preeclampsia. Erol et al. [35] con-
ducted a study on late-onset preeclampsia and reported that
ghrelin levels were higher in preeclampsia and correlated
with disease severity. The variations in these findings may
be attributed to differences in study designs.

This single-center study has several limitations. It was
performed with a limited number of pregnant participants,
and blood samples were collected only once at 30–32weeks
of gestation. Moreover, no information was available re-
garding first- and second-trimester CGRP levels and their
association with the development of preeclampsia. Addi-
tionally, pregnant women were not classified according to
the severity of preeclampsia (mild or severe). Lastly, the
inability to determine placental CGRP expression and its
influence on serum levels during pregnancy represents an-
other major limitation of the study.

5. Conclusions
The findings of this study indicate elevated serum

CGRP levels in cases of preeclampsia. These results sug-
gest that increased CGRP levels may play a crucial role in
the pathogenesis of preeclampsia during pregnancy. The
elevation of serum CGRP levels might represent a com-
pensatory response to preeclampsia. However, extensive
and prospective research is needed to determine whether in-
creased CGRP levels could serve as a predictive marker for
the screening and development of preeclampsia.
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