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The exact role of adipokines in the pathogenesis of gestational diabetes mellitus (GDM) still remains not fully clear, and multiple
studies have analyzed their potential contribution to the pathophysiology of this pregnancy complication. This study is aimed at
evaluating serum chemerin, lipocalin 2, and apelin concentrations in GDM and healthy pregnant patients, assessing the
correlation between these adipokines, and suggesting the potential role of these cytokines in the diagnosis and pathophysiology
of GDM. The study comprised 237 pregnant women: 153 with GDM and 84 with physiological pregnancy. Serum
concentrations of chemerin, lipocalin 2, and apelin were obtained at 24–29 weeks of gestation. The mean concentrations of
chemerin and lipocalin 2 were significantly higher in the GDM group. The concentration of apelin was slightly higher in the
GDM group, but not statistically significant. The strong positive correlation between chemerin and lipocalin 2 concentrations
was noticed in both groups. Our data suggest that maternal chemerin and lipocalin 2 may play a significant role in the
pathophysiology of GDM. We imply that these adipokines could potentially be established as novel biomarkers for the early
identification of GDM. However, more studies are needed to analyze the effect of these adipokines on glucose metabolism
during early pregnancy.

1. Introduction

Gestational diabetes mellitus (GDM) is the most frequent
medical and metabolic complication characterising pregnant
women. GDM affects from 5 to 20% of all pregnancies,
depending on the ethnicity, screening method employed,
and the diagnostic tests used [1]. GDM is associated with a
higher risk of fetal a maternal adverse outcomes (macroso-
mia, hypertensive disorders, cesarean section, asymmetrical
intrauterine growth retardation, stillbirth, neonatal, hyperbi-
lirubinemia, hypoglycemia, hypocalcemia, polycythemia,
and neonatal respiratory distress) [2, 3]. It should be empha-
sized that GDM patients have also a significantly increased
risk for the development of type 2 diabetes mellitus
(T2DM) and cardiovascular morbidity and mortality in
future life [4]. Their offspring are at higher risk of fostering
obesity and impaired glucose metabolism in later life. During
pregnancy, an adaptation of maternal metabolism with

increased nutritional requirements to support growth is
observed [4]. Pregnancy is also characterized by decreased
insulin sensitivity [5]. Decreased maternal prepregnancy
insulin sensitivity and preconception insulin resistance,
impaired insulin response during the pregnancy, and
insulin-producing β-cells dysfunction are believed to be the
most important components of the pathophysiology of
GDM development [5]. However, insulin resistance is con-
sidered a physiological metabolic change during pregnancy,
which provides a suitable concentration of glucose for the
metabolic needs of the rapidly growing fetus.

Although our research was performed before the
COVID-19 pandemic outbreak, at present, we have to
remember the influence of this situation on the prevalence
of GDM [6, 7]. The pandemic lockdown because of a
decrease in physical activity and modifications in patients’
dietary habits, increased consumption of snacks, unhealthy
foods, and sweets, may influence body weight. The metabolic
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changes include an increase in insulin resistance, total body
fat, abdominal fat, and inflammatory cytokines. These factors
have been shown to correlate with the higher risk of GDM. It
is suggested that the Mediterranean diet could be considered,
especially during a pandemic, as a useful dietary option dur-
ing pregnancy to decrease the risk of maternal-fetal compli-
cations [7]. Another possible mechanism for the increased
number of women with GDM may be the greater anxiety
associated with the COVID-19 lockdown. The stress that
pregnant women have experienced during the lockdown
could initiate a cascade of endocrinological and immunolog-
ical alterations that affect the delicate equilibrium necessary
to maintain a physiological pregnancy and can cause the
development of pregnancy complications. It is suggested that
excessive activity of circulating cortisol may increase insulin
resistance, a typical feature in the pathogenesis of GDM [6].

Numerous metabolic changes observed during the preg-
nancy appear to be influenced by adipokines [8]. It has been
described that adipokines may play a key role in maternal-
fetal metabolic adaptations and are involved in numerous
metabolic processes. They modulate placental function and
may have a significant impact on fetal development. Abnor-
mal production or secretion of adipokines is observed in
insulin resistance [8]. The significance of adipokines in the
pathogenesis of GDM is still not well known. The dysreg-
ulation of several adipokines metabolism and/or placental
function may play a crucial role in the pathophysiology
of GDM [9].

Different adipokines have been analyzed as biomarkers
for GDM; however, no marker has been reported for GDM
screening so far [5].

Chemerin is a novel chemoattractant 14 kDa protein,
described as retinoic acid receptor responder protein 2
(RARRES2), secreted as a prochemerin. This inactive precur-
sor is changed into the active molecule by coagulation and
inflammatory serine proteases [10]. Chemerin and the recep-
tor of chemerin, chemokine-like receptor 1 (CMKLR1, also
known as ChemR23) are almost exclusively expressed and
synthesized in white adipose tissue [11]. Swensson et al. con-
firm that adipokines such as chemerin are also produced in
several tissues apart from adipose tissue including human
serum albumin [12].

Chemerin plays an important role in adipocyte differen-
tiation, and insulin signaling results in an impact on the
regulation of inflammation and major metabolic processes
[10]. Its elevated levels are observed in obesity and metabolic
syndrome [10]. The increased level of chemerin that occurs
with obesity is hypothesized to play a substantial role in the
development of T2DM as a result of dysregulation of the
essential pathophysiological processes modified by chemerin
[10]. It has been also described that chemerin might be an
independent predictor of T2DM and cardiovascular events
[13]. Recent studies have also postulated that chemerin may
play an essential role in the pathophysiology of GDM [11].
Some authors notice that markedly increased circulating
chemerin levels in peripheral blood are observed in GDM
patients [14, 15]. It has been also suggested in the first and
second trimester of pregnancy logistic multivariate regres-
sion analysis that chemerin concentrations are positively

correlated with the increased risk of GDM, and together with
other factors, chemerin can be used as an independent risk
factor of gestational diabetes mellitus [14, 15].

Lipocalins are a superfamily of proteins characterized by
a range of different molecular-recognition features [16].
Lipocalin 2 (LCN2), also known as neutrophil gelatinase-
associated lipocalin (NGAL), was first found in human
neutrophils and is also expressed in adipose tissue, liver,
and kidneys [17]. Numerous inflammatory stimuli, such as
lipopolysaccharides and interleukin-1, can significantly
induce lipocalin-2 expression and secretion [18]. LCN2 plays
a crucial role in the protection of matrix metallopeptidase 9
(MMP-9) from degradation and is upregulated in pathologi-
cal situations as well as cancer [18, 19]. LCN2 is one of the
transcripts, which are expressed in the pregnant myome-
trium [20]. It is suggested that LCN2 is a possible mediator
that joins obesity with chronic low-grade inflammation
[21]. LCN2 has also been proved to be an inflammatory
marker closely associated with insulin resistance and hyper-
glycemia [21].

Apelin is the natural ligand of the orphan G-protein
coupled APJ receptor [22]. Apelin is produced as prepropep-
tide consisting of 77 amino acids and shorter biologically
active forms with 12, 13, 16, 17, and 36 amino acids. The
most active biological fragment is probably apelin-13. Apelin
acts at peripheral tissues and the central nervous system,
where it takes part in glucose metabolism [23], immune
system responses, inotropy, brain signaling pathway, hemo-
dynamic homeostasis, angiogenesis, vasodilation [24], and
oxidative stress-linked atherosclerosis [25]. The presence of
apelin and its receptor has also been identified in adipose tis-
sue, where their production is regulated by nutritional status.
Its expression is decreased by fasting and upregulated by
refeeding [26]. The increased levels of apelin are observed
in obesity-associated hyperinsulinemia [23]. Animal studies
have revealed that apelin can improve glucose metabolism;
therefore, it has been suggested that apelin could be a prom-
ising therapeutic target in the treatment of insulin resistance
[26]. The presence of apelin has been described in human
placental tissue, suggesting a crucial role of this peptide in
pregnancy [27].

The role of chemerin, lipocalin 2, and apelin in the
pathogenesis of GDM still remains not fully clear, and the
relationship between circulating concentrations of these
adipokines and risk of GDM is not well known.

We aimed to investigate serum chemerin, lipocalin 2, and
apelin levels in patients diagnosed with gestational diabetes
and healthy pregnant patients, to analyze the relationship
between these adipocytokines, and to discuss the potential
role of these cytokines in the diagnosis and pathophysiology
of GDM.

2. Materials and Methods

The prospective study was conducted on 153 pregnant
patients with diagnosis of gestational diabetes and 84 patients
with uncomplicated pregnancy and was performed in the
Chair and Department of Obstetrics and Perinatology, Med-
ical University of Lublin, Poland. Patients signed informed
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decision about participation in the clinical investigation.
Approval for the trial was obtained from the Bioethical
Review Board of the Medical University of Lublin (No. KE-
0254/117/2018). The research was conducted in accordance
with the principles published in the Declaration of Helsinki.

Inclusion criteria for the study group were the following:
gestational age between 24 and 29 weeks, first prenatal visit
before 10 weeks of gestation, singleton pregnancy, and gesta-
tional diabetes first recognized in the present pregnancy
before 28 weeks of gestation.

Inclusion criteria for the control group were the follow-
ing: gestational age between 24 and 29 weeks, first prenatal
visit before 10 weeks of gestation, singleton pregnancy, and
normal three results of the oral glucose tolerance test
(OGTT) at 24–28 weeks of gestation (Figure 1).

Those patients with multiple pregnancy, intrauterine
growth restriction (IUGR), concomitant disturbances:
pregestational diabetes mellitus (PGDM), insulin resistance
diagnosed before pregnancy, metabolic disorders (such as
polycystic ovary syndrome—PCOS), hypertensive disorders,
chronic renal and liver diseases, inflammatory and infectious
diseases, systemic lupus erythematosus (SLE), and antipho-
spholipid syndrome (APS) were excluded from the study.

All participants had undergone screening for GDM with
a 75 g OGTT at 24–28 weeks’ gestation, according to WHO
standards. GDM was diagnosed if at least one of the thresh-
old values was met: fasting glucose level 5.1–6.9mmol/L
(92–125mg/dL) at 1st hour ≥10.0mmol/l (180mg/dL) and
at 2nd hour 8.5–11.0mmol/L (153–199mg/dL) [28].

Data on present pregnancy and history of previous
pregnancies, maternal and family history, maternal age, and
infant outcome were received by analyzing medical records.

Prepregnancy body mass index (BMI) was computed as
reported weight prior to pregnancy (kg) divided by square
of measured height (m). Height was measured at baseline
by trained research assistants, with a wall-mounted stadi-
ometer and shoes taken off. Weight was measured on a
digital scale with 100 g resolution and capacity of 150 kg.

The participants were wearing light clothing and no shoes.
BMI was recalculated when the blood samples were taken.

The blood specimens for research analysis were taken at
the same time when the blood specimens have been taken
for routinely performed laboratory analysis. Serum levels of
chemerin, lipocalin, and apelin were analyzed at 24–29 weeks
of pregnancy. The samples were allowed to sit for at least
30 minutes and then centrifuged at 2000 gravitational units
(g) for 20 minutes. Afterwards, serum was removed and
then stored at −70°C. The chemerin level assay was per-
formed with ELISA kit (Human Chemerin, BioVendor
R&D Products, Czech Republic), as well as the lipocalin
level (Human Lipocalin-2/NGAL, BioVendor R&D Prod-
ucts, Czech Republic), and apelin concentration (Human
Apelin, Cloud-Clone Corp., USA). The limit of chemerin
detection was 0.1 ng/ml. The intra- and interassay coeffi-
cients of variation (CVs) were 5.1% and 8.6%, respectively.
The limit of lipocalin detection was 0.02 ng/mL, while the
intra-assay and interassay coefficients of variation were
7.0% and 9.8%, respectively. The limit of apelin detection
was 8.25 pg/ml. The intra- and interassay coefficients of
variation (CVs) were <10% and <12%, respectively.

The patient’s age, gravidity, gestational age at baseline,
pregestational BMI, BMI at blood collection, estimated fetal
weight (EFW) at sampling, and OGTT hourly glucose levels,
as well as chemerin, lipocalin 2, and apelin levels were inves-
tigated. Correlations between chemerin, lipocalin, apelin and
BMI, maternal age, gravidity, EFW, and OGTT hourly glu-
cose levels were analyzed.

All statistical analyses were performed using STATIS-
TICA, v. 12.0 (StatSoft, Inc., Tulsa, OK, USA). For variables
of normal distribution and homogenous variances, difference
significances were determined using a one-way analysis of
variance (ANOVA) followed by Tukey’s post hoc test. The
Shapiro-Wilk test for normal distribution of data and
one-tailed Student’s t-test, or (in unequal variance) the
Cochran-Cox test (absence of normal distribution and
non-parametric data), and the Mann–Whitney U test, were

Exclusion criteria: multiple pregnancy,
IUGR, underlying disorders: PGDM,
insulin resistane diagnosed before
pregnancy, metabolic disorders (such as
PCOS), any form of hypertension,
chronic renal disease, liver diseases,
inflammation and infectious diseases,
SLE, APS

Inclusion criteria: 24-29 weeks
of gestation, first prenatal visit
before 10 weeks of gestation,
singleton pregnancy, and GDM
first diagnosed in the current
pregnancy before 28 weeks were
completed

Inclusion criteria: 24-29 weeks
of gestation, first prenatal visit
before 10 weeks of gestation,
singleton pregnancy, and normal
three results of the OGTT at
24-28 weeks of gestation

Study group (n = 153) Control group (n = 84)

Study population
(n = 237)

Figure 1: Flow chart of study population.
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all done. Results with normal distribution were presented as
the means ± standard deviation (SD). The correlation analy-
sis was conducted using Pearson’s and Spearman’s correla-
tion tests. Significance was set at p < 0:05. Univariate and
multivariate logistic regression analyses were performed for
calculations odds ratios (ORs) with 95% confidence intervals
(CIs) predicting gestational diabetes mellitus based on che-
merin and lipocalin serum levels. The diagnostic value of
the dependent variables—chemerin and lipocalin serum
level, as the predictors of the GDM, was assessed using mul-
tiple linear regression analysis. The model was performed
including independent variables such as BMI before and
during the pregnancy, maternal age, gestational age, and
the estimated fetal weight at the day of the sample collection.
As the serum level of the apelin has not differed significantly
between the GDM and healthy patients groups, it was not
included in the univariate and multivariate logistic regression
models.

3. Results

There were no significant differences between the GDM
group and the control group with regard to maternal age,
gravidity, EFW, gestational age, and BMI at blood collec-
tion. Pregestational BMI was significantly higher in GDM
patients as compared with uncomplicated pregnancy group
(23:71 ± 2:64 vs. 22:81 ± 2:05 kg/m2, p < 0:05) (Table 1).
The highest prepregnancy BMI value was 27.2 kg/m2 in the
GDM group and 24.6 kg/m2 in the control group.

In oral fasting glucose tolerance test, at 1st and 2nd
hour of test, the glucose concentrations were markedly

higher in the GDM group than in the control group
(Table 2).

The mean chemerin concentration was significantly
higher in the GDM group than in the control group
(259:55 ± 63:24 vs. 211:00 ± 49:38 ng/mL, p < 0:0001). The
mean lipocalin 2 concentration was also significantly higher
in the GDM group as compared with the control group
(40:49 ± 15:73 vs. 20:63 ± 7:48 ng/mL, p < 0:0001). The
concentration of apelin was slightly higher in the GDM
patients but the difference was not statistically significant
(10816:45 ± 7329:52 vs. 9988:24 ± 5056:90, p = 0:71) (Table 2,
Figure 2).

The strong positive correlation between chemerin and
lipocalin 2 levels was observed in the GDM group (R =
0:631, p < 0:0001) and in the control group (R = 0:635, p <
0:0001) (Table 3). There was no correlation between che-
merin and apelin levels and lipocalin 2 and apelin levels.

The correlations between chemerin, lipocalin 2 and ape-
lin levels, and demographic and clinical features (patient’s
age; gravidity; pregestational BMI and BMI at blood collec-
tion; weeks of gestation and EFW at blood collection; OGTT
hourly glucose concentrations) were evaluated for the GDM
group and control group.

Chemerin level was positively associated with pregesta-
tional BMI, and BMI at blood collection in the GDM patient
group (R = 0:775, 0.693, respectively), and in the control one
(R = 0:500, 0.493, respectively) (Table 3).

There was a significant positive correlation between lipo-
calin 2 levels and pregestational, and at blood collection BMI
in GDM patient group (R = 0:467 and 0.394, respectively),
and in the control one (R = 0:311, 0.276, respectively)

Table 1: Baseline clinical characteristics (mean and standard deviation; median and range 25-75 percentile for gravidity).

GDM group (n = 153) Uncomplicated pregnancy group (n = 84) p value

Maternal age (years) 27.59 (4.87) 27.23 (4.67) NS

Gravidity 2 (1-2.5) 2 (1-3) NS

Pregestational BMI (kg/m2) 23.71 (2.64) 22.81 (2.05) p < 0:05
BMI at blood collection (kg/m2) 26.63 (2.11) 26.13 (1.71) NS

EFW at blood collection (g) 920.0 (187.8) 961.2 (168.5) NS

Weeks of gestation at blood collection 26.54 (1.41) 26.81 (1.26) NS

GDM: gestational diabetes mellitus; BMI: body mass index; EFW: estimated fetal weight; p: statistical significance; NS: statistically not significant.

Table 2: Chemerin, lipocalin 2, apelin, and glucose concentrations in both groups (mean and standard deviation).

GDM group (n = 153) Uncomplicated pregnancy group (n = 84) p

Chemerin (ng/mL) 259.55 (63.24) 211.00 (49.38) p < 0:0001
Lipocalin 2 (ng/mL) 40.49 (15.73) 20.63 (7.48) p < 0:0001
Apelin (pg/ml) 10816.45 (7329.52) 9988.24 (5056.90) p = 0:71
Glucose (mmol/L)

0’ 5.20 (0.38) 4.46 (0.39) p < 0:00001
60’ 10.06 (1.12) 7.59 (1.41) p < 0:00001
120’ 8.71 (1.05) 6.72 (1.19) p < 0:00001

GDM: gestational diabetes mellitus; p: statistical significance; NS: statistically not significant.
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(Table 3). No correlation between apelin and BMI was
observed.

A statistically significant relationship between chemerin
levels and all values of OGTT hourly glucose concentrations
were noticed in GDM patients (R = 0:528, 0.731, and 0.503,
respectively) and in the control group (R = 0:817, 0.740,
and 0.707, respectively). A correlation between lipocalin 2
levels and OGTT hourly glucose levels was also observed in
the GDM group: R = 0:266, 0.425, and 0.491, respectively,
and in the control one: R = 0:553, 0.511, and 0.423, respec-
tively. No correlations between apelin levels and OGTT
values were observed. Lipocalin 2 levels were also correlated
with maternal age in the GDM group and gravidity in the
control group.

The univariate linear regression model which was per-
formed for chemerin and lipocalin has shown that the growth
of each substance serum level similarly increases the likeli-
hood of the GDM incidence in the analyzed group of
patients—18% for each 10ng/ml of chemerin and 20% for
each 1ng/ml of lipocalin (CI 95%, OR: 1,180 vs. 0.200,
respectively).

In the multiple linear regression analysis of the patients
with gestational diabetes, we have established that the
adjusted R-square for chemerin was significantly elevated as
compared to lipocalin (46.10 vs. 20.60, respectively).

4. Discussion

Our data demonstrate that pregnant women with GDM are
characterized by a significantly higher concentration of
chemerin and LCN2 and not significantly higher level of
apelin. However, the role of these adipokines as pro- or
anti-inflammatory factors is controversial.

One of the disadvantages of our study is that we did not
analyze the cord blood or placenta tissue for adipokines
which would have also been useful in coming to a better
understanding of GDM. The clinical utility of our findings
has remained limited due to the relatively small number
of patients. Thus, the analysis of outcomes may be
underpowered.

Another disadvantage is that maternal obesity may also
influence the expression of several adipokines in the adipose
tissue and the placenta. In our study, the mean prepregnancy
BMI was 23.71 in the GDM group and 22.81 in the control

one and the next studies should be conducted in patients with
higher BMI.

Numerous adipokines have been studied during preg-
nancy, and their concentrations have been suggested as bio-
markers of pregnancy complications, some of them with
pathophysiological signification. There are controversies in
the literature about the concentrations of different adipo-
kines and their role during pregnancy. The discrepancies
may be caused by the time of maternal blood sampling,
laboratory methods used for analysis, sample size, and popu-
lation differences.

In our study, we focused on adipokines, which are
dysregulated in GDM, and three of them have been ana-
lyzed: chemerin, lipocalin 2, and apelin. To the best of
our knowledge, this is the first study to compare circulat-
ing levels of chemerin, lipocalin 2, and apelin in the same
group of women with gestational diabetes and those with
a normal pregnancy. We also evaluated the serum levels
of these adipokines in GDM and uncomplicated preg-
nancy patients in comparison to clinical and demographic
parameters.

We noticed that the mean chemerin level was signifi-
cantly higher in the GDM group than in the control one.
Our results are found to be compatible with a previously pub-
lished studies [29–33]. Additionally, in the study presented
by Li et al., the concentrations of chemerin in all GDM
groups were increased in comparison to the normal-weight-
NGT group, but the chemerin level in the obese-GDM group
was significantly lower than in the normal-weight-GDM and
overweight-GDM group [30]. The significantly higher levels
of chemerin in the third trimester in comparison to the first
trimester of pregnancy were also revealed [29, 31, 34]. It is
postulated that it can be associated with proinflammatory
conditions because of increased levels profile of mediators
of inflammation such as TNF-α, resistin, or IL-6 [34]. Inter-
estingly, Yang and colleagues reported that the level of che-
merin in the third trimester in the GDM group was
markedly higher than in the NGT group, but the serum con-
centration of chemerin in the first trimester was lower in the
GDM group than in the NGT group. The limitation of the
study was small groups: 19 patients with GDM and 20
NGT women [31]. We also found that chemerin levels were
correlated with pregestational BMI, BMI at sampling in the
GDM group, and in the control group. Kasher-Meron et al.
presented results, which are in line with our findings [29].
In the study conducted by Ademoglu et al., in multiple
linear regression analyses they noticed that chemerin level
was markedly correlated not only with BMI but also with
HDL-cholesterol, triglyceride, HbA1c, insulin concentra-
tions, and homeostasis model assessment of insulin resis-
tance (HOMA-IR) [32]. Interestingly, fasting insulin level
was comparable in both groups.

However, the HOMA-IR tended to be higher in
patients with GDM but did not reach statistical signifi-
cance. In the presented study, we were not able to obtain
the data on the insulin concentration of all patients, but in
the smaller groups (55 GDM patients and 23 controls), no
correlations between the chemerin and HOMA-IR were
confirmed.
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Figure 2: Chemerin, lipocalin 2, and apelin in GDM and control
groups.
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In our study, in both groups, there were no obese patients
with prepregnancy and at sampling BMI > 30 kg/m2. It is
important that the highest prepregnancy BMI value was
27.2 kg/m2 in the GDM group and 24.6 kg/m2 in the control
group. We excluded from our study the patients with pre-
pregnancy diabetes mellitus, insulin resistance diagnosed
before pregnancy, metabolic disorders (such as polycystic
ovary syndrome), and any form of hypertension. So, the risk
of markedly higher insulin resistance in our study group as
compared to the control group was relatively small. Our
study results showed a statistically significant correlation of
chemerin levels and the OGTT hourly glucose levels in both
groups. These observations are partially in line with the study
presented by Fatima et al. [33]. In this analysis, chemerin
level was positively associated with fasting glucose level,
and additionally with HOMA-IR, and EFW.

The chemerin concentrations of both venous and arterial
umbilical cord blood in newborns were also sampled and
analyzed. Increased chemerin level in arterial cord blood in
GDM group as compared that in control one was found but
the concentrations in venous cord blood were comparable
in both groups. Chemerin concentration in venous cord
blood was increased in newborns of obese patients. Arterial
and venous chemerin values were correlated with maternal
chemerin values at the time of delivery. It has been noticed
that chemerin value in arterial blood was associated with ges-
tational diabetes status [35]. The opposite observations have
been described by Barker and colleagues. In this study, no
effect of GDM on maternal and cord chemerin levels was
noticed as well as no change in the release of chemerin from
the placenta and adipose tissue [36]. Because in our study, we
did not analyze the chemerin values in arterial and venous
umbilical cord blood, and we cannot compare our findings
with these observations.

In a meta-analysis performed by Zhou et al., they
revealed that the higher levels of circulating chemerin were
correlated with GDM, and, according to the authors, this
suggests that chemerin might play an essential role in the
pathophysiology of GDM. They noticed that the increased
chemerin levels were found in the second trimester of
pregnancy as compared to women in the third trimester of
pregnancy. This could be explained by the fact that serum
albumin concentrations usually decrease during late preg-
nancy, and chemerin is released from human serum albumin.
However, according to Zhou et al., these results should be
interpreted with caution due to essential heterogeneity
between studies, and further prospective cohort studies are
needed to determine these observations [37].

Despite the growing evidence supporting a link between
chemerin and GDM, the details of the mechanisms involved
are unknown. The altered chemerin concentrations in GDM
patients may cause insulin resistance, and an increased
concentration in physiological pregnancy may have a protec-
tive role to decrease pregnancy-related insulin resistance
[28]. Chemerin influences on the production of proinflam-
matory cytokines, chemokines, and matrix metalloprotein-
ases (MMPs) [35, 38]. It has been also described that the
administration of chemerin reduces glucose tolerance,
decreases serum insulin levels, and lowers basal glucose
uptake in diabetic mice in vivo [31]. As a result, the abnor-
malities in chemerin concentrations may be correlated with
the development of GDM through lower insulin sensitivity
and impaired anti-inflammatory capacity.

Increased concentrations of lipocalin 2 were described in
metabolic diseases such as T2DM, preeclampsia, and PCOS
[39, 40]. There have been published several studies describing
pregnancy-related LCN2. However, we have found very few
articles analyzing LCN2 in relation to GDM [41–44].

Table 3: Correlation between chemerin, lipocalin, apelin levels, maternal age, gravidity, BMI, EFW, gestational age, and glucose
concentrations in OGTT in GDM patients and control group.

GDM Control
Chemerin Lipocalin 2 Apelin Chemerin Lipocalin 2 Apelin

R p R p R p R p R p R p

Chemerin 0.631 p < 0:0001 0.005 NS 0.635 p < 0:0001 -0.048 NS

Lipocalin 2 0.631 p < 0:0001 -0.067 NS 0.635 p < 0:0001 -0.016 NS

Maternal age (years) 0.157 NS 0.217 p < 0:01 -0.108 NS 0.024 NS 0.183 NS -0.060 NS

Gravidity 0.090 NS 0.130 NS 0.040 NS 0.106 NS 0.216 p < 0:05 0.054 NS

Pregestational BMI (kg/m2) 0.775 p < 0:00001 0.467 p < 0:0001 -0.105 NS 0.500 p < 0:0001 0.311 p < 0:01 0.003 NS

BMI at blood collection (kg/m2) 0.693 p < 0:00001 0.394 p < 0:001 -0.087 NS 0.493 p < 0:0001 0.276 p < 0:05 0.054 NS

EFW at blood collection (g) -0.032 NS -0.063 NS -0.145 NS -0.060 NS 0.091 NS 0.055 NS

Weeks of gestation at blood
collection

-0.005 NS -0.066 NS -0.156 NS -0.094 NS 0.084 NS 0.005 NS

Glucose

0’ 0.528 p < 0:0001 0.266 p < 0:01 0.053 NS 0.817 p < 0:0001 0.553 p < 0:0001 0.074 NS

60’ 0.731 p < 0:0001 0.425 p < 0:001 0.011 NS 0.740 p < 0:0001 0.511 p < 0:0001 -0.122 NS

120’ 0.703 p < 0:0001 0.491 p < 0:001 -0.051 NS 0.707 p < 0:0001 0.423 p < 0:001 -0.047 NS

GDM: gestational diabetes mellitus; BMI: body mass index; EFW: estimated fetal weight; R: Spearman correlation’s coefficient; p: statistical significance; NS:
statistically not significant.
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In the presented study, we have found higher LCN2
concentrations in the GDM group than in the control one.
Similar observations have been published by Edelstam and
colleagues, who noticed that LCN2 levels were elevated
during the third trimester of pregnancy and additionally
significantly increased postpartum [43].

In the study published by Lou et al., LCN2 concentration
in GDM overweight and nonoverweight women were mark-
edly higher in comparison to NGT women. LCN2 level was
also markedly higher in GDM overweight than in GDM
nonoverweight group. There were also positive correlations
between LCN2 and parameters of insulin resistance: fasting
plasma glucose (FGP), HOMA-IR, fasting plasma insulin
(FPI), high-sensitivity C-reactive protein (hs-CRP), total
cholesterol, and triglyceride. Furthermore, the expression of
LCN2 mRNA and protein in subcutaneous adipose tissue
(SAT) was higher in obese women. The researchers suggested
that LCN2 could act in the development of insulin resistance
in GDM, and its expression in subcutaneous adipose tissue
may be associated with obesity in GDM women [42]. These
results coincide with our outcomes. We found a significant
correlation between LCN2 levels and pregestational BMI,
and BMI at sampling, and additionally with OGTT glucose
levels in both groups. However, as in chemerin results, we
were not able to obtain the data on the insulin concentration
of all patients, but in the smaller groups (55 GDM patients
and 23 controls), no correlations between the LCN2 and
HOMA-IR were revealed.

Additionally, in our study, in the GDM group, the weak
positive correlation between LCN2 levels and maternal age
at the blood collection has been noticed. The relationship
between age and adipokine levels is ambiguous [44]. There
appear to be no data in the literature on the possible mecha-
nisms of such correlation and clinical implications, and we
cannot compare our findings with other publications. This
observation may suggest that the increase of maternal age
could be potentially associated with the developing of insulin
resistance in GDM patients. However, elderly pregnant
women have also a higher BMI index, and it could indicate
that adipose tissue may also have an influence on LCN2
levels. But we did not observe a similar correlation in che-
merin and apelin analysis in the same group of patients.

A few studies have been published analyzing the role
of LCN2 as a predictor of GDM [41, 45]. D’Anna et al.
revealed that in women who developed GDM in the pre-
vious 12 months, in the first trimester of pregnancy, cir-
culating LCN2 level was markedly higher in patients who
subsequently developed GDM. Median serum LCN2 con-
centrations were positively correlated with HOMA-IR.
However, they failed to demonstrate a correlation between
LCN2 and pregestational BMI, maternal age, or birth
weight [45].

Sweeting et al. in their study tried to find the best risk pre-
diction model for GDM. The authors observed higher LCN2
levels in women who developed GDM. They observed a 10%
increase in median MoM LCN2 values in women with GDM
and suggested that so small differences, as compared to
D’Anna et al. study, presumably reflect the impact of ethnic-
ity on biomarker associations with GDM [41].

In our study, we observed in both groups the positive cor-
relation between chemerin and LCN2 levels. However, the
potential physiological and pathological importance of our
observations need further explanation. The univariate linear
regression model which was performed for chemerin and
LCN2 has shown that the growth of each substance serum
level similarly increases the likelihood of the GDM incidence
in the analyzed group of patients—18% for each 10 ng/ml of
chemerin and 20% for each 1ng/ml of LCN2 (CI 95%, OR:
1.180 vs. 0.200, respectively). In the multiple linear regression
analysis of the women with gestational diabetes, we have
noticed that the adjusted R-square for chemerin was mark-
edly increased as compared to lipocalin (46.1 vs. 20.60,
respectively). However, it is important to remember that
the main goal of this research was not to describe the cut-
off levels of these adipokines in women at 24-28 weeks of
gestation when the OGTT is performed.

Gestational diabetes is considered to be an inflammatory
disease. Expression of LCN2 in adipose tissue and liver can be
induced by lipopolysaccharides, suggesting that LCN2 may
be an acute-phase protein. It is suggested that LCN2 may
be a significant key to the pathogenesis of inflammation,
leading to insulin resistance, followed by an increase in
fasting plasma glucose and fasting plasma insulin [42, 46].
However, further studies are needed to evaluate the role of
LCN2 in the pathogenesis and prediction of GDM.

In our study, a positive correlation between chemerin and
lipocalin 2 levels was observed in both groups. There is a lack
of data in the literature regarding the possible explanation of
such relationship and clinical importance. We can only
hypothesize that our observations can also confirm the
possible role of these adipokines in the pathophysiology of
gestational diabetes. Thus, the presented results suggest that
chemerin serum level evaluation appears to be a more reliable
independent predictor of the GDM in future analysis.

The physiological role of apelin is not well known. Ani-
mal studies showed that apelin had a glucose-lowering effect
correlated with stimulation of glucose utilization in adipose
tissue and skeletal muscle from normal and obese insulin-
resistant mice [47]. An increased plasma concentration of
apelin was noticed in animal models of obesity correlated
with hyperinsulinemia. Boucher et al. confirmed that in the
obese men and mice, both plasma apelin and insulin values
were markedly increased, suggesting that apelin homeostasis
is impaired in obesity and indicating that the higher value of
plasma insulin could support an increase in blood levels of
apelin. Thus, apelin overproduction by adipose tissue may
be involved in several obesity-related disturbances [23].

Higher levels of apelin were noticed in patients suffering
from T2DM [48]. It has been suggested that apelin secretion
can be modulated by proinflammatory adipocytokines, the
levels of which are higher in insulin resistance. Daviaud
et al. reported a positive correlation between apelin and
TNF-α expression in adipose tissue and revealed a direct
upregulation of apelin expression in both human and mouse
adipocytes by TNF-a [49].

There are also some controversies in the literature
regarding apelin levels during physiological pregnancy and
pregnancy complicated by GDM, and the data are very
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limited. In the study performed by Kourtis et al., in non-
GDM patients, apelin levels were significantly lower in preg-
nant women than in nonpregnant [50]. In our study, the
apelin levels were not statistically significantly higher in the
GDM group as compared to the control one. Similar observa-
tions have been described by Aslan et al. [51]. However, they
measured the apelin levels at the time of delivery. Telejko
et al. observed no significant differences in plasma apelin
concentrations between the GDM and non-GDM women
[52]. The decreased levels of apelin have been revealed by
Boyadzhieva et al. and Oncul et al. [53, 54]. In Boyadzhieva
et al’s study, apelin concentration was significantly lower in
the GDM group during the pregnancy. However, there were
no statistically significant differences in postpartum groups
and no significant correlations between apelin levels and
metabolic parameters [53]. In the study conducted by Oncul
et al., they also analyzed the maternal and cord blood apelin
levels [54].

The cord blood apelin concentrations were significantly
lower in GDM women than in the control group. They sug-
gest that GDM appears to modify fetoplacental apelin metab-
olism, but apelin cannot directly regulate maternal insulin
sensitivity [54]. The opposite results of cord blood apelin
have also been published [46]. In the study of Aslan et al.,
the cord blood apelin levels were comparable in the GDM
group and in the control one. They also noticed that levels
of apelin in the serum of the mothers had a positive correla-
tion with their respective cord blood concentrations. How-
ever, in our study, we did not investigate the concentrations
of apelin in cord blood, and a full comparison of our results
with these observations cannot be performed. Aslan et al.
observed the negative association between serum and cord
blood apelin values and the gestational age and birth
weight [51]. No correlations between serum and cord
blood apelin values, maternal age, fasting glucose and insu-
lin levels, BMI, and HOMA-IR were revealed. In our study,
we also found no correlations between apelin, clinical, and
demographic parameters, but we measured parameters at
24-29 weeks of gestation and, as in chemerin and LCN2
results, we did not analyze the insulin levels and HOMA-
IR index.

In our study, there was also no correlation between che-
merin and apelin levels and LCN2 and apelin levels. Thus,
our results suggest that GDM has no impact on circulating
apelin levels.

The differences between our findings and those published
in the literature could be explained by the differences in the
study protocols and selection process of patient including
the week of gestation at blood sampling—the second or third
trimester, the type of gestational diabetes—a dietary treat-
ment or insulin treatment which may suggest the severity
of metabolic disturbances, the week of pregnancy at the diag-
nosis of GDM—the first (possible prepregnancy impaired
glucose tolerance) or second trimester (“typical” gestational
diabetes), the pregestational BMI value or at enrolling to
the studies.

The significance of adipokines in the pathogenesis of
GDM is still not well known, and none of them have been
used as an early predictor for the development of GDM.

Screening for GDM with a 75 g oral glucose tolerance test
at 24–28 weeks’ gestation and diagnosing GDM in this period
of pregnancy have been questioned due to the potential delay
in accomplishing the positive effects of pharmacological ther-
apy, diet, and lifestyle modifications. Identifying patient at
risk for GDM is essential in the first trimester of pregnancy
to minimize maternal and neonatal mortality and morbidity.
A limited number of publications have prospectively ana-
lyzed the correlation of the HOMA-IR, glycosylated
hemoglobin, sex hormone-binding globulin, and cholesterol
panel values as a marker for prediction subsequent GDM in
low-risk pregnancies during the first trimester of pregnancy
but they have low sensitivity and positive predictive value,
especially in overweight and obese women. None of these
markers have proven adequate to be used in the clinical
screening. Mainly, increased HOMA-IR values have been
suggested to be associated with GDM. However, the range
of HOMA-IR values is wide in women with GDM, and cut-
off level is ambiguous [55–57].

5. Conclusion

Gestational diabetes mellitus is a widespread condition
observed in a large population of pregnant patients. The pre-
cise role of adipokines in the pathogenesis of GDM is still not
well known. To the best of our knowledge, we did not find in
the literature the comparison of circulating levels of che-
merin, lipocalin 2, and apelin in the same group of patients
with GDM and healthy pregnant women.

We can speculate that these adipokines could potentially
be established as novel biomarkers for the early diagnosis of
GDM. We hope that our findings will be useful to determine
guidelines, in which adipokines may become a novel bio-
marker in GDM prediction, especially when early pregnancy
is concerned. However, further prospective studies are
required to evaluate chemerin and lipocalin 2 in the first tri-
mester of pregnancy as a marker of GDM, before the period
of pregnancy when the OGTT is performed. It should be
remembered that maternal obesity influences the expression
of several adipokines in the placenta and in the adipose
tissue. Due to these reasons, the correlations between the
investigated adipokines and pregnancy-related conditions
should be interpreted separately referring to maternal preges-
tational BMI and pregnancy weight gain, and this problem
should be considered in further studies.
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