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Abstract

Chemerin is an adipokine that is associated with insulin resistance, a feature well marked
in gestational diabetes mellitus (GDM). Recent publications and meta-analyses investigat-
ing chemerin levels in GDM remain inconclusive. This updated systematic review and
meta-analysis aims to update the current evidence of an association between chemerin
and GDM. The databases PubMed, ScienceDirect, and Google Scholar were searched
for eligible articles from their inception up to 1 April 2025. Pooled standardized mean
differences (SMDs) and 95% confidence intervals (CIs) of the chemerin levels between
GDM cases and normoglycemic controls were calculated using the “meta” package in
“R” software. Twenty-two studies were included in this meta-analysis, comprising a to-
tal of 1735 GDM cases and 1701 normoglycemic pregnant controls. Due to significant
heterogeneity, a random effects model was applied, and the chemerin levels were found
to be significantly higher in cases compared to normoglycemic controls [SMD = 0.97,
95% CI (0.16; 1.78) ng/mL; p = 0.020]. Subgroup analysis showed that studies conducted
in Asia, studies utilizing a case–control design, patients younger than 30 years, and patients
with a BMI less than 28 showed significantly higher chemerin levels in cases compared to
controls. Meta-regression analysis indicated that only patients over 30 years old showed a
negative association with chemerin levels. No evidence of publication bias was observed.
This updated meta-analysis confirmed that chemerin levels are elevated in cases of GDM,
which may indicate its involvement in the pathogenesis of GDM. Further longitudinal
studies are needed to consolidate this finding.

Keywords: chemerin; diabetes mellitus; gestational diabetes mellitus; pregnancy;
hyperglycemia; normoglycemia

1. Introduction
Gestational diabetes mellitus (GDM) is a common metabolic disorder that complicates

around 7.1% to 27.6% of pregnancies worldwide [1]. It is characterized by glucose intol-
erance occurring during pregnancy in women who were previously normoglycemic [2].
GDM increases the risk of type 2 diabetes mellitus for both the mother and her offspring
later in life [3].
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To date, no definite cause of GDM has been identified; however, several risk factors
have been reported to be associated with GDM development, including maternal obesity,
oxidative stress, genetic factors, and insulin resistance [4–7].

Chemerin is an adipokine encoded by a gene known as Retinoic Acid Receptor Respon-
der 2 (RARRES2; OMIM #605139). It is part of a group of cytokines primarily synthesized
and secreted by adipose tissue [8]. In addition to their roles in regulating cellular energy
levels, insulin secretion, and appetite control, chemerin is thought to be involved in promot-
ing the inflammatory process and developing insulin resistance [4]. Moreover, numerous
studies indicate that changes in RARRES2 gene expression and elevated chemerin levels
are associated with diabetes and obesity, and potentially with GDM as well [9–14]. It is
widely accepted that insulin resistance and β-cell dysfunction contribute to GDM patho-
genesis [15]. Additionally, many studies have documented a positive correlation between
chemerin levels and indices of insulin resistance in cases of GDM [16,17], suggesting the
possible involvement of chemerin in GDM pathogenesis.

Chemerin levels do not significantly differ between individuals with type 2 diabetes and
normoglycemic controls. However, significantly higher chemerin levels have been observed
in normoglycemic obese individuals compared to normoglycemic non-obese subjects [18,19].
During normal, non-obese pregnancy, chemerin levels progressively increase with gesta-
tional age, reaching their highest levels in late pregnancy. Nevertheless, when compared to
non-pregnant healthy controls, this increase does not reach statistical significance levels [20].
When comparing chemerin levels among obese pregnant women with GDM and those with
GDM who are lean or overweight, no significant differences were observed [9]. However,
reports regarding the association between chemerin levels and GDM are conflicting. Some
studies have reported increased chemerin levels in GDM cases [12,21], while others have
reported lower levels [13,22], and a few have found no significant difference [9,10,23]. More-
over, two previous meta-analyses investigated the association between chemerin levels and
GDM and reported different findings. The first meta-analysis by Zhou et al. [24] reported
significantly elevated levels of chemerin in GDM cases compared to controls. In contrast, the
latest meta-analysis by Sun et al. [25] found no significant difference.

Given the potential pivotal role of chemerin in the pathophysiology of GDM—particularly
its unique association with insulin resistance and its distinct expression pattern during
pregnancy—and considering that several new studies have been published since the last
review, this study aims to provide an updated synthesis of the current evidence regarding
the association between chemerin levels and GDM. Such an update is essential for health-
care providers and researchers to enhance our understanding of GDM pathogenesis and to
inform the development of effective management strategies.

2. Methods
2.1. Study Protocol and Search Strategy

In this systematic review and meta-analysis, we adhered to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses guidelines [26]; see Table S1. We searched
online databases, including PubMed, Google Scholar, and ScienceDirect, for published arti-
cles that measured chemerin levels during pregnancy in women with GDM and compared
these levels to those of normoglycemic pregnant controls.

The search process utilized both MeSH terms and non-MeSH terms in combination
with Boolean operators [OR] and [AND]; see Table S2. It was conducted from inception
until the first of April 2025. The search strategy and keyword selection were developed
based on the Population Intervention Comparison Outcome and Study design (PICOS)
framework [27]:

P (population): pregnant women OR pregnancy.
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I (intervention/exposure): chemerin OR Retinoic Acid Receptor Responder 2.
C (comparison): normoglycemic OR healthy pregnant OR normal pregnant.
O (outcome): gestational diabetes OR gestational diabetes mellitus OR GDM
S (study design): case–control OR cohort OR cross-sectional.
Two researcher reviewers (HA and YRM) independently evaluated and selected eligible

studies for this meta-analysis following initial screening and reading. Any disagreements
were resolved through discussions with the judging researcher (HZH); see (Table 1).

Table 1. Characteristics of the included studies in the updated meta-analysis of chemerin and
gestational diabetes mellitus.

Study Country Continent Study Design Sampling
Trimester

No.
Cases/No.
Controls

Chemerin
Mean (SD) in
GDM Cases,

ng/mL

Chemerin
Mean (SD) in

Controls,
ng/mL

GDM
Cases
Mean
Age,
Years

GDM
Cases
Mean
BMI,

kg/m2

Commercial
ELISA Kit

NOS
Score

Pfau et al.,
2010 [28] Germany Europe Case–control Third 80/40 230.3 (42.4) 217 (72.3) 33 24.9

BioVendor
(Karasek,

Czech Republic)
8

Barker et al.,
2012 [9] Australia Australia Case–control Third 69/62 117.6 (3.5) 124.2 (4) 35.2 31.2

R & D systems
(Minneapolis,

MN, USA)
7

Ademoglu
et al., 2015 [11] Turkey Europe Case–control Second 47/32 1.65 (0.17) 1.57 (0.16) 30.2 31.3

BioVendor
(Karasek,

Czech Republic)
6

Li et al.,
2015 [14] China Asia Case–control Third 16/15 220 (25.2) 73.1 (8.6) 29.3 23

HCB(Vancouver,
BC, Canada)

7

Li et al.,
2015 [14] China Asia Case–control Third 16/15 225.2 (26.8) 151 (15.5) 29.3 27.1 7

Li et al.,
2015 [14] China Asia Case–control Third 16/12 136.8 (20.3) 195 (34.4) 29.14 33 7

Shao et al.,
2015 [29] China Asia Case–control Third 20/20 83.75 (15.88) 77.8 (24.4) 30 28.73 NA 6

Görkem et al.,
2016 [10] Turkey Europe Cross-sectional Second 76/82 4.53 (3.82) 3.43 (1.84) 27.59 36.25

BioVendor
(Karasek,

Czech Republic)
6

Pan & Ma,
2016 [17] China Asia Case–control Third 85/85 9.12 (0.75) 6.47 (0.59) 28.1 23.6 NA 7

Fatima et al.,
2017 [12] Pakistan Asia Case–control Second 208/300 93.39 (45.43) 14.35 (5.88) 27.3 24.83 Glory Bioscience

(Shanghai, China) 8

Gashlan
2017 [30] KSA Asia Cross-sectional Second 25/19 7.21 (5.95) 7.68 (5.93) 32.4 33.4

Elabscience
Company

7

Gashlan
2017 [30] KSA Asia Cross-sectional Third 26/18 6.57 (4.84) 5.56 (3.9) 33.4 34.1 6

Guelfi et al.,
2017 [31] Australia Australia RCT First 52/71 3.13 (1.3) 3.03 (0.9) 34.4 26.9 R & D systems

(Minneapolis,
MN, USA)

6

Guelfi et al.,
2017 [31] Australia Australia RCT Second 52/71 3.4 (0.93) 3.24 (1.2) 34.4 26.9 7

Yang et al.,
2017 [13] China Asia Case–control First 19/20 146.6 (38.91) 187.23 (46.83) 26.84 22.74 R & D systems

(Minneapolis,
MN, USA)

7

Yang et al.,
2017 [13] China Asia Case–control Third 19/20 308.56 (56.43) 227.53 (46.49) 26.84 25.67 7

Zhang et al.,
2017 [32] China Asia Case–control First 60/60 11.2 (1.17) 5.76 (0.03) 29.13 38.68

TaKaRa
Biotechnology

(Kusatsu, Japan)
7

Tsiotra et al.,
2018 [33] Greece Europe Case–control Third 5/13 209.39 (37.6) 162.27 (10.04) 29.8 26.9 Millipore

(Burlington,
MA, USA)

7

Tsiotra et al.,
2018 [33] Greece Europe Case–control Third 10/10 215.16 (17.19) 212.81 (36.22) 27.7 36 7

Liang et al.,
2018 [16] China Asia Case–control Third 46/43 20.11 (3.28) 17.63 (3.63) 31.89 21.52 NA 8

Mehmood
et al., 2018 [34] Canada America Cohort Second 105/76 54.8 (16) 55.8 (12.7) 35 25.78

Millipore
(Burlington,
MA, USA)

8

Okten et al.,
2020 [35] Turkey Europe Case–control Second 18/73 631.06 (344.42) 334.81

(244.91) 32.05 27.06 Shanghai
Korain Biotech 8

Fatima et al.,
2022 [21] Pakistan Asia Case–control Second 33/33 50.73 (11.67) 11.06 (2.86) 24.23 25.22 Glory Bioscience

(Shanghai, China) 7

Mosavat et al.,
2021 [22] Malaysia Asia Case–control Second 53/43 8.7 (0.46) 10.12 (0.35) 33.2 27 R & D systems

(Minneapolis,
MN, USA)

6

Mosavat et al.,
2021 [22] Malaysia Asia Case–control Third 53/43 8.17 (0.38) 8.14 (0.34) 33.2 27 6
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Table 1. Cont.

Study Country Continent Study Design Sampling
Trimester

No.
Cases/No.
Controls

Chemerin
Mean (SD) in
GDM Cases,

ng/mL

Chemerin
Mean (SD) in

Controls,
ng/mL

GDM
Cases
Mean
Age,
Years

GDM
Cases
Mean
BMI,

kg/m2

Commercial
ELISA Kit

NOS
Score

Lee et al.,
2021 [36]

South
Korea Asia Cohort Second 23/20 217.5 (129.6) 216.9 (134.1) 31.8 23.1

BioVendor
(Karasek,

Czech Republic)
8

Wang et al.,
2022 [37] China Asia Case–control Second 303/211 135.8 (53.5) 93.4 (38.9) 32.7 31.9

R & D systems
(Minneapolis,

MN, USA)
7

Kamiński
et al., 2023 [38] Poland Europe Case–control Second 90/84 260 (57.6) 208.7 (42) 26.6 26.7

BioVendor
(Karasek,

Czech Republic)
7

Ma et al.,
2023 [39] China Asia Case–control Second 110/110 4.54 (4.4) 4.2 (3.25) 32.24 28.99 Meilian

(Shanghai, China) 6

In 95% confidence interval, BMI: body mass index; NA: Not available; NOS: Newcastle–Ottawa Scale.

2.2. Inclusion Criteria

The articles were eligible for inclusion if they measured chemerin levels in serum or
plasma samples during the pregnancy period in cases of GDM and compared them to normo-
glycemic controls; reported chemerin levels as mean (standard deviation) or expressed them
in other forms that can be converted to mean (SD); and were designed as case–control, cohort,
or cross-sectional studies. No language restrictions were applied to the articles.

2.3. Exclusion Criteria

Studies were excluded if they did not report chemerin concentrations in serum or
plasma. Articles with the following formats were excluded: letters to editors, case reports,
reviews, and animal studies. Studies that did not present chemerin levels in mean (SD) or
any convertible format were also excluded.

2.4. Definition of the Outcome of Interest

The primary outcome of this meta-analysis is the association between chemerin levels
and GDM. This association was evaluated by calculating the standardized mean difference
between GDM cases and normoglycemic controls. GDM was defined according to the crite-
ria of Coustan and Carpenter as the presence of two or more values exceeding the following
thresholds: fasting plasma glucose > 95 mg/dL (or 1 h post-load glucose > 180 mg/dL,
2 h post-load glucose > 155 mg/dL, and 3 h post-load glucose > 140 mg/dL) [40].

2.5. Assessment of Risk of Bias

The risk of bias was assessed for each study using the Newcastle–Ottawa Scale (NOS)
for case–control and cohort studies, while a modified version of the NOS was applied to
cross-sectional studies [41]. The scale evaluates studies across three major areas: partici-
pant selection, comparability of study groups, and ascertainment of outcomes of interest.
It employs a star-based scoring system with a maximum score of nine stars. Studies
scoring ≥ 7 stars are considered high-quality, those scoring < 7 and ≥3 stars are deemed
moderate-quality, and those scoring < 3 stars are classified as low-quality.

2.6. Data Extraction

Two reviewers (HA and YRM) retrieved the full articles of the selected studies, from
which the following data were extracted: the last name of the first author, year of publica-
tion, country of the study, study design, commercial ELISA kit used, trimester at which
chemerin levels were measured, the mean (SD) of chemerin in cases and controls, sample
size, and the age and BMI of the cases and controls whenever applicable.
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2.7. Statistical Analysis

The statistical analysis was performed using R software 4.4.0 (Puppy Cup) (The R
Foundation for Statistical Computing, Vienna, Austria). The “meta (V7.0)” package [42]
was used to calculate the pooled standardized mean difference (SMD) of chemerin between
GDM cases and controls. Cochran’s Q test and Higgins index (I2) were used to evaluate het-
erogeneity in this meta-analysis. Cochran’s Q with p < 0.010 and I2 > 50% were considered
indicative of heterogeneity in the included studies; accordingly, a random effects model
shall be used; otherwise, a fixed effects model will follow [43]. Subgroup analyses were
performed to identify sources of heterogeneity by grouping studies based on geographical
continent, study design, and the trimester in which pregnant women were recruited and
sampled. Meta-regression analysis was also computed to identify any possible factor(s)
that impacted the pooled SMD of the chemerin.

Sensitivity analysis was performed to identify any study that significantly impacted
the heterogeneity and overall effect. Publication bias was assessed visually using a funnel
plot to identify the presence of any asymmetrical distribution among the studies, and
quantitatively by performing Egger’s and Begg’s tests. A probability value < 0.05 was
considered statistically significant.

3. Results
3.1. Study Selection

The search across all databases initially retrieved 64 articles. After removing duplicates,
review articles, case reports, and animal model studies, 29 articles remained eligible for
screening. During the screening phase, three studies were excluded as they focused on
other adipokines. Consequently, twenty-six articles were selected for full-text review, after
which four additional studies were removed for reporting only expression results or being
experimental studies. Ultimately, 22 studies were included in the systematic review and
meta-analysis; see Figure 1.

 

Figure 1. A flow chart demonstrating the study selection process.
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3.2. Features of Selected Studies

A total of 22 studies were included in this systematic review and meta-analysis,
comprising 1735 GDM cases and 1701 normoglycemic pregnant controls. According to
the geographical location of these studies, thirteen were conducted in Asian countries:
eight studies in China [13,14,16,17,30,33,38,40], two studies in Pakistan [12,21,22], one study
in Malaysia, one study in Saudi Arabia [30], and one study in South Korea [35]. Six studies
were conducted in European countries: three studies in Turkey [10,11,35], one in Greece [33],
one in Germany [28], and one in Poland [38]. Two studies were conducted on the Australian
continent [9,31], and only one study was conducted in North America [35] (Canada).

Ten studies measured chemerin levels during the second trimester only [10–12,21,34–39];
seven studies measured chemerin during the third trimester only [9,14,16,17,28,29,33];
two studies measured chemerin during both the second and third trimesters [22,30]; one
study measured chemerin during the first and second trimesters [31]; and one study mea-
sured chemerin during the first and third trimesters [13]. Seventeen studies employed a
case–control design [9,11–14,16,17,21,22,28,29,32,33,35,37–39], three utilized a cohort de-
sign [31,34,36], and two were cross-sectional studies [10,30], See Table 1.

3.3. Meta-Analysis Results

This meta-analysis showed that the pooled SMDs of chemerin levels were signifi-
cantly higher in pregnant women with GDM than in normoglycemic pregnant controls
[SMD= 0.97, 95% CI (0.16–1.78) ng/mL; p = 0.020]; see Figure 2. The Higgins index
(I2 = 98%) and Cochran’s Q test (p < 0.0001) both indicated significant heterogeneity among
the included studies. Therefore, a random effects model was employed; see Figure 2.

Figure 2. A forest plot of the included studies in the chemerin GDM meta-analysis [9–14,16,17,21,22,28–39].
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To investigate potential sources of significant heterogeneity, we conducted a sensitivity
analysis by re-running the meta-analysis while excluding one study at a time. The exclusion
of individual studies did not substantially alter the overall estimate of the meta-analysis,
nor did it reduce the measures of heterogeneity; see Figure 3.

Figure 3. A sensitivity analysis of the included studies in the chemerin GDM meta-
analysis [9–14,16,17,21,22,28–31,33–39].

No asymmetry was observed in the funnel plot, indicating the absence of publication
bias (see Figure 4). This finding was further confirmed quantitatively by Egger’s test
(t = 0.24, df = 27, p = 0.809) and Begg’s test (z = 1.26, p = 0.208), which showed no evidence
of publication bias.

Figure 4. A funnel plot to detect the publication bias in the studies included in the meta-analysis.
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3.4. Subgroup Analysis and Meta-Regression

The included studies were stratified into subgroups to identify potential sources of
heterogeneity. The selected studies were categorized into two groups based on the average
age of the patients: ≥30 years and <30 years. The group aged <30 years revealed higher
chemerin levels in cases with GDM than in controls [SMD = 2.31 (95% CI (0.82; 3.79);
p < 0.01], while no significant difference was observed in the group aged ≥30 years
(see Table 2). Additionally, we grouped the studies according to the average patients’
BMI into ≥28 kg/m2 and <28 kg/m2 groups. Only the group with BMI < 28 kg/m2

showed higher chemerin levels in GDM cases compared to the control group [SMD = 1.30
(95% CI (0.24; 2.35); p = 0.021] (see Table 2). We also conducted a subgroup analysis based
on the types of commercial ELISA kits used to measure chemerin levels. Specifically, eight
studies used R&D Systems kits, five used Biovendor, three used HCB, three used Millipore,
two used Glory Bioscience, two used Elabscience, one used TaKaRa Biotechnology, one
used Shanghai Korain Biotech, and one used Meilian. Additionally, three studies did not
report the name of the ELISA kit used. Despite this stratification, substantial heterogeneity
persisted across all subgroups (see Table S3).

Table 2. Subgroup analysis of the chemerin levels in gestational diabetes mellitus.

Subgroup Number of
Studies

Number
of GDM

Number of
Controls SMD (95% CI) I2-Index

Trimester
First/second 16 1274 1305 0.83 (−0.25; 1.91) 98.0%

Third 13 461 396 1.16 (−13; 2.45) 98.0%

Continent
Asia 18 1131 1087 1.39 (0.12; 2.66) * 98.0%

Others 11 604 614 0.29 (−0.23; 81) 93.0%

Study Design
Case–control 22 1376 1344 1.27 (0.20; 2.33) * 98.0%

Others 7 359 357 0.11 (−0.04; 0.27) 0.0%

Patients’ age
≥30 years 16 1082 952 −0.05 (−0.57; 0.47) 95.0%
<30 years 13 653 749 2.31 (0.82; 3.79) * 98.0%

Patients’ BMI
≥28 kg/m2 11 762 636 0.45 (−0.83; 1.73) 97.0%
<28 kg/m2 18 973 1065 1.30 (0.24; 2.35) * 98.0%

* statistical significance; BMI: body mass index; SMD: standardized mean difference; 95% CI: 95%
confidence interval.

Additionally, the studies were divided based on the pregnancy period at which
chemerin was measured. In this subgroup, the studies were split into two groups:
first/second trimester and third trimester groups. No statistical significance was observed
between these two gestational periods; see Table 2. Furthermore, the studies were sub-
categorized according to study design into a case–control group and other design groups
(including cross-sectional and cohort). The case–control study group demonstrated signifi-
cantly higher chemerin levels in GDM cases compared to controls, while the other design
groups showed no significant difference; see Table 2. Likewise, the studies conducted in
Asia showed significantly higher chemerin levels in GDM cases than in controls, while
the studies conducted in other continents showed no statistically significant difference;
see Table 2.

Met-regression analysis showed that only patient aged ≥30 years significantly influ-
enced the overall effect [estimation coefficient = −2.13 (95% CI (−3.82; −0.411); p = 0.015],
while none of the investigated continuous variables (study’s year of publication, NOS
score, and study sample size) nor the other categorical variables (study design, trimester
of measuring chemerin, study continent, and patients’ BMI) had a significant impact on
chemerin levels; see Table 3.
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Table 3. Meta-regression analysis of the chemerin levels in gestational diabetes mellitus.

Covariate Estimation Coefficient Standard Error p-Value 95% CI

NOS score 0.64 0.679 0.340 (−0.68; 1.97)

Year of publication −0.02 0.196 0.928 (−0.40; 0.36)

Sample size 0.01 0.004 0.689 (−0.01; 0.02)

Trimester
First/second Reference Reference

Third 0.56 1.253 0.654 (−1.89; 3.01)

Continent
Asia Reference Reference

Others −1.17 1.004 0.241 (−3.14; 0.79)

Study Design
Case–control Reference Reference

Others 0.75 1.085 0.487 (−1.37; 2.87)

BMI
≥28 kg/m2 −0.48 0.972
<28 kg/m2 Reference Reference 0.618 (−2.38; 1.42)

Age
≥30 years −2.13 0.877
<30 years Reference Reference 0.015 (−3.82; −0.411)

BMI: body mass index; 95% CI: 95% confidence interval; NOS: Newcastle–Ottawa Scale.

4. Discussion
The main finding of this updated meta-analysis is that the levels of chemerin were sig-

nificantly higher in pregnant women with GDM than in normoglycemic controls. This find-
ing aligns with the previous meta-analysis by Zhou and coworkers [24], yet it contradicts
the latest meta-analysis by Sun and colleagues [25]. The current updated meta-analysis in-
cludes 22 studies, which is exactly double the 11 studies included in Zhou et al.’s study [24]
and the 10 studies included in Sun et al.’s [25] meta-analysis. In this study, no evidence of
publication bias was observed, and the sensitivity analysis revealed that no single study in-
fluenced the overall effect or impacted the heterogeneity levels, indicating that the obtained
result is robust.

Subgroup analysis showed that the group of patients aged less than 30 years had
significantly higher chemerin levels than the controls. Additionally, the meta-regression
analysis results indicated that only the group of patients aged ≥30 had decreasing levels of
chemerin twice that found in patients under 30 years, suggesting a negative correlation
between chemerin and patients’ age. This finding is in line with two previous meta-
analyses [24,25]. However, little is known about the relationship between patients’ age and
chemerin levels. Therefore, more studies are needed to explore this relationship in depth.

In this study, subgroups with lower BMI showed significantly higher chemerin levels
in cases with GDM compared to controls. This finding is in line with the previous meta-
analysis by Zhou et al. [24]; however, it contradicts the latest meta-analysis by Sun and
colleagues [25]. This is in spite of the fact that chemerin is synthesized and secreted
primarily from the adipose tissue, and studies have demonstrated that maternal BMI is
positively correlated with chemerin levels [9,11]. One of the possible explanations of our
finding is that we use the gestational BMI as a measure of obesity, which is less sensitive
and unlike other indices such as the waist-to-height ratio and waist-to-hip ratio, which can
predict metabolic disturbances [44,45].

In this study, the trimester at which chemerin was measured did not differ significantly
between the group of studies that measured chemerin in the third trimester and those that
measured it in either the first or second trimester. A previous study reported that, in the
second trimester, chemerin levels are higher than those in the third trimester [46]. Yet,
others have reported that chemerin is higher in the third trimester [13]. It has also been
reported that, in addition to adipocytes, chemerin is released by serum albumin, which
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decreases as pregnancy advances due to the shift in nutrients toward the growing fetus
rather than the mother [24]. However, in this study, this association is not clear, and more
research is needed to draw a conclusion on this.

As found in the previous meta-analysis [24], GDM cases in Asian studies showed
significantly higher chemerin levels than controls. This finding may be due to variations
in genetic makeup across different ethnic groups. A recent Chinese cohort study and
an Iranian study showed that chemerin gene SNPs, such as rs4721 and rs17173608 poly-
morphisms, can increase the risk of GDM [37,47]. Moreover, it has been confirmed that
these chemerin SNPs can affect levels of expression and circulating chemerin [37,48]. From
another perspective, there are variations in dietary habits across different populations [49].
Experimental evidence showed that feeding mice a high-fat diet significantly affects the
levels of chemerin [50]. Perhaps differences in maternal dietary habits may partially explain
the variations in chemerin levels.

It is worth mentioning that all included studies used ELISA to measure chemerin
levels. However, we observed wide variations in the reported chemerin concentrations
across studies. This variability may be attributed to differences in the ELISA kits used.
Specifically, nine different ELISA kits—each with distinct calibration standards and detec-
tion limits—were employed across the studies. Furthermore, some of these commercial
ELISA kits are based on polyclonal antibodies [51]. Previous evidence has shown that
ELISA kits used to measure irisin—an adipomyokine—based on polyclonal antibodies
exhibited high cross-reactivity with other proteins, potentially inflating the measured irisin
concentrations [52]. Although no such cross-reactivity has been reported for chemerin to
date, this possibility remains to be investigated and could represent a potential source of
variability and heterogeneity in chemerin measurements.

Adipokines have been proposed as predisposing factors in the pathogenesis of
GDM [53] and other pregnancy complications such as pre-eclampsia [54]. Several re-
ports have shown that chemerin, in particular, is strongly associated with insulin resis-
tance [14,28,33], a hallmark feature of GDM. Evidence indicates that chemerin receptors are
extensively expressed in various endocrine organs, including the pancreas, ovaries, and
placenta, pointing to their biological activity in these organs [55]. Experimental studies
have demonstrated that chemerin is involved in regulating β-cell function, which includes
the release of insulin and glucose homeostasis [56]. Moreover, it has been reported that
chemerin may interfere with glucose uptake, thereby potentially aggravating hyperglycemia
in GDM [57]. From another perspective, chemerin, as a pro-inflammatory cytokine, acts as a
chemoattractant chemokine, potentially inducing or promoting inflammation [58]. Addition-
ally, chemerin levels are well correlated with other inflammatory cytokines such as IL-6 and
TNF-α, which are known to be involved in GDM pathogenesis [59,60]. Collectively, these
premises provide a rationale for proposing chemerin as a predisposing factor for GDM.

While most of these events are observed on the maternal side, altered chemerin levels
also impact fetal development. It has been reported that elevated chemerin levels are asso-
ciated with increased fetal growth, leading to higher birth weight, large-for-gestational-age
infants, and the development of macrosomia, a common complication of GDM [61,62]. This
observation is supported by a very recent experimental animal study by Zhou et al., 2024,
which reported that elevated chemerin levels may promote fetal overgrowth and help
neutralize placental oxidative stress [63]. On the other hand, another animal model study
on GDM showed that chemerin aggregation may contribute to fetal cognitive disorder
through the activation of the pyroptosis pathway in macrophages [64]. These contrasting
findings imply that chemerin’s effect on fetal development may be dose-dependent.

Although this meta-analysis included 22 studies, providing a robust association be-
tween chemerin levels and GDM, and no publication bias was observed either through
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funnel plot visualization or quantitative tests, it has several limitations that need to be ad-
dressed for better interpretation. Firstly, the heterogeneity among the studies is significant,
and the subgroup analysis did not resolve the sources of this heterogeneity. Secondly, the
results of the subgroup analysis may be influenced by the number of studies allocated
to each group rather than reflecting a true biological association. Thirdly, most of the
included studies followed a case–control design, and therefore, causality cannot be inferred
or deduced. Lastly, insulin resistance indices were not investigated in this study, as not all
studies provided this data; hence, this important covariate cannot be computed.

5. Conclusions
In conclusion, this updated meta-analysis demonstrated that chemerin levels were

significantly higher in cases of GDM compared to normoglycemic controls. Chemerin
levels were found to be significantly higher in studies conducted in Asia, in studies
with a case–control design, in patients younger than 30 years, and in patients with a
BMI < 28 kg/m2. However, due to significant heterogeneity, a random-effects model was
applied; therefore, the findings should be interpreted with caution. Further studies with
longitudinal designs are needed to explore in depth the association between chemerin
levels and GDM.
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Evaluation of Adipokine Metrics for the Diagnosis of Gestational Diabetes Mellitus. Int. J. Mol. Sci. 2023, 25, 175. [CrossRef]

39. Ma, Z.; Chu, L.; Zhang, Y.; Lu, F.; Zhu, Y.; Wu, F.; Zhang, Z. Is Chemerin Associated with Gestational Diabetes Mellitus?
A Case-Control Study. Diabetes Metab. Syndr. Obes. 2023, 16, 2271–2281. [CrossRef]

40. Coustan, D.; Carpenter, M. The Diagnosis of Gestational Diabetes. Diabetes Care 1998, 21 (Suppl. 2), B5–B8.
41. Wells, G.; Shea, B.; O’Connell, D.; Peterson, J.; Welch, V.; Losos, M.; Tugwell, P. Ottawa Hospital Research Institute. Available

online: http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp (accessed on 10 December 2021).
42. Balduzzi, S.; Rücker, G.; Schwarzer, G. How to Perform a Meta-Analysis with R: A Practical Tutorial. Evid. Based Ment. Health

2019, 22, 153–160. [CrossRef]
43. Sedgwick, P. Meta-Analyses: Heterogeneity and Subgroup Analysis. BMJ 2013, 346, f4040. [CrossRef]
44. Savva, S.C.; Lamnisos, D.; Kafatos, A.G. Predicting Cardiometabolic Risk: Waist-to-Height Ratio or BMI. A Meta-Analysis.

Diabetes Metab. Syndr. Obes. 2013, 6, 403–419. [CrossRef]
45. Cheng, C.H.; Ho, C.C.; Yang, C.F.; Huang, Y.C.; Lai, C.H.; Liaw, Y.P. Waist-to-Hip Ratio Is a Better Anthropometric Index than

Body Mass Index for Predicting the Risk of Type 2 Diabetes in Taiwanese Population. Nutr. Res. 2010, 30, 585–593. [CrossRef]
[PubMed]

46. Hare, K.J.; Bonde, L.; Svare, J.A.; Randeva, H.S.; Asmar, M.; Larsen, S.; Vilsbøll, T.; Knop, F.K. Decreased Plasma Chemerin Levels
in Women with Gestational Diabetes Mellitus. Diabet. Med. 2014, 31, 936–940. [CrossRef]

47. Hasanvand, Z.; Sadeghi, A.; Rezvanfar, M.R.; Goodarzi, M.T.; Rahmannezhad, G.; Mashayekhi, F.J. Association between Chemerin
Rs17173608 and Rs4721 Gene Polymorphisms and Gestational Diabetes Mellitus in Iranian Pregnant Women. Gene 2018, 649,
87–92. [CrossRef] [PubMed]

48. Müssig, K.; Staiger, H.; Machicao, F.; Thamer, C.; Machann, J.; Schick, F.; Claussen, C.D.; Stefan, N.; Fritsche, A.; Häring, H.U. RAR-
RES2, Encoding the Novel Adipokine Chemerin, Is a Genetic Determinant of Disproportionate Regional Body Fat Distribution:
A Comparative Magnetic Resonance Imaging Study. Metabolism 2009, 58, 519–524. [CrossRef] [PubMed]

49. Hamdan, H.Z.; Hamdan, S.Z.; Adam, I. Association of Selenium Levels with Preeclampsia: A Systematic Review and Meta-
Analysis. Biol. Trace Elem. Res. 2023, 201, 2105–2122. [CrossRef]

50. Lloyd, J.W.; Zerfass, K.M.; Heckstall, E.M.; Evans, K.A. Diet-Induced Increases in Chemerin Are Attenuated by Exercise and
Mediate the Effect of Diet on Insulin and HOMA-IR. Ther. Adv. Endocrinol. Metab. 2015, 6, 189–198. [CrossRef]

51. Human Chemerin ELISA—Quantikine DCHM00: R&D Systems. Available online: https://www.rndsystems.com/products/
human-chemerin-quantikine-elisa_dchm00#product-details (accessed on 4 July 2025).

52. Albrecht, E.; Norheim, F.; Thiede, B.; Holen, T.; Ohashi, T.; Schering, L.; Lee, S.; Brenmoehl, J.; Thomas, S.; Drevon, C.A.; et al.
Irisin—A Myth Rather than an Exercise-Inducible Myokine. Sci. Rep. 2015, 5, 8889. [CrossRef]

53. Yu, M.; Yang, Y.; Huang, C.; Ge, L.; Xue, L.; Xiao, Z.; Xiao, T.; Zhao, H.; Ren, P.; Zhang, J.V. Chemerin: A Functional Adipokine in
Reproductive Health and Diseases. Biomedicines 2022, 10, 1910. [CrossRef]

54. Hamdan, H.Z.; Ali, T.; Adam, I. Association between Retinol-Binding Protein 4 Levels and Preeclampsia: A Systematic Review
and Meta-Analysis. Nutrients 2022, 14, 5201. [CrossRef]

55. Kennedy, A.J.; Davenport, A.P. International Union of Basic and Clinical Pharmacology CIII: Chemerin Receptors CMKLR1
(Chemerin1) and GPR1 (Chemerin2) Nomenclature, Pharmacology, and Function. Pharmacol. Rev. 2018, 70, 174–196. [CrossRef]

56. Takahashi, M.; Okimura, Y.; Iguchi, G.; Nishizawa, H.; Yamamoto, M.; Suda, K.; Kitazawa, R.; Fujimoto, W.; Takahashi, K.;
Zolotaryov, F.N.; et al. Chemerin Regulates β-Cell Function in Mice. Sci. Rep. 2011, 1, 123. [CrossRef] [PubMed]

57. Sell, H.; Laurencikiene, J.; Taube, A.; Eckardt, K.; Cramer, A.; Horrighs, A.; Arner, P.; Eckel, J. Chemerin Is a Novel Adipocyte-
Derived Factor Inducing Insulin Resistance in Primary Human Skeletal Muscle Cells. Diabetes 2009, 58, 2731–2740. [CrossRef]

58. Su, X.; Cheng, Y.; Zhang, G.; Wang, B. Chemerin in Inflammatory Diseases. Clin. Chim. Acta 2021, 517, 41–47. [CrossRef] [PubMed]

https://doi.org/10.1016/j.peptides.2018.01.005
https://www.ncbi.nlm.nih.gov/pubmed/29337272
https://doi.org/10.1186/s12933-018-0776-y
https://doi.org/10.1080/09513590.2020.1749999
https://www.ncbi.nlm.nih.gov/pubmed/32274942
https://doi.org/10.3803/EnM.2020.831
https://www.ncbi.nlm.nih.gov/pubmed/33677933
https://doi.org/10.1016/j.gene.2021.145888
https://doi.org/10.3390/ijms25010175
https://doi.org/10.2147/DMSO.S417632
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://doi.org/10.1136/ebmental-2019-300117
https://doi.org/10.1136/bmj.f4040
https://doi.org/10.2147/DMSO.S34220
https://doi.org/10.1016/j.nutres.2010.08.007
https://www.ncbi.nlm.nih.gov/pubmed/20934599
https://doi.org/10.1111/dme.12436
https://doi.org/10.1016/j.gene.2018.01.061
https://www.ncbi.nlm.nih.gov/pubmed/29360607
https://doi.org/10.1016/j.metabol.2008.11.011
https://www.ncbi.nlm.nih.gov/pubmed/19303973
https://doi.org/10.1007/s12011-022-03316-1
https://doi.org/10.1177/2042018815589088
https://www.rndsystems.com/products/human-chemerin-quantikine-elisa_dchm00#product-details
https://www.rndsystems.com/products/human-chemerin-quantikine-elisa_dchm00#product-details
https://doi.org/10.1038/srep08889
https://doi.org/10.3390/biomedicines10081910
https://doi.org/10.3390/nu14245201
https://doi.org/10.1124/pr.116.013177
https://doi.org/10.1038/srep00123
https://www.ncbi.nlm.nih.gov/pubmed/22355640
https://doi.org/10.2337/db09-0277
https://doi.org/10.1016/j.cca.2021.02.010
https://www.ncbi.nlm.nih.gov/pubmed/33631197


Int. J. Mol. Sci. 2025, 26, 6622 14 of 14

59. Moreli, J.B.; Corrêa-Silva, S.; Damasceno, D.C.; Sinzato, Y.K.; Lorenzon-Ojea, A.R.; Borbely, A.U.; Rudge, M.V.C.; Bevilacqua, E.;
Calderon, I.M.P. Changes in the TNF-Alpha/IL-10 Ratio in Hyperglycemia-Associated Pregnancies. Diabetes Res. Clin. Pract.
2015, 107, 362–369. [CrossRef]

60. Wang, X.; Liu, J.; Wang, D.; Zhu, H.; Kang, L.; Jiang, J. Expression and Correlation of Chemerin and FABP4 in Peripheral Blood of
Gestational Diabetes Mellitus Patients. Exp. Ther. Med. 2019, 19, 710–716. [CrossRef] [PubMed]

61. Mazaki-Tovi, S.; Kasher-Meron, M.; Hemi, R.; Haas, J.; Gat, I.; Lantsberg, D.; Hendler, I.; Kanety, H. Chemerin Is Present in
Human Cord Blood and Is Positively Correlated with Birthweight. Am. J. Obstet. Gynecol. 2012, 207, 412.e1–412.e10. [CrossRef]

62. Boutsikou, T.; Briana, D.D.; Boutsikou, M.; Kafalidis, G.; Stamati, L.; Baka, S.; Hassiakos, D.; Gourgiotis, D.; Malamitsi-Puchner, A.
Cord Blood Chemerin and Obestatin Levels in Large for Gestational Age Infants. J. Matern.-Fetal Neonatal Med. 2013, 26, 123–126.
[CrossRef]

63. Zhou, X.; Jiang, Y.; Wang, Z.; Wei, L.; Zhang, H.; Fang, C.; Zhu, S.; Du, Y.; Su, R.; Li, W.; et al. Chemerin Alleviates the Placental
Oxidative Stress and Improves Fetal Overgrowth of Gestational Diabetes Mellitus Mice Induced by High Fat Diet. Mol. Med.
2024, 30, 239. [CrossRef]

64. Liang, Z.; Han, L.; Sun, D.; Chen, Y.; Wu, Q.; Zhang, L.; Zhou, M.; Chen, D. Chemerin-Induced Macrophages Pyroptosis in Fetal
Brain Tissue Leads to Cognitive Disorder in Offspring of Diabetic Dams. J. Neuroinflammat. 2019, 16, 226. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.diabres.2015.01.005
https://doi.org/10.3892/etm.2019.8247
https://www.ncbi.nlm.nih.gov/pubmed/31897106
https://doi.org/10.1016/j.ajog.2012.08.008
https://doi.org/10.3109/14767058.2012.728648
https://doi.org/10.1186/s10020-024-01007-2
https://doi.org/10.1186/s12974-019-1573-6

	Introduction 
	Methods 
	Study Protocol and Search Strategy 
	Inclusion Criteria 
	Exclusion Criteria 
	Definition of the Outcome of Interest 
	Assessment of Risk of Bias 
	Data Extraction 
	Statistical Analysis 

	Results 
	Study Selection 
	Features of Selected Studies 
	Meta-Analysis Results 
	Subgroup Analysis and Meta-Regression 

	Discussion 
	Conclusions 
	References

