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ABSTRACT

Background: To quantitatively synthesize evidence from prospective observational studies
regarding the mean levels of circulating adiponectin in patients with gestational diabetes mellitus
(GDM) and the association between adiponectin levels and GDM risk.

Methods: PubMed, EMBASE and Web of Science were searched from their inception until
November 8th, 2022, for nested case-control studies and cohort studies. Random-effect models
were applied to the synthesized effect sizes. The difference in circulating adiponectin levels
between the GDM and control groups was measured using the pooled standardized mean
difference (SMD) and 95% confidence interval (Cl). The relationship between circulating adiponectin
levels and GDM risk was examined using the combined odds ratio (OR) and 95% Cl. Subgroup
analyses were performed according to the study continent, GDM risk in the study population,
study design, gestational weeks of circulating adiponectin detection, GDM diagnostic criteria, and
study quality. Sensitivity and cumulative analyses were performed to evaluate the stability of the
meta-analysis. Publication bias was assessed by funnel plots and Egger’s test.

Results: The 28 studies included 13 cohort studies and 15 nested case-control studies, containing
12,256 pregnant women in total. The mean adiponectin level in GDM patients was significantly
lower than in controls (SMD = —1.514, 95% Cl = —2.400 to —0.628, p=.001, > = 99%). The risk of
GDM was significantly decreased among pregnant women with increasing levels of circulating
adiponectin (OR = 0.368, 95% Cl = 0.271-0.500, p<.001, =83%). There were no significant
differences between the subgroups.

Conclusions: Our findings indicate that increasing circulating adiponectin levels were inversely
associated with the risk of GDM. Given the inherent heterogeneity and publication bias of the
included studies, further well-designed large-scale prospective cohort or intervention studies are
needed to confirm our finding.
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KEY MESSAGES
Increasing circulating adiponectin levels in the first to the second trimester could decrease the
risk of incident GDM.

1. Introduction

Gestational diabetes mellitus (GDM) is defined as glu-
cose intolerance first found in pregnancy, which affects
more than 16.7% of pregnant women worldwide [1].
GDM is one of the most common pregnancy-related
complications and has been proven to increase the

risk of adverse pregnancy outcomes such as caesarean
section, preterm birth, large for gestational age, and
macrosomia [2]. In addition, GDM not only increases
the long-term risk of cardiovascular disease (CVD),
type 2 diabetes (T2DM), and dyslipidemia in mothers
but is also associated with metabolic syndrome,
impaired glucose tolerance, and neurodevelopmental
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abnormalities in children [3-8]. It is well known that
insulin resistance (IR) and pancreatic B-cells dysfunc-
tion play an important role in the development of
GDM [9,10]. However, the exact etiology of GDM
remains unclear. Hence, it is important to identify risk
factors or biomarkers for the disease.

Adiponectin, a 30kDa collagen-like protein product
solely secreted by adipocytes, has been proven to
have antidiabetic properties as a hormone mainly by
participating in insulin signaling and gluconeogenesis
[11]. A previous systematic review and meta-analysis of
prospective studies also revealed that higher plasma
adiponectin levels are associated with a lower risk of
T2DM, with a dose-response relationship in the gen-
eral population [12]. Another meta-analysis performed
on pregnant women showed that measurement of cir-
culating adiponectin before pregnancy or early preg-
nancy could improve the identification accuracy of
pregnant women at high risk for GDM [13]. Furthermore,
several epidemiological studies from pregnant women
also reported plasma or serum adiponectin levels in
GDM patients. They investigated the relationship
between circulating adiponectin and GDM, but the
conclusions were inconsistent [14-17]. Hence, we per-
formed this systematic review and meta-analysis to
determine the difference in circulating adiponectin lev-
els between GDM and normal pregnant women and
to examine the relationship between circulating adi-
ponectin levels and the risk of GDM.

2. Methods
2.1. Search strategy

This systematic review and meta-analysis was regis-
tered at the PROSPERO (ID: CRD42022332382) and
performed according to the Meta-Analysis of
Observational Studies in Epidemiology (MOOSE) state-
ment [18]. Two researchers conducted the systematic
literature search independently from PubMed, EMBASE
and Web of Science from their inception until
November 8th, 2022. The following search strategies
were performed: (1) (‘adiponectin’ [Mesh term] or ‘adi-
ponectin’ [title/abstract]) AND (‘Diabetes, Gestational’
[Mesh term] OR ‘gestational diabetes’ [title/abstract] OR
‘gestational diabetes mellitus’ [title/abstract] OR ‘GDM’
[title/abstract]) in PubMed; (2) ((adiponectin):ti,ab,kw)
AND ((GDM):ti,abkw OR (‘gestational diabetes’):ti,ab,kw
OR (‘gestational diabetes mellitus’):tiab,kw OR (‘preg-
nancy induced diabetes’):tiab,kw) in EMBASE; (3) ‘adi-
ponectin’ AND (‘gestational diabetes’ OR ‘gestational
diabetes mellitus’ OR ‘GDM’ or ‘pregnancy-induced dia-
betes’) in Web of Science. In addition, potential

references from identified articles and reviews were
also searched. No language or geographic area restric-
tions were applied. Endnote 20 software was used for
studies’ management.

2.2. Study selection criteria

We performed a two-step study selection program. First,
two independent researchers screened for titles and
abstracts to identify relevant studies by the following
criteria: (1) observational studies, (2) investigated the
association between serum or plasma adiponectin and
GDM, (3) measured the circulating adiponectin levels
before the GDM diagnosis. Reviews, letters, protocol,
animal studies or in vitrol studies were excluded in the
current step. Subsequently, studies identified by the first
step were reviewed through full texts in the second
step. Articles were excluded in this step if the informa-
tion reported is insufficient to obtain the standard mean
difference (SMD), adjusted odds ratio (OR) and their
95% confidence interval (Cl). When more than one arti-
cles were from the same population, we only included
the most relevant study in the meta-analysis. Any dis-
pute of the two researchers were resolved by discussing
with the third researcher.

2.3. Data extraction

Two researchers independently extracted data from
included studies using a predesigned standard ized
data form. Relevant information included the first
author's name, year of publication, country of the
study, study design, sample size, GDM diagnostic
approach, GDM risk of study participants, gestation
weeks (GW) of circulating adiponectin detection, adi-
ponectin levels and units, adjusted OR with 95% Cls,
and adjusted or matched variables.

2.4. Quality assessment

The methodological quality of included studies was
assessed by two researchers independently using
Newcastle-Ottawa-Scale (NOS) [19]. Briefly, the NOS
including 8 items from three domain (selection, com-
parability, and outcomes of interest) with a range of
0-9 stars. We considered a study with > 7 stars as a
high-quality study [20].

2.5. Statistical analysis

The SMD and 95% Cl were summarized to measure
the difference of circulating adiponectin level between



the GDM and normal glucose tolerance (NGT) group. If
the adiponectin level was expressed as median with
interquartile range, the mean and SD were converted
by the equations from Luo et al. and Wan et al. [21,22].
Additionally, the pooled OR and 95% Cl were also cal-
culated to summarized the association between circu-
lating adiponectin and developing GDM. When
heterogeneities were detected by the p-value < .05 in
the Cochran Q test or the [? statistics > 50%, the
DerSimonian and Laird random effects model was
adopted to calculate pooled effect size and presented
as forest plots with 95% Cl [23,24]. Otherwise, the
inverse variance fixed effect model was selected [25].
Subgroup analyses were performed on the basis of
study continent, GDM risk in the study population,
study design, GW of circulating adiponectin detection,
GDM diagnostic criteria and study quality. Sensitivity
and cumulative analyses were conducted to evaluate
the stability of this meta-analysis. Publication bias was
assessed by funnel plots and Egger’s test. All data
analyses were performed using R software (ver-
sion 4.2.1).

3. Results

3.1. Literature search

The process of studies selection was illustrated in
Figure 1. Briefly, 1686 relevant literature were identified
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by the initial search from PubMed, EMBASE and Web of
Science. After excluded 787 duplicate records, titles and
abstracts were screening with 865 articles removed.
This left 34 papers for full-text review, of which 6 were
excluded: data not sufficient to calculate SMD or
adjusted OR in five studies [26-30], while the cohort in
one study already been included [31]. Finally, a total of
28 articles were included in the meta-analysis
[14-17,32-55].

3.2. Study characteristics

Detailed characteristics of the included 28 studies
were shown in Table 1. The year of publication ranged
from 2004 to 2022. These 28 studies performed in 14
different countries, covering four continents: 7 in Asia
[15,17,36,41,43,47,54], 12 in Europe [14,16,33,34,38,44—
46,48,49,51,52], 6 in North America [35,39,40,42,53,55]
and 3 in Oceania [32,37,50]. The sample size of
included studies ranged from 28 to 2590. A total of
12,256 pregnant women involved in the meta-analysis,
of which 2422 suffered from GDM. In addition, 6 stud-
ies included pregnant women with high GDM risk

[32,33,38,44,46,52], 20 studies involved pregnant
women with low GDM risk [14-17,34-37,39-
43,45,47,49,50,53-55], and remaining 2 studies

recruited pregnant women with both high and low
GDM risk [48,51]. There were 13 cohort studies [16,17,
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Figure 1. Flow chart of study selection.
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32,33,38,39,41,42,44,46,51,52,54], 11 matched nested-
case control studies [14,15,34,35,37,40,45,48-50,55]
and 4 non-matched nested-case control studies
[36,43,47,53]. Blood samples collected in these 28
studies ranged from 6 to 20 weeks of gestation. Among
them, 18 studies assayed circulating adiponectin in the
first trimester [14,16,17,34,35,37-41,43,45-51], and 10
assayed in the first to the second trimester
[15,32,33,36,42,44,52-55]. The 1-step GDM diagnostic
approach were adopted in 15 studies [14-17,32,33,37-
39,43,44,46,51,52,54], while the other 13 studies used a
2-step approach [34-36,40-42,45,47-50,53,55]. In addi-
tion, the SMD of circulating adiponectin between the
GDM group and NGT group could be calculated from
22 papers [14-17,32,34,36-43,45-50,52,54], and the
adjusted OR of adiponectin were reported by 15 arti-
cles [14,15,32,33,35,39-42,44,51-55]. The methodologi-
cal quality assessment of included studies according to
NOS was showed in Table 2, and 21 studies were
high-quality [15,17,32,33,35-37,39-44,46,47,49,51-55].

3.3. Different of circulating adiponectin levels
between GDM and NGT

The individual studies and pooled results were shown
in Figure 2. The SMD between GDM and NGT was
evaluated in 8559 pregnant women in 22 studies and
ranged from —9.276 to 0.202. The synthesized results
revealed that the mean level of adiponectin in GDM
was significantly lower than those in NGT pregnant
women (SMD = -1.514, 95% Cl = -2.400 to —0.628,
p=.001, > = 99%). Sensitivity analysis showed the cor-
responding pooled SMD ranged from —1.103 to —1.593,
which were not significantly changed after each study
omitted (Supplementary Figure 1). The publication bias
was observed by Begg’s test (p=.003) but not Egger’s
test (p=.085) (Supplementary Figure 2).

Subgroup analyses were performed in Figure 3.
There was no significant diversity between different
continents (Asia: SMD = —-0.948, 95% C| = —1.565 to
—0.332; Europe: SMD = -0.710, 95% Cl = -1.181 to
—0.240; North America: SMD = —4.938, 95% Cl = —9.930
to 0.053; Oceania: SMD = —1.707, 95% Cl = -3.904 to
0.490; p among subgroups=.308), GDM risk of study
population (high-risk women: SMD = -1.147, 95% Cl =
—2.318 to 0.024; low-risk women: SMD = —1.604, 95%
Cl = -2.693 to -0.516; p among subgroups=.575),
study design (cohort study: SMD = —1.724, 95% Cl =
—3.512 to 0.064; matched nested case-control study:
SMD = —1.281, 95% Cl = —2.264 to —0.299; non-matched
nested case-control study: SMD = —1.462, 95% Cl =
—2.794 to -0.130; p among subgroups=.909), GW of
adiponectin detection (1st trimester: SMD = —1.145,

95% Cl = —1.823 to —0.466; 1st to 2nd trimester: SMD
= —-2.427, 95% Cl = -5.179 to -0.324; p among sub-
groups=.375), GDM diagnostic approach (1-step
approach: SMD = -1.055, 95% Cl = —-1.757 to —0.354;
2-step approach: SMD = —1.945, 95% Cl = -3.602 to
—0.289; p among subgroups=.332), and methodologi-
cal quality (high quality studies: SMD = —1.855, 95% Cl
= —3.131 to —0.579; low quality studies: SMD = -0.811,
95% Cl = —1.489 to —-0.134; p among subgroups =
0.157. A cumulative analysis based on publication year
in Supplementary Figure 3 showed that the pooled
SMD did not substantially alter over time.

3.4. Relationship between circulating adiponectin
levels and GDM risks

The OR and 95% Cl of increased circulating adiponec-
tin levels for GDM risks in individual studies ranged
from 0.098 to 0.893 and summarized as 0.368 (95% ClI
= 0271 to 0.500, p<.001, ? = 83%) (Figure 4).
Sensitivity analysis was shown in Supplementary Figure
4: after deleting each study, the pooled OR remained
stable between 0.344 and 0.384. The publication bias
was observed by Egger’s test (p<.001) but not Begg’s
test (p=.138) (Supplementary Figure 5).

Subgroup analyses of were shown in Figure 5. The
relationship between increased circulating adiponectin
and decreased GDM risks were similar in different con-
tinents (Asia: OR = 0.339, 95% Cl = 0.177-0.647;
Europe: OR = 0.366, 95% Cl = 0.233-0.600; North
America: OR = 0.348, 95% Cl = 0.177-0.687; Oceania:
OR = 0.370, 95% ClI = 0.187-0.730; p among subgroups
= 0.997), GDM risk of study population (high-risk
women: OR = 0.428, 95% Cl = 0.279-0.658; low-risk
women: OR = 0.323, 95% Cl = 0.208-0.501; p among
subgroups = 0.368), study design (cohort study: OR =
0416, 95% ClI = 0.293-0.589; matched nested
case-control study: OR = 0.251, 95% Cl = 0.116-0.544;
non-matched nested case-control study: OR = 0.217,
95% Cl = 0.086-0.552; p among subgroups = 0.270),
GW of adiponectin detection (Ist trimester: OR =
0.277, 95% Cl = 0.157-0.489; 1st to 2nd trimester: OR
= 0.445, 95% Cl = 0.324-0.611; p among subgroups =
0.154), GDM diagnostic approach (1-step approach: OR
= 0.428, 95% Cl = 0.301-0.607; 2-step approach: OR
0.259, 95% Cl = 0.150-0.449; p among subgroups
0.132), and methodological quality (high quality stud-
ies: OR = 0.379, 95% Cl = 0.279-0.515; low quality
studies: OR = 0.120, 95% Cl| = 0.021-0.700; p among
subgroups = 0.208). A cumulative analysis based on
publication year in Supplementary Figure 6 showed
that the pooled OR did not substantially change over
time after 2013.
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GDM Control

Study Total Mean SD Total Mean sD
Ye, Y. 2022 332 6.50 3.49 664 7.80 3.49
Lomakova, Y. D. 2022 77 14.79 1.04 1406 17.87 0.24
Al-Musharaf, S. 2021 99 79.00 74.20 133 84.90 75.40
Florian, A. R. 2021 21 39.05 41.74 47 32.72 24.92
Schuitemaker, J. H. N. 2020 50 2.83 0.23 100 2.94 0.20
Ramachandrayya, S. A. 2020 38 9.70 1.96 38 10.20 3.20
Madhu, S. V. 2019 45 7.21 249 45 12.20 291
Lee, S. M. 2019 36 2.07 1.24 572 5.61 3.79
Sweeting, A. N. 2019 248 0.87 0.28 732 1.02 0.35
Yuan, X. S. 2018 86 7.75 3.57 273 10.94 2.70
Abell, S. K. 2017 25 1.64 0.66 78 2.57 1.23
White, S. L. 2016 337 3.00 0.90 966 3.50 0.90
Ravnsborg, T. 2016 (Obesity) 101 6.49 4.34 104 8.80 3.91
Ravnsborg, T. 2016 (Non-obesity) 48 8.88 4.47 52 11.13 4.75
Lacroix, M. 2013 38 9.67 3.84 407 11.92 4.59
lanniello, F. 2013 16 1.41 0.14 16 2:27 0.27
Nanda, S. 2011 80 7675.59 4769.85 300 12599.55 6324.32
Ferreira, A. F. 2011 100 7741.99  4894.60 300 12599.55 6324.32
Paradisi, G. 2010 12 1.98 0.76 38 2.32 0.99
Savvidou, M. 2010 124 7.38 4.19 248 9.88 5.57
Lain, K. Y. 2008 30 4.30 0.40 29 6.90 0.60
Georgiou, H. M. 2008 14 3.00 0.20 14 4.90 0.60
Gao, X. L. 2008 20 5.06 1.25 20 9.18 1.95

Random effects model 1977
Heterogeneity: /2 = 99%, t* = 4.6133, p = 0

6582

Standardised Mean

Difference SMD 95%-Cl Weight
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Figure 2. The pooled SMD and 95% Cl of circulating adiponectin levels between GDM and NGT.

4. Discussion

To the best of our knowledge, the current systematic
review and meta-analysis, including 28 observational
studies, is the first to identify a prospective association
between circulating adiponectin levels and GDM risk.
This study revealed that circulating adiponectin levels
in GDM were significantly lower than those in NGT
pregnant women. In addition, higher adiponectin lev-
els are inversely associated with the incidence of GDM.
These results were robust after sensitivity, subgroup,
and cumulative analyses, suggesting that circulating
adiponectin may be a potential early biomarker for
screening or predicting GDM in pregnant women.
Findings in the current meta-analysis reported that
the mean level of adiponectin in GDM patients was sig-
nificantly lower than that in pregnant women with NGT
(SMD = -1.514, 95% Cl = —2.400 to —0.628). This was
similar to several previous studies reporting decreased
circulating adiponectin levels in patients with abnormal
glucose metabolism. Bao et al. performed a systematic
review and meta-analysis, including 12 prospective
studies. They showed that adiponectin levels in the first
to the second trimester significantly differed between
GDM and non-GDM pregnant women [56]. The pooled
SMD was —1.20 (95% Cl: —1.63 to —0.78], which was
close to the current meta-analysis. Furthermore, another
meta-analysis by Xu et al. pooled results from 15 stud-
ies and reported that circulating adiponectin levels in
GDM were significantly lower than controls (WMD =
—2.85 pg/mL, 95% Cl = —3.64 to —2.06) [57]. Although it

was similar to the results of our meta-analysis, studies
with a cross-sectional design were not excluded in the
research by Xu et al. so it was hard to examine the pro-
spective effect of adiponectin on new-onset GDM.
Interestingly, lower pre-pregnant adiponectin levels
were also demonstrated to be associated with a mark-
edly higher risk of GDM in a subsequent pregnancy.
Therefore adiponectin could be interpreted as playing a
role as a bio-marker to identify women at high risk for
GDM, even before pregnancy [58]. A previous study by
Fuglsang et al. showed that serum adiponectin concen-
trations would change during pregnancy. Before the
second trimester of pregnancy, there is an increase in
circulating levels of adiponectin which progressively
decrease with the progress of gestation. Notably, after
delivery, the decrease in adiponectin levels did not
return to normal, which implies the long-term effect of
adiponectin in pregnancy on maternal glucose metabo-
lism may still exist after delivery [59]. Retnakaran et al's
research has proved this hypothesis. This research
demonstrated that maternal adiponectin levels in
women with postpartum IR or (-cell dysfunction were
significantly reduced, indicating that adiponectin may
participate in pathways linking GDM with T2DM [60].
Similar results were found in the study by Thomann
et al. which found adiponectin levels significantly
decreased in subjects with previous GDM compared
with healthy controls [61]. Moreover, a recent study
demonstrated a potential mediating role for adiponec-
tin between vitamin D and GDM, given the increased
expression of placental neoangiogenesis, inflammation
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Figure 3. Subgroup analyses of circulating adiponectin levels between GDM and NGT by (A) continents, (B) GDM risk of study
population, (C) study design, (D) GW of adiponectin detection, (E) GDM diagnostic approach, (F) methodological quality.

markers, and parathyroid hormone-related protein [62-
64]. Outside pregnancy, similar decreases were showed
in circulating adiponectin levels among patients with
abnormal glucose metabolism. The study by Mir et al.
showed that compared to the control group, the levels
of adiponectin in T2DM patients was significantly
reduced, especially in those diagnosed as obese and
severely obese [65]. Cnop et al. also found that adi-
ponectin levels were significantly decreased in
non-pregnant women with hyperglycemia, IR and T2DM,

or those with higher BMI, intra-abdominal fat and ath-
erogenic lipid profile participants [66].

In the current meta-analysis, we found that increasing
circulating adiponectin levels in the first to the second
trimester could significantly reduce the risk of GDM: the
pooled OR of the higher circulating adiponectin levels for
GDM was 0.368 (95% Cl 0.271-0.500). A previous
meta-analysis including 11 prospective studies showed
that pregnant women with lower circulating adiponectin
levels carrying the 45T/G SNP in the ADIPOQ gene were
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Figure 4. The pooled OR and 95%Cl of increased circulating adiponectin levels for incident GDM.

1.5-2 times more likely to develop GDM, especially in
Asian populations [67]. Another meta-analysis reported
that the measurement of circulating adiponectin before
pregnancy and early pregnancy might improve the abil-
ity to predict women at high risk of developing GDM
(diagnostic OR = 6.4, 95% Cl = 4.1-9.9) [13]. Interestingly,
they also found that adiponectin performs better in the
‘low risk of GDM’ compared with the ‘high risk of GDM’
population. This was consistent with findings in our
meta-analysis: the protective effect of increasing adi-
ponectin in ‘low-risk’ pregnant women was stronger than
in ‘high-risk’ pregnant women (pooled OR 0.368 v.s.
0.428). In addition, studies conducted in non-pregnant
populations have revealed that adiponectin levels are sig-
nificantly associated with impaired glucose metabolism.
The study by Hedderson et al. revealed that compared
with the highest quartile of adiponectin levels, lower adi-
ponectin levels during the non-pregnancy period could
increase GDM risk by 1.5-5.2 times in the following preg-
nancy [58]. A meta-analysis by Li et al. reported that an
increase in adiponectin levels of 1 log pg/mL could
reduce the risk of T2DM by nearly 30% [12]. A similar
inverse association was also found between adiponectin
levels and pre-diabetes risk. Compared with the lowest
quartile of adiponectin, the risk of pre-diabetes in the
highest quartile was decreased by 61% in young-healthy
subjects, and this reduction in the risk of pre-diabetes
could be as high as 85% in obese subjects [68]. A
cross-sectional study performed among 202 subjects also
revealed that adiponectin was inversely associated with
metabolic syndrome (OR = 0.634, 95% Cl = 0.519-0.775),
which is characterized by dysfunction of glucose and

lipid metabolism [69]. This evidence indicates that the
effect of adiponectin on abnormal glucose metabolism is
relatively consistent, regardless of pregnancy status.

The effect of adiponectin on GDM has been shown
to be biologically reasonable. Briefly, the reduction of
adiponectin levels may inhibit glucose consumption,
stimulate lipolysis, and increase hepatic glucose produc-
tion, leading to a decrease in insulin sensitivity [70,71].
In addition, decreased adiponectin levels may stimulate
the hepatic production of TNF-a and increase plasma
concentrations of this proinflammatory cytokine to pro-
mote an inflammatory status, which could decrease
insulin sensitivity and enhance gluconeogenesis [72].
Compared to non-pregnant women, the sensitivity of tis-
sues to insulin during pregnancy failed significantly.
Hence, a decrease in adiponectin levels may aggravate
this process and result in GDM [9]. Studies performed on
pregnant women have shown that adiponectin levels
are inversely associated with fasting glucose, insulin, and
insulin resistance [73,74]. As hyperinsulinemia caused by
GDM may further reduce adiponectin levels, increasing
adiponectin levels in pregnant women will help improve
insulin sensitivity and perinatal outcomes [75].

To the best of our knowledge, this study is the first
to pool circulating adiponectin levels in the first or
second trimester between GDM and NGT pregnant
women and to estimate the effect of increasing circu-
lating adiponectin on the incidence of GDM. These
findings provide comprehensive new evidence for adi-
ponectin, which may be a potential screening and
prediction biomarker or therapeutic target in GDM.
Our study has some limitations. First, all the original



A)

Study GDM  Total 0Odds Ratio OR 95%Cl Weight

Yuan, X. S. 2018 86 359 0280 [0.167;0470]  7.5%
Lee, S. M. 2019 3% 608 0.196  [0.087;0.441  57%
Ye,Y. 2022 332 99 0600 [0.379;0.949]  7.8%
Random effects model 454 1963 0339 [0.477;0.647]  21.0%

Heterogeneity: I = 74%, ¢ = 0.2357, p = 0,02

Europe
Maitland, R. A. 2014 2 106 0248 [0.104;0591  54%
White, S. L. 2016 337 1303 0730 [0599;0889]  9.1%
‘Thagaard, I. N. 2017 (norami weight) 1 1208 0190  [0.060;0601]  4.1%
Thagaard, I. N. 2017 (moderately obese) 55 870 0210 [0.105,0420)  6.4%
‘Thagaard, I. N. 2017 (severely obese) a2 0400 [0.178;0.899]  57%
Corcoran, S. M. 2018 46 224 0640 [0.412,0994)  7.9%
Schuitemaker, J. H. N. 2020 50 150 0120 [0.021,0700)  2.3%
Random effects model 569 4373 0366 [0.223;0.600]  40.8%

Heterogenety: I* = 76%, * = 0.2803, p < 0.01

North America

Wiliams, M. A. 2004 a1 m 0217 [0.086;0552]  5.1%
Lain, K. Y. 2008 0 59 0098  [0.013;0763]  1.8%
Lacroix, M. 2013 38 445 0893  [0.813;0.980]  9.4%
2Zhu, Y. 2019 15 345 0181 [0.048;0.691]  34%
Francis, E. C. 2020 107 321 0200 [0.071;0.566]  4.5%
Lomakova, Y. D. 2022 77 1483 0581 [0.354;0.956]  7.6%
Random effects model 408 2764 0348 [0477;0.687) 31.7%

Heterogeneity: I = 82%, <* = 04810, p < 0.01

Oceania
Abell, S. K. 2017 25 103 0370 [0.187;0.730]  65%
Random effects model 1456 9203 0368 [0.271;0.500] 100.0%

Heterogeneity: /7 = 83%, 1* = 0.2586, p < 0.01
Test for subgroup iferences: = 0.05,df =3 (5 = 1.00)

©)

Study GDM  Total OR 95%C1 Weight
Cohort study

Lacroix, M. 2013 38 a5 0893 [0.813;0.980]  94%
Maitland, R. A. 2014 29 106 0248 [0.104;0.591]  54%
White, S. L. 2016 337 1303 0730 [0599;0.889]  9.1%
Abell, S. K. 2017 25 103 0370 [0.187:0.730]  65%
‘Thagaard, I. N. 2017 (noram weight) 1 1208 0190  [0.060;0.601]  4.1%
Thagaard, I. N. 2017 (moderately obese) ~ 55 870 0210 [0.105,0.420]  64%
Thagaard, . N. 2017 (severely obese) a2 0400 [0.178;0.899]  57%
Corcoran, S. M. 2018 46 224 0640 [0.412,0994]  7.9%
Yuan, X. S. 2018 8 359 0280 [0.167;0470]  7.5%
Lee, S. M. 2019 3% 608 019  [0.087;0441]  57%
Lomakova, Y. D. 2022 77 1483 0581 [0.354;0956]  7.6%
Random effects model 781 7221 0416 [0.293;0.589]  751%

Heterogeneity: /° = 86%, ¢* = 0.2480, p < 0.01

Matched nested case-control study

Lain, K. Y. 2008 30 59 0098 [0.013;0.763]  1.8%
Zhu, Y. 2019 15 345 0.181  [0.048;0691)  34%
Schuitemaker, J. H. N. 2020 50 150 0120 [0.021;0.700]  2.3%
Francis, E. C. 2020 107 321 0200 [0.071;0566]  4.5%
Ye, Y. 2022 332 99 0600 [0.379;0.949]  7.8%
Random effects model 634 1871 0251 [0.116;0.544]  19.8%

Heterogeneity: I = 59%, ¢ = 0.3895, p = 0.05

Non-matched nested case-control study
Williams, M. A. 2004 a1 0217 [0.086;0552  51%
Random effects model 1456 9203
Heterogeneity: I* = 83%, ¢* = 0.2586, p < 0.01

Test for subgroup differences: 7 = 2.62,df = 2 (p = 0.27)

0368  [0.271;0.500]  100.0%

(E)

Study GDM  Total OR 95%C1 Weight
1-step

Lacroix, M. 2013 38 445 0893 [0.813;0.980]  9.4%
Maitiand, R. A. 2014 20 106 0248 [0.104;0591)  54%
White, S. L. 2016 337 1303 0730  [0.599;0.889)  9.1%
Abell, . K. 2017 25 103 0370 [0.187;0730]  6.5%
Thagaard, I. N. 2017 (noraml weight) 1 1208 0190 [0.060;0601)  4.1%
Thagaard, I. N. 2017 (moderately obese) ~ 55 870 0210 [0.105,0420]  64%
Thagaard, I. N. 2017 (severely obese) 41 a2 0400 [0.178;0.899]  5.7%
Corcoran, S. M. 2018 46 224 0640 [0412;0.994)  7.9%
Yuan, X. S. 2018 8 359 0280 [0.167,0470)  7.5%
Schuitemaker, J. H. N. 2020 50 150 0120 [0.021:0.700]  2.3%
Ye, Y. 2022 332 99 0600 [0.379;0.949)  7.8%
Random effects model 1050 6276 0428 [0301;0.607] T71.9%

Heterogeneity: 1 = 84%, ¢* = 0.2388, p < 0.01

2:step
Williams, M. A. 2004 a 0217  [0.086;0552  5.1%
Lain, K. Y. 2008 0 59 0098 (00130763  18%
Lee, 5. M. 2019 36 608 0196  [0.087,0441)  57%
Zhu, ¥.2019 15 345 0181 [0.048,0691)  34%
Francis, E. C. 2020 107 321 0200 [0.071;0566]  4.5%
Lomakova, Y. D. 2022 77 1483 0581 [0.354,0956]  7.6%
Random effects model 408 2027 0250 [0.150;0.449]  28.1%

Heterogenely: I = 2%, =0.2133,p = 007

Random effects model 1456 9203
Heterogeneity: I = 83%, * = 0.2586, p < 0.01
Test fo subgroup iferences: 2 = 227, &f = 1 (p = 0.13)

0368 [0.271;0.500] 100.0%
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(B)

Study GDM  Total 0Odds Ratio OR 95%CI Weight

High-risk pregnant women

Maitiand, R. A. 2014 29 106 0248 [0.104;0591)  54%
White, S. L. 2016 337 1303 0730 9.1%
Abell S. K. 2017 25 103 0370 [0 6.5%
Thagaard, I. N. 2017 (moderately obese) 55 870 0210 [0.105,0.420]  64%
Thagaard, I. N. 2017 (severely obese) 4 a2 0400 [0.178;0.899]  57%
Corcoran, S. M. 2018 46 224 0640 [0412;0.994]  7.9%
Random effects model 533 3028 0428 [0279;0.658]  40.9%

Heterogeneity: I = 74%, 7 = 01907, p < 0.01

Low-risk pregnant women

Williams, M. A. 2004 a 0217  [0.086;0552]  5.1%
Lain, K. Y. 2008 30 5 0098 [0.013;0763]  1.8%
Lacroix, M. 2013 38 445 0.893 9.4%
‘Thagaard, I. N. 2017 (norami weight) 11 1298 0190  [0.060;0601)  4.1%
Yuan, X. S. 2018 86 359 0280 [0.167:0470]  7.5%
Lee, S. M. 2019 3% 608 0196  [0.087:0441]  57%
Zhu, Y. 2019 15 345 0.181 34%
Schuitemaker, J. H. N. 2020 50 150 0120 [0.021:0700]  2.3%
Frandis, E. C. 2020 107 321 0200 [0.071;0566]  4.5%
Ye, Y. 2022 332 99 0600 [0.379;0949]  7.8%
Lomakova, Y. D. 2022 77 1483 0581 [0.354;0956]  7.6%
Random effects model 923 6175 0323 59.1%

Heterogeneity: /* = 86%, ** = 0.3442, p < 0.01

Random effects model 1456 9203
Heterogeneity: /2 = 83%, v* = 0.2586, p < 0.01
Test for subgroup differences: ;= 0.81, df = 1 (p = 0.37)

0368 [0.271;0.500] 100.0%

(D)

Study GDM  Total 0Odds Ratio OR 95%C1 Weight

Assayed in the 1st trimester

Lain, K. Y. 2008 30 59 0098 [0013;0.763]  1.8%
Lacroix, M. 2013 38 a5 0893 [0813;0980]  9.4%
‘Thagaard, I. N. 2017 (noram weight) 1 1298 0190 [0.060;0601)  4.1%
Thagaard, |. N. 2017 (moderately obese) 55 870 0210 [0.105,0420]  6.4%
Thagaard, I. N. 2017 (severely obese) 42 0400 [0.178;0809]  5.7%
Lee, S. M. 2019 36 608 0196 [0.087;0441]  57%
Schuitemaker, J. H. N. 2020 50 150 0120 [0021;0700]  2.3%
Francis, E. C. 2020 107 321 0200 [0071;0566]  4.5%
Random effects model 368 4173 0277 [0157;0489]  39.9%

Heterogeneity: I = 87%, ¢ = 04171, p <001

Assayed in the 1st-2nd trimester

Williams, M. A. 2004 4 m 0217 [0.086;0552]  5.1%
Maitland, R. A. 2014 29 106 0248 [0.104;0591]  5.4%
White, S. L. 2016 337 1303 0730 [0599;0889]  9.1%
Abel, S. K. 2017 25 103 0370 [0.187;0.730]  6.5%
Corcoran, S. M. 2018 46 224 7.9%
Yuan, X. S. 2018 86 359 75%
Zhy, Y. 2019 15 345 34%
Ye, Y. 2022 332 99 0600 [0.379;0949]  7.8%
Lomakova, Y. D. 2022 77 1483 0581  [0.354;0956]  7.6%
Random effects model 1088 5030 60.1%

Heterogeneity: /° = 69%, +* = 01391, p <0.01

Random effects model 1456 9203
Heterogeneity: I = 83%, ¢ = 02586, p < 0.01
Test for subgroup differences: 7 = 2.03, df =1 (p = 0.15)

0368 [0.271;0.500] 100.0%

(F)

Study GDM  Total 0dds Ratio orR 95%C1 Weight
High quality study

Williams, M. A. 2004 a1 0217 [0.086;0552  5.1%

Lain, K. Y. 2008 30 59 0098 [0.013;0763]  1.8%

Lacroix, M. 2013 38 445 0893 [0.813;0.980]  9.4%

Maitland, R. A. 2014 2 106 0248 [0.104;0591)  54%

White, S. L. 2016 337 1303 0730 [0599;0.889]  9.1%

Abell, S. K. 2017 25 103 0370 [0.187;0.730]  65%

‘Thagaard, I. N. 2017 (noraml weight) 1 1208 0190 [0.060;0601)  4.1%

Thagaard, I. N. 2017 (moderately obese) ~ 55 870 0210 [0.105,0420]  64%

Thagaard, I. N. 2017 (severely obese) “u a2 0400 [0.178;0.899]  57%

Corcoran, S. M. 2018 % 224 0640  [0.412;0.994]  7.9%

Yuan, X. S. 2018 8 359 0280 [0.167,0470]  7.5%

Lee, 5. M. 2019 36 608 0196 [0.087;0441)  57%

Zhu, Y. 2019 15 345 0181  [0.048;0691)  34%

Francis, E. C. 2020 107 321 0200 [0.071;0566]  4.5%

Ye, Y. 2022 332 99 0600 [0.379;0949)  7.8%

Lomakova, Y. D. 2022 77 1483 0581 [0.354:0.956]  7.6%

Random effects model 1406 9053 0379 [0279;0.515] 97.7%
Heterogeneity: 12 = 84%, ¢ = 0.2499, p < 0.01

Low quality study

Schuitemaker, J. H. N. 2020 50 150 0120 [0.021;0700]  2.3%

Random effects model 1456 9203 0368 [0.271;0.500] 100.0%

Heterogenaily: ° = 83%, ¢ = 0.2586, p < 0.01
Test for subgroup differences: » = 1.59, df = 1 (p = 0.21)

Figure 5. Subgroup analyses of the relationship between circulating adiponectin levels and GDM risks by (A) continents, (B) GDM
risk of study population, (C) study design, (D) GW of adiponectin detection, (E) GDM diagnostic approach, (F) methodological

quality.

studies included in the meta-analysis were observa-
tional studies, which might have resulted in additional
biases resulting from the study design. However, we
only included nested case-control or cohort studies
that measured circulating adiponectin levels before
GDM diagnosis. Therefore, our findings regarding the
difference in circulating adiponectin levels between

GDM and NTG and the effect of adiponectin on GDM
are reliable. Second, as the current study is a
literature-based meta-analysis, the lack of access to
individual patient data might have led to heterogene-
ities across the original studies. However, to reduce
the effect of heterogeneity in the meta-analyses,
random-effect models were adopted to estimate the
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pooled effect sizes. Moreover, subgroup analyses
based on the six characteristics of the original study
showed that the associations between circulating adi-
ponectin levels and GDM were consistent. Furthermore,
cumulative and sensitivity analyses were performed to
examine the stability of the results. Third, significant
publication bias existed in the current meta-analysis.
This may be due to the exclusion of original studies
that were difficult to extract data from or insufficient
to calculate the effect sizes. Additional prospective
studies are needed to confirm the effect of circulating
adiponectin levels on the risk of GDM.

5. Conclusions

In conclusion, our systematic review and meta-analysis
of 28 studies 12,256 pregnant women indicated that the
mean levels of circulating adiponectin in the first to sec-
ond trimesters among GDM women were significantly
lower than those in NGT pregnant women. More impor-
tantly, the incidence of GDM was negatively associated
with circulating adiponectin levels in the first to the sec-
ond trimester. These findings suggest that circulating
adiponectin may be a potential early biomarker for
screening or predicting GDM in pregnant women.
Further well-designed large prospective cohort or inter-
vention studies are needed to confirm our findings.
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