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Abstract

Objective: Recent studies have investigated the circulating adipocyte fatty acid binding protein (FABP4), nesfatin-1,
and osteocalcin (OC) concentrations in women diagnosed with gestational diabetes mellitus (GDM), but the
findings prove to be conflicting. The objective of this research was to systematically assess the relationship of
circulating levels of above adipokines with GDM.

Methods: Pubmed, Embase, Web of Science, Cochrane library, OVID, and Scopus were performed to locate articles
published up to January 31, 2020. Pooled standard mean differences (SMDs) with 95% confidence intervals (CIs),
and 95% predictive intervals (PIs) were calculated by random-effects models to compare levels of adipokines
between GDM cases and control groups. Cumulative and single-arm meta-analyses were also performed.

Results: Thirty-one studies comprising 4590 participants were included. No significant differences were found
between GDM women and healthy controls in circulating nesfatin-1 levels (4.56 vs. 5.02 ng/mL; SMD = − 0.11, 95%
CI -0.61–0.38, 95% PI -1.63–1.41). Nevertheless, circulating FABP4 and OC levels observed in GDM women
outnumbered normal controls (FABP4, 23.68 vs. 16.04 ng/mL; SMD = 2.99, 95% CI 2.28–3.69, 95% PI 0.28–5.71; OC,
52.34 vs. 51.04 ng/mL; SMD = 0.68, 95% CI 0.31–1.05, 95% PI -0.48–1.84). The cumulative meta-analysis showed that
the SMDs of circulating FABP4 and OC levels had stabilized between the two groups.

Conclusions: Elevated circulating FABP4 and OC levels were observed in GDM women, but nesfatin-1 levels did
not change, the PI of OC crossed the no-effect threshold. The results suggested that FABP4 is more suitable as a
biomarker of GDM compared to OC in a future study, which is useful in identifying pregnant women who are likely
to develop GDM and providing prompt management strategies.
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Background
Based on the criteria of gestational diabetes mellitus
(GDM) issued by the American Diabetes Association
(ADA), GDM is diagnosed in the second or third trimes-
ter when no signs of overt diabetes are observed before
pregnancy [1]. With a global prevalence ranging from 2
to 6%, GDM may increase an array of maternal and fetal
complications, including miscarriage, neonatal
hypoglycemia, and possibly fetal demise [2]. Diagnosis of
GDM generally occurs at an advanced gestational age,
thus limiting preventive strategies. Therefore, there is a
growing interest in the initial prediction of GDM [3].
The mechanism underlying the development of GDM

remains to be illuminated [4]; however, GDM and type 2
diabetes mellitus (T2DM) are strongly linked, which
confers a common pathogenesis of insulin resistance
(IR) and/or a relative limitation in β-cell reserve [5]. Adi-
pose tissue secretes a couple of specific factors (adipo-
kines) that influence effects of insulin on various tissues,
indicating that secretion of these adipokines might be re-
lated with GDM [6].
Adipocyte fatty acid binding protein 4 (FABP4), which

is also termed as adipocyte FABP (A-FABP), falls into
the category of the lipid-binding protein super-family
with a high expression in adipocytes, which is crucial in
glucose metabolism [7]. FABP4 modulates glucose me-
tabolism via fatty acid uptake and transport, acting as
signaling molecules to the nucleus [8]. Uysal et al. [9] re-
ported that ob/ob mice lacking the FABP4 gene not only
have increased insulin sensitivity, but also retain the beta
cell function of pancreas. Hence, Uysal et al. [9] found
that genetic deletion of FABP protected ob/ob mice
against IR and hyperinsulinemia linked to both diet-
induced obesity and genetic obesity.
Nesfatin-1 consists of an 82-amino acid peptide origin-

ating from nucleobindin-2, predominantly expressed in
specific areas of the hypothalamus, and is secreted in the
peripheral tissues, such as adipocytes and human pan-
creatic beta-cells [10]. Among the roles of nesfatin-1, re-
ducing the consumption of food is a crucial one [11].
Furthermore, nesfatin-1 also performs the critical func-
tion of regulating glucose metabolism. Ademoglu et al.
[12] has shown that nesfatin-1 exerted unique influence
on the development of T2DM by stimulating free acid
utilization, but its effects on GDM are unknown.
Osteocalcin (OC) has been defined as a bone-derived

protein participating in bone metabolism [13], while re-
cent studies have suggested that OC acts as an endo-
crine hormone linking bone to glucose metabolism [14].
OC is released by osteoblasts and odontoblasts, mostly
detected in bone; a slight quantity of it is carried in the
blood and serves as a biomarker of bone formation [15].
OC can chiefly be divided into three categories, namely
carboxylated (cOC), under-carboxylated (ucOC), and

total osteocalcin (tOC). OC has been linked to glucose
homeostasis by increasing proliferation of pancreatic
beta cells and insulin secretion [16].
Although the potential roles of circulating FABP4,

nesfatin-1, and OC in GDM have been the focus of re-
search in recent decades, the results have been contro-
versial due to different ethnicities, assay methods, and
diagnostic/definition of GDM [17–21]. Therefore, the
primary goal of this research was to obtain more com-
prehensive results to elucidate the association between
circulating concentrations of these adipokines and
women with GDM.

Methods
Literature search
This study was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-
analysis (PRISMA) statement [22] and was registered at
International Prospective Register of Systematic Reviews
(PROSPERO, CRD42020161856). A literature search was
performed on online databases, including Pubmed,
Embase, Web of Science, Cochrane library, OVID, Sco-
pus, Chinese BioMedical Literature Database (CBM),
China National Knowledge Infrastructure (CNKI),
WANFANG (Chinese database), and VIP (Chinese data-
base) up to January 31, 2020. The key words were as fol-
lows: “adipocyte fatty acid-binding protein” or “FABP4”
or “NUCB2 protein, human” or “nesfatin-1” or “osteocal-
cin protein, human” or “osteocalcin” and “gestational
diabetes mellitus” or “GDM”. In addition, the references
of the selected studies and related systematic reviews
were reviewed to identify additional studies. Detailed
search terms are listed in Additional file 1.

Eligibility criteria
Eligible studies were as follows: a) cross-sectional, case
control, or clinical cohort design; b) provided detailed data
with serum or plasma concentrations of FABP4, nesfatin-
1, or OC in GDM patients and normal controls; and c)
the articles were published in English or Chinese. In the
case of duplicate studies in different databases, only one
study was reserved referring to the author and title.
Excluded points were as follows: a) review articles,

case reports, letters, comments, and other non-original
articles; b) research without precise information; and c)
animal or cell culture (in vitro or ex vivo) studies.

Data retrieval and quality assessment
Data retrieval and quality assessment were performed in
an dependent form by two authors (JS and CC). A
spreadsheet database was collected to store suitable in-
formation, covering given names of the first authors,
publication year, sample size of study, design type of re-
search, diagnostic criteria of GDM, trimester of for
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adipokine assay, gestational body mass index (BMI), ges-
tational age, and means and standard deviations of adi-
pokine concentrations in the GDM and control groups.
With respect to the quality assessment of the included

studies, CC or cohort studies were evaluated by
Newcastle-Ottawa quality assessment scale (NOS), con-
sisting of 9 items; the quality assessment is available in
Additional file 2. Any disagreement was resolved by an-
other investigator (SY).

Statistical analysis
The effect size of continuous data was calculated by the
standard mean difference (SMD) because the included
studies varied in the methodologies used when measur-
ing concentrations of serum or plasma adipokines [23].
Forest plots were used to describe the SMDs and 95%
confidence intervals (CIs). Mean values and standard de-
viations (SDs) were available in the majority of studies,
but in a minority of articles, only the median values with
25th and 75th percentiles were provided. In such cir-
cumstances, the initial data were transformed using ac-
curate methods [24]. Cumulative meta-analyses were
conducted for the purpose of determining the time trend
of the above outcomes, which indicated the stability of
the association. Single arm meta-analyses were applied
to calculate mean together with 95% CI of adipokine
levels for GDM cases and healthy controls.
Study heterogeneity, a problem arising during the ana-

lysis, was examined through the Cochrane Chi-square
and I2 tests (I2 = [(Q-df) / Q) × 100%], if an I2 exceeded
50%, indicating quite high statistical heterogeneity, then
a random-effect model was selected to pool the findings;
otherwise a fixed-effect model would be applied if the I2

was below 50%. The prediction interval (PI) was also
used to interpret heterogeneity, reflecting the dispersion
of the true effect sizes of the new studies. For calculation
of the PI, the estimate size, M, the variance, SE, andτ2

are needed. The PI was calculated using the following
formulae: LLpred =M - tα, k-2 × √(τ2 + SE2); and ULpred =
M + tα, k-2 × √(τ2 + SE2). tα, k-2 is the (1-α/2) % percentile
of the t distribution with a significance level, α, and k-2
degrees of freedom when k studies are included in the
analysis [25]. In this research, α was adopted at a signifi-
cance level of 5% to calculate the 95% PI.
To identify the source of heterogeneity, subgroup and

meta-regression analyses were performed. Subgroup
analyses classified by varieties of ethnicity, gestational
age, gestational BMI, design type of study, ELISA kits,
diagnostic criteria of GDM, and trimester of various adi-
pokines measurement were performed. Subsequently, re-
stricted maximum likelihood-based meta-regression
analyses with random-effect model were conducted to
evaluate the aforementioned potential factors accounting
for heterogeneity.

The leave-one-out sensitivity analyses were used to
evaluate the robustness of the characterizing result. Pub-
lication bias was detected through funnel plots, Egger
tests, and the trim-and-fill method. All the analyses of
the data processing were carried out by utilizing STATA
software (version 12.0; Stata Corporation, College Sta-
tion, TX, USA). P value less than 0.05 was viewed to
represent statistical significance (two-sided). In addition,
a p-value < 0.10 was defined as significant publication
bias for Egger’s regression test.

Results
Study characteristics
Among the 806 articles retrieved, 31 were eligible; 14 were
FABP4 studies [8, 17–19, 26–36], seven were nesfatin-1
studies [10, 12, 20, 37–40], seven were OC studies
[14, 21, 41–45], and three articles covered both FABP4
and nesfatin-1 [11, 46, 47]. The 31 studies involved 4590
participants; 2059 were GDM patients and 2531 were
healthy pregnant women [8, 10–12, 14, 17–21, 26–47]
(Fig. 1). The 17 FABP4 studies consisted of 895 GDM
cases and 1294 healthy controls. The seven nesfatin-1
studies consisted of 536 GDM cases and 625 healthy
controls. The seven osteocalcin studies consisted of
628 GDM cases and 612 healthy controls.
The levels of FABP4, nesfatin-1, and OC were deter-

mined by enzyme linked immunosorbent assay (ELISA) in
27 studies, by electrochemiluminescence immunoassay
(ECLIA) in three studies, and immunoradiography assays
(IRMA) in one study. The NOS scores ranged from 6 to 8.
The study characteristics are shown in Table 1.

Findings of the meta-analysis
Overall effects
The overall pooled analysis indicated that no evident dif-
ferences existed between GDM cases and healthy controls
in regard to circulating nesfatin-1 levels (SMD= − 0.11,
95% CI, − 0.61–0.38, P = 0.65; Fig. 2c). Nevertheless, circu-
lating FABP4 and OC concentrations in GDM cases
proved to surpass those detected in healthy controls
(FABP4, SMD= 2.99, 95% CI, 2.28–3.69, P < 0.01; Fig. 2a;
OC, SMD= 0.68, 95% CI, 0.31–1.05, P < 0.01; Fig. 2e).

Cumulative meta-analysis
The cumulative meta-analysis further consolidated the ar-
gument that no statistical difference could be detected be-
tween GDM cases and healthy controls in regard to
circulating nesfatin-1 levels (Fig. 2d). It was indicated that
the FABP4 levels were first observed in the 4th study in
2011 by Dong et al. [27] (SMD= 2.10, 95% CI, 0.39–3.82,
Fig. 2b). Moreover, the results showed that the OC levels
were first viewed in the 7th study in 2018 by Zuo et al.
[44] (SMD= 0.34, 95% CI, 0.00–0.67, Fig. 2f).
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Single-arm meta-analysis
The circulating FABP4 levels in the GDM cases were
23.68 ng/mL (95% CI, 20.07–27.28), whereas the circulat-
ing FABP4 levels in the healthy controls were 16.04 ng/
mL (95% CI, 12.13–19.95). The nesfatin-1 concentrations
in the GDM cases were 4.56 ng/mL (95% CI, 3.47–5.64),
whereas the levels of nesfatin-1 in the healthy controls
were 5.02 ng/mL (95% CI, 3.93–6.12). The circulating OC
levels in the GDM cases were 52.34 ng/mL (95% CI,
40.90–63.78), whereas the circulating OC levels in the
healthy controls were 51.04 ng/mL (95% CI, 40.49–61.59).

Test of heterogeneity
Significant heterogeneity was found across the synthetic
studies (FABP4: I2 = 96.90%, P < 0.001, Fig. 2a; nesfatin-1:
I2 = 93.0%, P < 0.001; Fig. 2c; and OC: I2 = 89.4%, P < 0.001;
Fig. 2e). Therefore, the random-effect models were used.

Subgroup analysis
The findings of stratified analysis are depicted in Table 2.
The FABP4 levels in women suffering from GDM were
higher than in controls in any subgroup except the sub-
group in which BioVendor kits were used. With respect to
nesfatin-1, Caucasian women with a BMI ≥ 25 kg/m2 and

diagnosed by C&C and WHO criteria had lower nesfatin-
1 concentrations than normal controls; however, kits from
R&D Systems and diagnosed by IADPSG criteria gave
higher circulating nesfatin-1 concentrations than healthy
controls. Nesfatin-1 levels in GDM cases and normal con-
trols showed no difference from the remaining subgroups.
The OC levels observed in GDM women proved to be
strikingly higher in GDM patients than normal controls in
Asian as well as Austrian women, patients < 30 years of
age, and for OC levels detected by ELISA or ECLIA; how-
ever, while stratified by the measurement method, GDM
cases displayed relatively lower OC concentrations than
controls in the subgroup that used IRMA.
Consequently, subgroup analysis indicated that different

ELISA kits supplied with diverse reagent providers may lead
to substantial heterogeneity in the FABP4 and nesfatin-1
levels. In addition, different detection methods may be a main
source of heterogeneity in the reported circulating OC levels.

Meta-regression analysis
To further investigate sources of heterogeneity for
FABP4, nesfatin-1, and OC levels, A meta-regression
analysis was conducted, which is shown in Table 3.
SMD was designated as the dependent variable, while

Fig. 1 Flow chart of included studies

Sun et al. Lipids in Health and Disease          (2020) 19:199 Page 4 of 15



Ta
b
le

1
C
ha
ra
ct
er
is
tic
s
of

st
ud

ie
s
an
al
yz
in
g
ci
rc
ul
at
in
g
FA

BP
4,
ne

sf
at
in
-1
,a
nd

O
C
co
nc
en

tr
at
io
ns

in
w
om

en
w
ith

G
D
M

C
as
es

C
on

tr
ol
s

Fi
rs
t
au
th
or
s

Ye
ar

C
ou

nt
ry

St
ud

y
ty
pe

N
A
ge

(y
ea
rs
)

m
ea
n
±
SD

G
es
ta
tio

na
l

BM
I(k
g/
m

2 )
M
ea
n
±
SD

(n
g/
m
L)
/(
ng

/m
L)

N
A
ge

(y
ea
rs
)

m
ea
n
±
SD

G
es
ta
tio

na
l

BM
I(k
g/
m

2 )
M
ea
n
±
SD

(n
g/
m
L)
/(
ng

/m
L)

P
C
rit
er
ia
fo
r

G
D
M

M
ea
su
re
m
en

t
N
O
S

FA
BP

4

Zh
an
g
et

al
.[
18
]

20
16

C
hi
na

C
C

40
26
.9
1
±
2.
24

27
.5
5
±
3.
40

32
.3
5
±
3.
06

24
0

27
.8
3
±
2.
65

24
.3
1
±
2.
92

22
.0
1
±
2.
00

<
0.
01

IA
D
PS
G

EL
IS
A
sy
st
em

)
7

Zh
an
g
et

al
.[
18
]

20
16

C
hi
na

C
C

40
38
.7
3
±
1.
43

28
.9
1
±
3.
36

51
.7
9
±
4.
64

24
0

38
.5
6
±
1.
28

26
.2
9
±
3.
75

39
.3
5
±
3.
59

<
0.
05

IA
D
PS
G

EL
IS
A

7

M
al
ys
za

et
al
.[
8]

20
19

Po
la
nd

C
C

26
35
.9
3
±
3.
77

27
.2
8
±
2.
21

18
.6
4
±
4.
59

28
30
.4
3
±
5.
85

21
.4
8
±
2.
05

11
.0
7
±
3.
90

0.
00
02
2

IA
D
PS
G

EL
IS
A

8

H
er
re
ra

et
al
.[
28
]

20
11

Sp
ai
n

C
C

98
30
.9
0
±
0.
50

27
.3
0
±
0.
50

19
.9
0
±
1.
00

86
28
.7
0
±
0.
50

25
.4
0
±
0.
60

17
.7
0
±
0.
80

0.
04
93

C
&C

EL
IS
A

8

Li
et

al
.[
19
]

20
15

C
hi
na

C
C

30
31
.8
3
±
3.
91

21
.8
0
±
1.
02

1.
47

±
0.
25

30
26
.5
3
±
1.
91

19
.1
8
±
0.
68

0.
20

±
0.
07

<
0.
00
01

IA
D
PS
G

EL
IS
A

6

G
ue
lfi
et

al
.[
17
]

20
17

A
us
tr
al
ia

C
oh

or
t

52
33
.5
0
±
4.
00

26
.1
0
±
5.
50

2.
77

±
1.
04

71
33
.5
0
±
4.
00

26
.1
0
±
5.
50

2.
21

±
0.
55

>
0.
05

A
D
IP
S

EL
IS
A

6

Kr
al
is
ch

et
al
.[
26
]

20
09

G
er
m
an
y

C
C

40
33
.0
0
±
10
.0
0

24
.9
0
±
4.
90

22
.9
0
±
12
.2
0

80
28
.0
0
±
5.
00

22
.3
0
±
7.
00

18
.3
0
±
12
.9
0

<
0.
05

A
D
IP
S

EL
IS
A

7

Zh
an
g
et

al
.[
11
]

20
17

C
hi
na

C
C

50
31
.7
8
±
4.
81

22
.1
1
±
3.
69

20
.0
0
±
10
.3
8

50
30
.1
6
±
4.
46

21
.1
0
±
2.
99

10
.5
0
±
5.
69

<
0.
00
1

IA
D
PS
G

EL
IS
A

8

Zh
an
g
et

al
.[
29
]

20
11

C
hi
na

C
C

30
28
.5
0
±
1.
90

29
.3
0
±
1.
10

32
.7
1
±
1.
93

30
27
.5
0
±
1.
60

27
.6
0
±
1.
30

21
.4
2
±
1.
87

<
0.
05

N
D
D
G

EL
IS
A

7

D
on

g
et

al
.[
27
]

20
11

C
hi
na

C
C

20
29
.0
0
±
2.
00

21
.8
8
±
1.
94

1.
05

±
0.
33

20
27
.5
0
±
3.
00

21
.0
2
±
2.
20

0.
83

±
0.
33

0.
00
2

A
C
O
G

EL
IS
A

6

D
on

g
et

al
.[
27
]

20
11

C
hi
na

C
C

20
26
.5
0
±
9.
00

26
.3
8
±
1.
65

1.
26

±
0.
08

20
27
.5
0
±
3.
00

21
.0
2
±
2.
20

0.
83

±
0.
33

<
0.
05

A
C
O
G

EL
IS
A

6

Za
ng

et
al
.[
36
]

20
19

C
hi
na

C
C

52
28
.8
7
±
2.
03

29
.0
3
±
1.
08

32
.8
0
±
1.
89

52
28
.4
2
±
2.
07

27
.7
8
±
1.
29

22
.3
8
±
1.
86

<
0.
05

A
D
A

EL
IS
A

7

M
a
et

al
.[
46
]

20
16

C
hi
na

C
C

60
28
.4
0
±
4.
30

24
.5
0
±
1.
50

27
.4
9
±
3.
72

30
28
.9
0
±
3.
60

23
.4
0
±
1.
20

18
.9
8
±
5.
51

0.
00
7

A
D
A

EL
IS
A

7

C
he

n
et

al
.[
35
]

20
19

C
hi
na

C
C

42
30
.4
5
±
4.
21

26
.7
3
±
1.
86

28
.6
3
±
4.
06

36
31
.2
4
±
4.
37

21
.7
3
±
2.
46

17
.4
7
±
4.
21

<
0.
00
1

IA
D
PS
G

EL
IS
A

7

Li
et

al
.[
34
]

20
19

C
hi
na

C
C

10
0

27
.3
0
±
3.
00

26
.2
0
±
2.
00

32
.6
7
±
3.
94

10
0

27
.4
0
±
2.
80

26
.0
0
±
1.
80

22
.8
5
±
2.
88

<
0.
00
1

A
D
A

EL
IS
A

7

Ye
et

al
.[
33
]

20
17

C
hi
na

C
C

35
27
.0
0
±
1.
80

26
.6
0
±
2.
10

31
.7
0
±
1.
70

35
26
.8
0
±
1.
10

20
.9
0
±
3.
10

20
.4
0
±
1.
70

<
0.
01

A
C
O
G

EL
IS
A

7

D
an
g
et

al
.[
47
]

20
17

C
hi
na

C
C

60
29
.5
0
±
3.
70

23
.4
0
±
1.
50

27
.3
9
±
3.
58

60
29
.8
0
±
3.
60

23
.7
0
±
1.
80

18
.4
1
±
3.
62

<
0.
00
1

A
D
A

EL
IS
A

6

Zh
an
g
et

al
.[
30
]

20
12

C
hi
na

C
C

50
29
.2
0
±
3.
40

24
.7
0
±
3.
50

29
.8
0
±
2.
40

46
29
.8
0
±
2.
90

22
.1
0
±
3.
60

18
.9
0
±
1.
90

<
0.
05

N
D
D
G

EL
IS
A

7

Sh
en

et
al
.[
32
]

20
17

C
hi
na

C
C

50
28
.6
0
±
3.
50

24
.5
0
±
1.
50

35
.1
1
±
11
.3
2

40
28
.1
0
±
4.
40

23
.7
0
±
1.
60

21
.1
4
±
8.
75

0.
00
8

A
D
A

EL
IS
A

7

N
es
fa
ti
n-
1

M
eh

m
et

et
al
.[
38
]

20
12

Tu
rk
ey

C
C

30
30
.9
0
±
4.
20

25
.9
0
±
3.
30

5.
50

±
8.
10

30
31
.0
0
±
3.
20

25
.7
0
±
2.
80

8.
10

±
23
.9
0

0.
00
1

A
C
O
G

EL
IS
A

8

Ku
cu
kl
er

et
al
.[
20
]

20
16

Tu
rk
ey

C
C

38
32
.1
0
±
6.
20

33
.8
0
±
6.
50

7.
54

±
1.
40

41
26
.8
0
±
5.
70

26
.5
0
±
5.
00

8.
32

±
1.
09

0.
01
3

A
D
A

EL
IS
A

6

M
ie
rz
yn
sk
ie
t
[1
0]

20
19

Po
la
nd

C
C

15
3

27
.5
9
±
4.
87

26
.6
3
±
2.
11

5.
15

±
3.
51

84
27
.2
3
±
4.
67

26
.1
3
±
1.
71

6.
69

±
4.
21

<
0.
01

W
H
O

EL
IS
A

7

Zh
an
g
et

al
.[
11
]

20
17

C
hi
na

C
C

50
31
.7
8
±
4.
81

22
.1
1
±
3.
69

1.
74

±
0.
52

50
30
.1
6
±
4.
46

21
.1
0
±
2.
99

1.
37

±
0.
50

0.
00
4

IA
D
PS
G

EL
IS
A

8

A
de

m
og

lu
et

al
.[
12
]

20
17

Tu
rk
ey

C
C

40
29
.6
0
±
5.
30

31
.0
0
±
5.
50

7.
90

±
2.
80

30
27
.8
0
±
6.
00

28
.2
0
±
1.
50

11
.2
0
±
7.
70

0.
02
0

C
&C

EL
IS
A

7

A
yd
in

et
al
.[
37
]

20
10

Tu
rk
ey

C
C

10
29
.1
0
±
2.
20

33
.2
0
±
4.
80

6.
60

±
2.
00

10
28
.2
0
±
1.
80

31
.9
8
±
4.
40

7.
80

±
3.
00

<
0.
05

A
D
A

EL
IS
A

6

M
a
et

al
.[
46
]

20
16

C
hi
na

C
C

60
28
.4
0
±
4.
30

24
.5
0
±
1.
50

2.
49

±
0.
72

30
28
.9
0
±
3.
60

23
.4
0
±
1.
20

1.
98

±
0.
51

<
0.
05

A
D
A

EL
IS
A

7

Zh
u
et

al
.[
40
]

20
17

C
hi
na

C
C

15
29
.7
5
±
5.
16

24
.0
5
±
3.
61

8.
10

±
1.
50

40
27
.9
2
±
4.
57

23
.6
8
±
3.
49

12
.8
0
±
3.
20

<
0.
05

A
D
A

EL
IS
A

7

Zh
u
et

al
.[
40
]

20
17

C
hi
na

C
C

25
27
.9
6
±
4.
37

23
.3
2
±
3.
51

9.
80

±
2.
60

40
27
.9
2
±
4.
57

23
.6
8
±
3.
49

12
.8
0
±
3.
20

<
0.
05

A
D
A

EL
IS
A

7

Xu
et

al
.[
39
]

20
17

C
hi
na

C
C

55
31
.5
0
±
7.
20

N
A

2.
13

±
0.
95

21
0

31
.5
0
±
7.
20

N
A

1.
35

±
0.
75

0.
01
5

A
D
A

EL
IS
A

6

Sun et al. Lipids in Health and Disease          (2020) 19:199 Page 5 of 15



Ta
b
le

1
C
ha
ra
ct
er
is
tic
s
of

st
ud

ie
s
an
al
yz
in
g
ci
rc
ul
at
in
g
FA

BP
4,
ne

sf
at
in
-1
,a
nd

O
C
co
nc
en

tr
at
io
ns

in
w
om

en
w
ith

G
D
M

(C
on

tin
ue
d)

C
as
es

C
on

tr
ol
s

Fi
rs
t
au
th
or
s

Ye
ar

C
ou

nt
ry

St
ud

y
ty
pe

N
A
ge

(y
ea
rs
)

m
ea
n
±
SD

G
es
ta
tio

na
l

BM
I(k
g/
m

2 )
M
ea
n
±
SD

(n
g/
m
L)
/(
ng

/m
L)

N
A
ge

(y
ea
rs
)

m
ea
n
±
SD

G
es
ta
tio

na
l

BM
I(k
g/
m

2 )
M
ea
n
±
SD

(n
g/
m
L)
/(
ng

/m
L)

P
C
rit
er
ia
fo
r

G
D
M

M
ea
su
re
m
en

t
N
O
S

D
an
g
et

al
.[
47
]

20
17

C
hi
na

C
C

60
29
.5
0
±
3.
70

23
.4
0
±
1.
50

2.
49

±
0.
61

60
29
.8
0
±
3.
60

23
.7
0
±
1.
80

1.
97

±
0.
56

<
0.
00
1

A
D
A

EL
IS
A

6

O
C

Sr
ic
ho

m
kw

un
[2
1]

20
15

Th
ai
la
nd

C
C

74
34
.0
0
±
5.
00

23
.1
0
±
2.
28

6.
22

±
2.
70

56
32
.0
0
±
5.
00

22
.7
8
±
2.
16

4.
86

±
2.
85

0.
26
7

A
D
A

EL
IS
A

7

Sr
ic
ho

m
kw

un
[2
1]

20
15

Th
ai
la
nd

C
C

74
34
.0
0
±
5.
00

23
.1
0
±
2.
28

12
.8
6
±
4.
10

56
32
.0
0
±
5.
00

22
.7
8
±
2.
16

11
.1
8
±
3.
20

0.
52
7

A
D
A

EC
LI
A

7

W
in
ho

fe
r
et

al
.[
14
]

20
10

A
us
tr
ia

C
C

26
33
.0
0
±
6.
00

27
.8
0
±
4.
80

15
.6
0
±
6.
40

52
32
.0
0
±
6.
00

28
.0
0
±
5.
10

12
.6
0
±
4.
00

0.
01
46

A
D
A

EC
LI
A

7

Za
ra
te

et
al
.[
41
]

20
15

M
ex
ic
o

C
C

60
30
.4
0
±
4.
40

33
.3
0
±
4.
60

15
.1
0
±
4.
65

60
27
.9
0
±
5.
10

27
.8
0
±
4.
80

17
.4
8
±
4.
15

0.
61
0

A
D
A

IR
M
A

8

Za
ra
te

et
al
.[
41
]

20
15

M
ex
ic
o

C
C

60
30
.4
0
±
4.
40

33
.3
0
±
4.
60

2.
90

±
1.
44

60
27
.9
0
±
5.
10

27
.8
0
±
4.
80

2.
03

±
1.
37

0.
75
8

A
D
A

EL
IS
A

8

Li
et

al
.[
42
]

20
15

C
hi
na

C
C

30
28
.5
0
±
3.
20

20
.2
0
±
1.
50

14
.9
5
±
4.
16

30
27
.9
0
±
3.
00

20
.3
0
±
1.
50

12
.6
5
±
3.
09

0.
01
7

A
D
A

EC
LI
A

6

Zu
o
et

al
.[
44
]

20
18

C
hi
na

C
C

31
25
.5
5
±
1.
73

25
.0
3
±
1.
24

11
.1
2
±
1.
56

30
25
.5
0
±
1.
74

25
.3
8
±
1.
33

10
.4
4
±
0.
73

<
0.
05

A
D
A

EL
IS
A

7

Zu
o
et

al
.[
44
]

20
18

C
hi
na

C
C

31
25
.5
5
±
1.
73

25
.0
3
±
1.
24

5.
36

±
0.
83

30
25
.5
0
±
1.
74

25
.3
8
±
1.
33

5.
27

±
0.
39

<
0.
05

A
D
A

EL
IS
A

7

Zu
o
et

al
.[
44
]

20
18

C
hi
na

C
C

32
25
.3
4
±
1.
75

25
.0
3
±
0.
81

14
.3
4
±
1.
03

30
25
.5
0
±
1.
74

25
.3
8
±
1.
33

10
.4
4
±
0.
73

<
0.
05

A
D
A

EL
IS
A

7

Zu
o
et

al
.[
44
]

20
18

C
hi
na

C
C

32
25
.3
4
±
1.
75

25
.0
3
±
0.
81

5.
56

±
0.
46

30
25
.5
0
±
1.
74

25
.3
8
±
1.
33

5.
27

±
0.
39

<
0.
05

A
D
A

EL
IS
A

7

Fe
ng

et
al
.[
45
]

20
19

C
hi
na

N
CC

89
28
.3
1
±
3.
42

22
.4
2
±
3.
72

8.
94

±
2.
59

89
27
.1
6
±
3.
06

20
.7
0
±
2.
48

7.
60

±
1.
55

<
0.
00
1

A
D
A

EC
LI
A

7

N
iu

et
al
.[
43
]

20
18

C
hi
na

C
C

89
28
.3
1
±
3.
42

25
.0
8
±
1.
25

11
.9
8
±
4.
49

89
27
.1
6
±
3.
06

24
.8
5
±
0.
97

9.
64

±
1.
90

<
0.
00
1

A
D
A

EC
LI
A

7

N
N
um

be
r
of

su
bj
ec
ts
,G

D
M

G
es
ta
tio

na
ld

ia
be

te
s
m
el
lit
us
,C

C
C
as
e
co
nt
ro
l,
N
CC

N
es
te
d
ca
se
–c
on

tr
ol
,B

M
IB

od
y
m
as
s
in
de

x,
A
D
A
A
m
er
ic
an

di
ab

et
es

as
so
ci
at
io
n,

A
CO

G
A
m
er
ic
an

C
ol
le
ge

of
O
bs
te
tr
ic
ia
ns

an
d

G
yn

ec
ol
og

is
ts
,C

&
C
C
ar
pe

nt
er

an
d
C
ou

st
on

,W
H
O
W
or
ld

H
ea
lth

O
rg
an

iz
at
io
n,

IA
D
PS
G
In
te
rn
at
io
na

lA
ss
oc
ia
tio

n
of

D
ia
be

te
s
an

d
Pr
eg

na
nc
y
St
ud

y
G
ro
up

,A
D
IP
S
A
us
tr
al
as
ia
n
D
ia
be

te
s
in

Pr
eg

na
nc
y
So

ci
et
y,
N
D
D
G

N
at
io
na

lD
ia
be

te
s
D
at
e
G
ro
up

,E
LA
SA

En
zy
m
e
lin

ke
d
im

m
un

os
or
be

nt
as
sa
y,
IR
M
A
Im

m
un

or
ad

io
m
et
ric

as
sa
y,
EC

LI
A
El
ec
tr
oc
he

m
ilu
m
in
es
ce
nc
e
im

m
un

oa
ss
ay
,N

O
S
N
ew

ca
st
le
-O
tt
aw

a
Sc
al
e,

N
A
N
ot

av
ai
la
bl
e

Sun et al. Lipids in Health and Disease          (2020) 19:199 Page 6 of 15



Fig. 2 Forest plots and cumulative meta-analysis of adipokines among GDM and non-diabetic pregnant controls. a Forest plot based on
circulating FABP4 levels; b Cumulative forest plot among studies measuring circulating FABP4 levels; c Forest plot of based on circulating
nesfatin-1 levels; d Cumulative forest plot among studies measuring circulating nesfatin-1 levels; e Forest plot based on circulating OC levels;
f Cumulative forest plot among studies measuring circulating OC levels
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Table 2 Subgroup analysis of circulating FABP4, nesfatin-1, and OC levels in patients with GDM

Subgroups N Test of association Test of heterogeneity

SMD (95% CI) z P I2(%) P

FABP4

Ethnicity

Asian 15 3.45 (2.65 to 4.25) 8.47 < 0.01 96.40 < 0.01

Australoid 1 1.52 (0.14 to 2.89) 2.16 0.03 96.50 < 0.01

Caucasian 3 0.71 (0.34 to 1.07) 3.75 < 0.01 NA NA

Combined 19 2.99 (2.28 to 3.69) 8.32 < 0.01 96.90 < 0.01

Age(mean,years)

< 30 11 3.49 (2.50 to 4.47) 6.94 < 0.01 96.50 < 0.01

≥ 30 8 2.30 (1.37 to 3.23) 4.84 < 0.01 96.70 < 0.01

Combined 19 2.99 (2.28 to 3.69) 8.32 < 0.01 96.90 < 0.01

BMI(mean,kg/m2)

< 25 8 2.37 (1.37 to 3.37) 4.65 < 0.01 96.40 < 0.01

≥ 25 11 3.43 (2.51 to 4.34) 7.33 < 0.01 96.80 < 0.01

Combined 19 2.99 (2.28 to 3.69) 8.32 < 0.01 96.90 < 0.01

Study type

Case-control 18 3.12 (2.40 to 3.84) 8.51 < 0.01 96.70 < 0.01

Cohort 1 0.71 (0.34 to 1.07) 3.75 < 0.01 NA NA

Combined 19 2.99 (2.28 to 3.69) 8.32 < 0.01 96.90 < 0.01

ELISA kits

R&D Systems 11 3.73 (2.64 to 4.83) 6.68 < 0.01 35.60 0.26

BioVendor 2 1.39 (−0.62 to 3.40) 1.35 0.18 40.50 0.38

other kits 6 2.25 (1.27 to 3.23) 4.51 < 0.01 25.30 0.15

Combined 19 2.99 (2.28 to 3.69) 8.32 < 0.01 96.90 < 0.01

Diagnostic criteria

IADPSG 6 3.36 (2.03 to 4.68) 4.98 < 0.01 97.00 < 0.01

C&C 1 2.41 (2.03 to 2.79) 12.40 < 0.01 NA NA

ADIPS 2 0.54 (0.20 to 0.87) 3.15 < 0.01 37.20 0.21

ADA 5 2.79 (1.78 to 3.80) 5.40 < 0.01 95.00 < 0.01

NDDG 2 5.37 (4.48 to 6.26) 11.86 < 0.01 36.80 0.21

ACOG 3 2.99 (0.12 to 5.86) 2.04 0.04 97.30 < 0.01

Combined 19 2.99 (2.28 to 3.69) 8.32 < 0.01 96.90 < 0.01

Measurement trimester

Second 10 3.40 (2.43 to 4.38) 6.88 < 0.01 97.10 < 0.01

Third 9 2.53 (1.46 to 3.60) 4.64 < 0.01 96.80 < 0.01

Combined 19 2.99 (2.28 to 3.69) 8.32 < 0.01 96.90 < 0.01

Nesfatin-1

Ethnicity

Asian 10 −0.08 (−0.64 to 0.47) 0.30 0.76 92.90 < 0.01

Caucasian 1 −0.41 (− 0.68 to − 0.14) 2.98 < 0.01 NA NA

Combined 11 −0.11 (− 0.61 to 0.38) 0.45 0.65 93.00 < 0.01

Age(mean,years)

< 30 7 −0.33 (− 0.98 to 0.32) 1.00 0.32 92.70 < 0.01

≥ 30 4 0.25 (−0.50 to 1.00) 0.65 0.52 92.50 < 0.01
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Table 2 Subgroup analysis of circulating FABP4, nesfatin-1, and OC levels in patients with GDM (Continued)

Subgroups N Test of association Test of heterogeneity

SMD (95% CI) z P I2(%) P

Combined 11 −0.11 (− 0.61 to 0.38) 0.45 0.65 93.00 < 0.01

BMI(mean,kg/m2)

< 25 5 −0.03 (− 0.92 to 0.87) 0.06 0.96 94.60 < 0.01

≥ 25 5 −0.44 (− 0.63 to − 0.25) 4.60 < 0.01 0 0.66

Combined 10 −0.23 (− 0.72 to 0.26) 0.91 0.36 91.30 < 0.01

ELISA kits

Uscn Life Science Inc. 2 −0.38 (− 0.83 to 0.06) 1.66 0.10 39.30 0.19

R&D Systems 3 0.88 (0.68 to 1.09) 8.47 < 0.01 0 0.62

other kits 6 −0.54 (−1.14 to 0.05) 1.79 0.07 40.30 0.25

Combined 11 −0.11 (− 0.61 to 0.38) 0.45 0.65 93.00 < 0.01

Diagnostic criteria

ACOG 1 −0.15 (− 0.65 to 0.36) 0.56 0.57 NA NA

ADA 7 −0.13 (− 0.88 to 0.62) 0.34 0.74 94.40 < 0.01

C&C 1 −0.61 (− 1.09 to − 0.12) 2.45 0.01 NA NA

IADPSG 1 0.73 (0.32 to 1.13) 3.51 < 0.01 NA NA

WHO 1 −0.41 (−0.68 to − 0.14) 2.98 < 0.01 NA NA

Combined 11 −0.11(− 0.61 to 0.38) 0.45 0.65 93.00 < 0.01

Measurement trimester

Second 7 −0.35 (− 0.97 to 0.26) 1.13 0.26 93.00 < 0.01

Third 4 0.35 (−0.26 to 0.96) 1.14 0.26 85.00 < 0.01

Combined 11 −0.11 (− 0.61 to 0.38) 0.45 0.65 93.00 < 0.01

OC

Asian 9 0.83 (0.42 to 1.24) 3.98 < 0.01 88.20 < 0.01

Austrian 1 0.61 (0.13 to 1.09) 2.49 0.01 NA NA

Australoid 2 0.04 (−1.10 to 1.18) 0.07 0.95 94.80 < 0.01

Combined 12 0.68 (0.31 to 1.05) 3.64 < 0.01 89.40 < 0.01

Age(mean,years)

< 30 7 0.98 (0.42 to 1.55) 3.43 < 0.01 90.80 < 0.01

≥ 30 5 0.32 (−0.12 to 0.76) 1.44 0.15 85.00 < 0.01

Combined 12 0.68 (0.31 to 1.05) 3.64 < 0.01 89.40 < 0.01

BMI(mean,kg/m2)

< 25 4 0.55 (0.37 to 0.73) 5.94 < 0.01 0 0.86

≥ 25 8 0.80 (0.19 to 1.40) 2.60 < 0.01 93.20 < 0.01

Combined 12 0.68 (0.31 to 1.05) 3.64 < 0.01 89.40 < 0.01

Measurement type

ELISA 6 1.04 (0.33 to 1.75) 2.86 < 0.01 92.50 0

IRMA 1 −0.54 (− 0.90 to − 0.18) 2.90 < 0.01 NA NA

ECLIA 5 0.60 (0.44 to 0.76) 7.29 < 0.01 0 0.91

Combined 12 0.68 (0.31 to 1.05) 3.64 < 0.01 89.40 < 0.01

Different forms of OC

ucOC 4 0.50 (0.29 to 0.71) 4.75 < 0.01 0 0.41

tOC 8 0.82 (0.27 to 1.37) 2.91 < 0.01 93.00 < 0.01

Combined 12 0.68 (0.31 to 1.05) 3.64 < 0.01 89.40 < 0.01
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year of publication and other parameters served as ex-
planatory covariates. Only one covariate (sample size)
was shown to be a significant factor in univariate ana-
lysis of FABP4. Hence, a subsequent multivariate meta-
regression analyses could not be continued. The results
of meta-regression analyses indicated that sample size
might lead to the heterogeneity cause for the included
studies of FABP4; other covariates failed to account for
heterogeneity in the pre-planned comparisons.

Prediction interval
The findings revealed that the predictive interval of the
SMD for FABP4 was on the right side of the threshold
(SMD = 0); however, the predictive interval of the SMD
for OC crossed the no-effect threshold. Thus, there was
strong evidence to support that the FABP4 levels ob-
served in GDM women outnumbered normal controls
regarding the studied outcomes (Table 4).

Leave-one-out sensitivity analysis
A leave-one-out sensitivity analysis was undertaken by
omitting one study separately and analyzing the overall
SMD for the remaining studies. The findings demon-
strated that no change occurred in the direction of SMD
when any one study was deleted in turn, confirming that
the findings were stable (Fig. 3b,d,f).

Publication bias
Funnel plots manifested an asymmetric distribution of the
studies involved (Fig. 3a,c,e) and publication bias of FABP4
was confirmed using Egger’s test (t = 3.25, P = 0.005);
whereas, further analysis employing the trim-and-fill
method indicated that this publication bias did not affect
the estimates (SMD= 2.99, 95% CI, 2.28–3.69; Table 4).

Discussion
It was found that FABP4 concentrations observed in
GDM cases surpassed those in healthy controls during

Table 2 Subgroup analysis of circulating FABP4, nesfatin-1, and OC levels in patients with GDM (Continued)

Subgroups N Test of association Test of heterogeneity

SMD (95% CI) z P I2(%) P

Measurement trimester

Second 4 0.64 (0.46 to 0.82) 6.91 < 0.01 0 0.99

Third 8 0.75 (0.17 to 1.34) 2.51 < 0.01 93.00 < 0.01

Combined 12 0.68 (0.31 to 1.05) 3.64 < 0.01 89.40 < 0.01

N Number of cases, SMD Standardized mean difference, BMI Body mass index, ELASA Enzyme linked immunosorbent assay, IRMA Immunoradiometric assay, ECLIA
Electrochemiluminescence immunoassay, NA Not available

Table 3 Meta-regression analysis of heterogeneity in circulating FABP4, nesfatin-1, and OC levels in the examined group of studies

Variables Coefficient Standard error 95% CI t P

FABP4

Publication year − 140.74 305.92 [− 786.18, 504.69] −0.46 0.65

Geographic region 2.41 2.04 [−1.97, 6.79] 1.18 0.26

Sample size 3.50 1.18 [1.00, 6.00] 2.95 0.009

Gestational BMI −4.19 5.33 [−15.44, 7.04] −0.79 0.44

Gestational age 8.10 4.59 [−1.58, 17.78] 1.76 0.09

Nesfatin-1

Publication year −40.65 233.28 [− 568.37, 487.06] −0.17 0.87

Geographic region −0.40 0.87 [−2.43, 1.62] −0.47 0.65

Sample size −.041 0.45 [−1.43, 0.61] −0.91 0.39

Gestational BMI 1.49 1.75 [−2.56, 5.53] 0.85 0.42

Gestational age −2.23 5.57 [−15.08, 10.61] −0.40 0.70

OC

Publication year − 203.76 275.32 [−817.20, 409.69] −0.74 0.48

Geographic region 0.47 0.86 [−1.52, 2.46] 0.55 0.60

Sample size 1.28 0.81 [−0.51, 3.08] 1.60 0.14

Gestational BMI 2.20 2.22 [−2.75, 7.16] 0.99 0.35

Gestational age 4.02 2.93 [−2.49, 10.54] 1.37 0.19

Sun et al. Lipids in Health and Disease          (2020) 19:199 Page 10 of 15



the advanced stages of pregnancy. Available evidence
showed that the serum FABP4 level was closely related
to GDM. Zhang et al. [18] reported that there was a ris-
ing trend of serum FABP4 levels from second to third
trimester in patients with GDM. In addition, pregnant
women with higher concentrations of plasma FABP4 in
the first trimester have an elevated risk for developing
GDM [48]. Ortega-Senovilla et al. [28] reported that the
maternal serum concentrations observed in women with
GDM were superior than in controls when the FABP4
values were adjusted for pre-pregnancy BMI.
Why do adipocytes in women with GDM secrete su-

perfluous levels of FABP4? Analyzing the results, the fol-
lowing factors were taken into consideration. First,
FABP4 chiefly secreted by adipocytes, as well as released
from the placenta in pregnant women [49]. The serum
FABP4 level is related to lipolysis, inducing IR, and de-
creasing the sensitivity of insulin when compared to nor-
mal physiologic IR during pregnancy [49]. Second,
candidates lead to an overexpression of FABP4 in the
placenta and decidua in GDM, including placental lacto-
gen, progesterone and the synergistic effect of estrogen
and progesterone, had levels which were persistently ele-
vated until delivery [49].
The results of stratified analysis indicated that dissimi-

larities in the ELISA kits utilized in those diverse studies
might have accounted for some degree of heterogeneity
in the levels of FABP4. Multiple ELISA kits were avail-
able for the measurement of each adipokine, with differ-
ent sensitivities and detection limits, leading to quite
heterogenous results. Furthermore, a meta-regression for
circulating FABP4 levels indicated that sample size also
accounted for the high heterogeneity across studies.
With respect to nesfatin-1, no remarkable differ-

ences could be observed in the levels of nesfatin-1
between GDM patients and healthy controls. Sub-
group analysis indicated that nesfatin-1 displayed
lower levels in Caucasian women suffering from
GDM, but there were no differences in Asians, sug-
gesting that geographic region may influence the
serum nesfatin-1 levels. Indeed, people from various
regions have diverse physical qualities, and genetic
and environmental characteristics, and all of these
may be linked to serum levels of nesfatin-1.

In addition, in women diagnosed with GDM following
the C&C and WHO criteria, circulating nesfatin-1 levels
were lower than controls, but circulating nesfatin-1
levels were higher than controls when the pregnant
women were diagnosed using IADPSG criteria. When
women follow the ADA criteria, nesfatin-1 concentra-
tions in GDM patients showed controversy. Three stud-
ies reported that the levels of circulating nesfatin-1 were
lower than in controls, while four studies observed that
nesfatin-1 levels outnumbered controls. Hence, it was
thought that diagnostic standards of GDM may have im-
pinged on the findings published previously. Similarly,
subgroup analysis also found significant heterogeneity in
nesfatin-1 concentrations in GDM that was correlated
with the factor of ELISA kits.
In the previous researches, the correlation between

nesfatin-1 levels and BMI remained unclear [12, 37].
The findings from the meta-analysis, manifested that
women with GDM and a high BMI displayed substan-
tially lower nesfatin-1 concentrations than women with
a normal weight suffering from GDM, which was in line
with the negative relationship between nesfatin-1 con-
centration and BMI. The findings are supported by the
evidence of Tsuchiya et al. [50], who held the view that
nesfatin-1 has a great negative impact on appetite. Being
overweight and obese could be a result of insufficient ac-
tion of nesfatin-1 in vivo [50]. Although the nesfatin-1
effects on the pathogenesis underlying GDM are not
well understood, nesfatin-1 might take part in the regu-
lation of body weight in pregnant women.
Based on the pooled results, it is noted that both

ucOC and tOC levels were clearly higher than con-
trols. Unlike Martinez-Portilla et al. [51], the current
study included more studies and had higher statistical
power; however, the pathophysiologic mechanism
underlying higher serum OC levels in GDM patients
than controls remains unclear. One of the possible
reasons is that placental-induced IR achieves its peak
between mid and late gestation. This IR results in a
rising secretion of insulin secretion via pancreatic
beta cells as a negative feedback mechanism, which
further leads to increased anabolic bone metabolism
via insulin-like growth factor I (IGF-1), consequently
affecting OC levels [14].

Table 4 Effect size analyses and publication bias in studies of circulating FABP4, nesfatin-1, and OC levels in women with GDM

Effect size analyses Publication bias

Adipokines
in GDM

N SMD 95% CI 95% PI Egger’s t Egger’s P Trim-and-fill SMD (95% CI)

FABP4 17 2.99 (2.28 to 3.69) (0.28 to 5.71) 3.25 0.005 2.99 (2.28 to 3.69)

Nesfatin-1 7 −0.11 (−0.61 to 0.38) (−1.63 to 1.41) −1.27 0.24 −0.11 (− 0.61 to 0.38)

OC 7 0.68 (0.31 to 1.05) (− 0.48 to 1.84) 1.87 0.09 0.68 (0.31 to 1.05)

N Number of studies, SMD Standardized mean difference, CI Confidence interval, PI Predictive interval
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The stratified analysis suggested that Asian and
Austrian patients, but not Australoid patients, had
higher OC levels than healthy controls. In the subgroup
≤30 years of age, GDM patients had higher circulating
OC than controls, indicating that a negative correlation
exists between age and OC concentration in GDM.
Moreover, FABP4 and OC levels were elevated in both

second and third trimester, which indicated that occa-
sion of measurement may not influence the relationship
of FABP4 and OC concentrations with GDM. Conse-
quently, it was assumed that GDM was described as a
rise of FABP4 and OC, in line with findings supported
by Ning et al. [52] and Abell et al. [53]. Moreover, the
measurement method possibly was a source of

Fig. 3 Funnel plots and sensitivity analysis plot among studies measuring the circulating levels of adipokines. Funnel plot (a, c, e): a circulating
FABP4 levels; c circulating nesfatin-1 levels; e circulating OC levels. Sensitivity analysis plot (b, d, f): b circulating FABP4 levels; d circulating
nesfatin-1 levels; f circulating OC levels
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heterogeneity across the seven studies, but subgroup
analysis stratified by the measurement method showed a
discrepant result when the OC levels were detected by
IRMA. Thus far, the number of studies using different
measurements to detect OC levels is limited in this area
and further research is warranted.

Study strengths and limitations
First, this is the first registered meta-analysis on this
area, the literature research was carried out systematic-
ally across multiple online databases, with a rigorous
search strategy in detail. Second, numerous of studies
were pooled from authoritative publications regarding
FABP4, nesfatin-1, and OC concentrations with women
in GDM, which improved the statistical power of this
meta-analysis largely. Though high heterogeneity was
observed, the cause of heterogeneity was analyzed
deeply, such as subgroup, meta-regression, and random-
model effects were conducted subsequently. In addition,
the predictive interval of adipokines was calculated to
provide support that the FABP4 is a biomarker of GDM
because the value of no difference was excluded in the
predictive interval [54].
Third, cumulative meta-analyses proved that the asso-

ciation between FABP4, nesfatin-1, and OC concentra-
tions was not changed in GDM cases and controls with
the prolongation of time, indicating that the relationship
has been stabilized. Furthermore, single arm meta-
analyses were carried out to provide the precise point
and interval estimation concentrations of FABP4 and
OC in GDM cases and controls, which have not been
clarified by former publications. Fourth, leave-one-out
sensitivity analyses and trim-and-fill method demon-
strated that the pooled results were reliable, suggesting
that no publication bias was found.
In the present study several limitations should be

taken into consideration. First, high heterogeneity was
found in this meta-analysis. Primarily, the heterogeneity
between studies are likely due to measurement method,
sample size, and different diagnostic criteria for GDM.
In addition, circadian rhythms may substantially influ-
ence the observed outcomes of adipokine measurement.
Oher factors such as physical activity, family history of
GDM, smoking history, and alcohol consumption may
also lead to the heterogeneity.
Second, the majority of those studies adopted a case

control study design. As a result, this may prove an associ-
ation, but does not demonstrate a causal link between
adipokines and GDM. In addition, the lack of included
prospective cohort studies was also a defect of this
research. Third, residual confounding bias was also a
limitation of this study. The distribution of adipokines is
often skewed, and a number of original studies have pro-
vided results as the median and interquartile range.

Consequently, a non-symmetric distribution presented
and the data were transformed into the mean and stand-
ard deviation, which may contribute to the residual con-
founding bias effect.

Implications for clinical practice and future perspective
In the future, a large-scale prospective multicentric cohort
study shall be conducted to prove that the increased adi-
pokines is one of the key actions that leads to the develop-
ment of GDM. Moreover, the potential confounders, such
as the concentrations of adipokines studied, ought to be
tailored after standardized treatment. To improve predict-
ive accuracy, the cut-off values and 95% CI should be
assessed. Moreover, the diagnostic criteria of GDM should
be unified to minimize heterogeneity. Furthermore, the
levels of adipokines should be evaluated in conjunction
with GDM criteria, and maternal demographic and clin-
ical risk factors so as to establish a predictive model that
can lend itself to the clinical practice.

Conclusion
This meta-analysis explained the possible capacity that
FABP4 and OC can play as potential biomarkers for the
prediction and prompt detection of GDM. FABP4 and
OC provide an effective screening and diagnostic tool
for GDM because the screening and diagnostic stan-
dards for GDM are in discord. Hence, this finding is of
clinical importance.
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