Int J Clin Exp Med 2017;10(3):5662-5669
www.ijcem.com /ISSN:1940-5901/1JCEM0048416

Review Article
First-trimester biomarkers for early prediction
of gestational diabetes mellitus: a meta-analysis

Yu Yan, Caixiu Pu, Wei Zhou

Department of Obstetrics, Chongqging Health Center for Women and Children, Chongqing, China
Received January 8, 2017; Accepted February 3, 2017; Epub March 15, 2017; Published March 30, 2017

Abstract: Gestational diabetes mellitus (GDM) occurs in approximately 7% of all pregnant women. In order to mini-
mize the risk of GDM-associated complications, it is still very important to identify novel biomarkers for early predic-
tion of GDM, particularly in the first trimester. In this study, we conducted a meta-analysis to assess the clinical im-
plications of first-trimester biomarkers, including sex hormone-binding globulin (SHBG), adiponectin and C-reactive
protein (CRP), in predicting the risk of GDM. Electronic databases, including Medline, Embase, Scopus, Google
Scholar, and Cochrane Library, were searched and fourteen studies including 2479 patients were identified for this
meta-analysis. The random-effects model was employed to pool the data from the included studies to determine the
difference in the first-trimester serum levels of SHBG, adiponectin, or CRP between patients with GDM and normal
pregnancies. Our meta-analysis reveals that GDM patients exhibit significantly lower levels of SHBG (SMD=-0.48;
95% Cl=-0.67, -0.28; Z=-4.77, P<0.0001) or adiponectin (SMD=-2.36; 95% CI=-3.39, -1.32; Z=-4.47, P<0.0001)
and significantly higher concentrations of CRP (SMD=1.67; 95% CI=0.44, 2.90; Z=2.66, P=0.0079) in the first tri-
mester than those women with normal pregnancies. These findings suggest that SHBG, adiponectin, and CRP may
serve as first-trimester biomarkers for predicting the risk of developing GDM in pregnant women.
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Introduction

Gestational diabetes mellitus (GDM) is a com-
mon medical condition characterized by glu-
cose intolerance of varying severity with onset
or first diagnosis during pregnancy [1]. GDM
has been estimated to occur in ~7% of all preg-
nancies, resulting in an incidence rate of
>200,000 cases every year [2]. If it is not well
treated, GDM can lead to a wide range of seri-
ous short- and long-term complications, includ-
ing preeclampsia and type 2 diabetes mellitus
for mothers and hyperbilirubinemia and respi-
ratory distress syndrome for fetuses or new-
born infants [1].

Screening for glucose intolerance between
24-28 weeks of gestation, using oral glucose
tolerance test (OGTT), is the routine procedure
that is currently performed to detect GDM,
which provides a valuable opportunity to man-
age those women with GDM [3]. However, this
screening procedure during the late second tri-
mester of pregnancy can only allow a brief win-

dow for implementing interventions designed to
improve the clinical outcomes, particularly for
the fetuses [2, 3]. It may take weeks for the diet
modification, which is usually the first step to
manage GDM patients, to become effective [3,
4]. Additionally, if the diet modifications fail to
maintain the blood glucose levels in normal
range, medications with insulin or oral glucose-
lowering agents, which can be started during
the last 4-6 weeks of pregnancy, will be war-
ranted to control blood glucose levels [5].
Therefore, identification of first-trimester bio-
markers for early prediction of GDM will provide
tremendous benefits to minimize potential
harmful effects of GDM on mothers and fetus-
es/newborn infants.

Interestingly, in recent years, substantial evi-
dence has suggested that certain first-trimes-
ter serum markers, including sex hormone-
binding globulin (SHBG) [6-11], adiponectin [9,
12-17], and C-reactive protein (CRP) [7, 9, 10,
16, 18, 19], may serve to predict the risk of
developing GDM in pregnant women. Specifi-
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cally, first-trimester serum levels of SHBG and
adiponectin [6-17] have been found to be tre-
mendously lower in pregnant women who later
develop GDM, compared with normal pregnan-
cies. Analogously, elevated first-trimester ser-
um levels of CRP are also strongly correlated
with the development of GDM [7, 9, 10, 16, 18,
19]. However, these studies have been carried
out on a small scale and the results have not
been consistent. Thus, it will be necessary to
combine the data from those studies to boost
statistical power and provide a better estimate
of the effect size to evaluate the clinical impli-
cations of these first-trimester serum biomark-
ers in predicting the risk of GDM.

In this study, we performed a systematic review
of the literature and carried out a meta-analy-
sis to determine if SHBG, adiponectin and CRP
could serve as first-trimester biomarkers for
early prediction of GDM. These analyses will
provide novel insights into the future clinical
implications of these potential biomarkers in
the management of GDM patients.

Materials and methods
Literature search

This systematic review and meta-analysis were
performed according to the preferred reporting
items for systematic reviews and meta-analy-
ses (PRISMA) guidelines [20]. We searched the
electronic databases, including the Medline,
Embase, Scopus, Google Scholar,and Cochrane
Library, to identify potential studies that exam-
ined the correlation of first-trimester biomark-
ers and gestational diabetes mellitus. Search
terms, including “SHBG”, “Sex hormone-binding
globulin”, “adiponectin”, “C-reactive protein”,
“CRP”, “gestational diabetes mellitus”, and
“GDM”, were used for the literature search. Two
investigators (T. Z. and J. Y.) performed the lit-
erature search independently.

Study selection

The following criteria were applied to identify
eligible studies for this meta-analysis: (1)
Serum samples were collected from pregnant
women during first trimester to determine the
serum levels of SHBG, adiponectin, and CRP,
(2) Screening for GDM was performed in all par-
ticipants between 26 and 30 weeks of gesta-
tion with an oral glucose loading test, (3)
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Studies that determined the effects of first-tri-
mester serum levels of SHBG, adiponectin, or
CRP on the development of GDM. All the poten-
tially eligible studies were reviewed and extract-
ed independently by two investigators (T. Z. and
J.Y.) and disagreements were resolved by dis-
cussion until a consensus was reached.

Data extraction

Abstracts of all relevant studies were reviewed
by two investigators (T. Z. and J. Y.). Using a
standardized data extraction form, we collect-
ed the following data from the retrieved full-text
articles: (1) Demographic information, including
lead author, publication year, sample size, and
mean age, (2) Gestational age at sample collec-
tion and OGTT testing, (3) Study design and
assays used to determine the serum levels of
SHBG, adiponectin, or CRP, (4) First-trimester
serum levels of SHBG, adiponectin, or CRP in
GDM patients and control subjects.

Definition and standardizations

Determination of pregnancy duration was bas-
ed on routine ultrasonographic examinations
preformed between 10 and 12 weeks of gesta-
tions. The definitive diagnosis of GDM was
based on the OGTT results. Patients in both
case and cohort groups were well-matched at
baseline in terms of demographic variables,
conventional risk factors, and baseline labora-
tory values, including SHBG, adiponectin, CRP,
glucose, and creatinine. Women with docu-
mented glucose intolerance that was diag-
nosed before pregnancy or at <20 weeks of
gestation were considered to have pre-GDM
and were excluded from this meta-analysis. All
included studies were approved by the Ethical
Committee of relevant institutions. All women
were provided written informed consent before
their inclusion in the study.

Statistical analysis

All statistical analyses were carried out using
the statistical software R (version 3.0.2, R Fou-
ndation for Statistical Computing, Vienna, Aus-
tria) and the package “meta” (Developed by Dr.
Guido Schwarzer, Institute for Medical Biometry
and Statistics, Freiburg, Germany) was used to
pool the data from the eligible studies for sta-
tistical analysis. The random-effects model ba-
sed on the inverse variance method was em-
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Figure 1. Flow diagram show-
ing the study selection strategy.

ined the association of first-tri-
mester CRP levels with the risk
of GDM [7, 9, 10, 16, 18, 19]
(Table 1).

L -

Included studies

Studies not matching inclusion

criteria
n=14

Notably, all reports that are
included in this meta-analysis

n=14

ployed to calculate the standardized mean dif-
ference (SMD) and 95% confidence interval (Cl)
in an effort to determine the difference in the
first-trimester serum levels of SHBG, adiponec-
tin, or CRP between patients with GDM and nor-
mal pregnancies. The statistical heterogeneity
among different studies was quantitated by the
Tau? and I? statistics [21]. If P value was less
than 0.1, heterogeneity was considered signifi-
cant. The degree of heterogeneity was also
determined by the I? (0-40%: low heterogeneity;
30-60%: moderate heterogeneity; 50-90%:
substantial heterogeneity; 75-100% consider-
able heterogeneity) [21, 22]. In order to evalu-
ate the robustness of the findings from our
meta-analyses, we carried out sensitivity analy-
ses to compare the differences in pooled esti-
mates before and after certain included stud-
ies were removed from our meta-analyses.

Results
Characteristics of eligible studies

We initially identified 931 relevant studies using
the search strategies as described above. After
thoroughly reviewing the titles and abstracts of
those reports, 718 articles were excluded from
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employed a study design of

prospective cohort studies,

including nested case-control,
cross-sectional, and cohort studies to deter-
mine the relationship between the biomarkers
(SHBG, adiponectin, and CRP) and the risk of
GDM (Table 1). The levels of SHBG, CRP and
adiponectin were measured using either ELISA
or RIA kits from serum samples that had been
collected in the first trimester except that in
one study SHBG levels were determined from
the serum samples collected at 13-16 weeks of
pregnancy (Table 1). The definitive diagnosis of
GDM was made at 23-30 weeks of pregnancy
based on OGTT testing (Table 1).

The methodologic quality of each included
study was assessed according to the GRADE
(Grades of Recommendation, Assessment,
Development, and Evaluation) guidelines [23,
24]. The overall quality of each study can be
rated as high, intermediate, moderate, low, or
very low quality, when the following elements
are taken into consideration: study design,
study quality, the consistency of results across
studies, the directness of the evidence, and
study precision [23, 24]. Based on these grad-
ing guidelines, twelve studies of the included
reports [6, 7, 9-16, 18, 19] are classified as
high quality, whereas two studies [8, 17] are
graded as intermediate quality (Table 1).
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Table 1. Characteristics of included studies

Gestational  Gesta-

. Pt Mean Detection age at sam- tional age . Quality of
Studies No. age Country Markers methods ple collection at OGTT Study design mclut.jed
(years) studies
(weeks) (weeks)
Berggren (2014) 51 28.7 USA CRP ELISA <14 24-28 Cross-section High
Caglar (2012) 93 28.9 Turkey SHBG RIA 13-16 24-28 Cross-section High
Chen (2006) 172 24.8 USA CRP ELISA 15 28 Nested Case-control High
Georgiou (2008) 28  33.2 Australia Adiponectin ELISA 11.3 28 Nested Case-control High
lanniello (2013) 32 318 Italy Adiponectin ELISA 811 23-25 Cohort High
Lacroix (2013) 483 284 Canada Adiponectin RIA 6-13 24-28 Cohort High
Lain (2008) 59 28.2 USA Adiponectin RIA 9.3 24-28 Nested Case-control High
Liu (2011) 48 25-35 China CRP, Adiponectin ELISA 9-12 24-28 Nested Case-control High
Low (2010) 79 N/A Malaysia Adiponectin ELISA <18 N/A Cross-sectional Immediate
Maged (2013) 269 270 Egypt SHBG, CRP ELISA 11.19 26.23 Nested Case-control High
Pan (2007) 775 299 China SHBG ELISA 9.62 24-28 Nested Case-control Immediate
Rasanen (2013) 182 28.8 USA SHBG, CRP, Adiponectin ELISA 9.9 24.1 Nested Case-control High
Smirnakis (2007) 108 32.2 USA SHBG, CRP ELISA 11 27.8 Nested Case-control High
Thadhani (2003) 138 32.5 USA SHBG ELISA 10.3 26-30 Nested Case-control High
ELISA, enzyme-linked immunosorbent assay; RIA, Radioimmunoassay; Pt. No, patient number; OGTT, oral glucose tolerance test.
GDM Control Standardized mean difference
Study Total Mean SD Total Mean SD SMD 95% Cl  Weight
Caglar 2012 30 98 3 63 100 4 ———ro -0.53 [-0.98; -0.09] 13.2%
Maged 2014 27 191 24 242 211 28 ——— -0.72 [-1.12; -0.32] 14.9%
Pan 2007 41 270 119 734 322 124 — -0.42 [-0.74; -0.10] 19.6%
Rasanen 2013 20 84 46 92 91 66 I -0.12 [-0.41; 0.17] 21.2%
Smirnakis 2007 35 185105 73 25 92 ——— -0.73 [-1.15;-0.32] 14.3%
Thadhani 2003 44 187 82 94 233 92 —_— -0.51 [-0.88; -0.15] 16.8%
Random effects model 267 1298 —— -0.48 [-0.67; -0.28] 100%
Heterogeneity: 1?=42.5%, tau’=0.0252, p=0.1221 : I ;

Test for overall effect: Z= -4.77 (p< 0.0001)

-05 0 0.5 |

Figure 2. First-trimester serum levels of SHBG are significantly lower in GDM patients compared with women with
normal pregnancies. Seven studies were identified as described in the Methods section. SMD and 95% Cl were cal-
culated using the inverse variance statistical method based on the random-effects model. Additionally, the degree
of heterogeneity among different studies was determined with the Tau? and |2 statistic. The square boxes represent
individual effect of the included studies. The sizes of the square boxes are proportional to the samples sizes of the
corresponding studies, whereas the length of the horizontal lines through the square boxes represents the 95% ClI.
The overall estimate and its 95% CI are shown as a black diamond with its center denoting the pooled point esti-

mate and its horizontal tips indicating the 95% CI.

First-trimester SHBG levels are negatively as-
sociated with the development of GDM

SHBG is a glycoprotein produced by the liver
and its secretion is negatively regulated by
insulin [25, 26]. Furthermore, decreased levels
of SHBG have been found to be associated with
insulin resistance and the development of type
2 diabetes [25, 26]. Therefore, we first conduct-
ed a meta-analysis of six eligible studies [6-11]
to determine if first-trimester SHBG levels are
associated with the risk of GDM. Intriguingly, as
illustrated in the forest plot (Figure 2), our me-
ta-analysis shows that pregnant women who

5665

develop GDM exhibit significant lower levels of
SHBG in the first trimester than normal control
subjects (SMD=-0.48; 95% CI=-0.67, -0.28;
=-4.77, P<0.0001), indicating that lower con-
centrations of SHBG in pregnant women are
predictive of the development of GDM.

First-trimester adiponectin levels are inversely
correlated with the risk of GDM

Adiponectin, a protein hormone secreted by
adipose tissues and the placenta in pregnancy,
is involved in regulating glucose levels as well
as fatty acid breakdown [27]. Moreover, hypoa-
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GDM Control Standardised mean difference
Study Total Mean SD Total Mean SD SMD 95% CI Weight
Georgiou 2008 14 3.00 020 14 490 060 —+—— -4.12 [-5.51;,-2.74] 12.4%
lanniello 2013 16 141014 16 227 027 —— -3.90 [-5.13;-2.67] 13.0%
Lacroix 2013 38 9.67 3.84 407 11.92 459 = -0.50 [-0.83;-0.16] 15.7%
Lain 2008 30 430040 29 6.90 060 —— -5.05 [-6.12; -3.98] 13.6%
Liu 2011 13 5.80 1.90 35 12.80 2.40 . -3.02 [-3.92;-2.12] 14.2%
Low 2011 26 7.00258 53 8.413.08 - -0.48 [-0.95; 0.00] 15.4%
Rasanen 2013 90 250 090 92 3.00 1.20 = -0.47 [-0.76; -0.17] 15.7%
Random effects model 227 646 - -2.36 [-3.39; -1.32] 100%
Heterogeneity: 2=95.7%, tau?=1.751, p<0.0001 :
Test for overall effect: Z= -4.47 (p< 0.0001) T T
-6 -4 -2 0 2 4 6

Figure 3. First-trimester serum levels of adiponectin are significantly lower in GDM patients compared with women
with normal pregnancies. SMD and 95% CI were calculated from the seven studies using the same methods as

described in Figure 2.

GDM Control

Study Total Mean SD Total Mean SD
Berggren 2014 13 21.60 6.20 38 8.10 3.600
Chen 2006 35 13.90 1.50 137 9.00 0.800
Liu 2011 13 3.60 3.00 35 2.00 2.400
Maged 2014 27 380 166 242 274 0960
Rasanen 2013 90 1.17 3.49 92 0.39 2.486
Smirnakis 2007 35 8.009.10 73 5.60 7.000
Random effects model 213 617

Heterogeneity: 1°=97.5%, tau’=2.286, p<0.0001
Test for overall effect: Z= 2.66 (p= 0.0079)

Standardised mean difference

SMD 95%Cl  Weight

= 3.03 [2.153.91] 15.9%

—— 497 [4.33;562] 16.5%

— 0.61 [-0.04; 1.26] 16.5%

- 1.01 [0.60; 1.41] 17.0%

- 0.26 [-0.03; 0.55] 17.1%

- 0.31 [-0.10; 0.71] 17.0%

— 1.67 [0.44;2.90] 100%
[ I T 1
-4 -2 0 2 4

Figure 4. GDM patients exhibit significantly higher serum levels of first-trimester CRP, compared with women with
normal pregnancies. SMD and 95% Cl were obtained from the six studies using the same methods as described in

Figure 2.

diponectinemia has also been implicated in
insulin resistance and type 2 diabetes [28]. To
examine the correlation of first-trimester adipo-
nectin levels with the risk of developing GDM,
we then performed a meta-analysis of the
seven studies [9, 12-17] that compared the
incidence of GDM in pregnant women with low
and high levels of first-trimester adiponectin.
We find that first-trimester adiponectin levels
are significantly reduced in pregnant women
who develop GDM than those in normal preg-
nancies (SMD=-2.36; 95% CI=-3.39, -1.32;
Z=-4.47, P<0.0001) (Figure 3), suggesting that
decreased concentrations of adiponectin in
pregnant women also predict the risk of devel-
oping GDM.

Elevated first-trimester CRP levels predicts in-
creased risk of developing GDM

As an inflammation marker, elevated levels of
CRP have also been found to be correlated with

5666

an increased risk of developing type 2 diabetes
mellitus [29]. We then pooled the data from six
eligible studies [7, 9, 10, 16, 18, 19] to examine
the relationship between first-trimester CRP
levels and the risk of GDM. Interestingly, the
pooled data from our meta-analysis of the six
studies demonstrate that pregnant women who
develop GDM display significant higher serum
levels of CRP in the first trimester than normal
control subjects (SMD=1.67; 95% CIl=0.44,
2.90; Z=2.66, P=0.0079) (Figure 4). These
data show that increased concentrations of
first-trimester CRP also correlate with the risk
of developing GDM in pregnant women.

Sensitivity analysis

Next we performed sensitivity analyses to test
the robustness of the results from our meta-
analyses. Exclusion of the study [6] in which RIA
was used to measure SHBG levels from the
meta-analysis does not dramatically affect the
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Table 2. Sensitivity analysis

nificantly lower levels of SHBR or adipo-

Biomarkers Pooled estimates be-  Pooled estimates after

nectin and significantly higher concen-

analyzed fore exclusion analysis  exclusion analysis trations of CRP during the first trimester
SHBG SMD: -0.48 SMD: -0.47 t-har-1 those in normal pregna.ncies-. These
95% Cl: (:0.67,-0.28)  95% Cl: (:0.70, -0.24) findings suggest that first-trimester
72477 7=4.03 serum levels of SHBG, adiponectin or
' ’ CRP may serve to predict the risk of

P<0.0001 P<0.0001 . .

developing GDM in pregnant women.
Adiponectin SMD: -2.36 SMD: -2.26

95% Cl: (-3.39,-1.32)  95% Cl: (-3.54, -0.99) Insulin resistance, which is defined as a
7=-4.47 7=-3.48 condition that requires more insulin to
P<0.0001 P=0.0005 maintain glucose homeostasis com-
CRP SMD: 1.67 SMD: 0.95 pared with a normal state, increases
95% CI: (0.44,2.90)  95% CI: (0.29, 1.61) throughout pregnancy [30] and is one of
7266 7-2.83 the. L;ey features olfthDM [Bz].flniul?n
P<0.0079 P=0.0047 resistance can result from any defects in

SHBG, sex hormone-binding globulin; CRP, C-reactive protein; SMD,

standardized mean difference; Cl, confidence interval.

overall effect (SMD=-0.468; 95% CI=-0.67,
-0.267; Z=-4.55; P<0.0001) (Table 2). Similarly,
first-trimester adiponectin levels are still signifi-
cantly lower in GDM patients compared with
women with normal pregnancies (SMD=-2.26;
95% CI=-3.54, -0.99; 7=-3.48; P=0.0005),
when two studies [14, 15] in which RIA was
employed to determine adiponectin levels were
excluded from the meta-analysis (Table 2).
Additionally, removal of the outlier study [19]
does not affect the clinical significance of
increased first-trimester CRP levels as a poten-
tial biomarker to predict the risk of GDM (SMD:
0.95; 95% CI: 0.29 to 1.61; Z=2.83; P=0.0047)
(Table 2). These sensitivity analyses indicate
that the findings of our study are robust and
uncertainty involving this meta-analysis is very
minimal.

Discussion

GDM is an increasingly common medical disor-
der during pregnancy with well-documented
maternal and fetal complications, ranging from
preeclampsia for the mother to macrosomia
and hypoglycemia for the fetus [1, 2]. lden-
tification of reliable first-trimester biomarkers
for predicting the risk of developing GDM would
offer invaluable opportunities to better manage
patients with GDM and markedly reduce adv-
erse pregnancy outcomes. In this study, our
meta-analyses of the fourteen studies includ-
ing 2479 patients show that pregnant women
who develop GDM during pregnancy display sig-

5667

the insulin signaling cascades, including
the activation of insulin receptor tyro-
sine kinase, phosphorylation of the insu-
lin receptor substrate (IRS) proteins and
downstream phosphoinositide-3-kinase (PI3K)/
Akt signaling pathway [32]. Recent studies indi-
cate that adiponectin or CRP regulates insulin
sensitivity through modulating one component
of the signaling pathways [33, 34]. For exam-
ple, adiponectin enhances insulin sensitivity by
increasing IRS-2 expression in the liver cells of
a mouse model [33]. Likewise, CRP has been
reported to inhibit insulin-induced IRS tyrosine
phosphorylation and PI3-K/Akt activation in a
rat model [34]. The mechanism by which low
SHBG levels reduce insulin sensitivity is still not
well documented. SHBG may directly bind to its
cellular receptors such as G protein-coupled
receptors on the plasma membrane, indepen-
dent of its binding to androgen in the circula-
tion, and activate adenylyl cyclase, resulting in
production of cyclic adenosine monophosphate
and subsequent increased glucose uptake and
improved insulin sensitivity [35, 36].

In this study, we, for the first time, employed a
systemic review and meta-analysis approach to
investigate the clinical significance of SHBG,
adiponectin and CRP as first-trimester biomark-
ers to predict the risk of developing GDM in
pregnant women. However, it is worth noting
that the number of reports that was eligible and
included in our study is relatively small. Hence,
we did not assess publication bias regarding
our meta-analyses [21, 37]. Additionally, the
patient numbers from the eligible studies are
not very large. Furthermore, different experi-
mental approaches (either RIA or ELISA) or RIA/

Int J Clin Exp Med 2017:10(3):5662-5669
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ELISA kits from different companies were uti-
lized to determine the serum levels of SHBG,
adiponectin or CRP in the included studies.
These inconsistencies may lead to significant
between-study variations as we observed
above. Thus, further cohort studies with larger
sample sizes using a consistent experimental
condition to measure the serum levels of SHBG,
adiponectin or CRP are warranted to validate
the findings we presented here in the future.

Taken together, our meta-analysis suggests
that first-trimester serum levels of SHBG, adi-
ponectin and CRP can be employed to predict
the risk of developing GDM in pregnant women.
These findings provide novel insights into the
management of patients with GDM in the
future.
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