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ABSTRACT

Aims/Introduction: To establish that the ficolin-3/adiponectin ratio is a predictor for
gestational diabetes mellitus (GDM) and is eligible for screening tests for GDM.
Materials and Methods: A prospective cohort study of 86 pregnant women who
developed GDM and 273 normal glucose tolerance participants was carried out. Maternal
serum ficolin-3, adiponectin levels were investigated at 16-18 weeks of gestation using
enzyme-linked immunosorbent assay.

Results: Compared with the normal glucose tolerance group, the GDM group showed
significantly higher levels of ficolin-3 and the ratio of ficolin-3/adiponectin; and decreased
levels of adiponectin between 16-18 weeks of gestation (P < 0.05 or P < 0.01). The cut-
off values for the ratio of ficolin-3/adiponectin (>1.06; sensitivity 90.9%, specificity 96.5%) to
discriminate the pregnant women who developed GDM from the non-diabetic cases
were identified using receiver operating characteristic analysis. Using binary logistic
regression analysis, ficolin-3, retinol-binding protein-4 and adiponectin, but not C-reactive
protein, triglyceride and free fatty acids were shown as predictive factors for GDM.
Conclusions: The ratio of ficolin-3/adiponectin at 1618 weeks of gestation was chan-
ged in pregnant women who subsequently developed GDM, and might provide effective
early predicting and screening for GDM.
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INTRODUCTION

resistance and the development of type 2 diabetes mellitus®.

Gestational diabetes mellitus (GDM) might contribute to an
increasing global epidemic of type 2 diabetes mellitus, which is
characterized by new-onset of glucose intolerance during preg-
nancy. A high risk of developing type 2 diabetes mellitus for
both mother and possibly for the child caused by GDM is asso-
ciated with the epidemic of type 2 diabetes mellitus'. Validating
pregnant women at risk of GDM is critical to effective preven-
tion and management of this complication®. Being epidemiolog-
ically and biochemically similar to type 2 diabetes mellitus,
GDM shows an overlap with risk factors and predictive mark-
ers for type 2 diabetes mellitus. As predictors for type 2 dia-
betes mellitus, some inflammatory markers and adipokines are
also used to assess the risk of GDM™ .

Ficolin-3 is an activator of the lectin pathway of the comple-
ment system, which has recently been linked to insulin

Received 25 January 2017; revised 12 March 2017; accepted 23 April 2017

© 2017 The Authors. Journal of Diabetes Investigation published by Asian Association for the Study of Diabetes (AASD) and John Wiley & Sons Australia, Ltd

The elevated ficolin-3 levels were found both in the serum of
type 2 diabetes mellitus patients, and in the vitreous fluid and
serum of patients with proliferative diabetic retinopathy, as
described previously”®. However, low levels of ficolin-3 were
subsequently reported to be associated with the incidence of
type 2 diabetes mellitus and diabetic peripheral neuropathy by
a prospective study and cross-sectional studies®”. Furthermore,
pregnant women with pre-eclampsia (PE) or GDM outcome
show significantly decreased levels of ficolin-3 compared with
normal participants, as assessed by enzyme-linked immunosor-
bent assay (ELISA) and quantitative proteomic analysis, respec-
tively' >,

In contrast with other adipokines, such as retinol-binding
protein 4 (RBP-4) and visfatin, adiponectin is inversely corre-
lated to type 2 diabetes mellitus and GDM'* . However, fewer
studies show that low adiponectin levels have no association
with the risk of GDM'>'°.
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Given contradictory ficolin-3 levels in type 2 diabetes mellitus
patients, and insistent adiponectin levels with the risk of GDM,
we carried out a prospective cohort study to identify the alter-
ation of ficolin-3, adiponectin and other parameters at 16—
18 weeks of gestation. Furthermore, we also identified the poten-
tial predictors with or without combination for screening GDM
using receiver operating characteristic (ROC) curve analysis.

METHODS

Patient recruitment and blood collection

We carried out a prospective cohort study,which was approved
by the ethics committee of Changzhou Women and Children
Health Hospital affiliated to Nanjing Medical University (no.
7ZD201203). Between April 2013 and July 2014, a total of 526
consecutively pregnant women received their first prenatal
examination at 16-18 weeks of gestation at Changzhou Mater-
nity and Child Health Hospital, and were enrolled to the pre-
sent study. Written informed consent was obtained from each
participant. The study participants were given a routine diagno-
sis of GDM by an oral glucose tolerance test at 24-28 weeks of
gestation. We diagnosed GDM patients with the International
Association of Diabetic Pregnancy Study Group criteria by a
75-g oral glucose tolerance test'”. GDM was defined if one or
more glucose level was not less than fasting 5.1 mmol/L, 1-h
glucose 10.0 mmol/L or 2-h glucose 8.5 mmol/L. A total of 97
of the 526 participants were diagnosed as GDM. For achieving
euglycemia, the GDM patients were given low-sugar and low-
fat diet intake without any antidiabetic drugs. The criteria for
exclusion was as follows: (i) missed collection of programmed
blood specimens; (ii) age <18 or >40 years; (iii) multifetal preg-
nancy; (iv) gestational age <37 weeks; (v) illicit drug and/or
alcohol use; and (vi) pre-existing illnesses including pregesta-
tional diabetes mellitus (type 1 or 2), active or chronic liver dis-
eases and renal failure, PE, thyroid or other endocrine disease,
and chronic hypertension. No participants smoked during preg-
nancy. A total of 127 of the 429 NGT participants and five of
the 97 GDM patients were excluded, as they rejected the screen
test for Down syndrome at 16-18 weeks of gestation and deliv-
ery in our hospital, and thus did not provide blood samples
and the outcome of pregnancy. Also excluded were six GDM
patients and 29 NGT cases for pregestational diabetes mellitus
(n = 1), multiple pregnancy (n =2), PE (n =8), premature
delivery (n = 12) and rejection of the study (n = 12). A total
of 8 GDM and 273 NGT participants with singleton preg-
nancy constituted the study (Figure 1). The diagnosis of preges-
tational diabetes mellitus depended on self-report and medical
records information. The outcome parameters of eligible partic-
ipants were investigated at 16-18 weeks of gestation. The ali-
quots of serum from participants were frozen at —80°C until
the measurements.

Laboratory analysis
Standard laboratory methods were established to determined
clinical parameters of chemistry. Fasting glucose, lipids, free
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fatty acids (FFAs), C-reactive protein (CRP) and RBP-4 were
measured by an automatic biochemical analyzer (Hitachi
7180; Hitachi, Ibaraki-ken, Japan) using commercial kits
(Wako Pure Chemical Industries, Osaka, Japan). Ficolin-3
and adiponectin were tested by an automated enzyme
immunoassay analyzer (Hamilton-Medical, Bonaduz, Switzer-
land) using ELISA kits (Shanghai Bio-Sh Biotechnology,
Shanghai, China) following the manufacturers’ protocol. Speci-
mens with arbitrary order were detected in duplicate by the
staff members, who were unaware of the study design. All of
inter- and intra-assay variability for ficolin-3 and adiponectin
were <6%.

Statistical analysis

All data are presented as medians (interquartile range [IQR])
and statistically analyzed by Spss 19.0 software (SPSS, Chicago,
Illinois, USA). The Mann—Whitney U-test was applied to assess
the differences between the two groups. To identify the correla-
tion among different variables, Spearman’s correlation and par-
tial correlation analysis were wused. ROC curves were
constructed to evaluate the sensitivity and specificity of different
tests, and to determine the cut-off values. Using binary logistic
regression analyses, the influence of possible predictors on
GDM outcome with odds ratios (OR) and 95% confidence
intervals (CI) were test. At a level of P-value <0.05 was consid-
ered statistically significant.

RESULTS

Demographic and pregnancy characteristics

Characteristics of the total 359 participants with chemistry at
16-18 weeks of gestation are presented in Table 1. In the group
that developed GDM compared with the control group, the
maternal age, body mass index, fasting glucose and triglyceride
levels were higher, and gestational weeks at delivery were lower.
No statistically significant difference in neonatal birthweight
and other lipids between groups was observed.

Differences in possible predictors

The levels of ficolin-3, CRP, and adipokines at the early second
trimester are summarized in Table 2 and shown in Figure 2.
The group that developed GDM had statistically significantly
higher concentrations of ficolin-3, CRP, RBP-4 and FFAs than
the control group (for ficolin-3: 10.64 pg/mL, IQR 7.50-11.25,
vs 824 png/mL, IQR 6.34-9.57, P < 0.001; for CRP: 3.60 pg/
mL, IQR 1.80-6.45, vs 1.90 ng/mL, IQR 1.104.40, P = 0.004;
for RBP-4: 31.70 ng/mL, IQR 28.7-35.03, vs 28.25 ug/mL, IQR
25.6-30.45, P < 0.001; for FFAs: 0.60 mmol/L, IQR 0.50-0.70,
vs 0.53 mmol/L, IQR 0.44-0.63, P = 0.009). However, the levels
of adiponectin in participants who developed GDM were signif-
icantly decreased compared with NGT (8.60 pg/mL, IQR 5.03—
9.76, vs 10.68 pg/mL, IQR 9.24-12.86, P < 0.001). The elevated
ratios of CRP/adiponectin, RBP-4/adiponectin and ficolin-3/adi-
ponectin were also observed in participants who developed
GDM.
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Figure 1 | Flow chart. GDM, gestational diabetes mellitus; PE, pre-eclampsia; PGDM, pre-gestational diabetes mellitus.

Table 1 | Comparison of clinical parameters between women who
developed gestational diabetes mellitus and normal glucose tolerance

Efficiency of screening
ROC curves containing ficolin-3 and other markers for screen-
ing GDM are shown in Figure 3 from data at 16-18 weeks of

GDM NGT P-value
gestation. The cut-off values and performance of these tests are

Participants () 86 273 generalized in Table 3. With the ficolin-3/adiponectin cut-off
Maternal age 2900 (27.00-3300) 2600 (2400-2825) <0001  value of 1.06, the highest performance was obtained (sensitivity

(years) 90.9%, specificity 96.5%, area under ROC curve 0.968, 95% CI
Bodly mass 2458 (0172-2693) 2232 (2066-2439) <0001 (940 0.995).

index (kg/m?)
Fasting glucose 468 (437-503) 412 (3.94-4.28) <0001 Predictors and risk of GDM

(mmol/l Table 4 showed iation between th trations of
Triglyceride 205 (1.78-281) 185 (151-213) <0001 able % showed ah association between the concenfrations o

(mmol/L) possible predictors at 16-18 weeks of gestation and the risk of
LDLC (mmol) 250 (2.11-2:85) 245 (209-283) 0870 GDM with logistic regression analysis. Using binary logistic
HDL-C (mmol/l) 151 (1.26-1.79) 155 (137-1.80) 0518  regression analysis, ficolin-3, adiponectin and RBP-4 were
Total cholesterol 508 (4.59-549) 492 (449-536) 0291 shown as significant predictive factors of GDM, with odds

(mmol/L) ratios of 2.47, 3.57 and 2.82, respectively. Also, age and body
Gestation at 3800 (3800-39.00) 3900 (3900-4000) <0001 mass index were shown as predictors with borderline signifi-

delivery cance, whereas CRP, FFAs and triglyceride were not.

(weeks)
Fetal 345 (3.10-382) 344 3.26-3.73) 0459 Relationship of ficolin-3 levels to other predictors

birthweight

Data was presented as medians (interquartile range). GDM, gestational
diabetes mellitus; HDL-C, high-density lipoprotein cholesterol; LDL-C,
low-density lipoprotein cholesterol; NGT, normal glucose tolerance.

To identify the influencing factors of ficolin-3, Spearman’s and
partial correlation analysis between ficolin-3 and other clinical
parameters at 16-18 weeks of gestation were carried out
(Table 5). Ficolin-3 showed a statistical positive correlation with

© 2017 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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Table 2 | Summary of maternal serum levels of predictors in the outcome groups

Screening test GDM NGT P-value Adjust P-value
CRP (ug/mL) 360 (1.80-645) 190 (1.10-440) 0004 028

RBP-4 (ug/mL) 31.70 (28.70-35.03) 2852 (2560-3045) <0.001 <0.001
Adiponectin (ug/mL) 860 (503-9.76) 1068 (9.24-12.86) <0.001 <0.001
Ficolin-3 (ng/mL) 1064 (7.50-11.25) 824 (634-957) <0001 <0.001

FFAs (mmol/L) 060 (0.50-0.70) 053 (044-063) 0.009 (OARN
CRP/adiponectin 055 (0.29-093) 021 (0.11-065) <0001 0.002
RBP-4/adiponectin 407 (3.26-6. 20) 272 (229-3220) <0001 <0.001
Ficolin-3/adiponectin 1.26 (1.17-1 093 (084-1.03) <0001 <0.001

Data are presented as medians (interquartile range). GDM, gestational diabetes mellitus; CRP, C-reactive protein; FFAs, free fatty acids; NGT, normal

glucose tolerance; RBP4, retinol-binding protein-4.
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Figure 2 | The levels of predictors in pregnant women with gestational diabetes mellitus (GDM) and normal glucose tolerance (NGT) at 16—
18 weeks of gestation. *P < 001 vs NGT. CRP, C-reactive protein; FFAs, free fatty acids; RBP-4, retinol-binding protein-4.

CRP in participants who developed GDM (r = 0.241
and P = 0.026). There was a significant negative association
between serum ficolin-3 and adiponectin in the GDM group
(r = -0.371 and P < 0.01).

DISCUSSION

To our knowledge, there have been few published reports on
the ratio of maternal serum ficolin-3/adiponectin and GDM.
Herein, we investigated serum levels of ficolin-3, adiponectin
and other biomarkers at 16-18 weeks of gestation in women
who developed GDM and NGT participants. Compared with
the NGT group, the GDM group showed significantly higher
levels of ficolin-3, RBP-4, CRP, Triglyceride, FFAs, the ratios of
ficolin-3/adiponectin and RBP-4/adiponectin; and decreased
levels of adiponectin between 16-18 weeks of gestation. We
then showed the early predictive and diagnostic value of GDM
with the ratio of ficolin-3/adiponectin, and obtained high sensi-
tivity and specificity to this pregnancy complication using ROC
curve analysis. There is an increasing demand to predict and
diagnose pregnancy-induced diabetes earlier if the short-term
and long-term risks to the mother and fetus are to be mini-
mized. As hyperglycemia induced by pregnancy is often

unnoticeable at 16-18 weeks of gestation, it is not appropriate
to diagnose GDM by 75-g oral glucose tolerance test at this
stage. The present findings might provide an alternative early
predictive and diagnostic method for GDM.

The complement system activated by classical pathway, alter-
native pathway and lectin pathway is an important branch of
innate immunity and inflammation. The activation of the com-
plement system has been identified to play an important role
in the pathogenesis of type 2 diabetes mellitus and PE'®'.
High concentrations of ficolin-3 and CRP triggered the lectin
pathway and classical pathway, respectively, were found in
pregnant women who developed GDM in present study. Fur-
thermore, we observed that ficolin-3 had a positive relationship
with CRP in pregnant women who developed GDM. The pre-
sent findings suggest that ficolin-3 and CRP show a synergistic
action by the activation of the complement system and thus
extend the importance to GDM. However, the present study
was contrary to the previous report that the participants who
developed GDM showed downregulated ficolin-3, as assessed
by multiplexed isobaric tandem mass tag labeling combined
with liquid chromatography mass spectrometry and Western
blot analysis. The inconsistency was also reported in type 2
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Figure 3 | (a—i) Receiver operating characteristic curves were presented for different screen tests with the date derived at 16-18 weeks of
gestation. CRP, C-reactive protein; FFAs, free fatty acids; RBP-4, retinol-binding protein-4; ROC, receiver operating characteristic.

diabetes mellitus®”. The major differences in these studies was
the utilization of different sample sizes, various types of speci-
mens (plasma, serum) and different test methods (e.g., liquid
chromatography mass spectrometry, Western blot analysis,
ELISA). Furthermore, using different commercial ELISA kits
with different units (ug/mL or ng/mL) without comparability
might have contributed to variability®’, which was also

observed in the studies on adiponectin. Thus, standardization
of the analysis, and reports on ficolin-3, adiponectin and other
biomarkers is particularly important for the future studies on
GDM.

The relationships between adipokines and GDM have been
widely studied in the past 10 years. The available studies con-
tributed relatively inconsistent results across different

© 2017 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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Table 3 | Efficiency of screening for gestational diabetes mellitus by
different markers and their combinations at 16-18 weeks of gestation
with receiver operating characteristic curve analysis

Screening test Cut-off  Sensitivity AUROC (95% (1)
value (specificity)

CRP (ug/ml) >325  568% (682%) 0626 (0.544-0.709)
RBP-4 (ug/mL) >3045 63.6% (750%)  0.721 (0.646-0.796)
Adiponectin (ug/mL) <993  80.7% (65.1%)  0.751 (0.677-0.825)
Ficolin-3 (ug/mL) >1055  51.1% (97.7%) 0697 (0617-0.777)
FFAs (mmol/L) >058  56.8% (63.6%) 4 (0531-0.697)
Triglyceride (mmol/L) >253  3529% (90.9%) O 655 (0574-0635)
CRP/adiponectin >037 68 2% (686%)  0.704 (0626-0.752)
RBP-4/adiponectin >317  81.8% (756%) 0801 (0.732-0.870)
Ficolin-3/adiponectin >106  909% (965%)  0.968 (0.940-0.995)

AUROC, area under receiver operating characteristic curve; Cl, confi-
dence intervals; CRP, C-reactive protein; FFAs, free fatty acids; GDM, ges-
tational diabetes mellitus; RBP-4, retinol-binding protein-4.

populations. Among these adipokines, it is widely accepted that
the upregulation of visfatin and leptin, and the downregulation
of adiponectin might predict GDM during the first or early

http://onlinelibrary.wiley.com/journal/jdi

second trimester of pregnancy, whereas RBP-4 and resistin
show debatable results®® **. The present results confirmed pre-
vious prospective findings on the relationship between a lower
concentration of adiponectin and GDM development™**,
Increasing levels of RBP-4 in the present study was significantly
associated with the development of GDM consistent with a
recent meta-analysis report™. The report suggests that GDM
patients only limited to Asian women show significantly higher
circulating RBP-4 levels than the participants. Prospective stud-
ies show that the alterations of lipid metabolism, especially
serum triglyceride and FFAs, are correlated with neonatal
growth and thus are significant predictors of fetal birth-
weight”®”. However, the present study did not suggest that
triglyceride and FFAs during the early second trimester of preg-
nancy had a relationship to birthweight. Using a single biomar-
ker to predict GDM, it is difficult to obtain the high sensitivity
and specificity simultaneously'®*®. Here, we provided the ratio
between elevated biomarkers and reduced adiponectin (RBP-4/
adiponectin and ficolin-3/adiponectin), which might enhance
the performance of the screening tests for GDM.

In addition, some limitations of the current prospective study
should also be mentioned. First, we excluded a certain number

Table 4 | Binary logistic regression analysis using different markers and their combinations at 1618 weeks of gestation to predict gestational

diabetes mellitus

Predictors at 16-18 weeks gestation Univariate Multivariate

OR 95% Cl P-value OR 95% Cl P-value
Maternal age (years) 230 157-3.38 <0.001 237 146-3.87 0.001
Body mass index (kg/m?) 193 131-282 0.001 2.10 126-349 0.004
CRP (ng/mL) 172 118-251 0005 123 073-206 0441
RBP-4 (ug/mL) 2.25 1.52-333 <0.001 282 1.63-4.90 0.004
Adiponectin, ng/mL (per ug/mL decrease) 290 1.92-4.39 <0.001 357 2.13-6.00 <0.001
Ficolin-3 (png/mL) 234 1.58-348 <0.001 247 1.52-4.00 <0.001
FFAs (mmol/L) 1.70 1.17-248 0.006 1.31 081-2.12 0.179
Triglyceride (mmol/L) 193 131-282 0.001 113 067-192 0644

(Cl, confidence intervals; CRP, C-reactive protein; FFAs, free fatty acids; RBP-4, retinol-binding protein-4; GDM, gestational diabetes mellitus; OR, odds ratio.

Table 5 | Spearman’s correlation between ficolin-3 levels and other predictors at 16-18 weeks of gestation

Predictors at 16-18 weeks gestation GDM NGT
Unadjusted Adjusted for age and BMI Unadjusted Adjusted for age and BMI
r (P-value) r (P-value) r (P-value) r (P-value)
Maternal age (years) 0061 (0572) - —0.033 (0.766) -
Body mass index (kg/m?) 0002 (0.988) - —0.100 (0.361) -
CRP (ug/mL) O 166 0.122) 0241 0.026)* —0.158 (0.147) —0.090 (0414)
RBP-4 (ug/mL) 0 (0.309) 91 (0.078) —0.095 (0. 382) —0.036 (0.744)
Adiponectin (ug/mL) —03 0.012)* —0371 (0.009)* —0.152 (0.167) 49 (0.251)
FFA (mmol/L) O 140 (. 192) O 121 (0.268) —0.119 (0.275) —0.169 (0.125)
Triglyceride (mmol/L) 2 (0.188) 122 (0.262) 0.049 (0657) 3 (0.904)

Data was presented as medians (interquartile range). *Statistically significant. BMI, body mass index; GDM, gestational diabetes mellitus; NGT, normal
glucose tolerance; CRP, C-reactive protein; RBP-4, retinol-binding protein-4; FFAs, free fatty acids.
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of participants, those with no blood samples at 16-18 weeks of
gestation and unknown outcome of pregnancy, which can con-
tribute to a statistical bias. We could not exclude some partici-
pants in the study who might have had undiagnosed diabetes in
early pregnancy. Second, the present study lacked well-matched
control participants to GDM patients with regard to maternal
age and body mass index. Also, unmeasured variables might
result in confounding, even after controlling for the potential
confounders. Finally, the present study also lacked the levels of
those biomarkers during pre- and early pregnancy, and thus
cannot establish whether some alterations were observed before
pregnancy or during the first trimester of gestation. Therefore, to
further identify the development of ficolin-3 and other variables
levels in a longer observation period of pregnancy and to investi-
gate their predictive value in GDM, better designed prospective
cohort studies with larger populations will be crucial.

In summary, we showed that a high ratio of ficolin-3/adipo-
nectin in maternal serum at 16-18 weeks of gestation is an
alternative early screening method for GDM.
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