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Background: Gestational diabetes mellitus (GDM) can cause severe adverse effects on fetal and neonatal
outcomes. The following study investigates the relationship between retinol-binding protein 4 (RBP4) and
GDM in pregnant women with different grades (Al and A2) and different gestational weeks.

Methods: In this retrospective study, 194 GDM patients (GDM group) and 67 normal glucose tolerance
pregnant women (control group) were enrolled from 2014 to 2017. Elbow venous blood samples were
collected from all subjects. Enzyme electrode method and enzyme linked immunosorbent assay (ELISA)
were used for fasting plasma glucose (FPG) and RBP4/insulin levels (FINS) analysis, respectively.

Results: At middle pregnancy and late stage, FINS, insulin resistance index (HOMA-IR) and RBP4 were
all significantly higher in the GDM group compared to control group (P<0.05). Higher HOMA-IR and
RBP4 levels, and lower levels of FPG were observed at late stage than those middle pregnancy in the GDM
group (P<0.05). Moreover, FINS and RBP4 gradually decreased from middle pregnancy and late stage after
delivery in the GDM group. Levels of FINS and RBP4 in postpartum GDM group were higher than those
in normal control group (P<0.05). The optimal cut-off value of RBP4 at middle pregnancy diagnostic GDM
was 34.84 pg/mL with sensitivity of 79.4% and specificity of 79.1%. The OGTTOh, 2h in A2GDM group
was higher than that in AIGDM group, but there was no difference in OGTT1h, age and FINS, RBP4 in
both AIGDM and A2GDM group.

Conclusions: RBP4 is closely related to GDM, and its levels increases with the increase of gestational
weeks, which may reflect the development of insulin resistance in GDM. RBP4 suggests that the impaired
insulin function of GDM in pregnant women is still difficult to recover in the short term after delivery.
Compared with OGTT1h, the increase in OGTTOh and 2h levels during middle pregnancy is more helpful
for predicting the risk of developing A2GDM at late stage.
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Introduction

Gestational diabetes mellitus (GDM) is defined as any
glucose intolerance first discovered or diagnosed during
pregnancy, which can cause severe adverse effects on fetal
and neonatal outcomes (1). Its prevalence ranges from
1% to 14% of all pregnancies worldwide (2). In Asia,
the incidence of GDM is higher than 10% (3). GDM is
adequately controlled with diet and exercise (A1GDM, also
known as diet-controlled gestational diabetes) or medical
therapy (A2GDM) (4). GDMA2 glucose metabolism
disorder is more serious than AIGDM.

Besides, complications affecting mother and fetus are
more frequent in GDM type 2 (5). Nevertheless, the exact
mechanism of GDM occurrence is not clear. Relevant
studies have found that the appearance of GDM may
be associated with insulin resistance (IR) and relatively
insufficient insulin secretion (6).

RBP4 is a protein which belongs to the lipocalin
family. They are carrier proteins that bind to retinol.
Increasing serum RBP4 induces hepatic expression of the
gluconeogenic enzyme phosphoenolpyruvate carboxykinase
(PEPCK) and impairs insulin signalling in muscle (7).
RBP4 may have an important role in the origin of insulin
resistance and metabolic syndrome (7-9). Some studies have
suggested that RBP4 is closely related to type 2 diabetes (10).
Feng et al. have found that RBP4 is positively correlated
with T2DM and can be used as an early predictor of
cardiovascular disease (11). Moreover, other studies have
suggested an association between high RBP4 level and the
development of GDM (12,13). Contrary, other studies
found no difference in RBP4 levels between GDM patients
and normal pregnant women (14,15).

Collecting samples and medical record for patients
at middle pregnancy, late stage and after delivery can be
very challenging. So far, only few studies were successful
in tracking the results from pregnancy monitoring of the
same women, and most of the available statistical data were
obtained from different pregnant women, which is why
these data might be inconsistent and biased. The current
study lasted 3 years during which samples from more than
1,000 pregnant women were collected. By tracking the
same pregnant woman at different gestational periods, the
interference of GDM in pregnant women with obesity (16),
age and other factors on RBP4 were also taken into account.
There was no significant difference in age, gestational week
and pre-pregnancy BMI among the subjects. Currently,
there are not many research reports on the correlation

© Annals of Translational Medicine. All rights reserved.

Du et al. Retinol-binding protein 4 concentrations and gestational diabetes mellitus (AIGDM and A2GDM)

between different grades (Al and A2) at late stage of
pregnancy obtained from the same GDM pregnant women.
Consequently, we analyzed the RBP4 and relevant glucose

metabolism biomarker levels in patients with A1GDM and
A2GDM.

Methods
Patients

In this retrospective study, samples were collected from
1,000 patients diagnosed with GDM and no previous
history of treatment (any medication given during middle
pregnancy 24-28 weeks of pregnancy) at the obstetrics clinic
of Shenzhen Maternal and Child Health Hospital affiliated
to Southern Medical University from November 2014 to
May 2017. Serum samples were taken from 1,000 GDM
patients (considering the amount of subsequent patient loss
to expand the specimen collection), and 300 healthy women
(control group). Both groups were followed up to late stage
(37 to 40 weeks of gestation). Finally, all pregnant women
who have not been hospitalized at our obstetrics department
for delivery or whose medical history data collection was
incomplete or had other complications at late stage were
excluded from the study. The inclusion criteria were the
following: group objects were patients with monocyesis and
no pregnancy complications such as hypertensive disorder,
hyperthyroidism and other complications; nonsmokers,
without the history of drug abuse, engaged in light physical
work. The diagnosis of GDM was preformed using a single-
step 75-g OGTT when one or more of the following results
were recorded during routine testing (specifically between
24 and 28 weeks of pregnancy or at any other time during
the course of pregnancy): (I) fasting plasma glucose 5.1-
6.9 mmol/L (92-125 mg/dL); (II) 1-hour post 75-g oral
glucose load >10 mmol/L (180 mg/dL); (IIT) 2-hour post 75-g
oral glucose load 8.5-11.0 mmol/L (153-199 mg/dL) (17).
Finally, 194 patients with GDM (GDM group) and 67
pregnant women with normal glucose tolerance (control
group) were enrolled; 108 GDM patients were selected for
42 days postpartum to detect the related indexes, it breast
feeding was about 47%, mixed feeding was 46%, and pure
artificial feeding was 7%. Other pregnant women who took
blood tests in the middle pregnancy were not included in
this follow-up study because of other complications in the
late pregnancy or the loss of medical history due to the
absence of treatment in our hospital. The GDM group was
divided into 171 patients in the Al group and 23 patients
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in the A2 group. All interviewees were followed up for 4 to
6 months. This study was approved by the hospital ethics
committee. The participants signed informed consent
forms.

Sample analyzes

After fasting and water deprivation for 12-14 hours, elbow
venous blood samples of all enrolled subjects were collected
and centrifuged to separate the serum. A portion of serum
sample was sent for FPG testing that was preformed using
Enzyme electrode kit (Beckman Coulter, Inc. in the United
States of America). The rest of serum sample was stored in
refrigerator at -80 °C for future research.

Dynamic observation of pregnant women in late stage of
pregnancy and 42 days after delivery was performed using
the same detection method. The data from BMI, HOMA-
IR, insulin treatment and perinatal outcomes were collected
by HIS system. HOMA-IR of Steady State Model was
used as an Indicator for Evaluating IR. HOMA-IR = FPG
x FINS/22.5. Finally, the enrolled patients were tested for
FINS and RBP4 by enzyme-linked immunosorbent assay
(R&D Systems in the United States of America).

Statistical analyses

All the data analysis were performed by using SPSS
(version 22.0; SPSS Inc, Chicago, IL, USA). All the data
were analyzed by descriptive statistics (often detected by
Kolmogorov-Smirnov test). The data were expressed as
mean + SD. The T test was used to compare the variables
with normal distribution between the two groups. The
ANOVA analysis was used to compare the variables with
normal distribution of multiple groups. The rank sum test
was used to compare the variables that did not conform to
the normal distribution. Two-tailed significance values were
given with P<0.05, which was considered to be statistically
significant. Correlation relationships analysis was
performed by Spearman correlation analysis. When Ir1<0.5
and P<0.05, the correlation was low; when Ir1>0.5, the
correlation was moderate; When r1>0.8, the correlation
was high.

ROC curve was used to investigate the sensitivity and
specificity of all indicators in GDM diagnosis. ROC-
curve analysis with calculation of the area under the curve
(AUROC) was performed to calculate the cutoff values,
sensitivity, specificity and overall model correctness.
AUROC 0.5 and P<0.05 were regarded as clinically
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significant. An AUROC value between 0.5-0.7 indicated
low clinical prognostic indicator; AUROC between 0.7-0.9
indicated moderate clinical prognostic indicator; AUROC
>0.9 indicated high clinical prognostic indicator. Cut-off
values were defined by obtaining the best Youden index
(Youden index = sensitivity + specificity -1).

Results
Baseline patient characteristics

In GDM group, the average age was 31.71+3.63 years; BMI
before pregnancy was 21.74+2.47 kg/m’. In normal control
group, the average age was 31.00+3.43 years; BMI before
pregnancy was 21.04+2.48 kg/m’. No significant differences
in the age, gestational age and pre-pregnancy BMI were
observed between groups (P>0.05).

The comparison of FPG, FINS, HOMA-IR and RBP4
between the two groups of pregnant women at middle

pregnancy and late pregnancy

At middle pregnancy and late stage, levels of FPG, FINS,
HOMA-IR and RBP4 were significantly higher in the
GDM group compared to the control group (P<0.05). In
addition, in the GDM group, these levels were significantly
higher during late stage compared to middle pregnancy
(P<0.05); while, levels of FPG were significantly lower at
late stage than those at middle stage (P<0.05). In control
group, there were no differences of FPG, FINS, HOMA-
IR and RBP4 levels at middle stage of pregnancy and at the
late stage (P>0.05). All results are shown in Table 1.

Comparison of FINS and RBP4 between pregnant women
with GDM, GDM postpartum women and normal
pregnant women

According to Kolmogorov-Smirnov test, FINS had normal
distribution in GDM group, normal pregnancy group and
GDM after delivery group, and thus ANOVA analysis was
utilized. For the normal pregnancy group, no differences
were found between middle pregnancy and late stage
(P>0.05); however, significant differences were observed
among other groups (P<0.05). Furthermore, the median
levels of FINS in each group were analyzed by box diagram.
As shown in Figure 1, the average FINS levels in GDM
pregnant women at late stage, GDM pregnant women at
middle stage, GDM after delivery, normal pregnant women
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Table 1 The comparison of FPG, FINS, HOMA-IR and RBP4 between the two groups of pregnant women at middle stage pregnancy and late

stage
Iltem GDM group (n=194) Control group (n=67) P
FPG (mmol/L)
Middle stage 4.82+0.54 4.37+0.33 <0.01
Late stage 4.69+0.75 4.31+0.50 <0.01
P <0.01 0.40 -
FINS (mU/L)
Middle stage 22.89+3.73 17.18+3.06 <0.01
Late stage 24.37+3.42 17.83+3.84 <0.01
P <0.01 0.05 -
HOMA-IR
Middle stage 4.90+0.92 3.34+0.66 <0.01
Late stage 5.09+1.13 3.41+0.82 <0.01
P <0.01 0.37 -
RBP4 (ug/mL)
Middle stage 41.10+7.26 30.55+5.54 <0.01
Late stage 43.50+7.13 31.18+7.73 <0.01
P <0.01 0.28 -

FPG, fasting plasma glucose; FINS, fasting insulin; RBP4, retinol-binding protein 4; GDM, gestational diabetes mellitus; HOMA-IR, insulin

resistance index.
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Figure 1 Average FINS levels in GDM pregnant women and
normal pregnant women. 1: GDM pregnant women at middle
stage, median is 22.63 mU/L. 2: GDM pregnant women at late
stage, median is 24.45 mU/L. 3: GDM after delivery, median is
19.25 mU/L. 4: normal pregnant women at middle stage, median
is 16.83 mU/L. 5: normal pregnant women at late stage, median is
16.83 mU/L. GDM, gestational diabetes mellitus; FINS, fasting

insulin.
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gradually decreased (P<0.01).

According to Kolmogorov-Smirnov test, RBP4 in
GDM after delivery did not have normal distribution,
thus nonparametric test analysis was utilized. The median
RBP4 of the GDM after delivery group was 34.10 pg/mL.
Comparing the median of GDM postpartum group with
other groups, significant differences were observed between
GDM postpartum group and other groups (P<0.05). The
median RBP4 value of GDM after delivery was lower
than the value of GDM at late stage and middle stage. In
addition, the median RBP4 value of GDM after delivery
was higher compared to normal pregnancy at late stage and
middle stage (Figure 2).

Relationship between serum RBP4 concentration and other
parameters

Serum RBP4 in pregnant women with GDM was highly
correlated with FINS and moderately correlated with
HOMA-IR at the middle pregnancy, it was moderately
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Figure 2 Average RBP4 levels in GDM pregnant women and
normal pregnant women. 1: GDM pregnant women at middle
stage, median is 40.72 pg/mL. 2: GDM pregnant women at late
stage, median is 42.70 pg/mL. 3: GDM after delivery, median is
34.10 pg/mL. 4: normal pregnant women at middle stage, median
is 30.38 pg/mL. 5: normal pregnant women at late stage, median is
30.14 pg/mL. GDM, gestational diabetes mellitus; RBP4, retinol-
binding protein 4.
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correlated with FINS and low correlation with HOMA-IR
at late pregnancy. In the control group, serum RBP4 was
highly correlated with FINS and HOMA-IR at the middle
pregnancy, it was highly correlated with FINS and HOMA-
IR at late pregnancy. Serum RBP4 in GDM postpartum
group was highly positively correlated with FINS, there was
a moderate positive correlation with HOMA-IR. The levels
of serum RBP4 in these five groups were not correlated
with age, FPG, blood glucose at 1h and 2h after sugar and
BMI (P>0.05) (Tuble 2).

GDM diagnostic receiver operating characteristic curve

Based on the ROC curve, the optimal cut-off value of FINS
at middle pregnancy as an indicator for GDM diagnosis was
projected to be 20.22 mU/L, with sensitivity of 75.3% and
a specificity of 85.1%, and an AUC area of 0.88 (95% CI:
0.84-0.92; P<0.01). The optimal cut-off value of HOMA-
IR at middle pregnancy as an indicator for GDM diagnosis
was projected to be 4.06, with sensitivity of 85.1% and a

Table 2 Analysis of the correlation between serum RBP4 and FPG, OGTT, HOMA-IR and FINS in five groups of women

Groups FPG OGTT1h OGTT2h FINS HOMA-IR
GDM group at the middle stage

r -0.05 0.07 0.91 0.75

P 0.45 0.36 <0.01 <0.01
GDM group at the late stage

r -0.25 0.79 0.48

P 0.73 <0.01 <0.01
Control group at the middle stage

r 0.07 -0.29 <0.01 0.91 0.85

P 0.54 0.99 <0.01 <0.01
Control group at the late stage

r -0.04 0.95 0.82

P 0.76 <0.01 <0.01
GDM postpartum group

r 0.16 -0.04 0.83 0.76

P 0.1 0.68 <0.01 <0.01

FPG, fasting plasma glucose; FINS, fasting insulin; RBP4, retinol-binding protein 4; GDM, gestational diabetes mellitus; HOMA-IR, insulin

resistance index.
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specificity of 86.6%, and an AUC area of 0.92 (95% CIL:
0.88-0.95; P<0.01). The optimal cut-off value of RBP4 at
middle pregnancy in GDM diagnosis was 34.84 pg/mL,
with sensitivity and specificity of 79.4% and 79.1%,
respectively, and an AUC area of 0.87 (95% CI: 0.83-0.92;
P<0.01). Other meaningless indicators were not included in
the analysis. The results are presented in Figure 3 and Table 3.

Differences between A1GDM and A2GDM group

OGTTOh, 2h, middle stage HOMA-IR and late stage
pregnancy FPG were all higher in A2GDM group
compared to AIGDM group, and the difference was
statistically significant (P<0.05). In addition, no significant
differences between the two groups were found for age,
BMI during pregnancy, OGTT1h, FINS and RBP4 during
pregnancy, and HOMA-IR at late pregnancy (P>0.05).

ROC curve

Source of the
curve
—FINS
RBP4
RI
— Reference line

Sensitivity

0.0

0.0 02 0.4 0.6 08 1.0

1-Specificity
Figure 3 GDM diagnostic ROC curve of FINS, HOMA-IR,
RBP4 at middle pregnancy. GDM, gestational diabetes mellitus;
FINS, fasting insulin; RBP4, retinol-binding protein 4; HOMA-

IR, insulin resistance index.
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Results are shown in Tiable 4.

Discussion

Previous research has found that the loads of various organs
are positively correlated with the gestational age during
pregnancy. During this period, secretion of antagonizing
insulin increases, which in turn may lead to low sensitivity
of surrounding tissue to insulin. When insulin secretion is
insufficient, GDM may occur (18). Serum RBP4, a protein
that regulates the transportation of retinol and is mainly
secreted by the liver and adipose tissue, has an important
role in insulin resistance (7). So far, several studies have
suggested an association between RBP4 and GDM. In this
study, serum RBP4 from middle stage to late stage and
postpartum were collected from GDM pregnant women
and normal control pregnant women, and their relationship
with various glucose metabolism related indicators was
analyzed. Briefly, the correlation and predictive value with
GDM were found. By comparing the relative indexes of
different grades (Al and A2) in pregnant women with
GDM, we aimed to identify the high-risk factors of
A2GDM.

In our study, levels of RBP4, FINS and HOMA-IR in
GDM were significantly higher compared to the healthy
controls regardless of the pregnancy stage. Consistent with
many previous study results (19,20), RBP4 were associated
with IR and GDM. Yet, some researchers showed different
results (15). In addition, we found that with increasing
gestational age, levels of RBP4, FINS and HOMA-IR
statistically increased at late stage compared with those at
middle pregnancy in GDM group. In the control group,
levels of RBP4, FINS and HOMA-IR during middle stage
and late stage were similar. We suppose that with the
increase in gestational age, the sensitivity of surrounding
tissue to insulin decreases, while insulin resistance increases.

Table 3 ROC-curve analysis results of FINS, HOMA-IR and RBP4 in GDM diagnosis

At middle pregnancy AUC 95% ClI P value Optimal cut-off value Sensitivity (%) specificity (%)
FINS (mU/L) 0.88 0.84-0.92 <0.01 20.22 75.3 85.1
HOMA-IR 0.92 0.88-0.95 <0.01 4.06 85.1 86.6
RBP4 (ug/mL) 0.87 0.83-0.92 <0.01 34.84 79.4 791

FINS, fasting insulin; RBP4, retinol-binding protein 4; GDM, gestational diabetes mellitus; HOMA-IR, insulin resistance index.
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Table 4 Analysis of related high-risk factors in AIGDM group and A2GDM group
Factors A1GDM group (n=171) A2GDM group (n=23) P value
Age (year) 31.57+3.67 32.70+3.17 0.35
Pre pregnhancy BMI (kg/m?) 21.64+2.35 22.43+3.24 0.44
BMI at middle stage (kg/m?) 24.67+2.73 25.79+3.73 0.43
BMI at late stage (kg/m?) 26.93+2.87 27.72+4.18 0.38
OGTTOh (mmol/L) 4.76+0.48 5.31+0.70 <0.01
OGTT1h (mmol/L) 9.46+1.50 10.21+£1.96 0.1
OGTT2h (mmol/L) 7.93+1.94 9.24+1.88 0.02
FINS at middle stage (mU/L) 22.93+3.76 22.61+3.55 0.7
FINS at late stage (mU/L) 24.52+3.40 23.24+3.48 0.09
RBP4 at middle stage (mg/mL) 41.18+7.31 40.47+7.04 0.66
RBP4 at late stage (mg/mL) 43.73+7.12 41.74+7.09 0.21
HOMA-IR at middle stage 4.84+0.91 5.30+0.93 0.02
HOMA-IR at late stage 5.04+0.97 5.45+1.95 0.76
FPG at late stage (mmol/L) 4.62+0.55 5.26+1.51 0.08

BMI, body mass index; FPG, fasting plasma glucose; FINS, fasting insulin; RBP4, retinol-binding protein 4; GDM, gestational diabetes

mellitus; HOMA-IR, insulin resistance index.

RBP4 is closely related to insulin resistance, so the RBP4
value of GDM pregnant women is also significantly
increased. In normal pregnant women, the decrease in
insulin sensitivity is adapted to IR; therefore, RBP4 is not as
significantly elevated as in GDM pregnant women.

Our study indicated that FPG at late stage was lower
than that at middle pregnancy in GDM. FPG decrease may
result from blood glucose controlled by dietary treatment
in most enrolled patients after diagnosis of GDM. Although
FPG was decreased in GDM, the levels of RBP4, FINS and
HOMA-IR were all increased. We assume that FINS and
RBP4 levels were not affected by blood glucose, i.e., FINS
and RBP4 could reflect the insulin sensitive status and
development in GDM.

Our study showed that the FINS and RBP4 levels of
healthy controls 42 days after delivery were significantly
lower than those of pregnant women with GDM.
Nevertheless, levels of FINS and RBP4 in GDM patients
after delivery were statistically higher compared to the
control group at middle stage and late stage. Chan ez 4/. (13)
have reported that RBP4 levels at 24-28 weeks of
gestational age in GDM patients were higher compared to
healthy controls. In his study, RBP4 levels in GDM patient
were associated with BMI and they rapidly decreased

© Annals of Translational Medicine. All rights reserved.

after delivery, while this phenomenon was not observed
in healthy controls. Based on our data, we presumed that
the insulin resistance decrease is positively correlated with
FINS and RBP4 levels, which also tends to decrease. FINS
and RBP4 levels, which are the most sensitive indicators of
insulin resistance at middle pregnancy and late pregnancy
in GDM were higher than those in normal pregnancy,
which suggested that insulin resistance had little effect
on normal pregnant women. Yet, in GDM, high levels
of insulin resistance may lead to a greater impact on the
insulin receptor. The risk of developing type 2 diabetes
after delivery occurs when the pancreas cannot make
enough insulin to keep blood sugar at normal levels. Jang
and colleagues (21) have shown that 10-15% of postpartum
GDM patients tend to develop type 2 diabetes mellitus in
the near term after delivery.

In this study, we found that serum RBP4 level was highly
correlated with FINS and HOMA-IR at middle stage
pregnancy and late pregnancy in GDM, normal pregnancy
and GDM postpartum group (P<0.05, r>0.50). FINS and
HOMA-IR reflect the state of insulin resistance, indicating
that serum RBP4 is associated with insulin resistance in
GDM, normal pregnant women and GDM postpartum
group. No relationship was found in serum RBP4 and FPG
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between two groups. We presume that RBP4 reflects long-
term IR status in pregnancy, which is unrelated to FPG.
Previous studies were not consistent with reference to the
relationship between RBP4, FINS and HOMA-IR. Du
et al. (22) have shown that RBP4 is highly correlated with
HOMA-IR in normal group, while there was no correlation
in the GDM group; nevertheless, the number of included
patients was small (38 cases were included in the GDM
group). In the present study, there was no relationship
among age, BMI and RBP4 (P>0.05). One possible reason
for this is that BMI of GDM group and BMI of normal
control group were similar in order to eliminate the effects
of obesity and age on RBP4 value.

Furthermore, we found that FINS, HOMA-IR and
RBP4 levels observed during middle stage can be used as
predictors of GDM diagnosis. The optimal cut-off value
of RBP4 at middle pregnancy was 34.84 pg/mL with
sensitivity of 79.4% and specificity of 79.1%. Maghbooli
and his team (23) have discovered that RBP4 concentration
is significantly higher in GDM patients compared to
normal glucose tolerance in pregnant women. In his study,
we found that RBP4 >42 ug/mL could be used for GDM
diagnosis, and that RBP4 concentration was a risk factor.
Du et al. (24) examined 827 subjects and found that RBP4
>23.4 pg/mL could be used to predict GDM. The results of
RBP4 in this study are different from those of Maghbooli
and Du, considering the different gestational weeks or races
of the subjects.

Levels of OGTTOh and 2h in A2GDM group were
significantly increased compared to A1IGDM group. In
view of the results of this study, the author has found
fewer relevant reports. Higher levels of OGTTOh and 2 h
experiment at 24-28 weeks of gestation may indicate more
severe GDM status. Due to continuously increasing levels
of insulin resistance in GDM, blood glucose become worse
even if more insulin is secreted. Therefore, OGTT value
becomes high. The worse the insulin regulation function of
GDM pregnant women is, the more severe the condition
will be at late pregnancy. According to our study results,
the most sensitive indicators for A2ZGDM were OGTT0h
and 2h levels. In clinical practice, when OGTTOh and 2h
levels are high at antenatal care, clinicians should be more
cautious to closely monitor blood glucose in GDM. When
blood glucose cannot be controlled with diet and physical
activity, insulin treatment should be used in order to reduce
complications in GDM.

At late stage, higher levels of FPG were observed in the
A2GDM group compared to AIGDM group. The value
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was consistent with the clinical practice. The simple diet
regulation was not enough to control the blood glucose,
thus the insulin treatment was needed. Therefore, the FPG
level of A2GDM group is generally high. HOMA-IR in
A2GDM group were significantly higher than HOMA-
IR in A1GDM group at middle stage. However, there was
no difference between AIGDM and A2GDM groups in
HOMA-IR at late stage, which might be related to the small
number of cases in the group, which should be addressed by
future studies.

There was no difference in the value of RBP4 between
A1GDM group and A2GDM group, which may be due to
following reasons: (I) the number of cases in this group was
small, thus could not accurately reflect the predictive value
of RBP4; (II) RBP4 levels just reflect the current insulin
resistance status, and cannot precisely predict the severity
of long-term illness. Arrigo Fruscalzo (25) has reported that
the level of RBP4 in A2GDM group is lower than that in
A1GDM group, but he also reported that the number of
analyzed cases in his study was too small (only 11 cases in
A2GDM group and 21 cases in A1GDM group).

"This study is subject to certain limitations: (I) postpartum
follow-up of GDM pregnant women is difficult, the number
of cases is small, and healthy pregnant women are not
included in the postpartum study, resulting in incomplete
postpartum data analysis; (II) the information of diet and
physical activity of pregnant women has not been studied
in detail, and the effects of these confounding factors on
RBP4 and FINS metabolite characteristics have not been
evaluated; (IIT) the number of A2GDM cases was small, and
the specific dose of insulin was not included in the study.

Conclusions

The major findings of the current study are the following:
the occurrence of RBP4 and IR is closely related to the
pathogenesis of GDM. In GDM pregnant patients, RBP4,
FINS and HOMA-IR levels are positively correlated with
gestational age, which further indicates that the insulin
resistance in these patients has been aggravated, and the
sensitivity is not affected by immediate fasting blood
glucose, which may reflect the development of GDM.
Although the postpartum insulin resistance of GDM in
pregnant women significantly decreased, RBP4 and FINS
were still higher compared to normal pregnant women
group. This indicated that RBP4 may reflect the impaired
insulin function of GDM in pregnant women, which is still
difficult to recover in the short term after birth, where even
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the damaged state can lead to future risks of type 2 diabetes.
In addition, during middle stage, FINS >20 mU/L, RBP4
>35 mg/mL has a certain significance for the diagnosis of
GDM. Compared with OGTT1h, higher OGTT0h and
2h levels at middle pregnancy lead to the higher risk of
A2GDM at late stage, which is something that clinicians
should pay more attention to during early treatment.
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