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Abstract. This study was conducted in order to investigate the
prevalence of impaired glucose tolerance (IGT) and gestational
diabetes mellitus (GDM), their effect on pregnancy and their
association with adverse obstetric outcomes. A cross-sectional
study was performed on 345 pregnant women, who were
screened between the 24th and 28th gestational week with a
75-g oral glucose tolerance test following abnormal results
at 1 h after a 50-g oral glucose challenge test. The obstetric
outcomes were recorded along with plasma glucose and
insulin levels, homeostasis model assessment of insulin resis-
tance (HOMA-IR) and homeostasis model assessment of $-cell
function index (HOMA-BCFI) and 50 subjects were excluded
due to incomplete data recovery. Of the 295 pregnant women,
18.6% (55/295) were diagnosed with GDM and 32% (95/295)
with IGT. The GDM group exhibited significantly higher
fasting and 1-h blood glucose concentrations compared to the
normal glucose tolerance (NGT) and IGT groups (P<0.01).
The 2- and 3-h insulin values of the NGT group were signifi-
cantly lower compared to those of the GDM group (P<0.05,
P<0.01). In the IGT group, the 2-h insulin values were higher
compared to the NGT group and the 3-h values were signifi-
cantly higher (P<0.01), similar to the GDM group. There was
a tendency for progressively decreased [-cell function and
increased HOMA-IR from the NGT to the IGT to the GDM
group. The adverse outcomes of pregnancy-induced hyper-
tension, fetal distress, neonatal hyperbilirubinemia, preterm
delivery, macrosomia and cesarean delivery indicated an
association with HOMA-BCFI and HOMA-IR. In conclusion,
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these findings suggest a clinical significance of B-cell dysfunc-
tion in women with gestational IGT.

Introduction

Gestational diabetes mellitus (GDM) is associated with an
increased risk for adverse obstetrical outcomes, such as
macrosomia, shoulder dystocia and birth injury, primary
cesarean delivery, preeclampsia, preterm delivery and fetal
and neonatal mortality (1-5). Hyperglycemia results from
an inadequate compensatory secretion of insulin from the
maternal pancreas (6,7). Increased fetal weight in the infants
of diabetic mothers was previously considered to be the result
of maternal hyperglycemia. However, the control of fetal
growth in pregnancies with or without underlying diabetes is
significantly more complicated (8).

Asian individuals are classified as genetically highly
susceptible to glucose intolerance [i.e., GDM, type 2 diabetes
and impaired glucose tolerance (IGT)] (9-12). In the present
study, we assessed glucose challenge test (GCT) and 75-g oral
glucose tolerance test (OGTT) glucose values, homeostasis
model assessment of insulin resistance (HOMA-IR) and
several adverse maternal and perinatal outcomes in pregnant
Chinese women with a positive GCT. Additionally, we evalu-
ated whether B-cell function and glucose tolerance status are
associated with obstetric outcomes.

Materials and methods

Subjects. This is a cohort observational study involving
prospective enrollment of all consecutive low-risk pregnant
women who presented to the antenatal outpatient unit of
the First Affiliated Hospital of Nanjing Medical University
between April, 2010 and December, 2012. The standard
obstetrical practice at our institution includes universal
screening for GDM in women between the 24th and 28th week
of pregnancy with a 50-g oral GCT. A prenatal 75-g OGTT
was subsequently performed with the administration of a
standard 75-g glucose load in GCT-positive patients. Exclusion
criteria for all subjects included high blood pressure, multiple
pregnancies, congenital anomalies or the use of medications
known to affect glucose metabolism. Following exclusion, a
total of 345 women were recruited.
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This study was approved by the Institutional Review Board
of the First Affiliated Hospital of Nanjing Medical University.
Informed consent was obtained from all the participants.

GDM screening and glucose tolerance status. Demographic
data including age, parity, height, pre-pregnancy weight,
pre-pregnancy body mass index (BMI) and family history of
diabetes or hypertension were documented for all the subjects.
The body weight was stable (+2 kg) for at least 3 months prior
to enrollment. The height was measured by a stadiometer and
the weight with a digital scale. The BMI was calculated as
weight (kg)/height* (m?). Preceding the diagnostic OGTT, each
subject underwent a standard 50-g GCT between the 24th and
28th week of gestation, as part of a universal screening proce-
dure for GDM. Maternal venous blood samples were drawn
and plasma was prepared following standard procedures for the
measurement of glucose and insulin at fasting and at 1-, 2- and
3-h intervals following glucose administration. Plasma glucose
was measured with the glucose oxidase method and insulin
concentrations were measured via radioimmunoassay. Based on
the results of the OGTT assay according to criteria applying to
the Chinese population (13), GDM was diagnosed if two or more
glucose values reached or exceeded the following thresholds:
fasting, 5.6 mmol/l; 1 h, 10.3 mmol/l; 2 h, 8.6 mmol/l; and 3 h,
6.7 mmol/l. IGT was diagnosed if one value reached or exceeded
these thresholds. The normal glucose tolerance (NGT) group
comprised GCT-positive women with normal OGTT values.

Daily glucose profile and management of GDM. Pregnant
women diagnosed with GDM were hospitalized in order
to undergo dietary management as follows: restriction of
carbohydrates to 40% of the daily calorie intake, which was
25-30 kcal/kg of ideal body weight for obese and overweight
patients and 30-35 kcal/kg for normal-weight subjects.
Insulin therapy was initiated when dietary treatment did
not consistently maintain fasting and preprandial capillary
glucose <100 mg/dl and 2-h postprandial capillary glucose
<120 mg/dl. Regular and neutral protamine Hagedorn (NPH)
insulin were used to achieve the glycemic goal and the insulin
dose was adjusted according to an insulin algorithm based on
bedside glucose monitoring or self-monitoring of capillary
glucose values. The patients were discharged after titrating the
dosage, with the total insulin dosage at discharge being used
for analyzing its correlation with -cell function.

Insulin sensitivity and (-cell function. Insulin sensitivity and
insulin secretion were evaluated using measurements from the
diagnostic OGTT. The areas under the glucose curve (AUC gluc)
and insulin curve (AUC ins) during the OGTT were calculated
using the trapezoidal rule. As a measure of insulin secretion,
basal insulin and glucose concentrations were used for the esti-
mation of B-cell secretion according to the homeostasis model
assessment (14): HOMA-BCFI = [(20 x insulin)/(glucose-3.5)]%;
(HOMA-IR) = (glucose x insulin)/22.5, where the levels of
insulin and glucose are expressed in mU/l and mmol/l, respec-
tively (15). The HOMA-IR index was calculated (14) to reflect
insulin action in a manner independent of OGTT responses.

Obstetric outcomes. All the pregnant women received routine
antenatal examination and the frequency of antenatal visits
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was increased for those with pregnancy abnormalities. Preterm
delivery was defined as any delivery prior to 37 weeks of
gestation. Macrosomia was defined as birth weight =4,000 g.
Delivery data and outcomes, including gestational age at
delivery, Apgar scores, gender, birth weight, delivery mode,
third or fourth degree perineal tears, fetal respiratory distress
syndrome, neonatal hyperbilirubinemia and macrosomia,
were recorded and analyzed.

Statistical analysis. Data are presented as means + standard
error of the mean (SEM), unless otherwise noted. One-way
analysis of variance (ANOVA) was used to assess the differ-
ences of means between groups. Repeated ANOVA variance
analysis was used for the comparison of continuous variables
between groups. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Baseline characteristics of the study groups. From a total of
345 pregnant women who agreed to participate in the study
between April, 2010 and December, 2012, complete data from
295 women were obtained for analysis. Fifty women were
excluded due to the absence of key data as they had undergone
glucose and/or insulin testing or delivery in other hospitals. Of
the remaining 295 pregnant women, 55 were diagnosed with
GDM and 95 were diagnosed with IGT. Table I summarizes
the characteristics of the participants. No significant difference
was observed in BMI (pre-delivery and pre-pregnancy BMI),
HOMA-IR and homeostasis model assessment of insulin sensi-
tivity (HOMA-IS) among the three groups (P>0.05). However,
the average age of the GDM group was higher compared to
that of the IGT and NGT groups (P<0.05).

Changes of glucose and insulin values and S-cell function
in pregnant women with IGT or GDM. Comparisons of the
glucose curve of OGTT among different groups are presented
in Fig. 1. There was a statistically significant difference in the
IGT vs. the NGT group (P<0.001) and the GDM vs. the IGT
and NGT groups (P<0.001). Comparisons of the insulin curve
of OGTT among different groups are presented in Fig. 2, which
reveals that there was no difference in the AUC insulin of
OGTT between the groups. The GDM group exhibited signifi-
cantly higher fasting and 1-h blood glucose levels compared
to the NGT and IGT groups (P<0.01). The 2-h insulin values
of the GDM group were higher compared to those of the NGT
and IGT groups (P<0.05). The 3-h insulin values of the NGT
group were significantly lower compared to those of the IGT
and GDM groups (P<0.05).

Obstetrical outcomes of the study groups. Obstetrical outcomes
were compared among the three study groups (Table II). No
fourth-degree perineal tears occurred. No shoulder dystocia,
perineal tears or postpartum hemorrhage (PPH) were reported
among women with diagnosed impaired glucose metabolism.
The rate of pregnancy-induced hypertension (PIH), fetal
distress, neonatal hyperbilirubinemia, preterm delivery,
macrosomia and cesarean delivery exhibited a tendency to
increase from the NGT to the IGT to the GDM group (Table II).
However, these differences were not statistically significant.
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Table I. Characteristics of the participants.
Variables NGT IGT GDM P-value
Age (years) 28.7£2.2 30.1+£2.7 32.5+4 .5 0.002
Height (m) 1.60+0.03 1.62+0.04 1.61+£0.04 0.482
Pre-pregnancy weight (kg) 55.71£7.24 56.29+10.63 56.00+7.64 0.973
Pre-pregnancy BMI 21.5+2.75 22.6+3.71 22.0+3.58 0.986
Pre-delivery weight (kg) 69.6+£7.0 69.5+11.4 68.8+9.9 0.969
Pre-delivery BMI 27.1£2.6 26.5+£3.9 26.5+4 .4 0.835
HOMA-IR 1.73£0.87 2.09+1.55 2.27+£0.89 0.334
HOMA-BCFI 191.55+108.09 174.94+93.66 147.65+71.68 0.447

Values are presented as means =+ standard deviation; P<0.05 indicates a statistically significant difference. NGT, normal glucose tolerance;
IGT, impaired glucose tolerance; GDM, gestational diabetes mellitus; BMI, body mass index; HOMA-IR, homeostasis model assessment of
insulin resistance; HOMA-BCFI, homeostasis model assessment of 3-cell function index.
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Figure 1. Glucose curve of oral glucose tolerance test (OGTT) in normal glucose tolerance (NGT), impaired glucose tolerance (IGT) and gestational diabetes
mellitus (GDM) groups during the 75-g OGTT. There were statistically significant differences in the area under the curve (AUC) of glucose of the OGTT

between groups. Data are presented as means + standard error of the mean; “IGT vs. NGT, P<0.001; “GDM vs. IGT and NGT, P<0.001.
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Figure 2. Insulin curve of oral glucose tolerance test (OGTT) in normal glucose tolerance (NGT), impaired glucose tolerance (IGT) and gestational diabetes
mellitus (GDM) groups during the 75-g OGTT. There was no difference in the area under the curve (AUC) of insulin of the OGTT between groups. Data are
presented as mean + standard error of the mean; "NGT vs. GDM, P<0.01; “NGT vs. IGT and GDM, P<0.01.

Discussion

The results of our study indicated a tendency for progres-
sively decreased (3-cell function and progressively increased
HOMA-IR values from the NGT to the IGT to the GDM group.

Our findings are similar to those previously reported by
Su et al (16). Furthermore, in accordance with the results of
previous studies, we also observed an association between
increased birth weight and increasing maternal levels of

plasma glucose (17,18).
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Table II. Comparison of adverse maternal and neonatal outcomes between NGT, IGT and GDM.

Perinatal results NGT

IGT

GDM

PIH (%)

Fetal distress (%)

Neonatal hyperbilirubinemia (%)
Preterm delivery (%)

Birth weight (kg)

Macrosomia (%)

Cesarean delivery (%)

10.34% (15/145)
10.34% (15/145)
6.89% (10/145)
10.34% (15/145)
3.335+0.529
10.34% (15/145)
51.72% (75/145)

10.53% (10/95)
21.05% (20/95)
15.79% (15/95)
10.53% (10/95)
3.47620.434
15.79% (15/95)
57.89% (55/95)

18.18% (10/55)
36.36% (20/55)
18.18% (10/55)
18.18% (10/55)
3.613+0.658
18.18% (10/55)
81.82% (45/55)

NGT, normal glucose tolerance; IGT, impaired glucose tolerance; GDM, gestational diabetes mellitus; PIH, pregnancy-induced hypertension.

Our findings were also similar to those reported by
Das et al (15), which demonstrated that the subset of pregnant
women who presented with GDM had significantly higher
HOMA-IR values and similar HOMA-BCFI values compared
to pregnant women with NGT. Indeed, high IR is consid-
ered a leading risk factor for GDM (19). Our results were in
accordance with those of previous studies (20,21) on average
HOMA-IS and HOMA-IR values of IGT, indicating that IGT
represents an intermediate phenotype between NGT and GDM.

In the present study, a 50-g oral GCT was conducted as
part of a standard screening for GDM, as GCT is feasible,
easy, user-friendly, cost-effective and convenient for screening
purposes (22).

The patients exhibited a delayed insulin peak, which
suggested that pregnant women with abnormal glucose metab-
olism during pregnancy have a decreased IS (Fig. 2). However,
there were no differences in IR and IS among the groups. One
possible explanation for this observation is that HOMA-IR
and HOMA-IS are not the most sensitive evaluation methods.
Although HOMA-IR is considered to be a measure of overall
IR in pregnancy, it may better reflect liver function rather than
peripheral IR (23).

In accordance with the results of a previous study (24),
our results demonstrated that women with GDM may be at
increased risk for cesarean delivery. The cesarean section
rates of the GDM, IGT and NGT groups indicated an inverse
association between decreasing cesarean section rates and
increasing HOMA-BCFI values. The high rate of cesarean
section in the GDM group may be due to the fact that women
with GDM were at higher risk of birth trauma, PPH and fetal
distress, whereas cesarean section was less likely to be consid-
ered in NGT. Another reason may be the increased neonatal
birth weight in women with GDM. The mean birth weight in
the GDM, IGT and NGT groups was 3.613+0.658, 3.476+0.434
and 3.335+0.529 kg, respectively. In our study, the differences
among the groups were not statistically significant, similar to
previously published data demonstrating that the high glucose
levels in the maternal circulation are associated with increased
birth weight (25,26). The absence of significant differences
in the incidence of adverse obstetric outcomes among the
groups may be partly attributed to intervention for GDM, as
the results of a previous study which demonstrated that timely
intervention for GDM significantly reduced the rate of certain
adverse obstetrical outcomes (27).

Fetal growth is a complex process affected by genetics,
maternal factors, uterine environment and maternal and
fetal hormones. The interference procedures including
dietary advice and blood glucose monitoring applied to the
GDM group in our study may explain the lack of significant
differences in birth weight among the groups. In addition, since
the NGT group comprised GCT-positive women with normal
OGTT values, there was lack of a GCT-negative screening for
GDM to serve as the control group. Women with GDM exhibit
a higher risk of subsequent development of type 2 diabetes;
therefore, lifestyle modification is encouraged, along with
regular screening for diabetes (28).

The exclusion of pregnant women with risk factors
affecting glucose metabolism prior to and during pregnancy
may represent an advantage of this study, since it reduced the
possible interference by factors not directly associated with
pregnancy. This prospective study investigated pre-pregnancy
and pre-delivery BMI in the GDM, IGT and NGT groups. The
use of HOMA-IR is unlikely to lead to erroneous conclusions,
since the HOMA-IR value has been found to correlate well
with an IS test derived from the insulin-assisted intravenous
glucose tolerance test (29).

There were several limitations to the present study that
require consideration. This study, by design, was limited to an
Asian/Chinese population. The findings may not be extrapo-
lated to non-Asian populations, due to the well-recognized
divergence in genetic background and socioeconomic
differences. Further studies including other populations are
required to investigate whether these findings have a general
implication. Furthermore, since the women with NGT in this
study exhibited abnormal GCT values, the difference between
women with NGT and those with GDM may have been under-
estimated, since a recent study reported that women without
GDM and elevated 50-g GCT values exhibited a higher risk of
perinatal morbidity (30).

In conclusion, the prevalence of GDM in our cohort
attending a medical centre in China was relatively high (18.6%).
Furthermore, we observed that (3-cell function exhibited a
tendency for progressive decrease and HOMA-IR a tendency
for progressive increase from the NGT and IGT groups to
the GDM group. As regards adverse pregnancy outcomes,
the rates of PIH, fetal distress, neonatal hyperbilirubinemia,
preterm delivery, macrosomia and cesarean delivery appear to
be more closely associated with the glucose and insulin levels
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of OGTT. Further investigations are required to elucidate the
association between impaired [-cell function and its clinical
significance in women with GDM.
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