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Relationship between the IADPSG-criteria-defined
abnormal glucose values and adverse pregnancy
outcomes among women having gestational
diabetes mellitus
A retrospective cohort study
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Abstract
To explore the influence of the 75g oral glucose tolerance test (OGTT) on pregnancy outcomes and to determine the risk factors for
adverse outcomes among women with gestational diabetes mellitus (GDM).
This retrospective cohort study was conducted among women who had GDM and were treated between January 1, 2015 and

December 31, 2017. The diagnostic criteria for GDM were proposed by the International Diabetes and Pregnancy Research
Organization (IADPSG) in 2010. Women with GDM were stratified according to the number of abnormal OGTT values or the
presence/absence of adverse pregnancy outcomes. Maternal characteristics, OGTT values, pregnancy outcomes, and the
relationship between the latter 2 were analyzed.
In total, 3221 pregnant womenwith GDMwere included. The incidence of adverse outcomes was affected bymaternal age (28–37

years, in particular; odds ratio [OR], 1.403; 95% confidence interval [CI], 1.037–1.899; P= .028), days of pregnancy (OR, 0.904; 95%
CI, 0.894–0.914; P< .001), gestational weight gain (OR, 1.018; 95% CI, 1.000–1.036;, P= .048), and age of menarche (OR, 0.925;
95% CI, 0.863–0.992; P= .029). Both fasting plasma glucose (FPG) and 2-h OGTT were positively correlated with adverse
outcomes, of which FPG was more predictive (FPG: OR, 1.143; 95% CI, 1.007–1.297; P= .038; 2-h OGTT: OR, 1.074; 95% CI,
1.018–1.133; P= .009). Meanwhile, higher abnormal OGTT values were associated with significantly increased risks of antenatal
insulin treatment, cesarean delivery, premature delivery, gestational hypertension, premature rupture of membranes, preeclampsia,
macrosomia, neonatal asphyxia, and full term low weight infants.
OGTT values and the number of abnormal glucose are associated with various adverse pregnancy outcomes. Stratified

management is recommended for pregnant women with GDM, especially those with fasting hyperglycemia and/or 3 abnormal OGTT
values.

Abbreviations: ADA = American Diabetes Association, AIT = Antenatal insulin treatment, BMI = body mass index, CI =
confidence interval, FPG = fasting plasma glucose, GDM = gestational diabetes mellitus, HAPO = hyperglycemia and adverse
pregnancy outcomes, HIS = hospital information system, IADPSG = International Diabetes and Pregnancy Research Organization,
ICP = intrahepatic cholestasis of pregnancy, MOH =Ministry of Health, OGTT = oral glucose tolerance test, OR = odds ratio, PROM
= premature rupture of membranes, SGA = small for gestational age.

Keywords: adverse pregnancy outcomes, fasting plasma glucose, gestational diabetes mellitus, oral glucose tolerance test, risk
factors
Editor: Yan Li.

TD and JX contributed equally to this work and share the first authorship. JH is
the co-corresponding author.

The authors have no conflicts of interest to disclose.
a Key Laboratory of Birth Defects and Related Diseases of Women and Children,
(Sichuan University), Ministry of Education, b Department of Gynecology and
Obstetrics, c Department of Nursing, d Department of Emergency, West China
Second University Hospital, Sichuan University, Chengdu, Sichuan, China.
∗
Correspondence: Bi-ru Luo, Department of Nursing, West China Second

University Hospital, Sichuan University, No. 20, Section 3, Renmin Nanlu,
Chengdu, Sichuan 610041, China (e-mail: joernasy@163.com).

Copyright © 2018 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-
ND), where it is permissible to download and share the work provided it is
properly cited. The work cannot be changed in any way or used commercially
without permission from the journal.

Medicine (2018) 97:43(e12920)

Received: 1 May 2018 / Accepted: 28 September 2018

http://dx.doi.org/10.1097/MD.0000000000012920

1

1. Introduction

Gestational diabetes mellitus (GDM) was defined as “hypergly-
cemia diagnosed in the second or third trimester of pregnancy
that is not clearly overt diabetes” by the American Diabetes
Association (ADA) in 2014.[1] GDM is associated with numerous
pregnancy complications, such as gestational hypertension,
cesarean delivery, macrosomia, and stillbirth.[2] Besides, an
increasing body of evidence has showed that the longer-term
health outcomes of both mother and child may be adversely
affected by GDM.[3–5] For the mother, GDM is a risk factor for
later development of type 2 diabetes;[3] and for the child, long-
term exposure to intrauterine hyperglycemia increases the risks of
obesity, diabetes, and other metabolic syndromes.[6]

In 2010, the International Association of Diabetes and
Pregnancy Study Groups (IADPSG) proposed some new GDM
diagnostic criteria[7] based on the result of the Hyperglycemia
and Adverse Pregnancy Outcomes (HAPO) study.[8] The
IADPSG criteria were published and modified by the Ministry
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of Health (MOH) in China in August, 2014, which has proven
appropriate for the Chinese population.[10] By the new criteria,
GDM is diagnosed if one or more of the following criteria are met
in the 75g oral glucose tolerance test (OGTT): a fasting plasma
glucose (FPG) level ≥ 5.1mmol/L, a 1-h plasma glucose (1-h
OGTT) level ≥ 10.0mmol/L, and / or a 2-h plasma glucose (2-h
OGTT) level ≥ 8.5mmol/L.[8] Giving all pregnant women a 75g
OGTT may facilitate early GDM detection and reduce
adverse outcomes, as more women would receive treatment
for hyperglycemia once detected.[11]

Nevertheless, reports have been limited with regard to the
specific relationship between maternal blood glucose and
obstetrical and neonatal outcomes; and thus it still remains
largely unclear which parameter, FPG, 1-h OGTT, or 2-h OGTT,
has the greatest impact on pregnancy outcomes.[12,13] Despite the
fact that many studies[14–16] have identified risk factors of GDM,
such as prepregnancy obesity, excessive gestational weight gain,
and family history of diabetes, the risk factors of adverse
pregnancy outcomes among GDM are yet to be explored. In
addition, a previous study[17] found that pregnancy outcomes of
GDM women may vary with the number of abnormal OGTT
values. In this study, therefore, we sought to investigate the
impact of each OGTT parameter defined by the new IADPSG
criteria on adverse pregnancy outcomes and to determine the risk
factors for adverse outcomes among women with GDM.We also
aimed to analyze the relationship between the number of
abnormal OGTT values and adverse pregnancy outcomes.
2. Methods

2.1. Participant selection

This retrospective cohort study included data of women who had
GDM and were treated between January 1, 2015 and December
31, 2017 at West China Second University Hospital, Sichuan
University, which is located in Western China. As one of the top-
ranking maternity hospitals in China, West China Second
University Hospital is responsible for a great amount of clinical
work such as treatment, referral, and consultation for women
and children with critical illnesses in Sichuan Province, and even
across Southwestern China, and provides healthcare services to
patients from different socioeconomic backgrounds with
approximately 10,000 deliveries per year.
Singleton pregnant women diagnosed as GDMwere eligible to

be included in this study unless they met one or more of the
following exclusion criteria: multiple pregnancies, pregestational
diabetes, pre-existing systemic diseases that may affect GDM, or
lack of OGTT or delivery data. All information on women with
GDM was recorded in the Hospital Information System (HIS),
and was selected and extracted from the HIS by 2researchers
independently.
2.2. Diagnostic criteria for GDM

GDMwas diagnosed when at least one abnormal plasma glucose
value was determined as ≥ 5.1mmol/L (fasting), ≥ 10.0 mmol/L
(1hour), and / or ≥ 8.5 mmol/L (2hours) at 24 to 28 weeks of
gestation for all women not previously found to have overt
diabetes or GDM during any earlier 75g OGTT test in their
current pregnancy.[7] For women who had more than one 75g
OGTT test performed during their pregnancy, the latest OGTT
results were recorded if the earlier 75g OGTT was diagnostic of
GDM.
2

Based on the number of abnormal OGTT values, GDM
women were stratified into 3 groups, that is, Group 1, Group 2,
and Group 3, which consisted of pregnant women with 1, 2, or 3
abnormal OGTT values, respectively. In addition, GDM women
were stratified by the presence/absence of adverse pregnancy
outcomes into 2 groups.
2.3. Data collection

Maternal and pregnancy variables: age, nationality, gravidity,
parity, days of pregnancy, gestational weight gain, history of
abnormal pregnancy, family history of diabetes, age of first
sexual contact, age of menarche, number of antenatal visits, FPG,
1-h OGTT, 2-h OGTT, and antenatal insulin treatment (AIT,
administered when GDMwomen had a FPG≥ 5.8mmol/L, and a
2-h OGTT ≥ 6.7 mmol/L after dietary therapy).
Obstetric outcomes: cesarean delivery, postpartum hemor-

rhage, premature delivery, gestational hypertension, amniotic
fluid pollution, intrahepatic cholestasis of pregnancy (ICP),
premature rupture of membranes (PROM), placental abruption,
preeclampsia, and polyhydramnios.
Neonatal variables: birth weight and Apgar score at 1minute;

and neonatal outcomes: macrosomia, fetal growth restriction,
fetal distress in uterus, fetal malformations, neonatal asphyxia,
stillbirth, full term low weight infants, protracted descent and
small for gestational age (SGA).
Some of these variables (e.g., preeclampsia, macrosomia) were

only reported as yes/no, while others as exact numerical values
(gravida and birth weight). To examine associations between
maternal glycemia and perinatal outcomes, each glucose
measurement was considered as a continuous variable.
2.4. Statistical analysis

All data were analyzed using SPSS FORWINDOWS version 21.0
(SPSS Inc, Chicago, IL). Mean± standard deviation (SD) was
reported for continuous variables, and number and percentage
were reported for categorical variables. Student’s t-test and
Mann–Whitney U test were used to compare continuous
variables while Pearson’s chi-square test and Fisher’s exact test
were used to analyze categorical variables. A logistic model was
fitted to estimate the odds ratio (OR) and its 95% confidence
interval (CI). Binary logistic regressionmodel was used to analyze
the role of FPG, 1-h OGTT, and 2-h OGTT in predicting adverse
pregnancy outcomes and identify the risk factors of adverse
outcomes among women with GDM. P< .05 was considered
statistically significant. However, when Pair-wise comparison of
multiple independent sample rate was used, P< .017 was
considered statistically significant.
2.5. Ethical approval

The study was approved by the Ethics Committee of West China
Second University Hospital, Sichuan University (No. 2018027).
3. Results

3.1. Characteristics and outcomes of study participants

In total, 3702 pregnant women with GDM were included in the
initial sample. After excluding 421 women without OGTT or
delivery data and 60 women with pre-gestational or overt
diabetes, 3221 women with GDM were eligible for our analysis.



Table 1

Characteristics and outcomes of study participants (n=3221).

Characteristics and outcomes Mean±SD No. of total (%)

Maternal
Age 32.66±4.45 N/A
Nationality (minority) N/A 76 (2.4)
Gravidity 2.59±1.49 N/A
Parity 1.45±0.56 N/A
Duration of pregnancy, days 270.84±45.97 N/A
Gestational weight gain, kg 11.45±4.43 N/A
History of abnormal pregnancy N/A 1735 (53.9)
Family history of diabetes N/A 365 (11.3)
Age of first sexual contact 25.01±3.28 N/A
Age of menarche 12.94±1.09 N/A
Number of prenatal visits 10.00±2.20 N/A

75-g OGTT at diagnosis, mmol/L
FPG 4.98±0.64 N/A
1-h OGTT 10.03±1.57 N/A
2-h OGTT 8.89±1.44 N/A
AIT N/A 202 (6.3)
Cesarean delivery N/A 1994 (61.9)
PROM N/A 660 (20.5)
Premature delivery N/A 331 (10.3)
ICP N/A 234 (7.3)
Gestational hypertension N/A 135 (4.2)
Postpartum hemorrhage N/A 129 (4.0)
Amniotic fluid pollution N/A 127 (3.9)
Preeclampsia N/A 98 (3.0)
Polyhydramnios N/A 85 (2.6)
Placental abruption N/A 43 (1.3)

Neonatal
Birth weight, g 3194.30±571.48 N/A
Apgar score at 1 min 9.97±0.22 N/A
Macrosomia N/A 178 (5.5)
Fetal malformations N/A 33 (1.0)
Stillbirth N/A 31 (1.0)
Full term low weight infants N/A 30 (0.9)
Fetal distress N/A 24 (0.7)
Fetal growth restriction N/A 15 (0.5)
Neonatal asphyxia N/A 14 (0.4)
Protracted descent N/A 14 (0.4)
SGA N/A 83 (2.6)

AIT= antenatal insulin treatment, FPG= fasting plasma glucose, ICP= Intrahepatic cholestasis of
pregnancy, OGTT= oral glucose tolerance test, PROM=premature rupture of membranes, SD=
standard deviation, SGA= small for gestational age.
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The study population consisted of 1,601 (49.7%) women with
adverse pregnancy outcomes and 1,620 (50.3%) women without
adverse pregnancy outcomes. Among them, 1876 (58.2%) had
one abnormal OGTT value, 939 (29.2%) had 2abnormal OGTT
values, and 406 (12.6%) had 3 abnormal OGTT values. The
participants’ baseline characteristics and the incidence of
obstetrical and neonatal outcomes are summarized (Table 1).
The mean FPG, 1-h OGTT, and 2-h OGTT levels were 4.98
mmol/L, 10.03 mmol/L, and 8.89 mmol/L, respectively. The
number of different adverse pregnancy outcomes because of
hyperglycemia including FPG, 1-h OGTT, and 2-h OGTT are
also presented (Fig. 1).

3.2. Characteristics of GDM women with or without
adverse pregnancy outcomes

In our study, GDM women were stratified by the presence/
absence of adverse pregnancy outcomes. Women with adverse
3

outcomes had fewer days of pregnancy, smaller gestational
weight gain, smaller number of prenatal visits, younger age of
menarche, smaller number of AIT, and lower neonatal birth
weight than those without adverse outcomes; and the differences
were all statistically significant. The FPG, 1-h OGTT, and 2-h
OGTT values and the incidence of an Apgar score at 1minute� 7
were significantly higher in women with adverse outcomes than
those without. No significant differences were found in terms of
age, nationality, gravidity, parity, history of abnormal pregnan-
cy, family history of diabetes, and age of first sexual contact
(Table 2).
3.3. Relationship between glucose levels and adverse
outcomes

Because a collinearity problem was identified among FPG, 1-h
OGTT, and 2-h OGTT, logistic regression analysis was
performed for each variable, respectively. After adjusting for
age, gravidity, days of pregnancy, gestational weight pain, history
of abnormal pregnancy, family history of diabetes, and the
number of antenatal visits, both FPG and 2-h OGTT were
significant predictors for adverse outcomes among women with
GDM (Table 3). Nevertheless, FPG had a stronger association
with adverse pregnancy outcomes than 2-h OGTT did (FPG: OR,
1.143; 95%CI, 1.007–1.297; P= .038 vs 2-h OGTT: OR, 1.074,
95% CI, 1.018–1.133, P= .009).
3.4. Risk factors of adverse outcomes among women with
GDM

According to the logistic regression analysis, the incidence of
adverse pregnancy outcomes was affected by maternal age,
especially during 28–37 years (OR, 1.403; 95%CI, 1.037–1.899;
P= .028), days of pregnancy (OR, 0.904; 95% CI, 0.894–0.914;
P� .001), gestational weight gain (OR, 1.018; 95% CI, 1.000–
1.036; P= .048), and age of menarche (OR, 0.925; 95% CI,
0.863–0.992; P= .029) after adjusting for nationality, gravidity,
parity, history of abnormal pregnancy, family history of diabetes,
and age of first sexual contact (Table 4). We further analyzed the
difference in adverse pregnancy outcomes among different age
groups and found a significant difference in cesarean delivery
(P� .001), premature delivery (P= .012), gestational hyperten-
sion (P� .001), pre-eclampsia (P= .019), macrosomia (P= .044),
and full term lowweight infants (P= .036).Meanwhile, the age of
the woman was positively associated with the rate of cesarean
delivery and gestational hypertension, and negatively associated
with the rate of macrosomia, which was consistent with Fu’s
study.[18] (Table 5).
3.5. Relationship between the number of abnormal OGTT
values and adverse outcomes

Based on the number of abnormal OGTT values, GDM women
were stratified into 3 groups, that is, Group 1, Group 2, and
Group 3, which consisted of pregnant women with 1, 2, or 3
abnormal OGTT values, respectively. Adverse outcomes among
different groups were compared using Pearson’s chi-square test
(Table 6).When the results were statistically significant, pair-wise
comparisons were performed and the level of significance was
adjusted to 0.017 (a=0.017) (Table 6). The incidences of
gestational hypertension, full term low weight infants, and AIT
were higher in Group 2 than those in Group 1; the incidences of
cesarean deliveries, preterm births, gestational hypertension,
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Figure 1. The number of different adverse pregnancy outcomes on hyperglycemia including FPG, 1-h, and 2-h OGTT. 1-h plasma glucose=1-h OGTT, 2-h
plasma glucose=2-h OGTT, FPG= fasting plasma glucose, OGTT=oral glucose tolerance test.
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premature rupture of membranes, preeclampsia, macrosomia,
and AIT were higher in Group 3 than those in Group 1; and the
incidences of cesarean deliveries, preterm births, macrosomia,
and AIT were higher in Group 3 than those in Group 2. The
overall incidence of adverse pregnancy outcomes increased with
Table 2

Characteristics of women having gestational diabetes mellitus
with or without adverse outcomes.

Perinatal outcomes

Women with
adverse
outcomes
(n=1,601)

Women
without adverse

outcomes
(n=1,620) P-value

Maternal demographic data
Age 32.65±4.60 32.67±4.29 .783†

Nationality (minority) 41 (2.6%) 35 (2.2%) .454‡

Gravidity 2.65±1.53 2.53±1.45 .053†

Parity 1.44±0.58 1.45±0.54 .316†

Days of pregnancy,(days 264.95±17.77 276.65±61.83 <.001†

Gestational weight gain, kg 11.28±4.69 11.61±4.16 .008†

History of abnormal pregnancy 885 (55.3%) 850 (52.5%) .110‡

Family history of diabetes 169 (10.6%) 196 (12.1%) .167‡

Age of first sex contact 24.92±3.28 25.11±3.27 .10
∗

Age of menarche 12.90±1.08 12.99±1.09 .021
∗

Number of prenatal visits 9.61±2.40 10.39±1.91 <.001†

AIT 114 (7.1%) 88 (5.4%) .048‡

75-g OGTT at diagnosis, mmol/L
FPG 5.03±0.66 4.94±0.61 .001†

1-h OGTT 10.11±1.64 9.95±1.48 .019†

2-h OGTT 8.99±1.53 8.81±1.39 .001
∗

Neonatal data
Birth weight, g 3100.22±709.96 3286.64±367.96 <.001†

Apgar �7 at 1 min 43 (2.7%) 6 (0.4%) <.001‡

AIT= antenatal insulin treatment, FPG= fasting plasma glucose, OGTT=oral glucose tolerance test.
∗
Student’s t-test.

†Mann–Whitney U test.
‡ Pearson’s chi-square test.

4

the number of abnormal OGTT values (47.7%, 49.7%, and
59.1% respectively). A larger number of abnormal OGTT values
was associated with significantly increased risks of antenatal
insulin treatment, cesarean delivery, premature delivery, gesta-
tional hypertension, premature rupture of membranes, pre-
eclampsia, macrosomia, neonatal asphyxia, and full term low
weight infants (Table 7).
4. Discussion

GDM is one of the most common medical conditions associated
with pregnancy. Both GDM mothers and babies have an
increased risk of diabetes in their future lives. In 2011, based
on the IADPSG guidelines, the ADA recommended for the first
time that all pregnant women not known to have prior diabetes
undergo a 75g OGTT at 24 to 28 weeks of gestation.[19] Because
both the cutoff value and the number of abnormal OGTT values
to diagnose GDM were changed in the new IADPSG criteria,
more pregnant women are considered as having GDM. Despite
the expanded diagnosis, appropriate management of GDM is still
a major challenge worldwide. Therefore, we attempted to
investigate the precise relationship between OGTT values and
adverse pregnancy outcomes, and to identify risk factors for
adverse outcomes among women with GDM.
In this retrospective cohort study, we found that maternal

gestational weight gain and neonatal birth weight were lower in
women with adverse outcomes than those without. This may be
partially because once diagnosed as GDM, these women usually
went on an overly strict diet due to ignorance of GDM treatment
alternatives and a common fear of insulin. Consequently, they
may have had inadequate energy intake, negative body weight
growth, and other undesirable outcomes that were not conducive
to fetal growth and development and may have increased risk of
adverse pregnancy outcomes.[16]

In clinical practice, the main goal of GDM treatment is to
control glucose metabolism and reduce adverse pregnancy



Table 4

Risk factors of adverse outcomes.

Variables B S.E. Wals P-value OR 95% CI

Age
18–27 years N/A N/A 4.843 .089 N/A N/A
28–37 years 0.339 0.154 4.816 .028 1.403 1.037–1.899
38–48 years 0.133 0.110 1.440 .230 1.142 0.919–1.418
Days of pregnancy �0.101 0.006 309.159 <.001 0.904 0.894–0.914
Gestational weight gain �0.018 0.009 3.900 .048 1.018 1.000–1.036
Number of prenatal visits 0.025 0.021 1.510 .219 1.026 0.985–1.068
Age of menarche �0.078 0.036 4.759 .029 0.925 0.863–0.992

CI= confidence interval, OR=odds ratio.

Table 5

Difference in adverse pregnancy outcome among different age groups
∗
.

Maternal age

Adverse outcomes 18–27 years (n=372) 28–37 years (n=2,366) 38–48 years (n=482) x2 P-value

Cesarean delivery 176 (47.3) 1437 (60.7) 380 (78.8) 93.560 <.001
Premature delivery 43 (11.6) 222 (9.4) 66 (13.7) 8.812 .012
Gestational hypertension 9 (2.4) 86 (3.6) 40 (8.3) 24.977 <.001
Preeclampsia 19 (5.1) 61 (2.6) 18 (3.7) 7.886 .019
Macrosomia 26 (7.0) 136 (5.7) 16 (3.3) 6.242 .044
Full term low weight infants 6 (1.6) 16 (0.7) 8 (1.7) 6.477 .036
∗
Reported as n (%).

Table 3

Logistic regression analysis after controlling for potential confounders of predictors for adverse outcomes.

Parameters, mmol/L B S.E. Wald P-value OR 95% CI

FPG 0.134 0.065 4.291 .038 1.143 1.007–1.297
1-h OGTT 0.048 0.026 3.360 .067 1.049 0.997–1.104
2-h OGTT 0.072 0.027 6.889 .009 1.074 1.018–1.133

CI= confidence interval, FPG= fasting plasma glucose, OGTT= oral glucose tolerance test, OR= odds ratio.
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outcomes. It has been demonstrated that optimal glycemic
control improves pregnancy outcomes,[20] while poor glycemic
control may significantly increase both maternal and fetal risks of
adverse outcomes,[21] which is consistent with our finding that
more frequent use of antenatal insulin was observed in GDM
women with adverse outcomes. Prior studies have reported that
10.8% to 52.8% of GDM patients required AIT to achieve good
glycemic control.[22–25] By contrast, the rate of AIT use in this
study was only 6.3%, which may be related to the strict eligibility
criteria of participants that excluded many other GDM women
who might need AIT, such as multiple pregnancies or those with
other systemic diseases.
In our study, maternal age, days of pregnancy, age of

menarche, and gestational weight gain were identified as risk
factors for adverse outcomes, with maternal age exerting the
most significant effect. Older women with GDM are more likely
to have adverse pregnancy outcomes associated with decreased
egg quality, embryonic chromosomal mutations, and embryo
implantation issues caused by an injured uterus.[18] In addition,
due to the previous cesarean section history, and pathological and
psychological factors, the rate of cesarean section in older women
are also higher.[26] Because the first 3 variables are not easy to
modify, ensuring optimal weight before conception and
preventing excessive weight gain during pregnancy are 2impor-
tant measures that may help prevent negative outcomes. In
addition, medical nutrition therapy (MNT) has also proved very
5

effective. Pregnant women who are diagnosed to have GDM
should receive MNT as early as possible to reduce the burden of
the pancreas, improve the sensitivity of target tissues to insulin,
and enhance their binding with insulin to maintain blood glucose
at normal levels. Meanwhile, addressing the physiological needs
of pregnant women and securing the normal growth and
development of the fetus are equally important.[27–29] Shi et al
found that reasonable and effective MNT could control and
stabilize body weight gain each week from diagnosis to delivery
and reduce the use of insulin during pregnancy.[16,30] Thus, for
women diagnosed as GMD, pregnancy nutrition monitoring and
personalized nutrition therapy should be provided by the
hospital, while extensive nutrition and health education should
be offered by the community.
Still, uncertainty lingers regarding whether blood glucose levels

at 3 time points of OGTT are sufficient for predicting increased
risks of adverse perinatal outcomes. Previous studies suggested
that FPG had a high predictive value for large-for-gestational age
(LGA) infants and macrosomia.[31,32] A Danish study involving
pregnant women with mild glucose intolerance but without
GDM found a linear association, after adjustment for con-
founders, between maternal 2-h OGTT and cesarean delivery,
spontaneous preterm delivery, shoulder dystocia, and macro-
somia.[33] A recent systematic review revealed that fasting glucose
level had a stronger association with LGA than post-load one.[34]

Nevertheless, we found that both FPG and 2-h OGTT values had
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Table 6

Comparison of adverse outcomes in women having gestational diabetes mellitus stratified by the number of abnormal oral glucose
tolerance test values.

Perinatal outcomes Group 1 n=1,876 (%) Group 2 n=939 (%) Group 3 n=406 (%) P-value

Obstetrical outcomes
AIT 67 (3.6) 52 (5.5) 83 (20.4) <.001
Cesarean delivery 1116 (59.5) 591 (62.9) 287 (70.7) <.001
Postpartum hemorrhage 82 (4.4) 35 (3.7) 12 (3) .367
Premature delivery 176 (9.4) 93 (9.9) 62 (15.3) .002
Gestational hypertension 55 (2.9) 53 (5.6) 27 (6.7) <.001
Amniotic fluid pollution 78 (4.2) 33 (3.5) 16 (3.9) .71
ICP 120 (6.4) 78 (8.3) 36 (8.9) .076
PROM 371 (19.8) 187 (19.9) 102 (25.1) .047
Placental abruption 28 (1.5) 12 (1.3) 3 (0.7) .479
Preeclampsia 46 (2.5) 29 (3.1) 23 (5.7) .003
Polyhydramnios 48 (2.6) 22 (2.3) 15 (3.7) .345

Neonatal outcomes
Macrosomia 81 (4.3) 51 (5.4) 46 (11.3) <.001
Fetal growth restriction 8 (0.4) 5 (0.5) 2 (0.5) .810

∗

Fetal distress 13 (0.9) 6 (0.6) 5 (1.2) .470
Fetal malformations 23 (1.2) 10 (1.1) 0 (0.0) .083
Neonatal asphyxia 7 (0.4) 2 (0.2) 5 (1.2) .027
Stillbirth 16 (0.9) 11 (1.2) 4 (1.0) .716
Full term low weight infants 10 (0.5) 15 (1.6) 5 (1.2) .017
Protracted descent 7 (0.4) 4 (0.4) 3 (0.7) .583

∗

SGA 39 (47) 31 (37.3) 13 (15.7) .108
Adverse outcomes (total) 894 (47.7) 467 (49.7) 240 (59.1) <.001

AIT= antenatal insulin treatment, ICP= intrahepatic cholestasis of pregnancy, PROM=premature rupture of membranes, SGA= small for gestational age.
∗
Fisher’s exact test; Pearson’s chi-square test were used for all the other variables.
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positive associations with adverse outcomes, of which FPG was
more predictive. As a result, for GDM patients, fasting
hyperglycemia may be more likely to cause adverse pregnancy
outcomes.
It is assumed that the number of abnormal OGTT values may

help identify different degrees of maternal/fetal risks. Compared
with GDM women having only one hyperglycemic value, those
with 2 or more elevated glucose values may have a more severe
disruption in glucose metabolic balance and insulin sensitivity.
Consistent with previous reports,[35,36] our study found similar
trends between the number of abnormal OGTT values and the
frequencies of adverse outcomes, such as cesarean delivery,
premature delivery and macrosomia. Women with 2 or 3
Table 7

Pair-wise comparison of adverse outcomes in women having
gestational diabetes mellitus stratified by the number of abnormal
glucose values.

Obstetrical and neonatal outcomes
P-value

group 1 vs 2
P-value

group 1 vs 3
P-value

group 2 vs 3

AIT .014 <.001 <.001
Cesarean delivery .077 <.001 .006
Premature delivery .657 <.001 .005
Gestational hypertension <0.001 <.001 .735
PROM .931 .016 .033
Preeclampsia .323 .001 .024
Macrosomia .188 <.001 <.001
Neonatal asphyxia .478 .030 .017
Full term low weight infants .005 .114 .611
Adverse outcomes (total) .298 <.001 .002

AIT= antenatal insulin treatment, PROM=premature rupture of membranes, VS= versus. Chi-square
test, a P< .017 was considered statistically significant.

6

abnormal OGTT values required more frequent AIT than those
with only one abnormal value. A larger number of abnormal
OGTT values were associated with higher odds of adverse
pregnancy outcomes. For GDMwomen with 3 abnormal OGTT
values, fasting and 2-h hyperglycemia in particular, stricter
glucose control including diet regulation, exercise, and adminis-
tration of insulin may be taken into account during pregnancy.
Our study has several strengths. First, most previous studies

focus on the high risk factors for GDM, whereas our study was
aimed at risk factors for pregnancy outcomes. Second, we
controlled for a range of potential confounding factors in our
analysis, allowing us to assess the independent effect of maternal
hyperglycemia on pregnancy outcomes.More importantly, this is
one of the very few studies in Western China to investigate the
risk factors for adverse pregnancy outcomes among women with
GDM and to determine the relationship between OGTT values
and pregnancy outcomes. Despite these strengths, this study has
some limitations though. First, body mass index (BMI) is an
important indicator of nutritional status, and a high pre-pregnant
BMI is a risk factor for GDM.[37] Because of the lack of accurate
prepregnancy weight and other missing data, we were unable to
analyze the influence of BMI on adverse outcomes. Second, due to
the lack of specific blood glucose values, we could not analyze the
relationship between each adverse pregnancy outcome and the
specific values at the 3 time points of OGTT. Future multicenter
studies are needed to determine the optimal threshold of FPG and
2-h OGTT for high-risk screening. In addition, as this is a single-
center retrospective study, these results may be applicable to the
Chinese population only.
In conclusion, the incidence of adverse pregnancy outcomes

may be affected by maternal age, days of pregnancy, gestational
weight gain, and age of menarche. Both FPG and 2-h OGTT
values are positively associated with adverse pregnancy out-
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comes, of which FPG is more predictive. Besides, a larger number
of abnormal OGTT values is associated with a significant
increase in perinatal adverse outcomes. Therefore, it is
recommended that stratified management be provided for
pregnant women with GDM, especially those with fasting
hyperglycemia or 3 abnormal OGTT values.
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