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Abstract 

Objective: We adopted the area under the curve (AUC) of oral glucose to-
lerance test (OGTT) as a measure method of the severity of maternal hyper-
glycemia and investigated its relationship with adverse perinatal outcomes 
among women with and without gestational diabetes mellitus (GDM). Re-
search design and methods: This is a retrospective cohort study. Our study 
group collected the medical records of 15,296 women who received perinatal 
care in 15 hospitals in Beijing and who delivered from July 1, 2013, to Decem-
ber 31, 2013. And several original articles on this cohort have been published. 
In this study, we analyze the relationship between AUC and adverse perinatal 
outcomes, so that in multiple pregnant cases, patients with pre-pregnancy di-
abetes, hypertension, and abnormal kidney function and those who did not 
receive a 75-g OGTT were excluded. A Chi-squared test and logistic regres-
sion analysis were used to determine the associations. Results: In total, 13,561 
women were included. As the AUC of OGTT increased, the prevalence of 
macrosomia (odds ratio [OR] 1.059, 95% confidence interval [95% CI] 1.029 - 
1.090, p < 0.001) and hypertensive diseases (OR 1.106, 95% CI 1.064 - 1.149, p 
< 0.001) also increased. For patients with same levels of AUC values, no sig-
nificant differences in the risk of macrosomia, preterm birth and neonatal 
complications were observed between the GDM and non-GDM groups. 
Women with an AUC higher than 14.20 (mmol * h/L) had a higher risk of 
adverse outcomes regardless of the presence of GDM. Conclusions: The 
AUC could be a measure method of the severity of maternal hyperglycemia, 
and women with a high AUC should undergo aggressive management to 
avoid adverse outcomes regardless of the presence of GDM.  
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1. Introduction 

The prevalence of gestational diabetes mellitus (GDM) is increasing worldwide. 
Recent estimates have suggested that approximately 17.5% of pregnant women 
suffer from GDM throughout China [1]. Our previous study showed that in this 
cohort, 2987 (19.7%) women had GDM and 208 (1.4%) had diabetes in preg-
nancy (DIP) as a result of high prepregnancy body mass index (BMI) and BMI 
gain before 24 weeks [2]. We have proved that hyperglycemia lead to adverse pe-
rinatal outcomes, including high cesarean section rate [2] [3] [4]. The Hypergly-
cemia and Adverse Pregnancy Outcome (HAPO) study demonstrated that the 
risk of adverse perinatal outcomes continuously increases as a result of maternal 
hyperglycemia, even for patients within ranges previously considered normal for 
pregnancy [5]. However, the International Association of Diabetes and Preg-
nancy Study Group (IADPSG) adopted the threshold value of an odds ratio 
(OR) of 1.75 relative to the mean for adverse pregnancy outcomes. Using an oral 
glucose tolerance test (OGTT) as the diagnostic criterion, women with one glu-
cose value above the criterion were considered to have GDM [6]. Our team has 
found that various characteristics of OGTTs are associated with different adverse 
outcomes. Fasting hyperglycemia had clear association with macrosomia and 
cesarean section [7]. To combine the three values of OGTT, we adopted the area 
under the curve (AUC) of OGTT, which is the geometric mean value, to assess 
the severity of maternal hyperglycemia and to evaluate the risk of adverse peri-
natal outcomes. As shown in the curve in Figure 1, the AUC of the time-blood 
glucose curve of the OGTT approximately equals the areas of two trapezoids as 
follows: (0 h blood glucose + 1 h blood glucose) × 1/2 + (1 h blood glucose + 2 h 
blood glucose) × 1/2, which equals the following: 1 h blood glucose + (0 h blood 
glucose + 2 h blood glucose)/2. Using this formula, we can easily calculate the  
 

 
Figure 1. AUC of the time-blood glucose curve of OGTT. 
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AUC of OGTT. In another research, we have proved that in women with gesta-
tional diabetes, higher AUC implied higher risk of adverse perinatal outcomes 
[8]. In this study, we wanted to make sure if AUC could be a measure method of 
hyperglycemia in all pregnant women no matter if she had GDM or not.  

2. Methods 
2.1. Ethical Approval 

This study was approved by the Ethics Committee of Peking University First 
Hospital (No. 2013 [578]). All participants provided written informed consent, 
and the Ethics Committee approved the consent procedure. 

2.2. Study Population and Definitions 

We conducted a retrospective cohort study of medical records from the “Sys-
temic Random Sampling Survey on the Prevalence of Gestational Diabetes in 
Beijing (GPS)”. A total of 15,296 women who received perinatal care in 15 hos-
pitals in Beijing delivered between July 1, 2013, and December 31, 2013. Of 
these, 190 were multiple pregnant. Among the single preganant women, 237 
were diagnosed with diabetes mellitus or hypertension before pregnancy, 13 had 
abnormal kidney function and 1295 did not undergo an OGTT at 24 - 28 weeks. 
Finally, 13,561 women were included. 

Women were diagnosed with diabetes pre-pregnancy diabetes or GDM ac-
cording to the Chinese Diagnostic criteria for gestational diabetes mellitus (WS 
331-2011) [9]. Gestational hypertensive disease refers to gestational hyperten-
sion, preeclampsia and eclampsia according to the guidelines of Hypertension in 
Pregnancy from the American College of Obstetrics and Gynecology (ACOG), 
2013 [10]. Macrosomia was defined as a birth weight of more than 4000 g, while 
preterm birth was defined as a delivery at a gestational age < 37 weeks and ≥28 
weeks. Neonatal complications included neonatal hypoglycemia (glucose values 
< 35 mg/dL by heel stick within 2 h of birth and before the first breastfeeding), 
neonatal hyperbilirubinemia (values > 95th percentile), asphyxia neonatorum 
(Apgar score ≤ 7) and infants hospitalized in the pediatric unit for other reasons 
within 7 days [11]. There were only no case of perinatal death not result of pre-
term birth and therapeutic fatal termination. So perinatal death was not included 
in neonatal complications.  

The variable in this study was AUC of OGTT. We divided the cohort into 
subgroups according to AUC value and analyzed the prevalence of adverse peri-
natal outcomes in different groups.  

2.3. Statistical Analysis 

Statistical analysis was conducted with SPSS version 20.0 (IBM, Chicago, IL, 
USA) software. T tests, Pearson’s Chi-squared or Fisher’s exact tests and logistic 
regression tests were performed. The measurement data are presented as the 
mean ± standard deviation (SD). Incidence data are presented as the number 
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and frequency (n [%]). ORs and the 95% confidence interval (95% CI) are also 
presented. A value of p < 0.05 was considered statistically significant. 

3. Results 

In total, 2547 (18.8%) women had GDM. General details of the cohort are shown 
in Table 1. 

The mean ± SD values of the AUC (mmol * h/L) were 12.50 ± 1.70, 15.96 ± 
2.28 and 13.19 ± 2.26 in the non-GDM, GDM and total group, respectively. The 
AUC of the diagnostic criteria was 16.80; therefore, those with an AUC ≥ 16.80 
were considered to have GDM. The data were divided into 6 groups based on the 
AUC: <10.80 (mean-SD in the non-GDM group), 10.80 - 12.49 (mean in the 
non-GDM group), 12.50 - 14.19 (mean ± SD in the non-GDM group), 14.20 - 
15.99 (mean in the GDM group), 16.00 - 16.79 (AUC of the diagnostic criteria) 
and ≥16.80. 

Groups 1 and 2 rarely exhibited GDM, while most of Group 5 had GDM. We 
analyzed the prevalence of adverse outcomes in different AUC groups relative to 
the total non-GDM group. Group 1 had a lower risk of the four analyzed adverse 
outcomes, among which the prevalence rates of macrosomia and hypertensive 
diseases were significant. Groups 2 and 3 had a similar prevalence of adverse 
outcomes as the non-GDM group. Group 4 had a significantly higher risk of ad-
verse outcomes. Groups 5 and 6 also had a higher risk of adverse outcomes, 
which was statistically significant (Table 2). 
 
Table 1. General details of the cohort. 

Parameters 
Non-GDM 

(n = 11,009) 
GDM 

(n = 2552) 

Maternal delivery age (y) 28.04 ± 4.09 29.73 ± 4.40* 

BMI pre-pregnancy (kg/m2) 21.32 ± 3.35 22.55 ± 3.86* 

1st trimester FPG (mmol/L) 4.66 ± 0.41 4.96 ± 0.46* 

Family history (n [%]) 1367 (12.4) 549 (21.5)* 

*p < 0.05 versus the non-GDM group. 

 
Table 2. Adverse perinatal outcomes in different AUC groups.  

Group AUC n 
GDM 
n (%) 

Adverse Outcomes n (%) 

Macrosomia 
Preterm 

birth 
Hypertensive 

diseases 
Neonatal 

complications 

1 <10.80 1775 23 (1.29) 92 (5.18)* 56 (3.15) 33 (1.86)* 176 (9.92) 

2 10.80 - 12.49 3741 130 (3.28) 252 (6.74) 142 (3.80) 127 (3.39) 396 (10.6) 

3 12.50 - 14.19 3992 367 (9.19) 326 (8.17) 185 (4.63) 136 (3.41) 472 (11.8) 

4 14.20 - 15.99 2630 695 (26.4) 247 (9.39)* 131 (4.98)* 132 (5.02)* 331 (12.6)* 

5 16.00 - 16.79 598 512 (85.6) 61 (10.2)* 29 (4.85) 31 (5.18)* 75 (12.6) 

6 ≥16.80 825 825 (100) 72 (8.72) 60 (7.27)* 60 (7.27)* 125 (15.2)* 

Non-GDM  11,009  819 (7.44) 452 (4.10) 361 (3.28) 1229 (11.2) 

*p < 0.05 versus the non-GDM group. 
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Because patients rarely had GDM in Groups 1 and 2, and most had GDM in 
Groups 5 and 6, we compared the prevalence of adverse outcomes in patients 
with and without GDM in Groups 3 and 4. As is shown in Table 3, within the 
same group, the prevalence rates of macrosomia, preterm birth and neonatal 
complications were not significantly different between the non-GDM and GDM 
groups. However, in Group 4, patients with GDM had a higher risk of hyperten-
sive diseases. 

Among the 13,561 women included in this cohort, 11,892 had complete data 
of risk factors such as delivery age, height, body weight before pregnancy and 
before delivery, 1st trimester fasting plasma glucose (FPG), family history and 
OGTT results. We analyzed suspected risk factors by single factor logistic re-
gression. Body mass index (BMI, kg/m2) pre-pregnancy (OR 1.148, 95% CI 1.126 
- 1.170, p < 0.001) (OR 1.215, 95% CI 1.185 - 1.247, p < 0.001), BMI increment 
during pregnancy (OR 1.224, 95% CI 1.192 - 1.257, p < 0.001) (OR 1.223, 95% CI 
1.179 - 1.269, p < 0.001) and AUC (OR 1.082, 95% CI 1.043 - 1.124, p < 0.001) 
(OR 1.073, 95% CI 1.019 - 1.129, p = 0.007) influenced the prevalence of macro-
somia as well as hypertensive diseases. But there was no significant influence on 
the prevalence of preterm birth and neonatal complications. While other risk 
factors were not significantly related to adverse outcomes. A multiple Logistic 
regression was performed to analyze the risk factors above (Table 4). We also 
drew receiver operating characteristic (ROC) curves of AUC for macrosomia 
and hypertensive diseases. However, the AUCs of ROC curves were 0.554 (95% 
CI 0.535 - 0.573, p = 0.009) for macrosomia and 0.591 (95% CI 0.564 - 0.618, p = 
0.014) for hypertensive diseases. And there was no perfect cut-off value. 

4. Discussion 

In 2011, the National Health and Family Planning Commission of China adopted 
testing and diagnostic criteria based on the IADPSG guidelines, according to  
 
Table 3. Adverse outcomes in Groups 3 and 4 for patients with and without GDM. 

Group n  

Adverse outcomes 

Macrosomia 
Preterm 

birth 
Hypertensive 

diseases 
Neonatal 

complications 

3 
GDM 367  31 (8.45) 23 (6.27) 14 (3.81) 43 (11.7) 

Non-GDM 3625  295 (8.14) 162 (4.47) 122 (3.36) 429 (11.8) 

   OR 1.003 1.019 1.005 0.999 

   95% CI 0.971 - 1.037 0.992 - 1.047 0.984 - 1.026 0.960 - 1.039 

4 
GDM 695  66 (9.50) 31 (4.46) 49 (7.05)* 95 (13.7) 

Non-GDM 1935  181 (9.35) 100 (5.17) 83 (4.29) 235 (12.1) 

   OR 1.002 0.993 1.036 1.018 

   95% CI 0.974 - 1.030 0.974 - 1.012 1.011 - 1.061 0.984 - 1.053 

Data are presented as n (%). *p < 0.05 versus the non-GDM group. 
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Table 4. Multiple logistic regression of risk factors. 

Adverse outcomes 
Risk factors 

BMI pre-pregnancy BMI increment AUC 

Macrosomia 

OR 1.148 1.225 1.059 

95% CI 1.126 - 1.170 1.193 - 1.257 1.029 - 1.090 

p <0.001 <0.001 <0.001 

Percentage correct 92.2% 

Hypertensive 
diseases 

OR 1.217 1.219 1.106 

95% CI 1.186 - 1.249 1.175 - 1.264 1.064 - 1.149 

p <0.001 <0.001 <0.001 

Percentage correct 96.3% 

 
which more pregnant women were classified as having GDM. Moreover, these 
GDM patients had different hyperglycemia characteristics, which may lead to 
different pregnancy outcomes. Researchers have searched for indicators to assess 
the severity of GDM, such as hemoglobin A1c (HbA1c) and glycated albumin 
(GA) levels [12] [13]. Previous study from our research group showed that vari-
ous characteristics of OGTTs are associated with different adverse outcomes. 
Fasting hyperglycemia was associated with macrosomia, large size for gestational 
age (LGA) and cesarean delivery. Hyperglycemia in the OGTT-2 h was more 
likely to lead to preterm birth [7]. However, they did not combine the three le-
vels of blood glucose in the OGTT into a single assessment, which was per-
formed in this study. In 2009, Korean researchers adopted the area under the 
curve of 100 g OGTT as a quantitative method of GDM and found that the inci-
dence of LGA increased with the AUC, which was quite similar in our study 
[14]. However, their calculating formula was complicated and hard to extend in 
clinical use. 

Hyperglycemia contributes to many adverse maternal, fetal and neonatal out-
comes, such as macrosomia, LGA, small for gestational age (SGA), preterm 
birth, gestational hypertension, cesarean delivery, neonatal hypoglycemia, neo-
natal hyperbilirubinemia, hyperinsulinemia and other long-term effects [5]. Be-
cause the characteristics of this cohort and the relationship between hypergly-
cemia and adverse outcomes, neonatal complications included, had been dis-
cussed in our previous studies [2] [3] [4] [7], we did not aim at the topics above 
in this study. For the purpose of statistical analysis. We combined normal neo-
natal complications. 

We found consistent trends between the AUC and the frequencies of adverse 
outcomes, except that the prevalence of macrosomia declined in Group 6 (AUC 
≥ 16.80). This result might have occurred because all patients in this group had 
GDM, who got additional management, including diet, exercise and insulin 
therapy, which led to a decline in the prevalence of macrosomia. Additionally, 
severe hyperglycemia or overly strict control of blood glucose may result in in-
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fants that are SGA [15] [16]. In Groups 4 to 6, in which patients had an AUC ≥ 
14.20 (mean ± SD of the non-GDM group), the prevalence of adverse outcomes 
was significantly higher than in the normal group (except for Group 5, the lack 
of a significant difference might be a result of the small sample size). This result 
also conformed to a linear risk factor of the normal distribution. 

No significant difference was observed in the prevalence of adverse outcomes 
between the GDM and non-GDM groups when the AUC was similar, except for 
hypertensive diseases in Group 4. It is clear that intervention greatly contributed 
to this result [17] [18]. For ethical reasons, we cannot determine whether the 
results would be similar for a group without intervention or a control GDM 
group. A previous meta-analysis that included 10 studies involving 3881 patients 
indicated that GDM treatment significantly reduced the risk of macrosomia (RR, 
0.47; 95% CI, 0.38 - 0.57) and gestational hypertension (RR, 0.68; 95% CI, 0.53 - 
0.87) without causing any significant increase in the risk of SGA infants [19]. 
However, this study did not take the severity of GDM into account. 

Metabolic abnormalities, such as increased circulating leptin, glucose, insulin, 
and lipids, are likely to increase the risk of preeclampsia in obese women. This is 
particularly relevant for obese pregnant women with GDM, for whom all of 
these factors are increased [20]. In Group 4, in which the AUC was ≥14.20; the 
prevalence of hypertensive diseases was higher in the GDM group even though 
they were undergoing intervention. This result indicated that in patients with 
overt metabolic abnormalities, intervention may not reduce the risk of hyper-
tensive diseases. Previous studies have shown similar comprehensive results. A 
cohort study including 2954 singleton pregnancies suggested that insulin resis-
tance on an OGTT was associated with later development of gestational hyper-
tension, but not preeclampsia, independent of maternal BMI [21]. Another study 
suggested that women who develop pregnancy-induced hypertension may be 
metabolically challenged at early stages of pregnancy with hyperinsulinism and 
insulin insensitivity [22]. It is accepted that obesity and other metabolic abnor-
malities make a difference in placental function and fetal development, which 
lead to several complications, such as GDM and hypertensive diseases [23]. 

The BMI pre-pregnancy and gestational weight gain (BMI increments) were 
significantly associated with macrosomia and hypertensive diseases, which has 
been suggested in many previous studies [2] [24] [25] [26] [27]. The AUC could 
be a risk factor and assessment indicator for pregnancy outcomes. GDM has 
been shown to contribute to adverse outcomes, and our results were obtained 
from patients who were diagnosed with GDM and were undergoing intervention 
and management. There were several limitations in this study. First, the influ-
ence of the intervention could not be quantified, and data were obtained from 15 
hospitals, with different levels of effectiveness of the intervention. Additionally, 
the prevalence of adverse outcomes might be affected by many other risk factors, 
which were not included in this study. So far, deeper statistical analyse and 
long-term follow-up were carried on about this cohort.  
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5. Conclusion 

The AUC could be a measure method of the severity of maternal hyperglycemia. 
Women with a higher AUC had a higher risk of adverse pregnancy outcomes. 
Those with an AUC ≥ 14.20 should undergo aggressive management regardless 
of the presence of GDM. For patients with similar AUC values, those with GDM 
who underwent effective intervention and management had similar pregnancy 
outcomes to non-GDM patients, except for hypertensive diseases.  
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