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Abstract
BACKGROUND
Gestational diabetes mellitus (GDM) refers to abnormal glucose tolerance during pregnancy, and it is often accompanied by obvious changes in glucose and lipid metabolism, and associated with adverse pregnancy outcomes. The incidence of fetal distress, polyhydramnios, puerperal infection, premature delivery, and macrosomia in pregnant women with GDM are higher than in those without GDM.

AIM
To analyze the relationship between age of pregnant women with GDM and mode of delivery and neonatal Apgar score.

METHODS
A total of 583 pregnant women with GDM who delivered in the Department of Obstetrics at our hospital between March 2019 and March 2022 were selected. Among them, 377 aged < 35 years were selected as the right age group and 206 aged > 35 years were selected as the older group. The clinical data of the two groups were collected, and the relationship between age of the pregnant women with GDM and mode of delivery, maternal and neonatal outcomes, and neonatal Apgar score were compared. In the older group, 159 women were classed as the adverse outcome group and 47 as the good outcome group according to whether they had adverse maternal and infant outcomes. The related factors of adverse maternal and infant outcomes were analyzed through logistic regression.

RESULTS
The number of women with assisted pregnancy, ≤ 37 wk gestation, ≥ 2 pregnancies, one or more deliveries, and no pre-pregnancy blood glucose screening in the older group were all higher than those in the right age group (P < 0.05). The natural delivery rate in the right age group was 40.85%, which was higher than 22.33% in the older group (P < 0.05). The cesarean section rate in the older group was 77.67%, which was higher than 59.15% in the right age group (P < 0.05). The older group had a higher incidence of polyhydramnios and postpartum hemorrhage, and lower incidence of fetal distress than the right age group had (P < 0.05). There was no significant difference in neonatal weight between the two groups (P > 0.05). The right age group had higher Apgar scores at 1 and 5 min than the older group had (P < 0.05). Significant differences existed between the poor and good outcome groups in age, education level, pregnancy mode, ≤ 37 wk gestation, number of pregnancies, and premature rupture of membranes (P < 0.05). Logistic regression showed that age, education level and premature rupture of membranes were all risk factors affecting the adverse outcomes of mothers and infants (P < 0.05).

CONCLUSION
Delivery mode and Apgar score of pregnant women with GDM are related to age. Older age increases the adverse outcome of mothers and infants.
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Core Tip: This study analyzed the relationship between the age of pregnant women with gestational diabetes mellitus (GDM) and mode of delivery and neonatal Apgar score. Pregnant women with GDM were divided into right age and older groups. Compared with the older group, the natural delivery rate in the right age group was higher, but the cesarean section rate was lower. Moreover, age, education level and premature rupture of membranes were associated with the adverse outcomes of mothers and infants. Age was related to the delivery mode and Apgar score of pregnant women with GDM.

INTRODUCTION
Gestational diabetes mellitus (GDM) is one of the specific diseases of pregnant women. It refers to abnormal glucose tolerance in different degrees during pregnancy, often accompanied by obvious changes in glucose and lipid metabolism, and is closely related to adverse pregnancy outcomes. The incidence rate of GDM is increasing annually in China. GDM results in a high-risk pregnancy, which can induce complications, such as abortion, premature delivery, amniotic fluid and infection[1,2]. The incidence of fetal distress, polyhydramnios, puerperal infection, premature delivery, and macrosomia in pregnant women with GDM are higher than in those without GDM[3,4]. Pregnancy at the right age is the key to reduce the risk of adverse outcomes. With the implementation of China’s three-child policy, the number of pregnant women with advanced maternal age is gradually increasing, and the incidence of pregnancy complications is significantly higher than that in right-age pregnant women. In recent years, with the rapid development of medical technology, significant progress has been made in the treatment of birth defects and premature infants. However, there are no effective measures to avoid the adverse outcomes of older-age pregnancies, especially those with GDM. Previous studies have shown that body mass index (BMI) may have an impact on maternal and neonatal outcomes in pregnant women with GDM[5,6]. However, pregnancy is still a risk factor for adverse maternal and neonatal outcomes and is affected by many factors. The clinical data of 583 pregnant women with GDM who delivered in the Department of Obstetrics at our hospital between March 2019 and March 2022 were retrospectively analyzed. The delivery mode and neonatal Apgar score of pregnant women with GDM at different ages were compared, to improve the pregnancy outcome of the older pregnant women, and provide a reference for ensuring the effect of eugenics and prenatal care.

MATERIALS AND METHODS
General data
The clinical data of 583 pregnant women with GDM who delivered in the Department of Obstetrics at our hospital between March 2019 and March 2022 were retrospectively analyzed. This study was approved by the Ethics Committee of our hospital. Inclusion criteria were: (1) all women conformed to the clinical diagnostic criteria for GDM[7]; (2) regular pregnancy examination; (3) successful delivery; (4) no hereditary diseases of coagulation system; (5) complete clinical medical records; and (6) pregnant women and family members gave informed consent to participate in this study.
Exclusion criteria were: (1) women were diagnosed with diabetes mellitus or impaired glucose regulation before pregnancy; (2) women with other pregnancy-related diseases; (3) heart, liver or kidney dysfunction; (4) hematological diseases; (5) other diseases that may affect blood glucose; and (6) mental illness or retardation. Among the selected pregnant woman, 377 aged < 35 years were selected as the right age group and 206 aged > 35 years were selected as the older group. The data flow chart is shown in Figure 1.

Clinical data selection
The clinical data of the two groups were collected, including: age; pregnancy mode; educational level; BMI; fasting blood glucose; gestational weeks of delivery; number of pregnancies; number of deliveries; pre-pregnancy blood glucose screening; maternal and infant outcomes (preterm birth, polyhydramnios, oligohydramnios, fetal distress, macrosomia, umbilical cord around the neck, neonatal death events, neonatal hospitalization, neonatal aspiration pneumonia, neonatal hypoglycemia, neonatal jaundice, and postpartum hemorrhage); and Apgar scores at 1 and 5 min after birth. The clinical data of pregnant women in the two groups were retrospectively analyzed. In the older group, 159 women were classed as the adverse outcome group and 47 as the good outcome group according to whether they had adverse maternal and infant outcomes.

Diagnostic criteria
GDM was diagnosed by the International Association of Diabetes and Pregnancy Study Group (IADPSG) criteria. The IADPSG recommends testing to be routinely carried out between 24 and 28 wk of gestation or at the first prenatal visit in high-risk women. Based on the results of a 75-g, 2-h oral glucose tolerance test, a woman was diagnosed with GDM when one or more of her plasma glucose concentrations were equivalent to or exceeded the following levels: fasting, 92 mg/dL; 1 h, 180 mg/dL; or 2 h, 153 mg/dL.

Statistical analysis
The data in this study were analyzed using SPSS 21.0. The measurement data were expressed as mean ± SD, and were compared using the independent sample t test between two groups. The enumeration data were expressed as n (%), and were compared using the χ2 test between two groups. Factors related to adverse maternal and infant outcomes in older pregnant women were analyzed using logistic regression analysis. P < 0.05 was regarded as statistically significant.

RESULTS
Comparison of general data of pregnant women with GDM in two groups
The number of women with assisted pregnancy, ≤ 37 wk gestation, ≥ 2 pregnancies, one or more deliveries, and no pre-pregnancy blood glucose screening in the older group were all higher than those in the right age group (P < 0.05) (Table 1).

Comparison of delivery modes between the two groups
The right age pregnant women had a higher natural delivery rate of 40.85% compared with 22.5% in the older group (P < 0.05). The older group had a higher cesarean section rate of 77.67% compared with 59.15% in the right age group (P < 0.05) (Table 2).

Comparison of adverse outcomes between two groups
The older group had a higher incidence of polyhydramnios and postpartum hemorrhage, and lower incidence of fetal distress than the right age group had (P < 0.05) (Table 3).

Comparison of Apgar score between two groups
No significant difference existed in neonatal weight between the two groups (P > 0.05). The right age group had higher Apgar scores at 1 and 5 min after birth than the older group had (P < 0.05) (Table 4).

Analysis of related factors of adverse maternal and infant outcomes in older pregnant women
Significant differences existed between the poor (n = 159) and good (n = 47) outcome groups for age, education level, pregnancy mode, ≤ 37 wk gestation weeks, number of pregnancies, and premature rupture of membranes (P < 0.05) (Table 5).

Logistic regression analysis of risk factors for maternal and infant adverse outcomes in older pregnant women with GDM
The interference between the various indicators was controlled and the correlation between these indicators and maternal and infant adverse outcomes in older women with GDM was analyzed by logistic regression analysis. The analysis was conducted using significant factors in Table 5 as independent variables and adverse maternal and infant outcomes as the dependent variable. The regression model was established by selecting the indexes such as age, education level, pregnancy mode, ≤ 37 wk gestation, number of pregnancies, and premature rupture of membranes. Logistic regression showed that age, education level and premature rupture of membranes were risk factors for maternal and infant adverse outcomes in older women with GDM (P < 0.05) (Table 6 and nomogram analysis in Figure 2).

DISCUSSION
GDM is a special type of diabetes with a morbidity of 17.5%-18.9%, and the morbidity increases with age[8]. GDM increases the morbidity of pregnancy-related complications, which could lead to adverse pregnancy outcomes such as premature delivery, cesarean section, macrosomia and premature rupture of membranes, thus attracting the attention of the majority of medical staff and pregnant women[9,10]. Some scholars have found that gestational age > 35 years, pre-pregnancy BMI, and family history of diabetes are all risk factors for GDM, which increasing the incidence of adverse pregnancy outcomes such as premature delivery, macrosomia and fetal distress[11,12]. Previous studies have mainly focused on the high-risk factors of GDM[13-15], and have confirmed that advanced age is a risk factor for GDM. However, there has been less research on older women with GDM. In this study, we retrospectively analyzed the clinical data of older and right-age pregnant women with GDM. The general situation, delivery mode, and maternal and neonatal outcomes were compared, and the delivery characteristics of women with GDM at different ages were discussed, aiming to improve pregnancy outcome in the older age group and providing a reference for ensuring the effect of eugenics in China.
The number of women with assisted pregnancy, ≤ 37 wk gestation, ≥ 2 pregnancies, one or more deliveries, and no pre-pregnancy blood glucose screening in the older group were all higher than those in the right-age group. The ovarian function of older women decreased significantly, and the ovarian reserve and egg quality decreased gradually, resulting in a decline in successful pregnancy rate. Assisted reproductive technology helps a large number of infertile older women conceive successfully, but the complications during pregnancy are higher than those of pregnant women who conceive naturally. With the implementation of the three-child policy in China, the number of older pregnant women is increasing gradually. Older women have a higher incidence of pregnancy complications, such as GDM, and higher risk of maternal and infant deaths than pregnant women at the right age have. Therefore, we should attach importance to the healthcare of older women during pregnancy and in the perinatal period. The results of the present study showed that the older group had a higher cesarean section rate of 77.67%, compared with 59.15% in the right-age group. The right age group had higher Apgar scores at 1 and 5 min after birth compared with the older group. In recent years, the rate of cesarean section has increased due to incorrect fetal position or prevention of fetal distress. There are many pregnancy complications in older women, uterine contraction is weaker, and the total labor process is prolonged. Therefore, natural delivery can increase maternal and neonatal risks. This is one of the reasons why older women choose cesarean section, but this increases the risk of maternal and neonatal infection and thromboembolism[8,16-18]. With increasing age, pregnant women are prone to obesity, and various bodily functions gradually decrease. In older pregnant women with GDM, the incidence of fetal macrosomia is high. We showed that older women had a higher incidence of polyhydramnios and postpartum hemorrhage than the right-age women had, which confirms that GDM is closely related to maternal and infant adverse outcomes. According to previous studies, older age pregnancy has a higher risk of GDM[19-21]. Older age can also increase the probability of gestational hypertension, perinatal complications and other diseases. The present study found that the older group had a lower incidence of fetal distress than the right-age group had, which may be related to the high rate of cesarean section in the older group. The incidence of fetal distress was reduced due to the high proportion of women with ≤ 37 wk gestation in the older group.
To control the interference between the various indicators and analyze the correlation between related indicators and maternal and infant adverse outcomes in older women with GDM, logistic regression analysis was conducted. Logistic regression showed that age, education level and premature rupture of membranes were risk factors for maternal and infant adverse outcomes in older women with GDM. Pregnant women aged > 35 years old are more likely to have pregnancy complications during pregnancy or delivery. Laura estimated the risk of adverse outcome over a pregnancy cycle of 3-24 mo based on the maternal age at the initial birth (20-34 years and ≥ 35 years)[20]. The risk of maternal mortality or serious morbidity at 6 mo of pregnancy was increased compared to the 18-mo pregnancy cycle of women aged ≥ 35 years. Women aged 20-34 years had an increased risk of spontaneous preterm birth within 6 mo of pregnancy. In the present study, with the increase in academic qualifications, the proportion of maternal and infant adverse outcomes in older pregnant women with GDM increased, and there was a significant difference compared with the good outcome group. Education level is a risk factor for maternal and infant adverse outcomes in older women with GDM. The reason may be that the higher the educational background is, the later the childbearing age is, which affects fertility and reproductive quality. Premature rupture of membranes induces serious adverse effects in both the mother and fetus. In premature rupture of membranes, the reproductive tract loses its protective barrier, and the amniotic fluid gradually decreases, which affects the blood circulation of the placenta and increases proneness to adverse outcomes such as fetal distress[22,23]. Obstetric medical staff should focus on monitoring pregnant women with high-risk factors of premature rupture of membranes and implement timely intervention measures.
The limitation of this study was that the subjects were from a single institution, which limits the extrapolation of research results. More eligible samples will be included in future studies and more disease-related data will be analyzed, to enhance the reliability and validity of the results and provide a basis for treatment.

CONCLUSION
In summary, the delivery mode and neonatal Apgar score are related to the age of pregnant women with GDM and advanced age increases the adverse outcomes in mothers and infants. Therefore, to improve the pregnancy outcome and reduce the incidence of complications in pregnant women with GDM, it is suggested that pregnant women with a family planning plan should have pre-pregnancy eugenics health examination and pregnancy health care.

ARTICLE HIGHLIGHTS
Research background
Gestational diabetes mellitus (GDM) is one of the serious pregnancy complications, which severely threatens the health of pregnant women and newborns. In recent years, with the increased childbearing age and proportion of overweight people, the incidence of GDM has an upward trend. The detrimental effect of GDM on the prognosis has been recognized, which can increase the incidence of dystocia, cesarean section and macrosomia, and 17%-63% of pregnant women and infants will develop type 2 diabetes in the long term.

Research motivation
We analyzed the risk factors affecting the adverse outcomes of mothers and infants, we also put forward targeted prevention and control measures to provide reference for formulating GDM early prevention and intervention policies.

Research objectives
To explore the relationship between the age of GDM pregnant women and the delivery mode and neonatal Apgar score, so as to provide a theoretical basis for reducing the incidence of adverse pregnancy outcomes.

Research methods
We used the latest diagnostic criteria of GDM to investigate pregnant women who met the inclusion criteria, and collected their general conditions before and during pregnancy and related clinical data. The women were divided into right age group and older group according to whether they were older than 35 years old. Logistic regression analysis was used to analyze the related risk factors affecting the delivery outcome of GDM pregnant women.

Research results
The older group had a higher cesarean section rate, higher incidence of polyhydramnios and postpartum hemorrhage, and lower incidence of fetal distress than the right age group. The right age group had higher Apgar scores at 1 and 5 min after birth than the older group. Moreover, age, education level and premature rupture of membranes were risk factors for adverse pregnant outcomes in older GDM women. Our results showed that gestational age greater than 35 years old will increase the incidence of gestational diabetes and adverse pregnancy outcomes, but it needs to be confirmed by large samples and studies involving patients in multiple research centers.

Research conclusions
The age of pregnant women with GDM affects the delivery mode and neonatal Apgar score, and advanced age increases the adverse pregnancy outcomes. Therefore, it is suggested that pregnant women should have pre-pregnancy eugenics health examination and pregnancy health care.

Research perspectives
In the future research, we want to explore the effective means of screening GDM in pregnancy physical examination, as well as the means of early intervention and treatment for pregnant women with high-risk factors of GDM.
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Figure 1 Flow chart of general data selection.
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Figure 2 Nomogram analysis of risk factors for adverse maternal and infant outcomes in older pregnant women. PROM: Premature rupture of membrane.


Table 1 Comparison of general data of pregnant women with gestational diabetes mellitus in two groups
	General data
	
	Right age group (n = 377)
	Older group (n = 206)
	t/χ2
	P

	Pregnancy mode
	Natural pregnancy
	343 (90.98)
	170 (82.52)
	9.018
	0.003

	
	Assisted pregnancy
	34 (9.02)
	36 (17.48)
	
	

	Education level
	Primary school and below
	4 (1.06)
	5 (2.43)
	5.054
	0.080

	
	Junior high school
	80 (21.22)
	57 (27.67)
	
	

	
	College degree or above
	293 (77.72)
	144 (69.90)
	
	

	BMI before pregnancy (kg/m2)
	
	22.30 ± 3.77
	22.80 ± 3.75
	1.534
	0.126

	Gestational weight gain (kg)
	
	10.83 ± 15.21
	9.20 ± 16.15
	1.210
	0.227

	FBG (mmol/L)
	
	4.93 ± 1.14
	4.89 ± 0.69
	0.460
	0.646

	≤ 37 wk gestation 
	
	110 (29.18)
	84 (40.78)
	8.072
	0.004

	No. of Pregnancies
	1
	134 (35.54)
	24 (11.65)
	38.493
	< 0.001

	
	≥ 2
	243 (64.46)
	182 (88.35)
	
	

	Delivery times
	0
	226 (59.95)
	59 (28.64)
	52.441
	< 0.001

	
	1
	129 (34.22)
	123 (59.71)
	
	

	
	≥ 2
	22 (5.84)
	24 (11.65)
	
	

	Pre-pregnancy blood glucose screening
	Yes
	159 (42.18)
	67 (32.52)
	5.227
	0.022

	
	No
	218 (57.82)
	139 (67.48)
	
	


BMI: Body mass index; FBG: Fasting blood glucose.

Table 2 Comparison of delivery modes between the two groups
	Groups
	Cases
	Natural delivery
	Cesarean section rate

	Right age group
	377
	154 (40.85)
	223 (59.15)

	Older group
	206
	46 (22.33)
	160 (77.67)

	χ2
	
	20.271

	P
	
	< 0.001



Table 3 Comparison of adverse outcomes between two groups
	Adverse outcomes
	Right age group (n = 377)
	Older group (n = 206)
	t/χ2
	P

	Preterm birth
	40 (10.61)
	26 (12.62)
	0.37
	0.464

	Polyhydramnios
	5 (1.32)
	8 (3.88)
	3.996
	0.046

	Oligohydramnios
	32 (8.49)
	10 (4.85)
	2.631
	0.105

	Fetal distress
	40 (10.61)
	10 (4.85)
	5.628
	0.018

	Macrosomia
	8 (2.12)
	2 (0.97)
	1.047
	0.306

	Umbilical cord around the neck
	125 (33.16)
	59 (28.64)
	1.258
	0.262

	Neonatal death events
	3 (0.80)
	1 (0.49)
	0.188
	0.664

	Neonatal hospitalization
	4 (0.27)
	1 (0.49)
	0.519
	0.471

	Neonatal aspiration pneumonia
	3 (0.80)
	2 (0.97)
	0.048
	0.827

	Neonatal Hypoglycemia
	4 (0.27)
	2 (0.97)
	0.011
	0.918

	neonatal jaundice
	5 (1.32)
	2 (0.97)
	0.142
	0.706

	Postpartum hemorrhage (mL)
	318.62 ± 97.02
	362.20 ± 175.92
	3.861
	0.001



Table 4 Comparison of Apgar score between the two groups
	Groups
	Cases
	Neonatal weight (g)
	1 min Apgar score
	5 min Apgar score

	Right age group
	377
	3107.66 ± 467.26
	9.69 ± 0.06
	9.93 ± 0.05

	Older group
	206
	3102.07 ± 508.40
	9.67 ± 0.08
	9.89 ± 0.04

	χ2
	
	0.134
	3.408
	9.882

	P
	
	0.894
	0.001
	< 0.001



Table 5 Analysis of related factors of adverse maternal and infant outcomes in older pregnant women
	Factors
	
	Poor outcome group (n = 112)
	Good outcome group (n = 94)
	t/χ2
	P

	Age
	
	38.75 ± 1.26
	37.26 ± 1.78
	7.011
	< 0.001

	Education level
	Primary school and below
	0 (0.00)
	5 (5.32)
	6.257
	0.044

	
	Junior high school
	33 (29.46)
	24 (25.53)
	
	

	
	College degree or above
	79 (70.54)
	65 (69.15)
	
	

	Pregnancy mode
	Natural pregnancy
	87 (77.68)
	83 (88.30)
	3.996
	0.046

	
	Assisted reproduction
	25 (22.32)
	11 (11.70)
	
	

	≤ 37 wk gestation
	53 (47.32)
	31 (32.98)
	4.354
	0.037

	No. of pregnancies
	1
	18 (16.07)
	6 (6.38)
	4.661
	0.031

	
	≥ 2 
	94 (83.93)
	88 (93.62)
	
	

	No. of deliveries
	0 
	36 (32.14)
	23 (24.47)
	1.543
	0.462

	
	1
	63 (56.25)
	60 (63.83)
	
	

	
	≥ 2
	13 (11.61)
	11 (11.70)
	
	

	Mode of delivery
	Natural labor
	25 (22.32)
	21 (22.34)
	0.000
	0.997

	
	Cesarean section
	87 (77.68)
	73 (77.66)
	
	

	Premature rupture of membranes
	
	36 (32.14)
	0 (0.00)
	36.613
	< 0.001



Table 6 Logistic regression analysis of risk factors for maternal and infant adverse outcomes in elderly pregnant women with gestational diabetes mellitus
	Risk factors
	B
	SE
	Wald χ2 
	P 
	OR
	95%CI

	Age
	0.485
	0.074
	15.090
	0.005
	1.254
	1.002-4.056

	Education level
	0.650
	0.112
	20.482
	0.019
	1.234
	1.051-5.573

	Pregnancy mode
	0.253
	0.145
	2. 774
	0.045
	1.254
	0.976-1.780

	≤ 37 wk gestation
	0.504
	0.256
	3.157
	0.086
	1.643
	0.949-2.954

	No. of pregnancies
	0.784
	0.165
	5.48
	0.097
	1.262
	0.758-1.985

	Premature rupture of membranes
	0.864
	0.142
	16.751
	0.011
	1.318
	1.185-9.254


SEM: Standard error of mean; OR: Odd ratio; CI: Confidence interval.
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