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Background: Twin pregnancies are associated with an increased risk of adverse maternal and neonatal outcomes, mainly owing to prematurity. Few studies have evaluated the risk factors for preterm birth (PTB) in Chinese population. The objective of this study is to present the short-term maternal-neonatal outcomes, investigating the potential risk factors associated with preterm birth in Chinese twin pregnancies.

Methods: A multi-center retrospective study of women pregnant with twins ≥28 weeks of gestation was conducted. Maternal and neonatal outcomes were analyzed. Logistic regression was used to identify potential risk factors for PTB before 37, 34, and 32 weeks, respectively.

Results: A total of 3,288 twin pregnancies and 6,576 neonates were included in 99,585 pregnancies. The rate of twin pregnancy was 3.3%, while the PTB rate before 37, 34, and 32 weeks among this population were 62.1, 18.8, and 10.4%, respectively. Logistic regression revealed that monochorionicity [Odds ratio (OR) 3.028, 95% confident interval (CI) 2.489–3.683, P < 0.001], gestational weight gain (GWG) <10 kg (OR 2.285, 95% CI 1.563–3.339, P < 0.001) and GWG between 10 and 15 kg (OR 1.478, 95% CI 1.188–1.839, P < 0.001), preeclampsia (PE) (OR 3.067, 95% CI 2.142–4.390, P < 0.001), and intrahepatic cholestasis of pregnancy (ICP) (OR 3.122, 95% CI 2.121–4.596, P < 0.001) were the risk factors for PTB before 37 weeks. Monochorionicity (OR 2.865, 95% CI 2.344–3.501, P < 0.001), age < 25 years (OR 1.888, 95% CI 1.307–2.728, P = 0.001), and GWG <10 kg (OR 3.100, 95% CI 2.198–4.372, P < 0.001) were risk factors for PTB before 34 weeks. Monochorionicity (OR 2.566, 95% CI 1.991–3.307, P < 0.001), age younger than 25 years (OR 1.964, 95% CI 1.265–3.048, P = 0.003), and GWG <10 kg (OR 4.319, 95% CI 2.931–6.364, P < 0.001) were the risk factors for PTB before 32 weeks.

Conclusions: Monochorionicity and GWG <10 kg were two major risk factors for PTB before 32, 34, and 37 weeks, whereas maternal age, PE, and ICP were also risk factors for PTB in specific gestational age.
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INTRODUCTION

Globally, twin pregnancies account for ~2–4% of all births and it has been reported that the incidence has increased dramatically over the past few decades (1–4). Patients with twin gestation are more likely to suffer pregnancy complications, such as anemia, hypertensive disorders, gestational diabetes mellitus, and postpartum hemorrhage, than those with singleton gestation (5, 6). Compared with the singleton gestation, twin gestation is associated with a significantly increased risk of perinatal maternal and fetal morbidity and mortality (7–9). The risk of potentially life-threatening conditions, maternal near-miss, severe maternal outcomes, and maternal deaths among twin pregnancies were 2 to 4-fold higher than those for singleton gestation (7). Prematurity and its related complications are the leading cause of mortality in children <5 years of age (10). Previously studies demonstrated for twin gestations, the rates of preterm birth at <37 and <32 weeks are 5.7 and 7.1 times higher, respectively, than those for singleton gestations: with the rate of preterm birth in twin gestation ranging from 31 to 63% (8, 9, 11). The incidence of preterm birth in twin gestation has also showed an increasing trend over the past decades as the rate of twin pregnancies accelerates, thereby leading to more public health challenges (3).

A better understanding of perinatal maternal and neonatal complications and outcomes of twin pregnancies will undoubtedly enhance clinical practices. In addition, the proper identification of patients at higher risk of preterm birth would enable optimization of the available interventions to reduce the adverse perinatal outcomes associated with preterm birth. Meanwhile, the availability of a risk stratification system will help to decrease unnecessary interventions in low-risk patients and improve the therapeutic efficiency in those at high risk of preterm birth. Methods for predicting preterm birth and risk factors for preterm birth in twin pregnancy have long been studied. A history of preterm birth (12), maternal clinical characteristics, such as age and height (13, 14), gestational weight gain (GWG) (15, 16), maternal complications, such as preeclampsia (17), biophysical and biochemical tests, (18) are all proposed to aid in identifying and optimizing management of preterm birth in twin gestation.

However, research involving twin pregnancies is mainly conducted in western countries, and data on the perinatal outcomes of twin pregnancies among Chinese women are limited; few studies have evaluated the risk factors for preterm birth in this large population. We aimed to analyze the maternal and neonatal outcomes among Chinese twin pregnancies in a large multi-center cohort and to identify the potential risk factors for preterm birth in this population.



MATERIALS AND METHODS


Data Sources, Inclusion and Exclusion Criteria, and Definitions

This study was conducted in 14 representative medical centers (including two secondary and 12 tertiary, seven general hospitals, and seven maternal and child health care centers) from 10 provinces in the four major economic regions of China from October 1, 2016 to September 30, 2017. Complete medical information for each birth, including maternal demographics, medical and obstetric history, and maternal and perinatal outcome information were retrospectively registered into a prospectively designed network-based standardized data acquisition system obtained from digital and written medical records. The medical records from the 14 participating hospitals in this study were standardized before the research was initiated. This retrospective birth registry study was approved by the Ethics Committee of Peking Union Medical College Hospital (approval number: PUMCH-JS-1151). The need for informed consent was waived due to the retrospective nature of the study. All pregnant women aged 18–55 years, who had their first antenatal visit in the first trimester and gave birth to twins ≥28 weeks of gestation, were eligible for inclusion. Women without data on the exact age and gestational age at delivery were excluded. Data including demographic factors, clinical characteristics including maternal height and weight, GWG, methods of conception, chorionicity, gestational age at delivery, pre-pregnancy and pregnancy complications, medical treatment, pregnancy outcomes, and mode of delivery were collected from the medical records and confirmed by the treating physician. Neonatal birth weight, length, Apgar scores at 1, 5, and 10 min, outcomes (transfer to neonatal intensive care unit, discharge from hospital, or neonatal death within 7 days after delivery) were recorded.

A total of 3,288 patients with twin pregnancies and 6,576 neonates met the inclusion criteria among the 99,585 pregnant women who were enrolled. In this study, preterm birth is defined as birth before 37 completed weeks of gestation according to the World Health Organization (WHO) (19). Early preterm birth and very early preterm birth are defined as birth before 34 and 32 completed weeks of gestation, respectively. Gestational age (GA) among the patients included in our study was calculated from the date of the last menstrual period (LMP) and adjusted using ultrasound measurements. Ultrasound examination was performed when the patients were confirmed as pregnant for the first time (at 6–9 weeks according to the LMP). The second ultrasound examination was performed at 11–13 6/7 weeks of gestation. If patients missed these two examinations to calculate the estimated due date, an additional ultrasound examination was administrated at the beginning of the second trimester (usually at 20 weeks of gestation, not exceeding 21 6/7 weeks) to adjust the GA. If pregnancy resulted from assisted reproductive technology (ART), the ART-derived GA was used to assign the estimated due date. The adjusted methods for estimating the due date were in accordance with the guideline (20). The chorionicity was defined using ultrasonography during pregnancy according to previous researches (21). Those with uncertain chorionicity in the first trimester repeated the ultrasonography in the second or third trimester. The chorionicity of all such patients were reexamined after delivery in this study. GWG was calculated by subtracting the self-reported pre-pregnancy weight, or if unavailable, the first-measured weight at the antenatal visit, from the last-measured weight closest to delivery, similar to a previous study's description (22). GWG was divided into categories including GWG <10 kg, GWG between 10 and 14.99 kg, GWG between 15 and 19.99 kg, and GWG more than 20 kg. Pre-pregnancy body mass index (BMI) was categorized as underweight (BMI <18.5 kg/m2), normal (18.5–23.99 kg/m2), overweight (24–27.99 kg/m2), and obese (BMI ≥ 28 kg/m2) according to the Chinese BMI categorization (23).

Pre-pregnancy complications referred to a history of preterm birth or late abortion or other related comorbidities such as thyroid disorders, diabetes mellitus, hypertension, liver diseases, iron deficiency anemia, autoimmune diseases, and heart disease. Pregnancy complications included gestational hypertension, preeclampsia superimposed on chronic hypertension, preeclampsia, and eclampsia, gestational diabetes mellitus (GDM), and intrahepatic cholestasis of pregnancy (ICP), and premature rupture of membrane (PROM). Hypertensive disorders of pregnancy (HDP) were classified according to the ISSHP classifications (24). Delivery complications included postpartum hemorrhage, amniotic fluid embolism. Postpartum hemorrhage was defined as cumulative blood loss ≥500 mL in vaginal delivery or ≥1,000 mL in cesarean section within 24 h after delivery (25). Neonatal low birth weight (LBW) was defined as neonatal birth weight <2,500 g, whereas birth weight <1,500 and <1,000 g was classified as very low birth weight (VLBW) and extremely low birth weight (ELBW), respectively. Small for gestational age (SGA) was defined as an infant weighing less than the 10th centile birth weight for gestational age and sex. Neonatal asphyxia referred to Apgar score <7 at 1 min or Apgar score <7 at 5 min after delivery. The selective intrauterine growth restriction (sIUGR) was defined as an estimated fetal weight of one fetus below the 10th centile and an intertwin birthweight discordance of ≥ 25% (26). Twin to twin transfusion syndrome (TTTS) was defined as a deepest vertical pocket (DVP) of amniotic fluid > 8 cm in the amniotic sac of the recipient twin and a DVP <2 cm in the donor twin (27). Fetal respiratory distress syndrome (RDS) was diagnosed by the presence of clinical signs such as grunting, flaring, tachypnea, retractions, and requiring respiratory support (supplemental oxygen requirement or non-invasive/invasive ventilation) and admission to a neonatal intensive care unit (NICU) for respiratory support.



Outcomes Measurement, Timing of Planned Delivery, and Follow-Up During Pregnancy in Our Study

The main outcome of the study was the preterm birth before 37, 34, and 32 weeks in twin pregnancy. The secondary outcomes included maternal pregnancy and delivery complications, and neonatal outcomes. The neonatal outcomes included LBW, SGA, neonatal asphyxia, sIUGR, RDS, admission to NICU, pneumonia, neonatal infection, retinopathy of prematurity (ROP), necrotizing enterocolitis (NEC), and major congenital malformations.

The schedule used for planned delivery in our study was according to the Chinese guideline on the management of twin pregnancy. Uncomplicated monochorionic diamniotic twin gestations underwent delivery between 34 and 37 weeks of gestation and uncomplicated monochorionic monoamniotic twin gestations underwent delivery between 32 and 34 weeks of gestation. In those patients with uncomplicated dichorionic diamniotic twin gestations, we terminated the pregnancy after 37 weeks of gestation. In cases of patients with other complications such as HDP or ICP, the timing of the planned delivery was adjusted according to those comorbidities. Women with mild preeclampsia or chronic hypertension, gestational hypertension were planned delivery after 37 weeks of gestation. The pregnancy was terminated if the condition was unstable or reached 34 weeks of gestation in patients with severe preeclampsia. At ≥34 weeks of gestation, pregnancy was terminated if there were serious complications such as placental abruption, and intrauterine fetal death that threatened maternal and neonatal safety. Pregnancy was also terminated at ≥34 weeks if fetal growth was restricted and accompanied by abnormal umbilical cord blood flow and oligohydramnios. In mild ICP, pregnancy was terminated between 38 and 39 weeks of gestation. In severe ICP, the pregnancy was terminated between 34 and 37 weeks of gestation, but the treatment response and presence of a combination of fetal distress, twin births, or other maternal complications were taken into account.

All participants were regularly followed-up by the perinatal health care management teams in corresponding hospitals. The framework for maternal antenatal care was consistent with WHO recommendations and Chinese practical guidelines (28). Patients with advanced maternal age or complications received more closed follow-up till delivery. Additional antenatal care was given in case of emergency situations such as intrauterine fetal distress, decreased fetal movements, or elevated blood pressure.



Statistical Analysis

Continuous variables are described by means ± standard deviation (range) if they were normally distributed or as medians and interquartile ranges (IQRs) if they were abnormally distributed. Discrete variables are expressed as counts (percentage). Variables were compared between the two outcomes (preterm birth or full-term birth) using univariate analysis. Continuous variables were compared using the Student's t-test or the Mann-Whitney U-test, depending on their distribution. Categorical variables were compared using the chi-squared test or Fisher's exact test. Variables in the univariate analysis with P-values < 0.2 were selected for potential inclusion in the multivariate logistic regression. Forward, stepwise logistic regression was performed to determine potential risk factors for preterm birth. Odds ratios (OR) with 95% confidence intervals (CI) and P-values were calculated. A two-tailed P-value < 0.05 was considered significant. Statistical analysis was conducted using SPSS (Version 21.0; SPSS Inc., Chicago, IL, USA) or GraphPad Prism (Version 8.0) software.




RESULTS


Maternal Clinical Characteristics and Complications During Pregnancies

The rate of twin pregnancy was 3.3% in our cohort (mean age: 30.9 ± 4.4 years (range: 18–53 years), mean height: 161.3 ± 4.8 cm). Natural conception occurred in 60.3% of participants, whereas the remaining 39.7% conceived using ART. Sixty-eight patients had a history of preterm birth, with 23 experiencing preterm birth two times or more. Dichorionic diamnioticity (DCDA, 74.1%) was the most predominant twin subtype, followed by monochorionic diamnioticity (MCDA, 25.6%), and monochorionic monoamnioticity (MCMA, 0.3%). The rate of preterm birth < 37, 34, and 32 weeks among this population was 62.1, 18.8, and 10.4%, respectively, with an average gestation of 35.6 ± 2.4 weeks. The incidence of spontaneous and iatrogenic preterm birth before 34 and 32 weeks was 5.0 and 2.8%, and 13.8 and 7.6%, respectively. Other maternal characteristics are listed in Table 1 and Supplementary Table 1.


Table 1. Maternal clinical characteristics and outcomes.
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Pre-pregnancy complications and complications during pregnancy are also shown in Table 1 and Supplementary Table 1. Hypertension, diabetes mellitus, heart and liver diseases, autoimmune disease, hyperthyroidism, hypothyroidism, and iron deficiency anemia were documented. Diabetes mellitus (DM: 532, 16.1%), including GDM (518, 15.7%) and DM diagnosed before conception (14, 0.4%), were the most common complications. PROM occurred in 404 patients (term PROM, 62; preterm PROM, 342) before 37 weeks. Other common complications included HDP (416, 12.7%), iron deficiency anemia (233, 7.1%), hypothyroidism (197, 6.0%), and ICP (206, 6.3%). Hyperthyroidism (30, 0.9%), autoimmune diseases (9, 0.3%), arrhythmia (6, 0.2%), and acute fatty liver of pregnancy (AFLP, 4, 0.1%) were less common in our study. Viral hepatitis was also recorded (hepatitis B: 86, hepatitis C: 3). There were 96 cases of placenta previa, 193 cases of placenta accreta, and 46 patients who had both complications. In addition, placental abruption and retained placenta occurred in 27 and two patients, respectively. Umbilical cord abnormality occurred in 399 cases (cord around neck: 391, prolapse of cord: 8).

Delivery related complications were also recorded. One hundred and nine patients experienced postpartum hemorrhage (PPH, 3.3%), and 91 were severe cases defined as blood loss of >1,000 mL within 24 h after delivery. Management for PPH included arterial intervention embolism (7 cases), uterine B-lynch suture (43 cases), uterine packing (55 cases), uterine arterial ligation (25 cases), and a total hysterectomy (2 cases). Some patients received more than one method of treatment for PPH in our study. There were twin-related complications in 130 patients (57 were complicated with sIUGR, 6.8% of the MCDA pregnancies; the stillbirth of one fetus: 33, TTTS: 30). Three of the cases of the stillbirth of one fetus were complicated by TTTS. One case of fetal to maternal transfusion syndrome was also noted. No amniotic fluid embolism occurred.

After delivery, 12 women were transferred to the intensive care unit but there was no fatality.



Neonatal Outcomes

The mean weight of the 6,576 neonates enrolled in the study was 2,369.3 ± 523.4 g, and their average length was 45.8 ± 3.6 cm. The median birth weight and length were 2,426 g and 47 cm, respectively. The 5, 10, 25, 75, 90, and 95 percentiles were 1,370, 1,650, 2,090, 2,702, 2,950, and 3,100 g for birth weight and 39, 40, 45, 48, 50, and 50 cm, for birth length. The incidence of SGA was 3.7% (204) in our research. Two hundred and eighty-four (4.3%) newborns were diagnosed with asphyxia on delivery, and the incidence of RDS was 1.1% (75 cases). The incidence of Apgar scores <7 and 5 at 1 min was 4.3 and 1.5%, respectively. The average Apgar scores at 1, 5, and 10 min were 9.25 ± 0.8, 9.51 ± 0.9, and 9.60 ± 1.2, respectively. The rate of normal birth weight, low birth weight, very low birth weight, and extremely low birth weight were 44.8 48.3, 6.1, and 0.9%, respectively. Almost half of the newborns were transferred to the neonatal intensive care unit (NICU, 43.81%) and 55.5% were uneventfully discharged. Pneumonia (5.0%) and neonatal infection (3.3%) were two common complications among neonates. Respiratory distress syndrome (1.1%), congenital deformity (0.6%), retinopathy of prematurity (0.8%), and necrotizing enterocolitis (2 cases) were also recorded. The perinatal death rate was 0.7% (Clinical characteristics and short-term outcomes were listed in Table 2).


Table 2. Short-term neonatal outcomes.
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Risk Factors for Preterm Birth in Twin Pregnancies

The results of the univariate and multivariate analyses identified risk factors associated with preterm birth before 37 weeks (Table 3), univariate analysis revealed that mochorionicity, maternal height, GWG, PE, and ICP were associated with preterm birth. Monochorionicity [Odds ratio (OR) 3.028, 95% confident interval (CI) 2.489–3.683, P < 0.001], GWG <10 kg (OR 2.285, 95% CI 1.563–3.339, P < 0.001) and GWG between 10 and 15 kg (OR 1.478, 95% CI 1.188–1.839, P < 0.001), PE (OR 3.067, 95% CI 2.142–4.390, P < 0.001), and (OR 3.122, 95% CI 2.121–4.596, P < 0.001) were the risk factors for preterm birth before 37 weeks in further multivariate logistic regression.


Table 3. Logistics regression to identify potential risk factors for preterm birth before 37 weeks (N = 3,288).
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The potential factors for predicting preterm birth before 34 weeks are shown in Table 4. Maternal age and height, methods of conception, chorionicity, GWG, HDP, and ICP were included in the multivariable logistic regression, Monochorionicity (OR 2.865, 95% CI 2.344–3.501, P < 0.001), age <25 years (OR 1.888, 95% CI 1.307–2.728, P < 0.001), and GWG <10 kg (OR 3.100, 95% CI 2.198–4.372, P < 0.001) remained statistically significant. Subgroup analysis concerning the impact of chorionicity on spontaneous and iatrogenic preterm birth before 34 weeks are shown in Supplementary Table 2. Monochorionicity was associated with increased risk of both spontaneous and iatrogenic preterm birth before 34 weeks, and the adjusted OR was 2.390 (95% CI 1.636–3.491, P < 0.001) and 3.037 (95% CI 2.427–3.800, P < 0.001), respectively.


Table 4. Logistics regression to identify potential risk factors for preterm birth before 34 weeks (N = 3,288).
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When we analyzed preterm birth <32 gestational weeks, factors that may affect preterm birth are summarized in Table 5. Univariate analysis showed that maternal age (P = 0.007), height (P = 0.013), chorionicity (P < 0.001), GWG (P < 0.001), and HDP (P = 0.034) were significantly associated with preterm birth before 32 weeks, whereas parity, HDP, and ICP were likely to predict preterm birth. These factors were further used for multivariable analysis, where monochorionicity (OR 2.566, 95% CI 1.991–3.307, P < 0.001), age younger than 25 years (OR 1.964, 95% CI 1.265–3.048, P = 0.003), and GWG <10 kg (OR 4.319, 95% CI 2.931–6.364, P < 0.001) were the risk factors for preterm birth before 32 weeks were statistically associated with increased risk for preterm birth before 32 weeks. Moreover, GWG between 10 and 15 kg slightly increased the risk of preterm birth before 32 weeks (OR 1.476, 95% CI 1.073–2.030, P = 0.017). The impact of chorionicity on spontaneous and iatrogenic preterm birth before 32 weeks was also conducted using multivariate logistic regression (Supplementary Table 3). Compared with dichorionicity, monochorionicity was associated with a higher risk of spontaneous preterm birth (OR 2.932, 95% CI 1.754–4.900, P < 0.001) and iatrogenic preterm birth (OR 2.510, 95% CI 1.872–3.367, P < 0.001).


Table 5. Logistics regression to identify potential risk factors for preterm birth before 32 weeks (total N = 3,288).
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There was no significant difference in pre-pregnancy BMI and proportions of different pre-pregnancy BMI categories between patients with or without preterm birth before 32, 34, and 37 weeks of gestation. However, some factors associated with reduced risk of preterm birth were also identified by logistic regression analysis. Maternal height ≥170 cm appeared to be a protective factor for preterm birth before 37 weeks (OR 0.642, 95% CI 0.424–0.973, P = 0.037). Moreover, the risk for preterm birth before 32 weeks in patients with GWG between 10 and 15 kg were not significantly different compared with those with GWG between 15 and 20 kg. In contrast, GWG above 20 kg was associated with a decreased risk for preterm birth before 32 (OR 0.558, 95% CI 0.400–0.779, P = 0.001) and 34 weeks (OR 0.667, 95% CI 0.524–0.849, P = 0.001). Intrahepatic cholestasis of pregnancy (OR 0.533, 95% CI 0.295–0.964, P = 0.037) was associated with a decreased risk of preterm birth before 32 weeks. The incidence of AFLP and autoimmune diseases were too low to be interpreted by logistic regression due to low event rates.




DISCUSSION

Our study reports on one of the largest cohorts involving short-term perinatal outcomes with the evaluation of risk factors for preterm birth in twin pregnancies in a Chinese population. The rate of twin pregnancy was 3.3% and preterm birth before 37, 34, and 32 weeks among this population were 62.1, 18.8, and 10.4% respectively. No maternal demise occurred, and the perinatal death rate within 7 days after delivery was 0.7%. The short-term maternal and fetal outcomes were described. Monochorionicity and GWG <10 kg were two major risk factors of preterm birth before 32, 34, and 37 weeks. PE and ICP were associated with increased risk of preterm birth before 37 weeks, whereas maternal age younger than 25 years was a risk factor of preterm birth before 32 and 34 weeks of gestation. Moreover, monochorionicity was associated with a 3-fold increase in the risk of spontaneous and iatrogenic preterm birth before 32 and 34 weeks of gestation.

The preterm birth rate in twin pregnancy has increased significantly in the last three decades as the prevalence of twin births has increased around the world (1, 3, 11, 29). A previous study reported that the twin rate of 2.17% in 2014 in the Chinese population, increased by 32.3% in seven years (3). In addition, the overall preterm birth rates at various cut-off gestational ages, mean neonatal birth weight, and average gestational age were comparable with previous data (11, 30). The national data from the United States revealed that the mean gestational age was 35.3 weeks with a mean birth weight of 2,336 g in twins, while the percentages of preterm birth <37 and 32 weeks of gestation were 58.8 and 11.4%, respectively (11). Similarly, a study from China reported an average gestational age of 35.8 weeks and a mean birth weight of 2,384 g. The preterm birth rate before 37 weeks was 55.5%. Moreover, the methods of delivery (cesarean section: 90.5% and vaginal delivery: 9.4%), and percentage of low birth weight (<2,500 g, 52.7%) (30) were also comparable with our results.

The prevalence of maternal complications including HDP, GDM, ICP, AFLP, hypothyroidism, and postpartum hemorrhage among twin gestations in a Chinese population has seldom been presented. The large cohort size of the current study provides robust reference data on maternal complications that could be applicable in clinical practice. Our study revealed a relatively high rate of these complications, which was consistent with earlier studies concerning pregnancy outcomes in multiple gestations (31, 32). In a larger cohort study published previously, the incidence of PE and postpartum hemorrhage were 9.87 and 8.74%, respectively (31). By contrast, the incidence of PE and hemorrhage in our study were 8.7 and 3.3%, respectively. Meanwhile, 15.7% of our patients were diagnosed with GDM, which was also similar to another study (33). Another study from China focused on perinatal outcomes among twin pregnancies complicated with ICP reported a 6.7% of prevalence, which is closed to the prevalence of 6.3% in our study (34). The incidence of AFLP in twin pregnancies was unclear, whereas the reported incidence in overall pregnant women was ~1:7,000 to 1:15,000 (35), which was much lower than our result (1/822, 0.12%). However, a study from Southwest Wales reported a similarly high incidence of AFLP of approximately 1: 1,000 (36). As these complications can also contribute to adverse pregnancy outcomes (7–9, 25, 37, 38), closer follow-up and monitoring for women with twin pregnancies should be highlighted.

In our study, monochorionicity was significantly associated with preterm birth in twin pregnancy, which approximately doubled the risk for preterm birth in all gestations. The result was in accordance with a systematic review including 29,864 twin pregnancies published in 2020 (14). In this review, monochorionicity significantly increased the risk of preterm birth at ≤ 28 (OR 2.14, 95% CI 1.52–3.02), ≤ 32 (OR 1.55, 95% CI 1.27–1.89), ≤ 34 (OR 1.47, 95% CI 1.27–1.69), and <37 (OR 1.66, 95% CI 1.43–1.93) weeks. Several previous studies have shown that monochorionicity is associated with a higher risk of preterm birth, stillbirth, and perinatal mortality compared with dichorionic twins (39–42). The NICE guidelines recommend planned delivery for uncomplicated monochorionic diamniotic twin pregnancy from 36 weeks (43) and others suggest as early as 34 weeks and certainly <37 weeks (44, 45). Recommendations for early delivery for monochorionic twins may contribute to the increased preterm birth rate due to iatrogenic prematurity. However, a study also revealed that monochorionicity itself has a high association with spontaneous preterm birth (14). In our study, subgroup analysis was conducted to evaluate the effect of chorionicity on spontaneous and iatrogenic preterm birth before 32 and 34 weeks of gestation. Our results demonstrated that monochorionicity was not only associated with a 3-fold increase in the risk of iatrogenic preterm birth but also in the risk of spontaneous preterm birth, suggesting that monochorionicity might be a potential independent predictor of preterm birth in twin pregnancy. Since monochorionicity is also associated with increased fetal risks (46), emergency plans for accidental preterm births should be prepared in the early third trimester in addition to planned deliveries.

Studies evaluating the relationship between pre-pregnancy BMI and pregnancy outcomes produced inconsistent results in twin pregnancies (47–51). Being underweight was considered as a risk factor for preterm birth before 32 weeks, rather than being overweight or obese (47, 48). Maternal complications, such as GDM, PE, and postpartum hemorrhage, were reported to be associated with high pre-pregnancy BMI (49, 52). In our study, pre-pregnancy BMI was not associated with preterm birth at 32, 34, and 37 weeks of gestation. A previous study in Chinese twin pregnancies also revealed no significant difference between normal weight and underweight women regarding spontaneous preterm birth before 37, 35, and 32 weeks (53). This may be partly explained by the fact that the pre-pregnancy BMI in 66.1% of the patients was normal and only 3.7% could be defined as obese according to Chinese categories. Nonetheless, only 6.3% of our patients had a GWG of <10 kg, the lower limit that is adequate for patients in different pre-pregnancy BMI categories according to recommendations from the Institute of Medicine (IOM) and Chinese recommendations for GWG during pregnancy (54, 55). These findings highlighted the importance of maintaining normal weight before conception for better pregnancy outcomes.

GWG has been considered as a predictor in pregnancy outcomes in both singletons and multiple gestations in previous studies (15, 16, 56, 57). Women with GWG below the recommendations of the IOM were at higher risk of small for gestation age and preterm birth, while GWG above the recommendations was associated with decreased risk for preterm birth (15, 16, 56). However, the impact of GWG and pregnancy outcomes were mainly based on patients from western countries and the results were inconsistent in twin pregnancies (50). The IOM lacks recommendations for underweight women (54). In addition, sample sizes of Chinese studies were relatively small and the impact of GWG on preterm birth was inconsistent (16, 58). Lin et al. found that the risk for patients with GWG below the IOM recommendations was 3.55 times risk for preterm birth before 37 weeks and 2.63 times risk for preterm birth before 35 weeks in Chinese twin pregnancies (16), but this study excluded underweight women. Research from Wang et al. only included dichorionic women within normal weight and revealed GWG in accordance with IOM recommendations may reduce the risk of PTB before 32 weeks (58). Nonetheless, the sample sizes of these studies did not exceed 1,000 women, and chorionicity and other potential risk factors for preterm birth were not considered. The recommendations of GWG during pregnancy for Chinese women still lack consensus and GWG in IOM recommendations for normal, overweight, and obese women are overlapping. Our study did not evaluate whether the GWG was in accordance with the recommendations of the IOM. We separated total GWG into several categories and revealed that a lower GWG was significantly related to preterm birth in twin pregnancies and it had a more pronounced effect in predicting earlier preterm birth. In our study, GWG <10 kg tended to associated with preterm birth before 37, 34, and 32 weeks. In particular, twin pregnancy with GWG <10 kg showed a 2-fold risk for preterm birth before 37 weeks and a 3- and 4-fold risk for preterm birth before 34 and 32 weeks, respectively. The GWG from the IOM and Chinese recommendations for all the categories were also not below 10 kg (54, 55), which is partly comparable to our results. Although patients with preterm birth had less GWG compared to full-term patients could also be partly due to the earlier termination of pregnancy. It may be concluded that inadequate GWG was positively related to preterm birth in accordance with previous studies (15, 16, 56, 57). Meanwhile, GWG above 20 kg was associated with decreased risk for preterm birth before 32 and 34 weeks, but published reports demonstrated that excessive GWG may be related to adverse pregnancy outcomes (56, 57). We proposed a possible cutoff value for GWG when evaluating its effect on preterm birth and reinforced the significance of more effective management of GWG during pregnancy.

The effect of PE, ICP, maternal age, and height on preterm birth among twin pregnancies have been discussed in published reports (13, 17, 34). These risk factors have also been identified in this study. Our analysis also revealed that age <25 years was a risk factor for preterm birth before 34 and 32 weeks, which was consistent with earlier studies (59). Another study revealed that age <18 years seemed to be associated with preterm birth before 37 weeks (17). This indicated the importance of conception at an appropriate age. Advanced maternal age (>35 years) was not associated with a significantly increased risk for preterm birth, which could be explained by regular follow-up during pregnancy. Maternal height <160 cm was a risk factor for preterm birth before 37 weeks in studies from the USA (13, 60). Our study did not identify this risk factor, probably due to the difference in the race. However, maternal height >170 cm was negatively associated with preterm birth before 34 and 37 weeks, which was consistent with previous studies (13, 60). It may indicate that in women of short stature, singleton pregnancy is preferential, particularly in those who plan to receive ART. Preeclampsia, rather than chronic hypertension and gestational hypertension, showed an increased risk for preterm birth before 37 weeks, reminds us that better management of the HDP, and alleviating the disease severity will be useful to reduce the risk of preterm birth. Published research has shown that ICP in twin pregnancies was associated with an increased risk of preterm birth before 37 weeks (OR 4.17, 95% CI 2.47–7.04) and before 35 weeks (OR 1.89, 95% CI 1.26–2.95) (34), which was confirmed by our study. These aforementioned risk factors highlight the importance of evaluating maternal clinical characteristics and the prevention as well as management of pregnancy complications.

Analysis of the potential risk factors for preterm birth before 32 gestational weeks, revealed that ICP appeared to be an independent protective factor, whereas PE had no significant effect on preterm birth. This may be attributed to the etiology and the time of onset of the diseases during pregnancy (38, 61, 62). The occurrence of ICP and PE before 32 weeks was rare (61). Patients with ICP would naturally undergo more rigorous monitoring during pregnancy, thereby improving pregnancy outcomes in this population (63, 64). Previous preterm birth history has been considered one of the strongest risk factors for subsequent preterm birth (12, 17). However, preterm birth history did not show a statistically significant association with subsequent twin preterm birth in our study. The probable reasons may be the uncertain gestational weeks, singleton, or multiple pregnancies, and whether it was spontaneous or iatrogenic preterm birth in the previous preterm birth. Published studies revealed that preterm birth at an earlier gestational age (65), spontaneous preterm birth (66), and previous multiple gestation preterm birth (12) were associated with a higher risk for subsequent preterm birth in twin pregnancies.

To the best of our knowledge, this is the largest cohort study on risk factors for preterm birth in twin pregnancies in a Chinese population. We demonstrated the similarities and differences of perinatal outcomes and risk factors for preterm birth compared to previous studies. Moreover, unlike some previous studies from China which focused on one factor such as GWG, we comprehensively evaluated potential risk factors and did not restrict our variables with maternal demographic characteristics, one specific complication, or chorionicity. Based on the current findings, modified counseling, and follow-up strategies for preterm birth can be implemented very early in pregnancy to optimize perinatal outcomes.

The main strength of this study is the large cohort size involving multi-centers in different districts in China. We revealed a positive association between chorionicity, inadequate GWG, PE, ICP, maternal age, height, and preterm birth in twin pregnancies. However, the study also has some limitations. First, the retrospective nature and missing data in some patients may affect the validity of the analysis. Second, this study lacks long-term follow-up of maternal and neonatal outcomes. Further studies, especially prospective trials with long-term follow-up in this field, are warranted.



CONCLUSION

We presented the clinical characteristics, complications, and short-term maternal-fetal outcomes in Chinese twin pregnancies. The perinatal outcomes among this population are satisfactory despite a relatively high preterm rate. Monochorionicity and GWG <10 kg were two risk factors for preterm birth before 32, 34, and 37 weeks, whereas maternal age, PE, and ICP were also risk factors for preterm birth at specific gestational ages. Monochorionicity was associated with an increased risk of both spontaneous and iatrogenic preterm birth before 32 and 34 weeks of gestation.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author/s.



ETHICS STATEMENT

This retrospective birth registry study was approved by the Ethics Committee of Peking Union Medical College Hospital (approval number: PUMCH-JS-1151). The need for informed consent was waived due to the retrospective nature of the study.



AUTHOR CONTRIBUTIONS

SL wrote the manuscript and participated in data analysis. JHe, YT, XL, and YC conducted data collection and quality control at their medical centers. JHu and XC participated in data analysis. JG conceived and designed the study. JL participated in designing the study and revising the language. All authors contributed to the article and approved the submitted version.



FUNDING

This study was funded by the 13th Five-Year National Science and Technology Support Program (No. 2015BAI13B04) and the CAMS Innovation Fund for Medical Sciences (CIFMS) 2020-I2M-C&T-B-044.



ACKNOWLEDGMENTS

We would like to thank the following for their support of this study: Hunan Maternal and Child Health Care Hospital; Nanfang Hospital Southern Medical University; Women's Hospital School of Medicine, Zhejiang University; Henan Provincial People's Hospital; Harbin Nangang District Maternity Hospital; Beijing Obstetrics and Gynecology Hospital, Capital Medical University; Shandong Provincial Hospital Affiliated to Shandong University; Beijing Haidian Maternal and Child Health Hospital; Sichuan University West China Second Hospital; Northwest Women and Children's Hospital; Ruijin Maternal and Child Health Hospital; Shengjing Hospital affiliated to China Medical University; and The First Clinical Hospital affiliated to Harbin Medical University.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2021.657862/full#supplementary-material



REFERENCES

 1. Ananth CV, Chauhan SP. Epidemiology of twinning in developed countries. Semin Perinatol. (2012) 36:156–61. doi: 10.1053/j.semperi.2012.02.001

 2. Martin JA, Hamilton BE, Osterman MJ. Three decades of twin births in the United States, 1980-2009. NCHS Data Brief. (2012) 80:1–8.

 3. Deng C, Dai L, Yi L, Li X, Deng K, Mu Y, et al. Temporal trends in the birth rates and perinatal mortality of twins: a population-based study in China. PLoS ONE. (2019) 14:e0209962. doi: 10.1371/journal.pone.0209962

 4. Chauhan SP, Scardo JA, Hayes E, Abuhamad AZ, Berghella V. Twins: prevalence, problems, and preterm births. Am J Obstet Gynecol. (2010) 203:305–15. doi: 10.1016/j.ajog.2010.04.031

 5. Rao A, Sairam S, Shehata H. Obstetric complications of twin pregnancies. Best Pract Res Clin Obstet Gynaecol. (2004) 18:557–76. doi: 10.1016/j.bpobgyn.2004.04.007

 6. Practice Bulletin No. 169: Multifetal gestations: twin, triplet, and higher-order multifetal pregnancies. Obstet Gynecol. (2016) 128:e131–46. doi: 10.1097/AOG.0000000000001709 

 7. Santana DS, Cecatti JG, Surita FG, Silveira C, Costa ML, Souza JP, et al. Twin pregnancy and severe maternal outcomes: The World Health Organization multicountry survey on maternal and newborn health. Obstet Gynecol. (2016) 127:631–41. doi: 10.1097/AOG.0000000000001338

 8. Santana DS, Silveira C, Costa ML, Souza RT, Surita FG, Souza JP, et al. Perinatal outcomes in twin pregnancies complicated by maternal morbidity: evidence from the WHO Multicountry Survey on Maternal and Newborn Health. BMC Pregnancy Childbirth. (2018) 18:449. doi: 10.1186/s12884-018-2082-9

 9. Vogel JP, Torloni MR, Seuc A, Betrán AP, Widmer M, Souza JP, et al. Maternal and perinatal outcomes of twin pregnancy in 23 low- and middle-income countries. PLoS ONE. (2013) 8:e70549. doi: 10.1371/journal.pone.0070549

 10. Liu L, Johnson HL, Cousens S, Perin J, Scott S, Lawn JE, et al. Global, regional, and national causes of child mortality: an updated systematic analysis for 2010 with time trends since 2000. Lancet. (2012) 379:2151–61. doi: 10.1016/S0140-6736(12)60560-1

 11. Martin JA, Hamilton BE, Ventura SJ, Osterman MJ, Mathews TJ. Births: final data for 2011. Natl Vital Stat Rep. (2013) 62:1–69, 72.

 12. Kazemier BM, Buijs PE, Mignini L, Limpens J, de Groot CJ, Mol BW. Impact of obstetric history on the risk of spontaneous preterm birth in singleton and multiple pregnancies: a systematic review. BJOG. (2014) 121:1197–208; discussion 1209. doi: 10.1111/1471-0528.12896

 13. Dickey RP, Xiong X, Gee RE, Pridjian G. Effect of maternal height and weight on risk of preterm birth in singleton and twin births resulting from in vitro fertilization: a retrospective cohort study using the Society for Assisted Reproductive Technology Clinic Outcome Reporting System. Fertil Steril. (2012) 97:349–54. doi: 10.1016/j.fertnstert.2011.11.017

 14. Marleen S, Dias C, Nandasena R, MacGregor R, Allotey J, Aquilina J, et al. Association between chorionicity and preterm birth in twin pregnancies: a systematic review involving 29 864 twin pregnancies. BJOG. (2020) 128, 788–96. doi: 10.1111/1471-0528.16479 

 15. Bodnar LM, Himes KP, Abrams B, Lash TL, Parisi SM, Eckhardt CL, et al. Gestational weight gain and adverse birth outcomes in twin pregnancies. Obstet Gynecol. (2019) 134:1075–86. doi: 10.1097/AOG.0000000000003504

 16. Lin D, Fan D, Wu S, Chen G, Li P, Ma H, et al. The effect of gestational weight gain on perinatal outcomes among Chinese twin gestations based on Institute of Medicine guidelines. BMC Pregnancy Childbirth. (2019) 19:262. doi: 10.1186/s12884-019-2411-7

 17. Marleen S, Hettiarachchi J, Dandeniya R, Macgreggor R, Aquilina J, Khalil A, et al. Maternal clinical predictors of preterm birth in twin pregnancies: a systematic review involving 2,930,958 twin pregnancies. Eur J Obstet Gynecol Reprod Biol. (2018) 230:159–71. doi: 10.1016/j.ejogrb.2018.09.025

 18. Conde-Agudelo A, Romero R. Prediction of preterm birth in twin gestations using biophysical and biochemical tests. Am J Obstet Gynecol. (2014) 211:583–95. doi: 10.1016/j.ajog.2014.07.047

 19. Vogel JP, Chawanpaiboon S, Moller AB, Watananirun K, Bonet M, Lumbiganon P. The global epidemiology of preterm birth. Best Pract Res Clin Obstet Gynaecol. (2018) 52:3–12. doi: 10.1016/j.bpobgyn.2018.04.003

 20. Committee opinion no 611: method for estimating due date. Obstet Gynecol. (2014) 124:863–6. doi: 10.1097/01.AOG.0000454932.15177.be

 21. Jha P, Morgan TA, Kennedy A. US evaluation of twin pregnancies: importance of chorionicity and amnionicity. Radiographics. (2019) 39:2146–66. doi: 10.1148/rg.2019190042.pres

 22. Lutsiv O, Hulman A, Woolcott C, Beyene J, Giglia L, Armson BA, et al. Examining the provisional guidelines for weight gain in twin pregnancies: a retrospective cohort study. BMC Pregnancy Childbirth. (2017) 17:330. doi: 10.1186/s12884-017-1530-2

 23. Wang Y, Mi J, Shan XY, Wang QJ, Ge KY. Is China facing an obesity epidemic and the consequences? The trends in obesity and chronic disease in China. Int J Obes. (2007) 31:177–88. doi: 10.1038/sj.ijo.0803354

 24. Brown MA, Magee LA, Kenny LC, Karumanchi SA, McCarthy FP, Saito S, et al. Hypertensive disorders of pregnancy: isshp classification, diagnosis, and management recommendations for international practice. Hypertension. (2018) 72:24–43. doi: 10.1161/HYPERTENSIONAHA.117.10803

 25. Chandraharan E, Krishna A. Diagnosis and management of postpartum haemorrhage. BMJ. (2017) 358:j3875. doi: 10.1136/bmj.j3875

 26. Bennasar M, Eixarch E, Martinez JM, Gratacós E. Selective intrauterine growth restriction in monochorionic diamniotic twin pregnancies. Semin Fetal Neonatal Med. (2017) 22:376–2. doi: 10.1016/j.siny.2017.05.001

 27. Bamberg C, Hecher K. Update on twin-to-twin transfusion syndrome. Best Pract Res Clin Obstet Gynaecol. (2019) 58:55–65. doi: 10.1016/j.bpobgyn.2018.12.011

 28. WHO Guidelines Approved by the Guidelines Review Committee. WHO Recommendations on Antenatal Care for a Positive Pregnancy Experience. Geneva: World Health Organization Copyright © World Health Organization 2016 (2016).

 29. Källén B, Finnström O, Lindam A, Nilsson E, Nygren KG, Otterblad Olausson P. Trends in delivery and neonatal outcome after in vitro fertilization in Sweden: data for 25 years. Hum Reprod. (2010) 25:1026–34. doi: 10.1093/humrep/deq003

 30. Zhang B, Cao Z, Zhang Y, Yao C, Xiong C, Zhang Y, et al. Birthweight percentiles for twin birth neonates by gestational age in China. Sci Rep. (2016) 6:31290. doi: 10.1038/srep31290

 31. Walker MC, Murphy KE, Pan S, Yang Q, Wen SW. Adverse maternal outcomes in multifetal pregnancies. BJOG. (2004) 111:1294–6. doi: 10.1111/j.1471-0528.2004.00345.x

 32. Day MC, Barton JR, O'Brien JM, Istwan NB, Sibai BM. The effect of fetal number on the development of hypertensive conditions of pregnancy. Obstet Gynecol. (2005) 106(5 Pt 1):927–31. doi: 10.1097/01.AOG.0000182578.82926.9c

 33. Zhu Y, Zhang C. Prevalence of gestational diabetes and risk of progression to type 2 diabetes: a global perspective. Curr Diab Rep. (2016) 16:7. doi: 10.1007/s11892-015-0699-x

 34. Liu X, Landon MB, Chen Y, Cheng W. Perinatal outcomes with intrahepatic cholestasis of pregnancy in twin pregnancies. J Matern Fetal Neonatal Med. (2016) 29:2176–81. doi: 10.3109/14767058.2015.1079612

 35. Allen AM, Kim WR, Larson JJ, Rosedahl JK, Yawn BP, McKeon K, et al. The epidemiology of liver diseases unique to pregnancy in a US community: a population-based study. Clin Gastroenterol Hepatol. (2016) 14:287–94.e281-282. doi: 10.1016/j.cgh.2015.08.022

 36. Ch'ng CL, Morgan M, Hainsworth I, Kingham JG. Prospective study of liver dysfunction in pregnancy in Southwest Wales. Gut. (2002) 51:876–80. doi: 10.1136/gut.51.6.876

 37. Floreani A, Gervasi MT. New insights on intrahepatic cholestasis of pregnancy. Clin Liver Dis. (2016) 20:177–89. doi: 10.1016/j.cld.2015.08.010

 38. Liu J, Ghaziani TT, Wolf JL. Acute fatty liver disease of pregnancy: updates in pathogenesis, diagnosis, and management. Am J Gastroenterol. (2017) 112:838–46. doi: 10.1038/ajg.2017.54

 39. Russo FM, Pozzi E, Pelizzoni F, Todyrenchuk L, Bernasconi DP, Cozzolino S, et al. Stillbirths in singletons, dichorionic and monochorionic twins: a comparison of risks and causes. Eur J Obstet Gynecol Reprod Biol. (2013) 170:131–6. doi: 10.1016/j.ejogrb.2013.06.014

 40. Adegbite AL, Ward SB, Bajoria R. Perinatal outcome of spontaneously conceived triplet pregnancies in relation to chorionicity. Am J Obstet Gynecol. (2005) 193:1463–71. doi: 10.1016/j.ajog.2005.02.098

 41. Lewi L, Jani J, Blickstein I, Huber A, Gucciardo L, Van Mieghem T, et al. The outcome of monochorionic diamniotic twin gestations in the era of invasive fetal therapy: a prospective cohort study. Am J Obstet Gynecol. (2008) 199:514.e511–8. doi: 10.1016/j.ajog.2008.03.050

 42. Manso P, Vaz A, Taborda A, Silva IS. Chorionicity and perinatal complications in twin pregnancy: a 10 years case series. Acta Med Port. (2011) 24:695–8.

 43. National Guideline A. National Institute for Health and Care Excellence: Clinical Guidelines. Twin and Triplet Pregnancy. London: National Institute for Health and Care Excellence Copyright © NICE 2019 (2019).

 44. Cheong-See F, Schuit E, Arroyo-Manzano D, Khalil A, Barrett J, Joseph KS, et al. Prospective risk of stillbirth and neonatal complications in twin pregnancies: systematic review and meta-analysis. BMJ. (2016) 354:i4353. doi: 10.1136/bmj.i4353

 45. ACOG Committee Opinion No. 764: Medically indicated late-preterm and early-term deliveries. Obstet Gynecol. (2019) 133:e151–5. doi: 10.1097/AOG.0000000000003083

 46. Carter EB, Bishop KC, Goetzinger KR, Tuuli MG, Cahill AG. The impact of chorionicity on maternal pregnancy outcomes. Am J Obstet Gynecol. (2015) 213:390.e391–7. doi: 10.1016/j.ajog.2015.05.027

 47. Liu P, Xu L, Wang Y, Zhang Y, Du Y, Sun Y, et al. Association between perinatal outcomes and maternal pre-pregnancy body mass index. Obes Rev. (2016) 17:1091–102. doi: 10.1111/obr.12455

 48. Ram M, Berger H, Lipworth H, Geary M, McDonald SD, Murray-Davis B, et al. The relationship between maternal body mass index and pregnancy outcomes in twin compared with singleton pregnancies. Int J Obes. (2020) 44:33–44. doi: 10.1038/s41366-019-0362-8

 49. Enomoto K, Aoki S, Toma R, Fujiwara K, Sakamaki K, Hirahara F. Pregnancy outcomes based on pre-pregnancy body mass index in Japanese Women. PLoS ONE. (2016) 11:e0157081. doi: 10.1371/journal.pone.0157081

 50. Al-Obaidly S, Parrish J, Murphy KE, Maxwell C. Maternal pre-gravid body mass index and obstetric outcomes in twin gestations. J Perinatol. (2014) 34:425–8. doi: 10.1038/jp.2014.29

 51. Vinturache A, McKeating A, Daly N, Sheehan S, Turner M. Maternal body mass index and the prevalence of spontaneous and elective preterm deliveries in an Irish obstetric population: a retrospective cohort study. BMJ Open. (2017) 7:e015258. doi: 10.1136/bmjopen-2016-015258

 52. Masturzo B, Franzè V, Germano C, Attini R, Gennarelli G, Lezo A, et al. Risk of adverse pregnancy outcomes by pre-pregnancy Body Mass Index among Italian population: a retrospective population-based cohort study on 27,807 deliveries. Arch Gynecol Obstet. (2019) 299:983–91. doi: 10.1007/s00404-019-05093-0

 53. Lin D, Chen G, Fan D, Li P, Ma H, Wu S, et al. The gestational weight gain and perinatal outcomes among underweight women with twin pregnancies: propensity score matched analysis from a three-year retrospective cohort. Eur J Obstet Gynecol Reprod Biol. (2019) 243:97–102. doi: 10.1016/j.ejogrb.2019.10.009

 54. Institute of M National Research Council Committee to Reexamine IOMPWG. The National Academies collection: reports funded by National Institutes of Health. In: Rasmussen KM, Yaktine AL, editors. Weight Gain During Pregnancy: Reexamining the Guidelines. Washington, DC: National Academies Press Copyright © 2009, National Academy of Sciences (2009). 

 55. Chen Y, Liu Y, Zhang Y, Hu R, Qian Z, Xian H, et al. Gestational weight gain per pre-pregnancy body mass index and birth weight in twin pregnancies: a cohort study in Wuhan, China. Sci Rep. (2018) 8:12496. doi: 10.1038/s41598-018-29774-z

 56. Goldstein RF, Abell SK, Ranasinha S, Misso M, Boyle JA, Black MH, et al. Association of gestational weight gain with maternal and infant outcomes: a systematic review and meta-analysis. JAMA. (2017) 317:2207–25. doi: 10.1001/jama.2017.3635

 57. Voerman E, Santos S, Inskip H, Amiano P, Barros H, Charles MA, et al. Association of gestational weight gain with adverse maternal and infant outcomes. JAMA. (2019) 321:1702–15.

 58. Wang L, Wen L, Zheng Y, Zhou W, Mei L, Li H, et al. Association between gestational weight gain and pregnancy complications or adverse delivery outcomes in Chinese Han Dichorionic Twin Pregnancies: Validation of the Institute of Medicine (IOM) 2009 Guidelines. Med Sci Monit. (2018) 24:8342–7. doi: 10.12659/MSM.911784

 59. Fuchs F, Monet B, Ducruet T, Chaillet N, Audibert F. Effect of maternal age on the risk of preterm birth: a large cohort study. PLoS ONE. (2018) 13:e0191002. doi: 10.1371/journal.pone.0191002

 60. Dickey RP, Xiong X, Xie Y, Gee RE, Pridjian G. Effect of maternal height and weight on risk for preterm singleton and twin births resulting from IVF in the United States, 2008-2010. Am J Obstet Gynecol. (2013) 209:349.e341–6. doi: 10.1016/j.ajog.2013.05.052

 61. Lin J, Gu W, Hou Y. Diagnosis and prognosis of early-onset intrahepatic cholestasis of pregnancy: a prospective study. J Matern Fetal Neonatal Med. (2019) 32:997–1003. doi: 10.1080/14767058.2017.1397124

 62. ACOG Practice Bulletin No. 202: gestational hypertension and preeclampsia. Obstet Gynecol. (2019) 133:e1–25. doi: 10.1097/AOG.0000000000003018

 63. Velasco I, Taylor P. Identifying and treating subclinical thyroid dysfunction in pregnancy: emerging controversies. Eur J Endocrinol. (2018) 178:D1–d12. doi: 10.1530/EJE-17-0598

 64. Spencer L, Bubner T, Bain E, Middleton P. Screening and subsequent management for thyroid dysfunction pre-pregnancy and during pregnancy for improving maternal and infant health. Cochrane Database Syst Rev. (2015) Cd011263. doi: 10.1002/14651858.CD011263.pub2

 65. Menzies R, Li ALK, Melamed N, Shah PS, Horn D, Barrett J, et al. Risk of singleton preterm birth after prior twin preterm birth: a systematic review and meta-analysis. Am J Obstet Gynecol. (2020) 223:204.e201–8. doi: 10.1016/j.ajog.2020.02.003

 66. Schaaf JM, Hof MH, Mol BW, Abu-Hanna A, Ravelli AC. Recurrence risk of preterm birth in subsequent twin pregnancy after preterm singleton delivery. BJOG. (2012) 119:1624–9. doi: 10.1111/j.1471-0528.2012.03504.x

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Li, Gao, Liu, Hu, Chen, He, Tang, Liu and Cao. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fmed-08-657862-t005.jpg
Variables PTB before 32 After 32 weeks P-value Multivariate analysis

weeks (n=2,947)
(n=341)
OR 95% CI P-value

Age (y)* 0.007 0010
<25 32(9.4%) 154 (5.2%) 1.964 1.265-3.048 0.003
25-34 244 (71.6%) 2,184 (74.1%) Ref.
>35 65 (19.1%) 609 (20.7%) 1.006 0.735-1.377 0970

Parity* 0073
Nuli 205 (60.1%) 1,917 (65.0%)

Pluri 136 (39.9%) 1,030 (35.0%)

PTB histroy 0841
Yes 8(2.3%) 60 (2.0%)

No 333 (97.7%) 2,887 (98.0%)

Conception 0350
Natural 214 (62.8%) 1,768 (60.0%)

ART 127 (37.2%) 1,179 (40.0%)

Choronicity* <0001
Dichorionic 185 (54.3%) 2,249 (76.3%) Ref.

Monochorionic 156 (45.7%) 698 (28.7%) 2566 1.991-3.307 <0001

Height (cm)* 0013
<160 112 (36.1%) 860 (30.3%)

160-169 194 (62.6%) 1,869 (65.9%)
>170 4(1.3%) 109 (3.8%)

Pre BMI (kg/m?) 0.735
<185 51(17.6%) 438 (16.3%)
18.5-23.9 183 (63.1%) 1,787 (66.4%)

24.0-279 44(15.2%) 370 (13.7%)
>280 12(4.1%) 97 (3.6%)

Weight Gain (kg)* <0001 <0001
<10 55 (18.5%) 134 (4.9%) 4319 2.931-6.364 <0.001
10-14.9 78 (26.3%) 518 (19.1%) 1.476 1.073-2.030 0017
15-19 104 (35.0%) 1,041 (38.4%) Ref.
>20 60 (20.2%) 1,017 (37.5%) 0.558 0.400-0.779 0.001

HDP* 00834
No 305 (89.4%) 2,567 (87.1%)

GH 4(1.2%) 5(0.2%)
HIN 2(06%) 101 (3.4%)
PE 30 (8.8%) 274 (9.3%)

icP* 0097
Yes 14 (4.1%) 192 (6.5%) 0.533 0.295-0.964 0.037
No 327 (95.9%) 2,755 (93.5%) Ref.

"Factors assigned to multivariate logistic regression analysis.
Ref., reference; PTB, preterm birth; ART, assistant reproductive technology; BMI, body mass index; HDP, hypertensive disorders of pregnancy; HTN, hypertension; GH, gestational
hypertension; PE, preeclampsia; ICF, intrahepatic cholestasis of pregnancy.





OPS/images/fmed-08-657862-t003.jpg
Variables PTB before Term after 37 P-value Multivariate analysis

37weeks weeks
(n=2,043) (n=1,245)
OR 95% CI P-value

Age () 0050
<25 129 (6.3%) 57 (4.6%)

25-34 1,484 (72.6%) 944 (75.8%)
=35 430 (21.0%) 244 (19.6%)

Parity* 0.189
Nuli 1,301 (63.7%) 821(65.9%)

Pluri 742 (36.3%) 424(34.1%)

PTB histroy 0529
Yes 45 (2.2%) 23(1.8%)

No 1,998 (97.8%) 1,222 (98.2%)

Conception* 0.186
Natural 1,250 (61.2%) 732 (58.8%)

ART 793 (38.8%) 513 (41.2%)

Chorionicity* <0.001
Dichorionic 1,359 (66.5%) 1,075 (86.3%) Ref.

Monochorionic 684 (33.5%) 170 (18.7%) 3028 2.489-3.683 <0001

Height (cm)* <0.001 0014
<160 649 (33.4%) 323 (26.8%) 1471 09851392 0074
160-169 1,238 (63.7%) 825 (68.5%) Ref.

2170 56 (2.9%) 57 (4.7%) 0642 0.424-0.973 0037

Pre BMI (kg/m?) 0887
<185 298 (16.3%) 191 (16.5%)
18.5-23.9 1,200 (66.2%) 761 (65.8%)
24.0-27.9 256 (14.0%) 158 (18.7%)
=280 63(3.5%) 46 (4.0%)

Weight Gain (kg)* <0001 <0.001
<10 145 (7.8%) 44 3.8%) 2285 1.563-3.339 <0.001
10-14.9 412 (22.3%) 184 (15.9%) 1.478 1.188-1.830 <0001
15-199 675 (36.5%) 470 (40.6%) Ref.

220 617 (33.4%) 460 (39.7%) 0899 0.753-1.072 0236

HOP* <0.001 <0001
No 1,740 (85.2%) 1,132 (90.9%) Ref.

HTN 4 (0.2%) 3(0.2%) 0.704 0.151-8.271 0.654

GH 60 (2.9%) 45 (3.6%) 0689 0.440-1.080 0.104

PE 239 (11.7%) 65 (5.29%) 3.067 2.142-4.300 <0.001
icP* <0.001

Yes 172 (8.4%) 34 2.7%) 3122 2.121-4.506 <0.001

No 1,871 (91.6%) 1,211 (97.3%) Ref.

*Factors assigned to multivariate logistic regression analysis.
Ref., reference; PTB, preterm birth; ART, assistant reproductive technology; BMI, body mass index; HDP, hypertensive disorders of pregnancy; HTN, hypertension; GH, gestational
hypertension; PE, preeclampsia; ICF, intrahepatic cholestasis of pregnancy.
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Variables PTB before 34 after 34 weeks P-value Multivariate analysis

weeks (n=2671)
(n=617)
OR 95% CI P-value

Age () 0,004 0,003
<25 52 (8.4%) 134 (5.0%) 1.888 1.307-2.728 0.001
25-34 439 (71.2%) 1,989 (74.5%) Ref.
=35 126 (20.4%) 548 (20.5%) 1.107 0.870-1.409 0.408

Parity 0513
Nuli 391 (63.4%) 1,731 (64.8%)

Pluri 226 (36.6%) 940 (35.2%)

PTB histroy 1.000
Yes 13 2.1%) 55 (2.1%)

No 604 (97.9%) 2,616 (97.9%)

Conception* 0171
Natural 387 (62.7%) 1,695 (69.7%)

ART 230 (37.3%) 1,076 (40.3%)

Chorionicity* <0.001
Dichorionic 337 (54.6%) 2,007 (78.5%) Ref.

Monochorionic 280 (45.4%) 574 (21.5%) 2.865 2.344-3.501 <0001

Height (cm)* 0002 0054
<160 204 (35.4%) 768 (20.9%) 1.069 08681316 0532
160-169 362 (62.8%) 1,701 (66.1%) Ref.

2170 10 (1.7%) 103 (4.0%) 0.400 0.181-0.883 0023

Pre BMI (kg/m?) 0345
<185 92 (17.3%) 397 (16.2%)
18.5-23.9 336 (63.3%) 1,634 (66.7%)
24.0-27.9 85(16.0%) 320 (13.4%)
=280 18 (3.4%) 91 (3.7%)

Weight Gain (kg)* <0.001 <0.001
<10 74 (13.7%) 115 (4.7%) 3.100 2.198-4.372 <0.001
10-14.9 127 (23.6%) 469 (19.0%) 1.215 0.939-1.571 0.138
15-19 199 (36.9%) 946 (38.3%) Ref,

220 139 (25.8%) 938 (38.0%) 0667 0524-0.849 0001

HOP* 0471
No 528 (85.6%) 2,344 (87.8%)

GH 17 (2.8%) 88 (3.3%)
HTN 2(0.3%) 5(0.2%)
PE 70 (11.3%) 234 8.8%)

icP* 0117
Yes 30 (4.9%) 176 (6.6%)

No 587 (95.1%) 2,495 (93.4%)

*Factors assigned to multivariate logistic regression analysis.
Ret., reference; PTB, preterm birth; ART, assistant reproductive technology; BMI, body mass index; HDP, hypertensive disorders of pregnancy; HTN, hypertension; GH, gestational
hypertension; PE, preeclampsia; ICF, intrahepatic cholestasis of pregnancy.
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Age (y) 309+ 4.4 (18-59) 3,288 DM in pregnancy 532 16.2%
Parity 3,88 GDM 518
Null 2,122 (64.5%) Type | DM 7
Plui 1,166 (35.5%) Type Il DM 7
Height 161.3 + 4.80m 3,148 Hyperthyroidism 30 0.9%
Method of Conception 3,088 Hypothyroidism 197 6.0%
Nature 1,982 (60.3%) HOP 416 12.7%
ART 1,306 (39.7%) No 2872
Chorionicity 3,088 Gestational hypertension 105
DCDA 2,434 (74.1%) GHTN 7
MCDA 843 (25.6%) PE superimoposed on cHTN 13
MGMA 11(0.3%) PE 201
Prepregnancy Weight 55.8+ 9.0kg 2,982 IcP 206 6.3%
Prepregnancy BMI 214+ 32 kg/m? PPROM 342 10.4%
Delivery weight 72.8+ 10.9kg 3,007 PPH 109 33%
Weight Gain 17.5+ 5.6kg VD > 500ml 18
Preterm birth history 68 VD > 1,000ml 8
Iron diffciency anemia 233 ©S > 1,000ml 83
Gestational age 35.6 + 2.4weeks 3,88 Management of PPH
<82 weeks 341 (10.4%) AE 7
32-33+6 weeks 276 (8.4%) IAE 2
34-36+¢ weeks 1,426 (43.4%) UAE 5
237 weeks 1,245 (37.9%) Uterine B-lynch suture 43
Mode of delivery 3,288 Uterine gauze packing 35
VD 294 (8.9%) Balloon tamponade packing 20
cs 2,994 (91.1%) Uterine arterial ligation 25
Emergency CS 491 (16.4%) Hysterectomy 2

Some variables were unavailable in some patients.
ART, assistant reproductive technology; DCDA, dichorionic diamniotic; MCDA, monocharionic diamniotic; MCMA, monochorionic monoamniotic; BM, body mess index; VD, vaginal
delivery; CS, cesarean section; DM, diabetes melitus; GDM, gestationl ciabetes melltus; HDP, hypertensive disorders of pregnancy; cHTN, chronic hypertension; PE, preeclempsia;
ICP, intrahepatic cholestasis of pregnancy; PPROM, premature rupture of membrane; PPH, postpartum hemorrhage; AIE, arterial intervention embolism; IAE, intemna iliac arterial
embolism; UAE, uterine arterial embolism.
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(n=3377) (n=3,199) (n=6,576)
Weight () 2401.4£5335 233635105  2,369.3+523.4
Length (cm) 459+37 457 +36 45.8+36
Apgar scores
Apgar 1min 92512 926+ 1.1 925+038
Apgar 5min 9.48+1.0 9.54+0.86 951+09
Apgar 10min 961082 9.60+0.85 960 12
Outcomes
NICU 1,424 (42.4%) 1,457 (45.5%) 2,881 (43.8%)
Discharge 11,925 (67.0%) 1,923 (53.9%) 3,648 (65.5%)
Death 28(0.8%) 19 (0.6%) 47 0.7%)
LBW
No 1,620 (48.0%) 1,323 (41.4%) 2,943 (44.8%)
LBwW 1,620 (45.0%) 1,655 (51.7%) 3,175 (48.3%)
VLBW 211 (62%) 188 (5.9%) 399 (6.1%)
ELBW 26 (0.8%) 33 (1.0%) 59 (0.9%)
sGA 117 125 204 (3.7%)
Asphyxia 145 139 284 (4.3%)
RDS a7 28 75(1.1%)
Peumonia 167 159 326 (5.0%)
Mechanical 55 a7 102 (1.6%)
Ventilation
Neonatal 101 115 216 (3.3%)
infection
Congenital 21 19 40 (0.6%)
deformity
CHD 19 15 34
ASD 8 7 15
vSD 6 5 11
PDA 3 2 5
Others 2 1 3
Polydactylism 1 2 3
Cleft 1 2 3
ROP 26 28 54 (0.8%)
NEC 1 1 2

NICU, neonatal intensive are unit; LB, low birth weight; VLBW, very low birth weight;
ELBW, extremely low birth weight; SGA, small for gestation age; RDS, respiratory distress
syndrome; CHD, congenital heart disease; ASD, atrial septal defect; VSD, ventricular
septal defect; PDA, patent ductus arteriosus; ROR, Retinopathy of Prematurity; NEC,
necrotizing enterocolitis.
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