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Objective: Preterm birth is a leading contributor to childhood morbidity and mortality, and the incidence tends to increase and is higher in developing countries. The aim of this study was to analyze the potential impact of preterm birth in different etiology groups on neonatal complications and outcomes and to gain insight into preventive strategies.

Methods: We performed a retrospective cohort study of preterm infants less than 32 weeks' gestation in the Third Affiliated Hospital of Zhengzhou University from 2014 to 2019. Preterm births were categorized as spontaneous or iatrogenic, and these groups were compared for maternal and neonatal characteristics, neonatal complications, and outcomes. All infants surviving at discharge were followed up at 12 months of corrected age to compare the neurodevelopmental outcomes.

Results: A total of 1,415 mothers and 1,689 neonates were included, and the preterm population consisted of 1,038 spontaneous preterm infants and 651 iatrogenic preterm infants. There was a significant difference in the incidence of small for gestational age between the two groups. Infants born following spontaneous labor presented with a higher risk of intraventricular hemorrhage, whereas iatrogenic preterm birth was associated with higher risk of necrotizing enterocolitis and coagulopathy and higher risk of pathoglycemia. There was no difference in mortality between the two groups. Follow-up data were available for 1,114 infants, and no differences in neurologic outcomes were observed between the two preterm birth subtypes.

Conclusions: Preterm births with different etiologies were associated with some neonatal complications, but not with neurodevelopmental outcomes at 12 months of corrected age.
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INTRODUCTION

Preterm birth is the leading cause of neonatal mortality and morbidity and is a major risk factor of neurodevelopmental impairment (1, 2). It is estimated that preterm birth occurs in 11% of all worldwide deliveries (3). Even though neonatal intensive care has improved in recent years, there is still a wide range of neurodevelopmental disabilities resulting from very preterm birth (2, 4). Thus, preterm infants and especially very preterm infants remain a challenging problem within the field of perinatology.

Preterm birth can result from many possible etiologies, but the two major clinical etiologies of preterm birth are iatrogenic and spontaneous preterm birth (5). Iatrogenic preterm birth, including labor induction and cesarean delivery without labor, constitutes about 30–40% of all preterm births, and pre-eclampsia/eclampsia and severe intrauterine growth restriction are the common causes (6). Spontaneous preterm birth can result from multiple causes such as infection or inflammation, cervical factors, hemorrhage, decidual senescence, stress, genetics, and sociodemographic factors (7, 8).

Gestational age (GA) at birth is the strongest predictor of neonatal complications and outcomes (9), and all preterm infants presumably experience some risk due to immaturity. In addition, some causes of preterm delivery may be dangerous in themselves beyond the effects related to immaturity. Some studies have investigated the differences between etiologies of preterm birth that might affect neonatal outcomes, for example, iatrogenic preterm birth has been shown to increase neonatal mortality and severe morbidity and to result in worse psychomotor outcomes compared with spontaneous preterm birth (10, 11).

There is a growing awareness of the role of pathologies in preterm mortality and morbidity. Given the heterogeneity within clinical etiologies of preterm birth, it is helpful to examine the etiologies separately. In addition, identifying the specific characteristics of each clinical etiology is essential for developing effective methods for preventing preterm birth (12). There are limited data, however, regarding how the indications for premature delivery affect the infant's outcomes. Thus, the aim of this study was to investigate if there is any link between etiologies of very preterm birth and neurodevelopmental outcomes.



METHODS


Study Population

This was a retrospective, hospital-based cohort study carried out at the Third Affiliated Hospital of Zhengzhou University between 1 July 2014 and 30 June 2019. This study included all preterm infants born in this hospital with a GA < 32 weeks. Infants delivered at other hospitals and transferred to the NICU at the Third Affiliated Hospital of Zhengzhou University within 7 days after birth were also included if the detailed pregnancy and delivery records were available. Exclusion criteria included stillbirths, delivery room deaths, malformed fetuses, and infants for whom the pregnancy information was not fully recorded. This study was approved by the ethics committee of Third Affiliated Hospital of Zhengzhou University and was exempt from the requirement for informed consent.



Definition and Data Collection

Newborn infants at GA < 32 weeks were included. The study cohort was classified into spontaneous preterm delivery (due to preterm labor with regular uterine contractions and cervical changes or with preterm rupture of membranes) and iatrogenic preterm delivery (due to any maternal or fetal medical complication necessitating early delivery) (13). Indications for maternal admission and delivery were identified from the hospital admission and delivery records. Clinical information, demographic data, gestation and delivery characteristics, and major neonatal conditions were collected. GA was established based on first-trimester ultrasound estimations in the majority of patients and in a few patients by the last menstrual bleeding before pregnancy. The following parameters were included in the analysis: small for gestational age (SGA, defined as birth weight < 10th percentile for gestational age), asphyxia (14), bronchopulmonary dysplasia (BPD, defined simply by considering the need for oxygen at 28 days after birth) (15), pneumonia, anemia (16), patent ductus arteriosus (17), persistent pulmonary hypertension (18), coagulopathy (19), retinopathy of prematurity (20), necrotizing enterocolitis (NEC, Bell's stage ≥ II) (16), intraventricular hemorrhage (IVH, diagnosed by intracranial ultrasound and graded from 1 to 4 on the Papile scale) (21), periventricular leukomalacia (PVL, diagnosed by intracranial ultrasound or brain magnetic resonance imaging) (22), pathoglycemia (blood sugar < 2.2 mmol/L or > 7 mmol/L), and neonatal death (died before 28 days of life).



Follow-Up

All survivors were assessed at 3, 6, and 12 months of corrected age by trained specialists. Development was evaluated using the Bayley Scales of Infant and Toddler Development-Chinese version, including the psychomotor developmental index and the mental developmental index. Developmental delay was indicated by scores <70 on either scale. The criteria for the diagnosis of cerebral palsy included permanent movement and posture disorders caused by non-progressive disturbances that occurred in the developing fetal or neonatal brain (23). Adverse neurological outcomes included cerebral palsy, blindness (corrected visual acuity <0.05), deafness (hearing loss requiring amplification or worse), and development delay.



Statistical Analysis

Data were analyzed using the SPSS 26.0 software (IBM, Armonk, NY). Descriptive statistics are presented using absolute and relative frequencies for categorical variables, and continuous variables are presented as means ± standard deviations. Categorical data were compared using either Fisher's Exact Test or the chi-square test, and continuous data were analyzed with ANOVA for normally distributed variables and by Kruskal–Wallis tests for non-normally distributed variables. The multivariate analysis was adjusted for GA, birthweight, gender, and delivery model, with the reference group being spontaneous labor onset. All tests were two-tailed, and p < 0.05 was considered statistically significant.




RESULTS


Neonatal Characteristics of Preterm Birth

The study population consisted of 1,415 mothers and 1,689 neonates. Among the 1,689 neonates, 1,122 were singletons and 567 were twins or triplets (of which 203 were with assisted reproductive technology). The preterm infants were classified as spontaneous (n = 1,038; 61.5%) or iatrogenic (n = 651; 38.5%). The ratio of gender, incidence of asphyxia, percentage of erythropoietin treatment, and duration of mechanical ventilation showed no differences between the two groups. GA and birth weight were significantly different between the groups, with the iatrogenic group having the higher GA and lower birth weight. The overall prevalence of SGA was 10.0%, which was much higher in the iatrogenic group than that in the spontaneous group (21.7 vs. 2.7%, p < 0.001). In addition, the cesarean section rate in the iatrogenic group was more than twice that in the spontaneous group (94.8 vs. 46.3%, p < 0.001), which indicates that vaginal delivery is not an option for most iatrogenic very preterm infants (Table 1).


Table 1. Neonatal characteristics by preterm birth subtype.
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Maternal Characteristics of Preterm Birth

Women who underwent an iatrogenic preterm delivery tended to be older than the spontaneous group (p < 0.001). There were also relatively more multiple gestations in the spontaneous group (27.4%) compared to the iatrogenic group (11.3%). As expected, hypertensive disorder was the most common indication for early pregnancy termination in the iatrogenic group (72.8%), followed by fetal distress (40.9%) and placental abruption (11.8%). Meanwhile, women who underwent a spontaneous preterm delivery were more likely to have received antibiotics (10 vs. 3.0%) compared to the iatrogenic group for the treatment of ureaplasma urealyticum infection, chorioamnionitis, and streptococcal infection. The use of magnesium sulfate to prevent eclampsia was higher in the iatrogenic group (21.8%) than in the spontaneous group (9.6%; Table 2).


Table 2. Maternal characteristics by preterm birth subtype.

[image: Table 2]



Neonatal Complications

The most common complication in this study cohort was respiratory distress syndrome, but there was no significant difference between the two groups. A greater frequency of NEC (6.5 vs. 2.7%, p < 0.001) and coagulopathy (18.1 vs. 11.8%, p < 0.001) was observed in the iatrogenic group, while the spontaneous group had a greater frequency of IVH (35.0 vs. 29.6%, p = 0.023). In addition, the ratio of pathoglycemia was relatively low, but it occurred more frequently in the iatrogenic group (2.2 vs. 0.8%, p = 0.015) compared to the spontaneous group. There was no difference in neonatal mortality between the two groups for infants < 30 weeks. For infants born at 30–31+6 weeks' gestation, the risk of death was greater in the iatrogenic group than the spontaneous group (14.6 vs. 8.8%, p = 0.008; Table 3). Multivariate logistic regression analysis showed slight changes in neonatal complications (Table 4). Compared to the spontaneous group, the iatrogenic group was associated with higher risk of NEC [OR 2.629, p = 0.002], coagulopathy [OR 1.760, p = 0.001], and pathoglycemia [OR 3.750, p = 0.029].


Table 3. Neonatal short-term complications and mortality by preterm birth subtype.
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Table 4. Logistic regression analysis for neonatal complications and mortality.
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Adverse Outcomes in Preterm Infants

The preterm infants were followed up to 12 months of corrected age. Twenty-two infants died (spontaneous group: 14; iatrogenic group: 8) during the follow-up period, and 250 infants were completely lost to follow-up (spontaneous group: 158; iatrogenic group: 92). Follow-up information was therefore available for 1,114 infants, and no differences in poor outcomes were observed between the two preterm birth subtypes either for GA < 28 weeks or for GA 28–31+6 weeks (Table 5).


Table 5. Outcomes comparison between both groups at 12 months of corrected age.
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DISCUSSION

Preterm delivery is one of the most important causes of perinatal morbidity and mortality. This retrospective study showed that iatrogenic preterm births with GA < 32 weeks were more vulnerable to some complications.

The rate of iatrogenic preterm birth in this study was slightly higher than that described previously (5), which might be due to the fact that preterm births related to medical indications are transferred to tertiary hospitals in China, and this is more common for pregnancy with GA < 32 weeks (24). Neonates in the iatrogenic group were more likely to be low-birth-weight with higher GA because the abnormal intrauterine environment was unfavorable for fetal growth, which is an indication for early pregnancy termination. Women facing increased risk of problems during pregnancy, including hypertension and placental abruption, are more likely to need cesarean section. The prevalence of SGA was higher in the iatrogenic group, which indicated that the fetus was more likely to be affected by pregnancy complications.

When comparing neonatal complications, 13 parameters were selected for descriptive analysis. Although there was no difference between the two groups regarding the incidence of pneumonia, the incidence was over 60% in both groups, which indicated that preterm neonates with GA < 32 weeks were more likely to have had pneumonia diagnosed. Lung inflammation in the neonate may be initiated by events that occur before birth or as a result of respiratory therapies used to treat lung disease. Premature infants are particularly vulnerable because they under-express protective factors like the anti-inflammatory cytokine IL-10 and Clara cell protein (25) and because they have immature immune systems with reduced innate and adaptive immunity, which can greatly affect their ability to fight infection (26). Significant differences were observed between the two groups in terms of the incidence of NEC. Some studies have demonstrated that fetal distress, preeclampsia, birthweight, and cesarean section are associated with NEC, and maternal preeclampsia in particular might be an important risk factor for the development of NEC in premature infants (27). Moreover, our results suggest that infants delivered early on the basis of medical indications might have an increased risk of coagulopathy, and preterm newborns are considered to be at risk of acquired coagulopathy (28). Thus, it appears that maternal complications might have an impact on the development of NEC and coagulopathy. IVH was a common complication among infants in the spontaneous group, which was consistent with prior reports (29, 30). There are several possible explanations for the outcomes of coagulopathy, NEC, and IVH. First, GA plays a vital role, and the GA at birth was slightly higher in the iatrogenic group compared to the spontaneous group. Second, the administration of antenatal corticosteroids (ACS) is the state-of-the-art for reducing adverse neonatal outcomes and can reduce the incidence of both PVL and severe IVH (31). Pregnant women in the iatrogenic group are often admitted to hospital early due to pregnancy symptoms. According to their condition, the doctor will use ACS to promote fetal lung maturation, and this allows them to choose the appropriate timing of pregnancy. In contrast, the spontaneous group has only a short window between admission and birth in which they can be treated with ACS. Third, hypertensive disorders were the major pregnancy complications experienced by the iatrogenic group in the present study, and this was consistent with a previous study (32). Antenatal magnesium sulfate is used in obstetrics as a first line anticonvulsant in the treatment of eclampsia and in preventing the progression of preeclampsia to eclampsia. A high frequency of the use of magnesium sulfate to prevent the occurrence of eclampsia was observed in the iatrogenic group, and some initial studies have suggested that magnesium sulfate may have a protective role against IVH in preterm neonates (33, 34). The finding in this study of an increased risk of pathoglycemia among infants born after iatrogenic preterm delivery is interesting. One study indicated that hypo- and hyperglycemia are common in preterm infants, especially SGA infants and those with low Apgar score (35). Similar to that study, we found that the prevalence of SGA was much higher in the iatrogenic group than in the spontaneous group, and this might explain the difference in the incidence of pathoglycemia we observed between the two groups. However, our study included only the preterm infants with GA < 32 weeks, which is different from other studies. The relevance of this difference appears to be questionable due to the small number of patients from a clinical point of view, and further research is needed.

Numerous studies have evaluated the relationship between preterm birth subtypes and neonatal death risk, but these have reported inconsistent results (29, 30, 36). Similar to prior studies, our study did not detect any significant differences in mortality rates. However, for infants born at 30–31+6 weeks' GA, the risk of death was greater in the iatrogenic group, which indicated that the underlying causes of iatrogenic preterm birth might be diverse at this GA. This reflects the fact that these infants were induced due to severe pregnancy complications, which might have increased their risk of death. For infants with lower GA, there were no differences between the two groups, and it is likely that the shorter GA diminished the significance of the differences in mortality between the groups. We also observed no significant difference in neurological outcome between the spontaneous group and the iatrogenic group. One explanation for this might be that only neonates still alive at follow-up were included in this study, and aggressive medical care was beneficial to the children's outcomes. Whether infants received rehabilitation therapy depended on parental attitudes and socio-economic factors. The small number of children with adverse neurological outcomes in the follow-up cohort, particularly children with cerebral palsy, might also explain this lack of difference between the two groups. In addition, the rate of infants lost to follow-up was not negligible. Therefore, conclusions should be drawn with caution because unknown confounding factors might have accounted for this observation.

Some limitations of this study should be noted. First, our results were restricted to very preterm infants (GA < 32 weeks) in a single maternity hospital, which might limit generalizability. Second, the rate of lost to follow-up was 18%, and it is possible that children with poor outcomes were not followed up, which might have biased the results. Finally, multiple factors are associated with the neurodevelopment outcomes, and not only preterm birth itself and its subtypes, but also medical care and socio-economic factors might affect the outcomes. Despite these limitations, this study has several strengths. This study chose to classify the etiologic types of preterm birth according to the reason for delivery by consulting obstetric records and collecting neonatology records, which ensured the accuracy of the data to the greatest extent possible. The assessment of both neonatal and infancy period outcomes in very preterm infants was another strength. This investigation might provide guidance for future research.

In conclusion, some neonatal complications were associated with etiologic types of very preterm birth. However, we evaluated only the neonatal and infancy period outcomes of the preterm infants in this study. Thus, further research is needed on the long term consequences of preterm birth subtype. Outcomes beyond survival are also important, especially long-term neurological, cognitive, and behavioral consequences. Finally, we strongly support the view that it is the understanding of the association between neonatal complications and preterm birth clinical subtypes that will pave the way to the prevention of adverse outcomes.
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