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Background: As childbearing is postponed in developed countries, maternal age (MA) has increased over decades with an increasing number of pregnancies between age 35–39 and beyond. The aim of the study was to determine the influence of advanced (AMA) and very advanced maternal age (vAMA) on morbidity and mortality of very preterm (VPT) infants.

Methods: This was a population-based cohort study including infants from the “Effective Perinatal Intensive Care in Europe” (EPICE) cohort. The EPICE database contains data of 10329 VPT infants of 8,928 mothers, including stillbirths and terminations of pregnancy. Births occurred in 19 regions in 11 European countries. The study included 7,607 live born infants without severe congenital anomalies. The principal exposure variable was MA at delivery. Infants were divided into three groups [reference 18–34 years, AMA 35–39 years and very(v) AMA ≥40 years]. Infant mortality was defined as in-hospital death before discharge home or into long-term pediatric care. The secondary outcome included a composite of mortality and/or any one of the following major neonatal morbidities: (1) moderate-to-severe bronchopulmonary dysplasia; (2) severe brain injury defined as intraventricular hemorrhage and/or cystic periventricular leukomalacia; (3) severe retinopathy of prematurity; and (4) severe necrotizing enterocolitis.

Results: There was no significant difference between MA groups regarding the use of surfactant therapy, postnatal corticosteroids, rate of neonatal sepsis or PDA that needed pharmacological or surgical intervention. Infants of AMA/vAMA mothers required significantly less mechanical ventilation during NICU stay than infants born to non-AMA mothers, but there was no significant difference in length of mechanical ventilation and after stratification by gestational age group. Adverse neonatal outcomes in VPT infants born to AMA/vAMA mothers did not differ from infants born to mothers below the age of 35. Maternal age showed no influence on mortality in live-born VPT infants.

Conclusion: Although AMA/vAMA mothers encountered greater pregnancy risk, the mortality and morbidity of VPT infants was independent of maternal age.
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INTRODUCTION


Background

The rate of preterm birth has risen in many developed countries during the past decades (1). Recent public health initiatives have led to improved survival rates for very low birth weight (VLBW, <1,500 g) and extremely low birth weight (ELBW, <1,000 g) infants due to progress in both pre- and postnatal care (2, 3). Large multicenter epidemiological research studies have investigated differences between patient cohorts throughout different countries to identify targets for obstetric and/or neonatal interventions (4–8). Randomized controlled trials and technological advances have contributed to this success story, identifying key evidence-based obstetric and neonatal interventions that can be monitored to assess quality of care for very preterm infants (9, 10). Evidence-based practices and the achievement of standardized treatment strategies are main pillars for an improved outcome in preterm infants, especially for those born at the limits of viability (11). The “Effective Perinatal Intensive Care in Europe” (EPICE) study has confirmed the impact of evidence-based practices on improved neonatal outcomes and revealed underuse of evidence-based care in many regions (12).

Social changes in developed countries and the increased availability of assisted reproductive technology (ART) have had a major impact on childbearing patterns (13), and the number of women who delay childbirth until an advanced age of 35 years and above is continuously increasing in most western countries (14). Several studies have explored advanced and very advanced maternal age (AMA/vAMA), in association with pregnancy-related morbidities (15) and mode of obstetric interventions (15–20) and large cohort studies have analyzed data of term newborns (21). However, studies of the outcomes of very preterm infants born to mothers of AMA/vAMA remain sparse (22–28). An important aim of combined obstetric and neonatal care is to reduce morbidities and improve neonatal outcome by addressing risk factors (20, 29). The decision to provide active obstetrical management and neonatal intensive care is complex and requires a team approach with discussions between the obstetric and neonatal teams and the expectant parents (30). Infants born very preterm (VPT) remain at risk of developing a wide array of complications, not only in the neonatal unit, but in the long term (31), which remain inversely related to gestational age (32). These have been shown to be evident in infancy and persist into adulthood in VPT populations (33–35). As mortality rates have fallen, the focus for perinatal interventions is to develop strategies to reduce such long-term morbidity (36). Women with AMA/vAMA at the time of delivery will become a more frequent occurrence and research is needed to advise these mothers and their partners appropriately and inform obstetrics regarding ante-and perinatal management of these women.



Aim

This study aimed to describe the neonatal outcomes of very preterm neonates born to AMA/vAMA mothers. We aimed to evaluate factors contributing either to an improved, equal and/or unfavorable outcome when compared to VPT infants born to mothers below the age of 35.




METHODS


Study Population

Our study population was derived from the “Effective Perinatal Intensive Care in Europe” (EPICE) cohort, previously described in detail elsewhere (37). The EPICE cohort recruited 10,329 very preterm births of 8,928 mothers, including terminations of pregnancy and stillbirths from 22+0 to 31+6 weeks of gestation. The births occurred between April 2011 and June 2012 in 19 regions in 11 European countries over a period of 12 months (6 months in France). A standardized questionnaire with common definitions was used for an extensive data collection from health records in all maternity and neonatal units. All infants were followed up until death or discharge from hospital to home or long-term care. Exclusion criteria in the current study were terminations of pregnancy, stillbirths, and births with unknown maternal age or below 18 years. In order to minimize possible bias on morbidity and mortality, we focused on very preterm births without severe congenital anomalies (6). Eligible infants were grouped based on maternal age at delivery into a reference group (18–34 years), an advanced maternal age group (AMA 35–39 years) and a very advanced maternal age group (vAMA ≥40 years).



Maternal, Obstetrical, and Neonatal Characteristics

Perinatal data were collected on the following maternal and neonatal characteristics: maternal age at delivery, native-born status of mother, pre-gestational maternal morbidity (composite measures of chronic hypertension, diabetes, thrombophilia, asthma, cardiac, renal, endocrine, pulmonary, neurological and mental disorders), parity, type of pregnancy (singleton or multiple), hypertensive disorders of pregnancy (composite measures of gestational hypertension, pre-eclampsia, eclampsia and haemolysis elevated liver enzymes, low platelet count), antepartum hemorrhage >20 weeks, preterm premature rupture of membranes >12 h prior to delivery (PPROM), hospital-level of birth (maternity hospitals with level III NICU, as defined locally vs. other hospitals), delivery by cesarean section (CS), spontaneous onset of preterm labor, antenatal corticosteroids (ANC given at least as one dose before delivery), unexpected birth (defined as delivery at home or on the same day as maternal admission to hospital without in utero transfer), gestational age (GA defined as the best obstetric assessment using information on antenatal ultrasounds measures and last menstrual period), infant sex, birth weight, small for gestational age (SGA) defined as a birth weight ≤ 10th percentile of intrauterine references developed for the EPICE cohort (38, 39), Apgar score <4 at 5 min, administration of surfactant, need and length of mechanical ventilation (MV), non-steroidal anti-inflammatory drugs or surgical treated patent ductus arteriosus (treated PDA), confirmed early or late onset sepsis, and country.



Outcomes

Our primary outcome variable was infant mortality defined as in-hospital death before discharge home or into long-term pediatric care. The secondary outcome included a composite of mortality and/or any one of the following major neonatal morbidities: (1) bronchopulmonary dysplasia (BPD) defined as need for oxygen with fraction of inspired oxygen >21% or any respiratory support dependence (non-invasive or mechanical ventilation) at 36 weeks of postmenstrual age. Infants discharged from the neonatal unit on oxygen or with respiratory support before reaching 36 weeks were classified as having BPD (2). Severe brain injury defined as intraventricular hemorrhage (IVH) ≥ grade III or cystic periventricular leukomalacia (cPVL), (3) severe retinopathy of prematurity (ROP ≥ Stage III or ROP requiring laser or cryotherapy), and (4) severe necrotizing enterocolitis (NEC requiring surgery treatment or peritoneal drainage). In addition, the four major neonatal morbidities were analyzed separately as individual outcomes among survivors.



Ethical Approval

Appropriate ethical approval was in place for all study regions according to national legislations prior to data collection. The study was also approved by the French Advisory Committee on Use of Health Data in Medical Research (CCTIRS) and the French National Commission for Data Protection and Liberties (CNIL).



Statistical Analysis

Continuous data is presented as mean ± standard deviation or as median with range as appropriate. Number and percentage were reported for categorical parameters. We compared perinatal characteristics and neonatal outcomes of interest between the three maternal age groups using the analysis of variance (ANOVA) test for continuous variables and the Pearson's chi-squared test for categorical variables. Stepwise multivariate logistic regression models were fitted to estimate the odds ratio (OR) after adjusting for confounding variables based on the literature or statistically significant differences between groups in the univariate analyses. The crude effect of maternal age on neonatal outcome variables was first estimated (baseline model), followed by adjustments for selected variables: In model 1 we included non-modifiable maternal and gestational covariates (maternal morbidity, multiparity, multifetal pregnancy, hypertensive disorders of pregnancy, PPROM, SGA, sex of infant, GA below 28 completed weeks) and in model 2 we added potential variables affected by variations in the prenatal care practices (ANC, delivery in a level III neonatal unit, unexpected birth, spontaneous onset of labor, and CS). Finally, among infants admitted to NICU, the analysis was adjusted in addition for neonatal factors such as transport of the newborn within 48 h after birth (inborn) and use of MV (model 3). Results are given as adjusted OR with 95% confidence intervals (95% CI) for the three maternal age groups, using the group aged 18–34 years as reference. All analyses were performed with IBM® SPSS® Statistics 20. A p < 0.05 was considered statistically significant without multiple comparison adjustments.




RESULTS

The study sample included 7,607 infants born alive to 6,380 mothers (Figure 1), of whom 4.698 (73.6%) were within reference age (27.7 ± 4.3 years), 1.290 (20.2%) had AMA (36.7 ± 1.4 years) and 392 (6.1%) vAMA (41.9 ± 2.4 years).


[image: Figure 1]
FIGURE 1. Study population. Flow chart of the EPICE Study population.



Characteristics of Mothers and Pregnancy

Table 1 shows the characteristics of 6.380 mothers and pregnancies according to maternal age. The association tests demonstrated higher rates of multiparity and history of medical problems in both AMA and vAMA mothers compared to younger mothers. In contrast, the rate of native-born mothers and multifetal pregnancies were similar in the three maternal age groups. AMA and vAMA women had higher rates of hypertensive disorders compared to mothers in the reference group. Other complications regarding bleeding, infection and PPROM were not related to mother's age. Obstetric management and interventions showed substantial differences across maternal age groups. Women with AMA and vAMA were significantly less likely have a spontaneous onset of preterm labor or an unexpected delivery on the same day of admission to hospital than the reference group. AMA and vAMA women were most likely to deliver in a level III maternal unit and with cesarean section. Furthermore, mothers with vAMA had significantly higher rate of antenatal corticosteroid administration compared to younger mothers. The average duration of pregnancy was 28.8 ± 2.4 weeks and did not differ between maternal age groups.


Table 1. Maternal and pregnancy characteristics of mothers.
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Characteristics of Infants

In total, 7.607 infants were born alive without severe congenital anomalies to mothers aged ≥18 years. Almost all characteristics of infants, including infant's sex, mean birth weight, extremely low birth weight <1,000 g, mean umbilical pH and Apgar score at 5 min below 4 were not associated with maternal age (Table 2), whereas the proportion of infants being SGA was significantly highest in women with vAMA compared to both mothers with advanced and young age. Infants of vAMA and AMA mothers were significantly more often inborn and had significantly higher mean GA than infants of the reference group. A significantly higher proportion of infants born to vAMA and AMA mother were born with GA at 28–31 weeks as compared to infants from younger mothers. We found no significant association of mean GA and maternal age in any of the GA groups.


Table 2. Neonatal characteristics of infants by maternal age group.
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In total, 232 of 7,607 (3.0%) infants died in the delivery room. Delivery room mortality decreased significantly with increasing maternal age group (p < 0.022). Half the deaths in the delivery room followed a decision to withhold postnatal resuscitation and decreased significantly in infants of advanced aged mothers—-from 52.6% in reference group to 52.0% in AMA and 50.0% in vAMA (p < 0.043). But both delivery room mortality and withhold resuscitation were not associated with maternal age after stratification for gestational age groups. Among the 7.375 infants admitted to NICU, there was no significant difference between the maternal age groups regarding surfactant therapy, use of postnatal corticosteroids to treat BPD, rate of neonatal sepsis and PDA that needed pharmacological or surgical intervention. The infants of vAMA women required significantly less mechanical ventilation during NICU stay than infants of young and AMA mothers, but there was no significant difference for length of mechanical ventilation or after stratification for gestational age groups.



Neonatal Outcome

Adverse neonatal outcomes did not differ by maternal age group. In the multivariate logistic regression models adjusting for confounding factors, we found no association between maternal age group and the odds of in-hospital mortality, composite outcome of death and/or major neonatal complications, and individual morbidities among the survivors to discharge (Table 3). Unadjusted ORs remained substantially unchanged after adjustment for maternal and gestational (model 1), prenatal care (model 2), and neonatal confounders (model 3).


Table 3. Multivariate logistic regression analysis for the association between maternal age and adverse neonatal outcomes in very preterm infants.
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DISCUSSION


Principal Findings

In line with other large cohort studies, we categorized women into three groups of maternal age. One quarter of infants in this European cohort had mothers with AMA and vAMA. Pregnancy-associated morbidities and co-morbidities of AMA/vAMA in the EPICE patients were comparable to similar patient groups of other large cohort studies (27). We found no differences in duration of pregnancy within the three groups. Multifetal pregnancy was equally distributed among maternal age groups. The incidence of infections was similar throughout the three groups. Except for those VPT born SGA, admitted newborns of AMA/vAMA mothers were equal in gestational age and weight when compared to the reference group of neonates born to mothers under the age of 35. Increasing maternal age was associated with higher rates of hypertensive disorders of pregnancy.

We also found that AMA/vAMA mothers had a significantly higher number of cesarean sections and planned deliveries with very fewer VPT babies born spontaneously, which may contribute to better organized antenatal and postnatal management. The rate of administered antenatal corticoid therapies was significantly higher in the vAMA group. Antenatal corticoid therapy, even when administered shortly before delivery, is known to improve lung function and decrease the need for mechanical ventilation (40). In addition, VPT infants of AMA/vAMA mothers were more often delivered in level III hospitals that provide higher level and more intensive perinatal and postnatal care. The advantage of delivering and/or transferring neonates at high risk to level III centers has been confirmed in recent studies (41, 42). Most importantly, we found no increased mortality in VPT infants of AMA/vAMA mothers in comparison to the reference group of mothers between 18 and 34 years of age. After adjusting for multiple confounders, once admitted to the NICU, VPT infants of AMA/vAMA mothers had the same neonatal outcome when compared with VPT infants of younger mothers. Overall, our data shows that the risks of advanced aged mothers, can be ameliorated at all points of the care pathway. These are major and important findings when it comes to advising these mothers and their partners in antenatal decision making.



Results in the Context of What Is Known

The improvement in care of infants born VPT remains a major clinical and public health goal, both for obstetricians, and neonatologists. Maternal age and increased pregnancy-associated morbidity with management of the latter are often considered uncertain risk factors when determining neonatal outcome (13, 17, 27). A variety of factors can contribute to adverse pregnancy outcome and/or neonatal outcome. Maternal risk factors such as obesity, gestational diabetes as well other co-morbidities are well-known factors that influence perinatal and neonatal outcomes in term and preterm neonates. Cultural and socio-economic factors play a role when it comes to access, use, and possibility of attendance at antenatal and perinatal care visits (43, 44). Disproportionate use of antenatal care according to risk level of pregnancy indicates the need for better scheduling of care especially in high-risk pregnancies (45, 46). AMA and vAMA are well-known risk factors for adverse pregnancy outcome and pregnancy associated morbidities (18, 19). Many studies have analyzed the impact of aging on obstetric and perinatal outcome among women with AMA/vAMA (19, 21, 27, 47, 48). Yet, data about AMA and outcome of VPT neonates remains sparse (24–26, 28) and contradictory, as some studies report favorable outcomes for VPT infants born to AMA/vAMA mothers (49) and others less favorable outcomes (17). The large amount of heterogeneity among most studies and the neonatal outcomes that were investigated suggest that those results must be interpreted with caution (15, 50). Our study is the first to analyse the effects of AMA/vAMA on the neonatal outcomes for preterm infants in a large cohort with a high number of patients across Europe.



Clinical Implications

As a vital aim for public child health, we here see an opportunity to re-evaluate national guidelines and build concordant obstetrical and neonatal treatment plans for AMA/vAMA mothers. Regionalization of perinatal care may play a key role and reduction in the deprivation gap remains an important public health goal to secure access to higher level medical care (51–53). Maternal age is one factor that may influence the decision to resuscitate a preterm neonate, especially those at the threshold of viability after birth and increasing maternal age may be positively associated with antepartum and neonatal interventions (54). Once admitted to the NICU, VPT infants of AMA/vAMA mothers do not have higher risks of adverse neonatal outcome as VPT infants—born to mothers below the age of 35. With the idea of shared decision making, advising parents therein, will help guarantee high-level ante-, peri- and postnatal care, crucial for best outcome of their unborn baby. Hence neonatologists and obstetricians should encourage and reinsure parents to exploit all reasonable medical possibilities to influence best outcomes for their child. While counseling AMA/vAMA mothers an emphasis should be given on the importance of level of care especially when facing imminent premature birth.



Research Implications

Overall, the results of our study raise a few important questions. First, how much perinatal management is necessary regarding current mortality in VPT infants born to AMA/vAMA mothers. Second, which antenatal factors are associated with the good outcome in VPT infant of AMA/vAMA mothers despite their increased risks for complications?



Strengths and Limitations

The strengths of our study include its prospective design, large sample size and heterogenous population including all level III and non-level-III maternity units in 11 European countries. This facilitates generalizability to a wide range of settings. The availability of data from medical records on all the women who gave birth across 11 European countries within the EPICE study hospitals during the study period abstracted using a standardized form minimizes recall bias. Our study has also limitations regarding the absence of some maternal and neonatal variables such as maternal body mass index, smoking, socioeconomic status, information on delivery room interventions. Some variables are well-known to influence neonatal outcome like maternal obesity for example (55). In this study we did not investigate long term neurological outcomes, yet it is well-known, apart from prematurity, that both intrauterine growth restriction and small-for-gestational age status are associated with impaired childhood cognitive outcomes. As there is a higher number of infants born SGA in AMA/vAMA mothers, long term neurological health problems have to be kept in mind while advising expecting parents (56, 57).




CONCLUSION

Improving outcome of VPT infants remains a major global health goal. Due to advances in ART and socio-economical changes in high income countries, motherhood is often postponed to an advanced age. Our study confirms that the growing number of pregnancies beyond the age of 35 or even 40 years have well-known pregnancy complications. Our most important finding is that despite increased pregnancy associated risks and pregnancy complications in AMA/vAMA mothers, VPT infants born to these mothers have the same short-term neonatal outcome as VPT infants born to women below the age of 35 years and do not have a higher risk of mortality and morbidity. These findings are crucial and show that the risks of advanced aged mothers are manageable by modern ante-, peri- and postnatal medicine, indicating that these mothers should be treated at centers that can offer both the best obstetric and neonatal advice and treatment before and after birth to ensure comparable neonatal outcomes for VPT infant born to non-AMA mothers.
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Delivery management
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