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Abstract

Objectives: A change in the child policy could trigger a new baby boom with changes in birth-related characteristics. Besides, the adaption of the medical system to the policy needs demonstrating.
Design: Retrospective study.
Setting: Chongqing, China, in a comprehensive institution.
Population: A total of 51,062 pregnant women with 52,589 neonates were included.
Methods: All medical records involving delivery were obtained. The records of care-providers were from the HR department. 
Main Outcome Measures: The temporal patterns of deliveries, births and care-providers were displayed. The additional births and care-providers’ workload was calculated. The mothers’ constitution was described and the influence factors of obstetrical characteristics were identified.
Results: The policy-leading upwards trends of deliveries and births were obvious. The percentage of mothers aged 35 and over increased (10.1% to 10.8% to 15.8%, p<0.001) and that of multipara also rose (17.8% to 25.9% to 37.6%, p<0.001). This new constitution of mothers was associated with additional births, and with a concurrent variation in CS rate (60.4% to 52.3% to 56.3%) but not sex ratio. The workload of care-providers decreased during this period.

Conclusions: The baby boom and following pregnancy changes after the shifts of policies is obvious. The target women with hyper-age and multiparity contribute considerably to the additional births and to the policy’s general effects on various outcomes. 
Funding: National Natural Science Foundation of China (No. 81771614 and No. 81771613), and the National Key Research and Development Program of China (No. 2016YFC1000407).
Keywords: China's Family Planning Policy; birth; obstetrical characteristics; pregnancy complications.
Tweetable abstract: The baby boom and pregnancy changes following the shifts of policies in southwestern China is obvious. The target women with hyper-age and multiparity contribute considerably to the additional births and to the policy’s general effects on various outcomes.

Introduction
Launched at 1979, the beginning of China’s economic reforms, China’s iconic one child policy was always the focus of debates raging over its morality and its controversial social effects. Increasingly, demographic warnings of the hyper-aging structure, shrinking workforce and imbalanced sex-ratio, which might threaten national economic growth in the 21st century, raised the obvious question that whether the one child policy was ever necessary at all.1,2 From November 2013, couples were allowed to have two children if at least one of the marital partners was an only-child (the selective two child policy).3 In October 2015, a more relaxed policy, permitting all couples to have two children (the universal two child policy), was officially implemented.4
Public-based researches, accounting for almost all of the studies on this issue, listed out the policy’s consequences on fertility, population, economic development, etc.5,6 However, when it comes to the effects on population health and health systems, details had never been discussed profoundly, especially on some birth-related obstetrical characteristics. A more recent study7 conducted a national, descriptive before-and-after comparative study on the association of China’s universal two child policy with the number of births, the proportion of older (≧35 yrs) and of multiparous mothers, and the change in delivery mode. Obviously, such factors, including but not restricted to those mentioned in the article above, are of vital importance to guide and adjust clinical practice. Moreover, analysis of adverse pregnancy outcomes is also clinically applicable and can better be done based on individual data.
The effects of policy changes on reproductive health are inevitably speculative. Firstly, with the shifts of these policies and the following increase in the number of births,


7,8 ADDIN EN.CITE  the background of expectant mothers would change: mothers with advanced age (≧35 yrs)4 and with multiparity increased7, and variations on the proportion of multiple and of ART (assisted reproductive technology) pregnancy might occur. Secondly, additional births would call for more maternal and child-health service, which should be planned as necessary.6 Thirdly, the policy might have an impact on delivery mode9 and sex ratio6. Fourthly, given factors stemming from policy changes, such as hyper-age of pregnant women, reproductive population takes a higher risk for many complications and adverse pregnancy outcomes.


10,11 ADDIN EN.CITE  Overall, aiming to seek more information about the policy’s obstetrical effects, some subgroups, known as potential influence factors, would be crucial and need to be analysed thoroughly.
In this study, based on individual data, we attempt to describe changes in birth and birth-related obstetrical characteristics in Southwestern China with the shifts of a series of national reproductive strategies. Our findings may guide politicians and obstetricians in Southwestern China and other areas in formulating effective plans to improve maternal and foetal outcomes.

Methods
Study design and data collection

This retrospective observational study was conducted in the First Affiliated Hospital of Chongqing Medical University, an institution-based tertiary care centre in southwest urban China. Individual delivery information was obtained for all pregnant women referring to our department from January 2012 to December 2018, and all available records were considered eligible. The records included those related to: (1) identity: interpatient number; (2) time series: date of delivery; (3) maternal background: age, parity, foetal number, and ways of conception; (4) delivery mode and neonatal sex; (5) maternal complications and adverse outcomes; (6) neonatal complications and adverse outcomes. We excluded those: (1) with missing important information and cannot be completed manually; (2) delivered before 28 weeks of gestation (defined as abortion or miscarriage in this study). Of note, data regarding care-providers were obtained from the HR (Human Resources) Department of our hospital.
Definition

Family planning policies were considered to take effect nine months and five months after announcement for delivery and for abortion or miscarriage respectively. Therefore, the time series for delivery were divided into 3 periods: (1) one child policy: from January 1st, 2012 to July 31st, 2014; (2) selective two child policy: from August 1st, 2014 to June 30th, 2016; (3) universal two child policy: from July 1st, 2016 to the end of 2018.

Care-providers were defined as the total of obstetricians, paediatricians, sonographers and nurses.

Preterm birth was defined, according to Chinese guidelines, as delivery occurring between 28+0 and 36+6 weeks of gestation. Similarly, those who gave birth before 28 completed weeks of gestation were defined as abortion or miscarriage. All other complications and adverse pregnancy outcomes were defined following international obstetrical practice.
Analysis
Displaying temporal patterns
Monthly absolute value or percentage of some factors were visually shown by figures (PRISM version 8.0 for windows; GraphPad Software Inc, San Diego, CA).
Exploring background structures’ change of pregnant women

In the time series, comprised of 3 periods, the background’s variations of pregnant women were estimated, using chi-squared tests (IBM SPSS Statistics 20.0), based on the constituent ratio of the demographic and pre-delivery characteristics: groups of age, types of parity, numbers of foetus, and ways of conception. The chi-squared tests were two-sided and were regarded as statistically significant when p-value was lower than 0.05. 
The statistical significance, combined with its clinical significance, would be considered as the eligible criteria for choosing potential subgroups and defining covariates in subsequent analyses.
Estimating additional births and care-providers’ workload
Assuming that the area covered with the service of our hospital and the number of women at childbearing age in this area remained consistent during the study period, and the constitution of them was stable during the period of the one child policy, the monthly mean number of births (subject to neonatal numbers) would have continued to trend in parallel if policies had not been introduced. In order to mimic the birth curves free of policies’ impact, we used the average number of births in corresponding month to describe the timely pattern and created a translation to a start point at the end point of the former one-child period. As a result, an actual curve and a hypothetical curve were generated for the general group and subgroups (chosen in the structure step) respectively. The area between the actual and hypothetical curve could be interpreted as the additional births attributed to the shift of policy. The rate of additional births in a subgroup to the general group could be considered as the policy-response contribution of the subgroup factor.
Furthermore, the care-providers’ workload in each month, calculated by dividing the number of births by the number of care-providers, could serve as a reference for evaluating the condition of medical care.
Identifying maternal and neonatal outcomes
The birth-related obstetrical characteristics, including delivery mode, sex ratio, complications and adverse outcomes, were described as proportion in various groups. Besides, to assess the potential influence of the policy changes, along with those covariates (chosen in the structure step), we retrospectively analysed all the characteristics using multivariable logistic regression (IBM SPSS Statistics 20.0). P values < 0.05 were considered statistically significant.
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Results
The flowchart of the study is shown in Figure 1. A total of 53437 records of mothers were identified from the database, with 510 (0.95%) uncompleted records which were excluded from our analysis. The abortion or miscarriage records (1865 records, 3.49%) were selected and excluded by gestation age, the temporal patterns of which are shown in Figure 2a (brown curve). Finally, 51062 records (52589 neonates) in total were considered as our study subjects.
Trend of the absolute number of deliveries
Of all the cases, 14602 (28.6%), 14628 (28.6%) and 21832 (42.8%) were from the 3 periods of time series, with neonatal records of 14976 (28.5%), 15092 (28.7%) and 22521 (42.8%) respectively. Visual inspection (Figure 2a, black curve) displayed a stabilized trend during 2012-2013 and a marked increase afterwards, especially after the universal two child policy took effect. With some fluctuation, the highest peaks were found in the winters of 2014 and 2016 (following the announcement of the two policies). Finally, the trend became stable after 2016.
Background structures’ change of pregnant women
As shown in Table 1, the percentage of multiple pregnancy and IVF-ET were almost consistent among the 3 periods (curves not shown). The most significant, both statistically and clinically, constitution differences were identified in age and parity, the curves of which are presented in Figure 2b and 2a (dark blue) in detail: pregnant women of multiparity and of higher age (≧35 and even ≧40 yrs) witnessed a sharp upward trend, and the proportion of “right-age” (between 20 and 35 yrs) decreased certainly. The remarkable change took place after the shift from the selective two child policy to the universal two child policy. What’s more, such results indicate that women at advanced age and women having already given birth before were of higher likelihood to be the target population of reproductive policies. 

We finally chose pregnant women of hyper-age (≧35 yrs) and of multiparity as two subgroups for portraying additional births. Besides, these two factors were considered as covariates when analysing the influence of policy on the birth-related obstetrical characteristics.
Additional births and care-providers’ workload
Figure 3 shows the actual curve and hypothetical curve of births using the approach introduced in the methods section. The areas could be interpreted as additional births attributed to: (1) S1: the selective two child policy; (2) S1+S2: the monolithic policy change. The additional births and the contribution of subgroups are shown in Table 2 simultaneously. Though mothers of advanced age and multiparity are a tiny minority (Table 1), their contribution to additional births is much more obvious (Table 2). Once again, these results lead us to a possible conclusion that hyper-aged and multiparous women are more susceptible to policy-inspiring pregnancy and deserve more attention from care-providers and the society in the era of “universal two child”.
Furthermore, the care-providers’ workload seems decreased after the implementation of the universal two child policy, with the highest peaks found in the winter of 2016, possibly as a result of the recruitment-adaptation and birth-stability (Figure 4).
Delivery mode and sex ratio

The caesarean section (CS) rate prominently decreased with the shift from the one child policy to the selective two child policy and to the universal two child policy (respectively 60.4%, 52.3% and 56.3%) (Table 3a). Shown in Table 4a, considering age alone, hyper-aged mothers are more likely to deliver by caesarean section (OR, 2.364 [2.218, 2.520]). It’s also true for multiparous mothers (OR, 1.594 [1.526, 1.664]). When the influence of age and parity were exempted, the general CS rate is lower over time (OR, 0.682 and 0.730). As shown in Table 3b and Table 4b, the sex ratio slightly decreased without statistical significance and it was not likely to be affected by policy, age and parity.
Maternal complications and adverse outcomes
The distribution and influence factors of maternal complications and adverse outcomes are summarized in Table 3a and Table 4a. There is higher likelihood for order mothers to develop PE (1.969 [1.746, 2.220]), ICP (1.257 [1.062, 1.486]), GDM (2.327 [2.187, 2.457]), PP (1.663 [1.498, 1.847]) and to refer to ICU (1.636 [1.244, 2.153]). Interestingly, advanced age is acting as a protective factor for PROM (0.894, [0.831-0.962]). In this study, the multiparity is protecting mothers from GDM, PROM and Chorioamnionitis, while threating in PP, PTB and the ICU admitting. Furthermore, not considering the two covariates, policy changes alone probably bring down the rate of some adverse outcomes (ICP, GDM, PP, PTB, PPH and ICU) but increase that of others (PA and Chorioamnionitis), especially when conducting comparison between the period during universal two child policy and the one child policy. Discussions on this phenomenon are conducted below.
Neonatal complications and adverse outcomes
The outcomes, illustrated in Table 3b and Table 4b, remind us of the low incidence and high importance of neonatal adverse events. Pregnant woman aged 35 yrs or higher takes much greater risk (about 4.025 times) to have a baby with chromosome abnormality. When compared with nullipara, multipara is of more possibility to have a baby suffered from stillbirth, macrosomia and LBW, but babies of them are less likely to carry abnormal chromosome. The positive effects of policy changes can be seen in a lot of outcomes (stillbirth, macrosomia, LBW and NICU), while negative influence only in FGR and related asphyxia.
Discussion
In this study, over 50000 individual data were analysed, which is quite enough for explaining scientific questions from statistical points of view. Besides, the probability of bias generated from selective or false recording is low, because of the strict standards on medical recording process in our hospital, which requires junior doctors to document promptly and seniors to check carefully for every single patient. However, though extremely few (3.49%), some incomplete data do exist, which might be an origin of attrition bias. Most importantly, this is a single-centred study, and the representativeness of samples directly affects the application of our findings. Considering that our hospital is a tertiary care centre in southwest urban China, current results are ready for use in southwest regions centre on Chongqing, but their actual existence and possible variation should be taken into consideration when it comes to other areas. Certainly, the detailed discussion on the principal findings and the specific strength and limitation is conducted below: 
Trend of deliveries and change of background structures among pregnant women

The pattern of deliveries in our study (Figure 2a) were almost the same with the national pattern.7 The trend of deliveries peaked twice at the next winter following corresponding policy’s announcement and it finally became stable after 2016. 
In our honest opinion, the reason why it appears to have reached a plateau after 2016 is because the saturation of policy’s target. In other words, the maximum fertility potential of target women has already been released during this short period, reaching a higher level of balance with a new background distribution of mothers. To demonstrate this newly balanced distribution, we found that the proportion of multiparous and hyper-aged mothers increased (Table 1), which was also pointed out by Li and colleagues.7 The policy change has only been in effect for 3 years, and more data of nationwide and longer-term are needed to guide reproductive strategy in the future. 
Noteworthily, the fluctuation of the abortion or miscarriage, which we portrayed in Figure 2a, deserves to be studied more deeply.

Additional births
The aim of the universal two child policy was to increase the annually births by one million to more than 10 million.4,12 Although, our data is far from comparable to national data, the additional births in one hospital is quite considerable (Figure 3 and Table 2), about 123 and 173 per month, considering the change from one child policy to selective two child policy and the monolithic policy change respectively. Noteworthily, the model of hypothetical births might result in bias.
The target of the reproductive policy
To identify the target of the reproductive policy, actual change of background structures (the increase of proportion) was estimated (Table 1). In addition, we considered the contribution of additional births of subgroups to the general group (the proportion of increment) could serve as another evidence (Table 2). Of note, the validity of our model on hypothetical births might bias our results almost equally to each group, and this would not change to an extent that reverses our conclusion. This procedure, from modelling to obtaining contribution and to interpreting, is one of the highlights in our study and is suitable for guiding other similar studies. 
According to our study, all women would be the potential target of reproductive policy, though those of multiparous and advanced age were more likely than others to make response. On the contrary, another researcher defined in advance that nulliparous births would not be affected by the policy.7 Surprisingly, our conclusion is the same with his, that the increase in births was largely driven by those to mothers who had already delivered one baby.7
The condition of medical care

We creatively found that, though the workload of care-providers has not increased in sight of the number of births (Figure 4), the excessive increment of high-risk births (Table 1 and Table 3) makes the adaptation of health-care resources inappreciable. Not to mention, the number of births handled by one care-provider, which is at least 4 according to our study, is far from rational. The similar concern on the health systems is nationwide, not only for the care-providers’ quantity, but quality.


13-15 ADDIN EN.CITE  The rapid adaption of the medical system to the soaring needs and expectations demands more efforts from all of us.

Delivery mode and sex ratio

First of all, after the announcement of the two child policy, the CS rate declined steadily in all regions of China.16,17 In our study, the rate of CS decreased, but was still high (more than one half). Secondly, advanced age was a certain risk factor of CS (OR, 2.364). Besides, similar to our previous study,9 nulliparous women experienced a slight reduction in CS rate (OR, 1.594), suggesting that a preference to vaginal birth for the first time of delivery, while multiparous ones were more likely to have caesarean sections once again because of the concerns about the safety regarding VBAC (vaginal birth after caesarean sections).7 Thirdly, in the one child policy era, the public belief that the caesareans are relatively safer promotes CS to some extent.18 Reassuringly, as long as age and parity permitted, the pregnant women in hospital were becoming less willing (0.7 times) to choose CS during our study period, suggesting the effectiveness of various Chinese guidelines intended to reduce CS rate and pursue baby friendliness.19 Last but not least, this study was conducted in southwest urban China, and the CS rate in rural areas was lower. Therefore, we could have overestimated the caesarean section rate. To sum up, more work is needed to control the CS rate and to ensure the health of the maternal population featured by advanced age and multiparity particularly.
One of the worst impacts of the one child policy is the skewed sex ratio at birth.


20-22 ADDIN EN.CITE  In our study, fortunately, the bias of sex decreased, which is good news. This process of sex-ratio balance was also demonstrated around the year of 2007,23 developed with the progress in gender equality and women's empowerment in China.

Complications and adverse outcomes
Associated with age

Some previous studies from several other regions found a controversial frequency of maternal complications and adverse outcomes under the context of the universal two child policy.


24-27 ADDIN EN.CITE  However, in our study, the actual percentages of those maternal adverse outcomes decreased with the policy changes, except for GDM (Table 3a). We would like to emphasize that there was much more hyper-aged pregnancy in the periods of the universal two child policy (Table 1) and the negative influences of age were found not only by us (Table 4a), but by various studies.


28-30 ADDIN EN.CITE  It's not hard to imagine that those studies conducted comparison without consideration of some covariates, such as age, and the influence of policy they identified was the general effect of all factors, which is hard to interpret as one accordant conclusion. 
Though a series of adverse neonatal outcomes, like low birth weight, macrosomia and chromosome abnormality, are considered to be relevant to advanced maternal age,


10,30 ADDIN EN.CITE  we only found its association with chromosome abnormality (Table 4b). Individual’s timely decreasing genetic stability, characterized by CA of baby, might be the explanation of this finding, which undoubtedly reminds us that the specific categories of CA and its potential to be detected earlier deserves more attention and researches on this in the new era.

In addition, though it’s widely acknowledged that maternal age is a risk factor of maternal and neonatal adverse outcomes, the clear age-driving increase of those events and the exact cut-off age is hard to determine because of the complexity of covariates and the numerous sorts of events. A previous study found a significantly higher frequency of GDM and PE in very advance-aged women (45-59 years)
 ADDIN EN.CITE 
28-30
 and another conducted similar analyses on three age groups (20–34, 35-39, and ≧40 yrs)
 ADDIN EN.CITE 
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. In our study, we chose 35 yrs as the boundary of hyper-age half-randomly, with the basis of our rough portray on the age-event curve (Figure 5). The selection of cut-off age, however, would undoubtedly affect the conclusion. Our strategy on this issue, shown in Figure 5, can only be feasible on individual level and there are two problems to be considered: control of covariates and assignment of weight to various of outcomes. Our group plans to solve these scientific questions by machine learning in the future.
Associated with parity

In these 7-year rich data, we found that parity might act as both protective and risk factors on maternal and neonatal adverse outcomes. A study concerning whether the so-called "dangerous multipara" is a factor or just fiction finally concluded that the adverse outcomes was not related to parity.17 Nevertheless, the most remarkable result concerning parity’s effects in this study demonstrates that multiparous women were 2.352 times likely to have placenta previa and 2.661 times admitting to ICU than nullipara. Given that multiparous women have probably experienced CS in the former delivery, which is an independent risk factor of PP and ICU,17 this higher risk is understandable. Fortunately, for instance, nulliparous women prefer vaginal deliveries to CS if they ultimately want to have two babies and then the rate of PP and ICU among multipara might decrease in a long run, despite the increase in the current study. Besides, we are not sure about the decreased CA possibility with parity, probably as a result of the filter-function of former delivery for the multipara.
Associated with policy alone

Regardless of the covariates such as age and parity, the effect of policy alone reveals an appropriate transformation with respect to medical care and pregnant cognition. In terms of this study, many adverse pregnancy outcomes decreased as time goes by (Table 4), reflecting the extraordinary progress on medical technology and management. Nevertheless, it’s worth noting that the incidence of PROM and chorioamnionitis is on the rise, which deserves more concentration to determine whether it’s originated form irregular or unnecessary operations and suggests us to adjust clinical practice once release this problem.
This kind of analysis process in realizing the timely effects alone is researcher-friendly and can be used in order to supply optimum service. Generally speaking, further research is needed to develop a more nuanced understanding of the sustained impact of this historical change in China.
Highlights
To our knowledge, this is a creative study on obstetrical field, which can serve as a paradigm and provide both vivid and feasible analytical process for investigating the influences of time series and multi-covariates, particularly when nationally big data is hard to acquire. Such procedure possesses an advantage of showing more details over the macroscopic description of big data.

Conclusions

Our study, conducted in southwestern China, demonstrated that: (1) a baby boom came and has already stabilized following the two child policy; (2) a newly balanced constitution of pregnant women has formed; (3) the policy target acts more sensitive to additional births; (4) the policy put hospitals and care-providers on a situation of lower workload but higher difficulty. (5) the risk and influence factors of the birth-related obstetrical characteristics, including delivery mode, sex ratio, adverse pregnancy outcomes, should not be ignored.

We sincerely recommend: (1) more individual-based studies should be performed to both describe changes and explain reasons for the questions mentioned above; (2) more efforts should be put into providing high-quality health care service to prevent operation-leading adverse outcomes; (3) childbearing at an optimum maternal age.

The analysis strategies we used are ready for use in further researches.
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