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Abstract 

Background:  In October 2015, China’s one-child policy was universally replaced by a so-called two-child policy. This 
study investigated the association between the enactment of the new policy and changes in the number of births, 
and health-related birth outcomes.

Methods:  We used difference-in-difference model to analyse the birth record data in Pudong New Area, Shanghai.
The design is descriptive before-and-after comparative study.

Results:  The data covered three policy periods: the one-child policy period (January 2008 to November 2014); the 
partial two-child policy period (December 2014 to June 2016); the universal two-child policy period (July 2016 to 
December 2017). There was an estimate of 7656 additional births during the 18 months of the implementation of the 
universal two-child policy. The trend of monthly percentage of births to mothers aged ≥35 increased by 0.24 percent-
age points (95% confidence interval 0.19 to 0.28, p < 0.001) during the same period. Being a baby boy, preterm birth, 
low birth weight, parents with lower educational attainment, and assisted delivery were associated with a higher risk 
of birth defects.

Conclusions:  The universal two-child policy was associated with an increase in the number of births and maternal 
age. Preterm birth, low birth weight, and assisted delivery were associated with a higher risk of birth defects, which 
suggested that these infants needed additional attention in the future.
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Introduction
The one-child policy, introduced in 1979 by the Chinese 
Government, was enacted to alleviate population growth, 
and improve the quality of living for households who can-
not afford to have more children [1]. After 30 years, the 
population ageing, labor shortages, imbalance of sex ratio 
at birth, and the pressure on social welfare programs 
suggested that the relaxation of China’s strict one-child 
policy must be implemented for the country’s develop-
ment and prosperity [1, 2]. Subsequently, since Novem-
ber 2013, a partial two-child policy was implemented as 
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a transition from the one-child policy to a universal two-
child policy, which allowed couples to have two children 
if either husband or wife was an only-child. This policy 
was implemented in March 2014 in Shanghai [3]. The 
universal two-child policy was enacted in October 2015, 
which allowed all families to have two children.

The impacts of China’s birth policy would be twofold. 
Firstly, the effects on fertility rate. The multiparous births 
rate after the enactment of the two-birth policy was an 
important factor affecting population growth. The esti-
mated number of extra births under the two-child pol-
icy would be over 1 million every year [4]. Secondly, the 
effects on birth outcomes, such as the sex ratio, [5] the 
proportion of births with advanced maternal age, [6] pre-
term births, [7, 8] and caesarean delivery, [9, 10] which 
may also link with a higher prevalence of birth defects (or 
congenital anomalies) [6, 11].

The Pudong New Area was located in eastern area 
of Shanghai with a population of 5.5 million, covering 
20.89% of the entire city [12]. The primary aim of this 
paper was to estimate the extra births due to China’s 
birth control policy change (the partial two-child policy 
and the universal two-child policy), and to investigate the 
effects of policy change on birth outcomes. In addition, 
we aimed to analyze changes in the prevalence of birth 
defects by types and related risk factors.

Methods
Data collection and cleaning
We used hospital-based birth records in Pudong New 
Area, Shanghai. From January 1, 2008 to December 31, 
2017, 428,857 births were reported in the Pudong New 
Area, Shanghai. Birth information included two parts: 
birth outcomes (infant gender, birth defect, birth weight, 
gestational week, household registration, and delivery 
mode (vaginal delivery or assisted delivery)) and mater-
nal/paternal characteristics (maternal age, paternal age, 
mother’s education, father’s education, parity, and gravid-
ity). We excluded 6820 (1.59%) birth records with missing 
individual information and incorrect data (the gestational 
week is 0, 3, 99 weeks and the age of father/mother is 
0, 1, 2, 3, 99 years old). Finally, a total of 422,037 births 
were analyzed. This study was approved by Institutional 
Review Board of School of Public Health, Fudan Univer-
sity (IRB00002408 & FWA00002399).

Three policy periods
The partial two-child policy in Shanghai was imple-
mented in March 2014 and the universal two-child pol-
icy was announced in October 2015 [3]. The partial and 
universal two-child policies were assumed to take effect 
about 9 months after the announcement of the policy. 
That is, there was a nine-month lag in the effect of the 

two-child policy. To better reflect the dynamics of the 
number of births and policy interventions (the partial 
two-child policy and the universal two-child policy), 
three periods were classified based on the time of policy 
implementation. The three periods were: (1) the one-
child policy period from January 2008 to November 2014; 
(2) the partial two-child policy period from December 
2014 to June 2016; and (3) the universal two-child policy 
period from July 2016 to December 2017.

Analysis
The impact of China’s two‑child policy on the number 
of births
We used the difference-in-difference (DID) model to 
evaluate the changes in number of births associated 
with China’s two-child policy [13, 14]. The DID model 
assessed if the interaction term between time and parity 
(births to nulliparous or multiparous mothers) was sig-
nificant or not in the regression model. The model had 
two assumptions: (1) The births to nulliparous moth-
ers were not affected by the two-child policy and were 
treated as the control group; (2) The trends of the births 
to nulliparous mothers and the births to multiparous 
mothers were parallel during the one-child policy period. 
The parallel trends would continue if the two-child policy 
was not implemented. The advantage of this model was 
that it could adjust for some covariates that were possibly 
associated with the number of births.

The model was: Yt = β0 + β1 × policyt + β2 × pari-
tyt + β3 × policyt × parityt + β4 × month dummyt + et. Where 
Yt represented the number of births in month t. policy was 
a dummy variable indicating the one-child policy period, 
the partial two-child policy period, and the universal two-
child policy period. parity was a dummy variable indicating 
births to nulliparous or multiparous mothers. There was an 
association between policy and parity if the interaction term 
between policy and parity (β3) in the regression model was 
not equal to zero. month dummy was a dummy variable rep-
resenting the 12 months in a year.

The impact of China’s two‑child policy on birth outcomes
We further investigated whether there was an asso-
ciation between China’s two-child policy and birth out-
comes. We could not find a control group for which the 
assumptions of the DID model required, so we used the 
segmented regression model as a substitute. Segmented 
regression analysis of the interrupted time series was a 
powerful statistical method to assess the impact of inter-
vention (China’s two-child policy) on birth outcomes and 
maternal/paternal characteristics [15–17].

The model was: Yt = β0 + β1 × montht + β2 × par-
tial  two  child policyt + β3 × time after partial  two  child 
policyt + β4 × unniversal two child policyt + β5 × time after 
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universal two child policyt + et. Here, Yt was the monthly 
percentage of birth outcomes; month was a continuous 
variable of time in months (coded as 1 to 120, from Janu-
ary 2008 to December 2017). We used two parameters 
(level and trend) to define each policy period. The level 
was the value of birth outcomes right after the policy 
took effect and the trend was the rate of change or the 
slope of the regression. β0 estimated the baseline level 
during the one-child policy; β1 estimated the monthly 
change during the one-child policy (the baseline trend); 
β2 estimated the level change immediately after the par-
tial two-child policy took effect; β3 estimated the change 
in the trend during the partial two-child policy, com-
pared with the monthly trend of the one-child policy. The 
sum of the β1 and β3 was the slope of the partial two-child 
policy. β4 and β5 estimated the level and the trend of the 
universal two-child policy, respectively.

Risk factors associated with birth defects
Birth defects were diagnosed in the hospital by clinical 
diagnostic results, genetics, and pathology. Birth defects 
were reported at birth, and there may be missing report 
if birth defect was found after a period of times of birth. 
The birth defect may be under-reporting. Previous stud-
ies reported that some risk factors, such as lower edu-
cational attainment, low birth weight, and assisted 
reproductive technology, were associated with higher 
risks of birth defects [18–20]. We further investigated 
other possible risk factors associated with birth defects. 
We initially included all covariates into the logistic 
regression model and performed variable selection with 
the best subset selection approach [21]. Candidate varia-
bles in the logistic regression model included infant gen-
der (female vs. male), year, maternal age, parity (1 vs. ≥ 
2), birth weight (< 2500 g vs. ≥ 2500 g), gestational week 
(< 37 weeks vs. ≥ 37 weeks), mother’s educational attain-
ment (highly educated mother (college degree or above) 
vs. others), father’s educational attainment (highly edu-
cated father (college degree or above) vs. others), delivery 
mode (vaginal delivery vs. assisted delivery), household 
registration (births with Shanghai household registra-
tion vs. others). The best subset selection was performed 
using regsubsets () function of leaps library for the R ver-
sion 3.6.3.

The prevalence of birth defects subtypes
Birth defects were classified according to the Interna-
tional Classification of Diseases, 10th Revision (ICD10). 
The specific codes for congenital malformations, defor-
mations, and chromosomal abnormalities were Q00-
Q99, which were further subdivided into Q00-Q07 
(congenital malformations of the nervous system), Q10–
Q18 (congenital malformations of eye, ear, face and 

neck), Q20–Q28 (congenital malformations of the cir-
culatory system), Q30-Q34 (congenital malformations 
of the respiratory system), Q35-Q37 (cleft lip and cleft 
palate), Q38-Q45 (other congenital malformations of the 
digestive system), Q50-Q56 (congenital malformations of 
genital organs), Q60-Q64 (congenital malformations of 
the urinary system), Q65-Q79 (congenital malformations 
and deformations of the musculoskeletal system); Q90–
Q99 (chromosomal abnormalities).

Patient and public involvement statement
Our investigation is based on the database of the birth 
records in Pudong New Area, Shanghai. Our research is 
secondary data analysis which is not the original clinical 
trial (such as randomised controlled trials) or epidemi-
ology study. Therefore, no patients were involved in the 
study  design, recruitment, and analysis. The results will 
be disseminated to public, society and government.

Results
Trends of monthly births
A total of 422,037 births in the Pudong New Area, 
Shanghai (an average of 3617 births per month) were 
included in the analysis. There were 269,101 (3242 births 
per month on average), 73,629 (3875 births per month on 
average), and 79,307 (4406 births per month on average) 
births in the one-child policy period, partial two-child 
policy period, and universal two-child policy period, 
respectively.

The curve according to the number of monthly births 
and China’s two-child policy interventions was shown 
in (Fig. 1). Births with non-Shanghai household registra-
tion mostly referred to as migrant population. Peaks were 
seen in the winters of 2014 following the announcement 
of the partial two-child policy and in 2016 following the 
announcement of the universal two-child policy. The 
trends in total monthly births showed birth seasonality, 
with a birth peak in the winter from October to Decem-
ber. Birth rates were relatively high during the year of the 
Horse from January 31, 2014 to February 18, 2015 and 
were relatively low during the year of the Sheep from 
February 19, 2015 to February 7, 2016.

Changes in number of births during China’s two‑child 
policy
As shown in Fig.  1, the births to nulliparous mothers 
and multiparous mothers were nearly parallel during 
the one-child policy period (the baseline period). This 
satisfied the parallel trends assumption of the DID 
model. The regression results showed that there was 
a significant interaction between China’s two-child 
policy and parity (Table  1), indicating that the slopes 
of the regression lines between the number of births 
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to nulliparous mothers and multiparous mothers were 
different for the different policy periods. The coef-
ficient of the interaction (β3) indicated how different 
those slopes were.

Births with Shanghai and non‑Shanghai household 
registration
The DID analysis showed that there was an estimate of 
425 additional monthly births (95% confidence interval 
(CI): 322 to 528) during the universal two-child policy 
period, corresponding to a total of 7656 (95% CI: 5799 to 
9512) births during the 18 months of the universal two-
child policy period. There was no interaction between the 
partial two-child policy and parity. The number of births 

showed a marked seasonality, as there were more births 
in the winter.

Births with Shanghai household registration
There is an interaction between the two-child policy period 
(partial and universal) and parity for births with Shang-
hai household registration. There was an estimate of 189 
additional monthly births (95% CI: 122 to 257) during the 
partial two-child policy period and 331 additional monthly 
births (95% CI: 262 to 400) during the universal two-child 
policy period. Comparing with those in the partial two-
child policy period, there were 142 additional monthly 
births during the universal two-child policy period.

Fig. 1  The number of monthly births in Pudong New Area, Shanghai. There were three policy periods: the one-child policy period (Jan 2008 - Nov 
2014), the partial two-child policy period (Dec 2014 - Jun 2016), and the universal two-child policy period (Jul 2016 - Dec 2017). Policy was assumed 
to take effect about nine months after the announcement
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Hypothetical births to multiparous mothers were cal-
culated using the coefficients of the DID model if the 
policy had not been implemented (Fig. 2).

Changes in birth outcomes during China’s two‑child policy
We plotted the monthly percentage of births to moth-
ers aged ≥35 (Fig. 3). It noticeably increased from 7.39% 
during the one-child policy period, to 10.59% during the 
partial two-child policy period, and to 13.65% during the 
universal two-child policy period (Table 2). We used the 
segmented regression model of interrupted time series to 
access if the change of the monthly percentage was sig-
nificantly related to the policy. The estimated monthly 
percentage of births to mothers aged ≥35 rose abruptly 
by 3.42% (95% CI: 3.04 to 3.81, p < 0.001) immediately 
after the partial two-child policy took effect. The per-
centage increased again both in level (β4 = 0.97, 95% CI: 
0.49 to 1.46, p < 0.05) and in trend (β5= 0.24, 95% CI: 0.19 
to 0.28, p < 0.001) during the universal two-child policy. 
There was a significantly higher percentage in multipa-
rous births with maternal ≥35 than nulliparous births 
with maternal ≥35 (p < 0.001). The Pearson correlation 
coefficient between mother’s age and father’s age was 
0.77, and they were highly associated. Similar pattern was 
observed for births to paternal age ≥ 35 (S1 Figure).

During the one-child policy period, the trend of the 
monthly percentage of caesarean delivery decreased for 
all births (β1 = − 0.04, 95% CI: − 0.05 to − 0.02, p = 0.006) 

and for nulliparous births (β1 = − 0.13, 95% CI: − 0.15 
to − 0.12, p < 0.001), however, the trend for multiparous 
births rose over time (β1 = 0.17, 95% CI: 0.16 to 0.18, 
p < 0.001) (S2 Figure). For nulliparous births, multiparous 
births, and all births, there was no significant monthly 
change in the percentage of caesarean delivery during 
the partial two-child policy and the universal two-child 
policy periods. The monthly percentage of births to mul-
tiparous births was consistently higher than nulliparous 
births during the partial and universal two-child policy 
periods.

The sex ratio at birth was defined as the number of male 
births to every 100 female births, and the natural sex ratio 
should be around 105 [5]. There was a significantly higher 
sex ratio to multiparous births (126.8 ± 11.73) than nul-
liparous births (107.3 ± 4.38) (p < 0.001) (S3 Figure). The 
trend of sex ratio to nulliparous births had no significant 
change during the one-child (107.61 ± 4.51), the partial 
two-child (106.54 ± 3.75), and the universal two-child 
policy periods (106.71 ± 4.45), and were almost at the 
normal level. The trend of the sex ratio declined for all 
births (β1 = − 0.01, 95% CI: − 0.02 to − 0.01, p = 0.005) 
and multiparous births (β1 = − 0.17, 95% CI: − 0.21 to 
− 0.13, p < 0.001) during the one-child policy period. 
However, there was no significant change of sex ratio to 
all births and multiparous births during the partial and 
universal two-child policy periods.

Table 1  The results of the difference-in-difference model

Births with Shanghai and non-Shanghai household 
registration

Births with Shanghai household registration

Estimate Std. Error P-value Estimate Std. Error P-value

Intercept 2184.94 67.49 2.00E-16 1286.04 44.94 2.00E-16

partial two-child policy 261.08 71.58 3.30E-04 150.58 47.66 1.80E-03
universal two-child policy 331.20 73.20 9.85E-06 222.63 48.75 8.18E-06
parity − 1238.40 43.54 2.00E-16 − 1098.55 28.99 2.00E-16
parity∗partial two-child policy 164.56 100.88 0.10 189.82 67.18 5.15E-03
parity∗universal two-child policy 425.34 103.13 5.25E-05 331.50 68.68 2.57E-06
Jan 0 – – 0 – –

Feb − 152.45 88.69 0.09 −54.80 59.06 0.35

Mar 20.25 88.69 0.82 9.45 59.06 0.87

Apr − 113.70 88.69 0.20 −77.25 59.06 0.19

May −70.25 88.69 0.43 −64.95 59.06 0.27

Jun −1.05 88.69 0.99 −22.25 59.06 0.71

Jul 92.70 88.94 0.30 4.11 59.23 0.94

Aug 167.20 88.94 0.06 36.96 59.23 0.53

Sep 115.10 88.94 0.20 26.51 59.23 0.65

Oct 193.05 88.94 3.10E-02 29.31 59.23 0.62

Nov 253.60 88.94 4.76E-03 53.06 59.23 0.37

Dec 177.16 88.85 4.74E-02 30.91 59.16 0.60
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Preterm birth was less than 37 completed weeks of ges-
tation defined by the World Health Organization [8, 22]. 
The trend of percentage of preterm birth gradually rose 
over time for all births (β1 = 0.03, 95% CI: 0.027 to 0.033, 
p < 0.001), nulliparous births (β1 = 0.024, 95% CI: 0.021 
to 0.026, p < 0.001), and multiparous births (β1 = 0.045, 
95% CI: 0.04 to 0.05, p < 0.001) during the one-child pol-
icy period. There was no significant change in the trend 
during the partial two-child policy period (p = 0.241) 
and the universal two-child policy period (p = 0.845). 
The monthly percentage of preterm birth to multiparous 
mothers were constantly higher than nulliparous mothers 
from 2008 to 2017 (S4 Figure). The similar trend existed 

for the percentage of low birth weight (< 2500 g), rising 
from 3.67% during the one-child policy period to 5.3% 
during the partial two-child policy, and to 5.36% during 
the universal two-child period (S5 Figure) [23].

The monthly percentage of birth defects increased from 
0.98% during the one-child policy period to 1.17% during 
the partial two-child policy, and decreased to 0.82% dur-
ing the universal two-child policy (S6 Figure). The esti-
mated percentage of birth defect increased by 0.28% (95% 
CI: 0.18 to 0.39, p = 0.009) immediately after the partial 
two-child policy took effect. The trends of the percent-
age of birth defects did not change significantly during the 
one-child, partial two-child, and universal two-child policy 

Fig. 2  The estimated number of monthly births if the two-child policy had not been implemented. The purple line was the monthly number of 
nulliparous births; the yellow line was the monthly number of multiparous birth; the grey dashed line was the estimated number of multiparous 
birth if the two-child policy had not been implemented (For births with Shanghai and non-Shanghai household registration, the coefficients of 
parity*universal two-child policy was zero in the difference-in-difference model; For births with Shanghai household registration, the coefficients of 
parity*partial two-child policy and parity*universal two-child policy were zero); The area of the grey shading was estimated extra births during to 
China’s policy change
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periods. There was no significant difference for the monthly 
percentage of birth defects between nulliparous births 
(0.96 ± 0.26) and multiparous births (1.04 ± 0.35) (p = 0.09).

Risk factors associated with birth defects
We used the adjusted R2 to select the best subset model. 
After best subset selection, six variables (baby being 
male, preterm birth (gestational week < 37 weeks), low 
birth weight (< 2500 g), father with lower educational 
attainment, mother with lower educational attainment, 
and assisted delivery (except for vaginal delivery)) were 
associated with a higher risk of birth defects (Fig. 4).

Discussion
Three primary findings
The two‑child policy was associated with a moderate 
increase in fertility
For births with Shanghai and non-Shanghai household 
registration, we estimated that the universal two-child 
policy was associated with a total of 7656 (95% CI: 5799 to 
9512) incremental number of births during the 18 months 
of the universal two-child policy period, however, the 
partial two-child policy was not associated with fertility. 
For births with Shanghai household registration, there 
was an estimate of 3607 incremental number of births 
(95% CI: 2330 to 4883) during the 19 months of the par-
tial two-child policy period and 5967 incremental num-
ber of births (95% CI: 4731 to 7203) during the 18 months 
of the universal two-child policy period. There was only 

as rise of births with Shanghai household registration 
during the partial two-child policy period. The partial 
two-child policy was implemented in different province 
at different times. So, the results were reasonable.

The changes of birth outcomes after the policy change
The partial and universal two-child policies were also 
significantly related to an increase in births to mothers 
with maternal age ≥ 35 (from 7.39% during the one-child 
policy period, to 10.59% during the partial two-child pol-
icy period, and to 13.65% during the universal two-child 
policy). The most noticeable finding was that the trend 
of monthly percentage of births to parents with maternal 
≥35 rose for multiparous births and nulliparous births 
during the universal two-child policy period, although 
the change of the monthly percentage for multiparous 
births was more rapidly than for nulliparous births dur-
ing the universal two-child policy period.

The monthly percentage of caesarean delivery decreased 
to nulliparous women and increased to multiparous women 
during the one-child policy period. This was possible due to 
the specific policies implemented by the health departments 
in China to reduce unnecessary caesarean sections, such as 
setting goals for hospitals to reduce the caesarean section 
rates [10]. The trend of the monthly percentage of caesarean 
delivery showed no significant change during the partial and 
universal two-child policy periods. Compared with nullipa-
rous women, multiparous women exhibited higher caesar-
ean delivery rate, which may be related to the higher rate of 

Fig. 3  The monthly percentage of births to maternal age ≥ 35
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repeat caesarean delivery for multiparous women who had 
caesarean delivery previously [24, 25].

The trend of the monthly percentage of preterm birth 
and low birth weight increased during the one-child pol-
icy and then remained stable during the partial and uni-
versal two-child policy periods.

The prevalence of birth defects subtypes and risk factors 
associated with birth defects
The trends of monthly percentage of birth defects did 
not change significantly during the partial two-child 
and universal two-child policy periods. This may be due 
to the enhanced public awareness of prenatal diagnosis 
that have been developed by the Chinese government 
to enhance prenatal screening and universal folic acid 
supplement use [26]. The top three subtypes of birth 
defects were the musculoskeletal system (Q65-Q79), 
the circulatory system (Q20-Q28), and the eye, ear, 
face, and neck system (Q10-Q18) during all periods. 
The musculoskeletal system problems remained the 
predominant birth defects during all periods, however, 
the circulatory system problems sharply increased and 
then rank the first during the partial two-child policy 
period (S7 Figure).

The best subset selection showed that six factors (baby 
being male, preterm birth, low birth weight, father with 
lower educational attainment, mother with lower educa-
tional attainment, and assisted delivery) were associated 
with a higher risks of birth defects. Previous studies have 
also reported that low educational attainment, low birth 
weight, and assisted reproductive technology were asso-
ciated with higher risks of birth defects [18–20].

Both the percentage of nulliparous births with maternal 
≥35 and the percentage of nulliparous births with mater-
nal ≥35 rose during the universal two-child policy. More 
attention is needed to ensure the health of the increasing 
number of advanced maternal age. Low birth weight and 
preterm birth were associated with birth defect, and it 
was necessary to improve health care and follow-up care 
for these infants.

Strengths and limitations
This paper had two main advantages. Firstly, the long 
period of time series data (from 2008 to 2017) allowed 
us to study long-term associations among three differ-
ent policy periods. Secondly, the complete informa-
tion for births allowed us to systematically estimate the 
associations between changes in China’s birth control 
policy and the fertility, birth outcomes, maternal/pater-
nal characteristics, and birth defects. There are some 
limitations to our study. Firstly, our data only included 
birth records in Shanghai, which could not be general-
ized to other areas of China. Secondly, we did not con-
sider the changes in the overall socioeconomic systems 
and the structure of women of childbearing that may 
be confounders. We found that the trend of monthly 
percentage of births with maternal ≥35 rose both for 
nulliparous births and multiparous birth during the 
two-child policy period. Researches have showed that 
many Chinese couples defer childbearing because 
expense, especially those living in the big city, such as 
Shanghai [27].

Conclusions
There was an increasing rate of births with advanced 
maternal (age ≥ 35). More resources and prenatal screen-
ing services were needed to prevent and treat birth 
defects in the future.
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