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Abstract
Background: In January 2016, a universal two-child policy was introduced in China. The
association of interpregnancy interval (IP1) with perinatal outcomes has not previously been
assessed among Chinese population. We investigated the effect of IPI after live birth on the
risks of preterm delivery, and small, and large for gestational age births in China.
Methods: We conducted a cohort study among 227 352 Chinese women with their first and
second delivery during 2000 to 2015. IPI was calculated as months from first live delivery to
conception of the second pregnancy. Poisson regression models with robust variance were
fit to evaluate associations of IPl with risk of adverse perinatal outcomes, adjusted for
potential confounders.
Results: Compared to IPl of 24-29 months, IPl <18 months was associated with higher risks
of preterm birth (PTB) and small for gestational age (SGA). For IPl <6 months, the adjusted
relative risk (RR) for PTB and SGA were 2.04 (95% confidence interval [CI] 1.83, 2.27) and
1.43 (95% Cl 1.31, 1.57), respectively. Women with IPl 260 months had higher risks of PTB
and large for gestational age (LGA). For IPl 2120 months, the adjusted RRs for PTB and LGA
were 1.67 (95% Cl 1.43, 1.94) and 1.10 (95% CI 0.97, 1.26).
Conclusions: Women with IPI <18 months after live birth had higher risk of PTB and SGA, and
IPI 260 months was associated with higher risk of PTB and LGA. These findings may provide
information to Chinese couples about the appropriate interpregnancy interval for a second

pregnancy.
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Introduction

Interpregnancy interval (IPI) has been viewed as a potential risk factor for adverse perinatal
outcomes.' The associations between IPl and adverse perinatal outcomes have been
studied in both developed and developing countries.> ® However, there is a lack of
information from large-scale prospective studies exploring the effect of IPl among Chinese
women due to the one-child policy which was introduced in 1979. The one-child policy was
strictly enforced for urban residents and public-sector workers. From 1984 onwards rural
couples in most provinces were allowed to have a second child if their first child was a girl.
The implication of the one-child policy for modern China was a substantial reduction in the

total fertility rate.”

In October 2015, the Chinese government announced that the one-child policy was to be
replaced by a universal two-child policy, which came into effect in January 2016.7/8 It
allowed approximately 90 million primiparous women of child-bearing age to have the
option of a second pregnhancy.’ The Chinese National Health and Family Planning
Commission estimated that 60% of these 90 million women will be aged over 35 years,
which increases the risk of maternal complications during pregnancy. In addition, most
mothers taking advantage of the two-child policy will have a long interval between the two
pregnancies. Both short and long IPIs have been associated with increased risk of adverse
perinatal outcomes, including preterm birth (PTB),> 1% ! low birthweight (LBW),> 2 13 small
for gestational age (SGA),'* > large for gestational age (LGA)** and perinatal mortality.'®

Thus, clinical recommendations encourage adequate spacing between pregnancies. The



American College of Obstetricians & Gynecologists recommends a minimum spacing of 18
months after a live birth and the World Health Organization recommends 24 months; but no
upper limit has been suggested.'” 18 However, evidence from relevant, large-scale
population based studies in China is lacking, although many Chinese women may have
become pregnant again after the two-child policy was introduced. As such, it is of clinical
importance to develop guidance for interconception care to encourage adequate IPI based

on scientific evidence from large-scale cohort studies in China.

Guangzhou is the third largest city in China, with a population of 14.0 million in 2016 and an
increasing proportion of second or higher order births, up from 19.1% in 2000 to 49.5% in
2015.% 29 |n this setting, we took advantage of comprehensive, routinely collected birth
surveillance data to test the hypothesis that short and long IPIs after live birth are associated
with increased risk of adverse perinatal outcomes, including PTB, SGA and LGA in a Chinese

population.

Methods

Study design and participants

The study is based on information obtained from the Guangzhou Perinatal Health Care and
Delivery Surveillance System (GPHCDSS), which was established in 2000 to collect
information on all live births in the city,*® 2° and recorded 2.4 million births from 2000 to
2015. The following information was extracted: maternal birthdate, maternal educational,

maternal ethnicity, delivery hospital, gravidity and parity, newborn’s birthdate, newborn sex,



gestational age and birthweight. Using the unique Resident Identity Card number, we
identified women with first (parity=1) and second live births (parity=2) between 26 to 43
completed weeks of gestation from January 1 2000 to December 31 2015. Local average
disposable income in Guangzhou from 2010 to 2015 was extracted from the census. To
assess whether associations from 2000-2015 were similar to those after the implementation
of the two-child policy, we similarly identified women who had a second child in 2016 (n=70

248) to use for validation. Women of non-Chinese nationality were excluded.

This study was conducted in compliance with local and national regulations and was
approved by the Institutional Ethical Committee board of Guangzhou Women and Children’s

Medical Center.

Definition of interpregnancy interval

IPI was calculated as the time (in months) elapsed between the date of delivery of the first
live birth and the date of conception for the second pregnancy, which in turn was calculated
as the delivery date minus gestational age (in days). Long-standing implementation of the
one-child policy means that many women have a long IPI, so IPIs were categorized as: <6, 6-

<12, 12-<18, 18-<24, 24-<30, 30-<36, 36-<60, 60-<120, and 2120 months.

Perinatal outcomes
Outcomes included in this study were PTB (gestational age <37 weeks), moderate to late

preterm (32 to 36 weeks), extremely to very preterm (<32 weeks), SGA and LGA among the



second births. Gestational age was based on routine ultrasound examinations in the first or
second trimester. When the ultrasound examination was not available (estimated as <10% of
all births), the last menstrual period (LMP) would be used.?° SGA and LGA were defined as
birthweight <10th and >90th percentile, respectively, of sex- and gestational age specific
birthweight based on the INTERGROWTH-21st standards.?! Birthweight z-score relative to

these standards was also calculated.

Covariates

Potential confounders that were considered included maternal ethnicity (Han and non-Han
ethnic minority), maternal age at conception of the second pregnancy (<25, 25-29, 30-34
and 235 years), maternal education <9 years [middle school or below], 10-12 years [high
school], 13-15 years [vocational/technical college], and 216 years [undergraduate or above]),

and calendar year of birth at second pregnancy.

Statistical analysis

The relationship between IPl and the outcomes was tested using generalized additive
models (GAM). We selected the number of degrees of freedom (df), from 3 to 10, based on
model fit assessed from the Akaike Information Criterion (AIC). Prevalence of PTB, SGA, and
LGA for the second child by IPI category was plotted using cubic B-spline functions with 4 df.
Poisson regression models with robust variance were used to estimate unadjusted and
adjusted relative risk (RR) and 95 % confidence interval (Cl) for the association between IPI

groups and the risk of adverse birth outcomes, with women who had an IPI of 24-<30



months as the reference group. The multivariable models were adjusted for maternal

ethnicity, maternal age at second conception, maternal education, and the year of delivery.

Preliminary analysis of the characteristics of first and second children born during 2000 to
2015 (Table S1) showed that first children were more likely to be girls. Therefore, we
stratified the analysis by sex of the first child. Women who had a second pregnancy because
of the loss of the previous child (selective fertility) are likely to have poor fetal outcomes and
we also stratified by pregnancy loss between the two deliveries.?? We undertook several
other sensitivity analyses by restricting the study to women with the same partner,
stratifying by maternal age at conception of the second pregnancy (<30 years versus 230
years), and limiting the analysis to infants born during 2010 to 2015. Furthermore, we
additionally adjusted for local average disposable income. Since the main findings relate to a
period before the implementation of the universal two-child policy, we compared the
characteristics of mothers having a second child in 2000-2015 with those having a second
child in 2016, and assessed their associations of IPl with birth outcomes. Furthermore, we
undertook a sensitivity analysis, based on E-values, to evaluate the extent to which
unmeasured confounding may have played a role in shaping the observed associations.?® For
an observed risk ratio of RR: E-value=RR+sgrt {RRx(RR-1)}. The formula was applied to a RR
greater than 1; for a RR less than 1, we first took the inverse of the observed RR and then

applied the formula.

Results



There were 2 419 184 births recorded in GPHCDSS between the start of 2000 and the end of
2015. We excluded women with multiple births (n=69 979), non-Chinese women (n=4805)
and duplicate records (n=15 011). Among the remaining women, 229 311 births were
matched to a previous birth by the same Resident Identity Card number, indicating a first
and second child with the same mother. After excluding women without a delivery date (n=1
854) or without gestational age (n=105), a total of 227 352 mother-infant trios were

included in the main analyses (Figure 1).

Among mothers with a live first birth during the study period (2000-2015), 15% had a
second child during the same period, with the majority (84.0%) born between 2010 and
2015. Table S1 gives the characteristics of the whole study population. Mean (standard
deviation [SD]) maternal age at first birth was 24.0 (3.5) years and overall, 0.5% (n=1128) of
mothers were aged 235 years. There was an upward trend in maternal age at second birth,
of 0.24 years per calendar year, giving a mean of 27.9 (SD 4.3) years with a relatively high
proportion (7.1%; n=16 028) of them aged >35 years compared to maternal age at first birth.
The remarriage rate in the study was 3.6%. The median IPI in this sample was 30 months
(interquartile range [IQR] 15-51 months). The distribution of IPI by month is shown in Figure
S1. Longer IPIs were observed among women who gave birth to their first child at 25-29
years (median 33 months) than for either the younger (<20 years; 21 months) or older
mothers (235 years; 22 months). Mothers with a higher educational level tended to have a
longer IPI: those with undergraduate education or above had a median IPI of 42 months.
Non-Han (ethnic minorities in China) women had shorter IPIs than the Han-Chinese (30 vs 33
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months).

Table S2 shows the distribution of birthweight and gestational age for the first and second
child of the same woman by different IPI categories. Overall, the second child had higher
birthweight z-score (0.05 vs -0.22), but shorter gestational age than the first child (39.1 vs
39.2 weeks). The birthweight z-score in second children was higher among longer IPI groups.
Small proportions of the second pregnancies had IPl <6 months (4.1%) or 2120 months

(1.1%).

Table 1 shows maternal characteristics and birth outcomes for the second children by IPI
category. For women aged 235 years at the second pregnancy, 11% had IPl 2120 months. In
addition, 60% of those with an IPI <6 months were aged <25 years. As shown in Figure 2, a J-
shaped relationship between IPI and the prevalence of PTB was observed, with PTB
prevalence being lowest when the IPI was 24-<30 months. The prevalence of SGA was

inversely related to IPI, while there was a positive relationship between LGA and IPI.

Relative risks of birth outcomes according to IPI are presented in Table S3 and Figure 3.
Compared to women with IPI of 24-<30 months, women with shorter IPIs (<6, 6-<12, and 12-
<18 months) had higher risk of PTB and SGA. After adjustment for maternal characteristics,
the associations remained. Women with long IPI (2120 months) had higher risks of PTB and
LGA. Long IPI of 60-<120 months were also associated with a higher risk of PTB and LGA. The
E-values for observed RR varied from 1.11 to 3.50 for three adverse birth outcomes, which

11



indicated considerable unmeasured confounding would be needed to explain away these

associations.

The findings regarding the association between IPI and sub-categories of PTB are shown in
Table 2. Women with IPI other than 24-<30 months had higher risk of moderate to late PTB.

Women with short IPI (<12 months) had higher risk of extreme to very PTB.

Subgroup analysis and sensitivity analysis indicated that the previous findings were unlikely
due to confounding by the sex of the first child (Table S4 and S5), selective fertility (Table S6
and S7), maternal age (Table S8 and S9), different partner (i.e. re-marriage) (Table S10) or

time period (birth during 2010 to 2015) (Table S11), although some of the associations were
no longer significant because of smaller samples sizes and potentially chance differences on
stratification. Women who had second child in 2016 were older with higher IPI than women
who had a second child before the implementation of the two-child policy (Table S12); IPI

<18 and 260 months were still associated with higher risk of PTB, but not with SGA and LGA

after adjustment in 2016 (Table S13).

Comment

Principal findings

In large-scale study of contemporary Chinese women, we found a J-shape association
between IPI and risk of PTB, with higher risks for both short and long intervals between the
first and second pregnancy (IPls <6, 6-<12, 12-<18, 60-<120 and =120 months). Higher risk of

12



SGA was associated with short IPI (<18 months), whereas LGA was associated with longer IPI
(60-<120 and 2120 months). These associations were independent of maternal age, socio-
economic status, ethnicity, selective fertility, sex of the first child, different family structure

(i.e. re-marriage) and birth year.

Interpretation

The mechanism(s) underlying the effect of short and long IPl on adverse birth outcomes is
still unclear. Several hypotheses have been proposed.?* The ‘maternal depletion’
hypothesis,* 2> proposes that women with a short time period between successive
pregnancies do not have adequate time to recover from the physiological stresses of intra-
uterine development and as a consequence, a depletion of maternal nutrient stores,
especially folate deficiency, leads to an increase in the risk of adverse perinatal outcomes.
Birth defects may contribute to the occurrence of preterm birth,?® and mediate the
association between short IPl and PTB. Folate deficiency could lead to a birth defect (e.g.,
spina bifida), and also contribute to preterm delivery. Infant birth defects are not available in
the present study, but previous studies showed that IPIs shorter than 6 months are
associated with preterm birth, and major congenital malformations.'* Others have argued
that the observed association with short IPIs is confounded by lower socioeconomic status
and health behaviors including unstable lifestyle and lower utilization rate of health
services.> 131427 |n the present study, an association remained after adjusting for
socioeconomic status, but residual and/or unmeasured confounding could not be
completely ruled out, although the E-values indicated considerable unmeasured
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confounding would be needed to eliminate these associations.

A hypothesis for the effect of long IPI on birth outcomes is ‘the physiological regression
hypothesis’,*3 which arose in the light of evidence that pregnancy outcomes in women with
long IPl were similar to those of primigravida mothers. The hypothesis states that after years
of recovery, the benefits from a preceding pregnancy for physiological reproductive adaption
are attenuated, returning to a condition similar to primigravida.'® However, in our study
birthweight was higher and gestational age shorter in second births born to women with a
long IPI compared to first births. Moreover, we did not find a higher risk of SGA in women
with long IPI, which is inconsistent with previous studies.® 131> As such, the ‘physiological
regression hypothesis’ does not explain the outcomes observed our population. Another
possible explanation is that factors associated with underlying subfertility or repeated
miscarriage may increase both time to the next pregnancy and adverse birth outcomes
thereby overestimating the effect of long IP1.22 We have no data about subfertility or
repeated miscarriage to test this possibility, sensitivity analyses restricted to women without

previous pregnancy loss gave similar results (Table S6).

Conversely, we observed a higher risk of LGA in women with long IPI. Most of the previous
studies that investigated the effect of IPl on birth outcomes focused on PTB and SGA .3 > 1213
Among the few studies that assessed LGA, an increased risk of LGA in women with short or
long IPl was reported,* but in our study, an increased risk of LGA was only found among
women with long IPIl. One possible explanation is that in our study the second births in
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women with long IPl tended to take place in recent years. As Guangzhou has experienced
dramatic socio-economic development in the past decades, income as well as nutritional
status of women has improved,?® potentially contributing to a rise in LGA, independent of
IPI. Another potential explanation is that women with longer IPI were older, had higher pre-
pregnancy body mass index (BMI), greater gestational weight gain and more gestational
diabetes than women with shorter IPI. However, we do not have information on BMI,

gestational weight gain or gestational diabetes.

The high sex ratio of the second child suggests selective abortion 3°, which is illegal in China,
making it difficult to obtain reliable data. Abortion is associated with higher risk of PTB.3% 32
History of abortion was considered as a confounder because it could also increase IPI.

Excluding women with previous pregnancy loss little changed the estimates (Table S6).

Strengths of the study

As far as we know, this is the first large-scale cohort study to investigate the association
between IPI and birth outcomes in China. We also obtained information from a
comprehensive birth registration system comprising 99% of deliveries in Guangzhou over a
long time period (16 years). Given the announcement that China’s one-child policy was to be
replaced by a universal two-child policy effective January 1st, 2016., the number of women
with second live births in the present study (227 352) was very large. This paper provides
timely evidence to inform future Chinese public health guidance on family planning and
birth spacing, which is urgently required given the recent change to a two-child policy in

15



China.

Limitations of the data

Some limitations should be taken into consideration. First, although we were able to adjust
for some potential confounders, residual and unmeasured confounding could not be
completely ruled out, such as maternal obesity, prior gestational diabetes or other
pregnancy complications. Sensitive analysis using E-values (Table S3) indicated that relatively
influential unmeasured confounders would be needed to negate the observed associations,
for example an unmeasured confounder associated with IPI and PTB by a RR of 3.06-fold
above and beyond the measured confounders to move an observed RR of 2.04 to the null.
Second, only live births were considered in the present study, pregnancy losses and
stillbirths were not included. Hence, effects of IPI after pregnancy loss on pregnancy
outcomes, as well as effects of IPl on miscarriage or pregnancy loss should be clarified in
further studies. Third, the effects of IPI may differ depending on whether the previous
pregnancy resulted in a loss (i.e., miscarriage) versus a live birth, which means selective
fertility may play a role.??2 However, associations were similar when births following
pregnancy loss were excluded (Table S6). Shachar and colleagues®? found that IPIs of <6
months or 6-11 months after live birth was associated with higher odds of PTB, while short
IPI after pregnancy termination showed a lower OR of 0.87 (95% Cl 0.81-0.94). A large study
conducted in Latin American women (n=258 108) found that IP| after pregnancy termination
(both miscarriage and induced) of less than 6 months was associated with higher risk of PTB
in the next pregnancy.3* Fourth, information on months of pregnancy attempt was
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unavailable in the present study making it difficult to identify the role of subfertility versus

long IPI in adverse birth outcomes.

Finally, selection bias is possible, because attributes of women who had a second child
before the implementation of two-child policy, may have generated this pattern of
associations. The one-child policy was strictly enforced for urban residents and public sector
workers.” Women working in the private sector or from rural areas would be more likely to
have a second child and could be more prone to poor birth outcomes. Similarly, women in
this study may differ from those who will have a second birth in future. However, similar
findings concerning higher risk of PTB were found for second births in 2016, shortly after the
implementation of the two-child policy in China, although women who were able to have a
second child shortly after the implementation of the new policy may also be atypical and
perhaps healthier. Selection bias could also have arisen from the choice of study period.
However, similar results were obtained for births in 2010 to 2015 (Table S11).
Generalizability of our findings in China post-2015 should be interpreted with caution. The
study population only represents a small proportion of all childbearing women in China, so,

the findings here should be confirmed by studies in other places.

Conclusions

In this large sample from China, we found IPI <18 months after live birth was associated with
increased risk of PTB and SGA, whereas IPl 260 months was associated with higher risk of
PTB and LGA. With the universal introduction of the two-child policy in China, an increasing

17



proportion of women will have a second child. Development of clinical guidance is urgently
required to inform Chinese women of the recommended interval between pregnancies. The
guidance should be developed based on further high-quality studies conducted in the

Chinese population.

18



Acknowledgments

This study is supported by the Guangzhou Science and Technology Bureau, Guangzhou,
China (2011Y2-00025 and 201508030037). The sponsors of the study had no role in study
design, data collection, data analysis, data interpretation, or writing of the report. We thank
all the staff work for the GPHCDSS for their contribution to this study. We thank Dr Suzanne
Bartington, University of Birmingham for English language review that greatly improved the

manuscript.

19



References

1. Shachar BZ, Mayo JA, Lyell DJ, Baer RJ, Jeliffe-Pawlowski LL, Stevenson DK, et al.
Interpregnancy interval after live birth or pregnancy termination and estimated risk of
preterm birth: a retrospective cohort study. BJOG 2016;123:2009-2017.

2. Ball SJ, Pereira G, Jacoby P, de Klerk N, Stanley FJ. Re-evaluation of link between
interpregnancy interval and adverse birth outcomes: retrospective cohort study matching
two intervals per mother. British Medical Journal 2014; 349: g4333.

3. Conde-Agudelo A, Rosas-Bermudez A, Kafury-Goeta AC. Birth spacing and risk of adverse
perinatal outcomes: a meta-analysis. Journal of the American Medical Association 2006;
295: 1809-1823.

4. Smits LJM, Essed GGM. Short interpregnancy intervals and unfavourable pregnancy
outcome: role of folate depletion. The Lancet 2001; 358: 2074-2077.

5. Conde-Agudelo A, Belizan JM, Norton MH, Rosas-Bermudez A. Effect of the
interpregnancy interval on perinatal outcomes in Latin America. Obstetrics and
Gynecology 2005; 106: 359-366.

6. Conde-Agudelo A, Rosas-Bermudez A, Castano F, Norton MH. Effects of birth spacing on
maternal, perinatal, infant, and child health: a systematic review of causal mechanisms.
Studies in Family Planning 2012; 43: 93-114.

7. Hesketh T, Zhou X, Wang Y. The End of the One-Child Policy: Lasting Implications for China.
Journal of the American Medical Association 2015; 314: 2619-2620.

8. Zeng Y, Hesketh T. The effects of China's universal two-child policy. The Lancet 2016; 388:
1930-1938.

20



9. W X. Two-child Policy to Bring a Surge of Older Pregnant Women. 2016.

http://www.womenofchina.cn/womenofchina/html1/features/1601/1555-1.htm.

10

11.

12.

13.

14.

15.

16.

17.

. Rodrigues T, Barros H. Short interpregnancy interval and risk of spontaneous preterm
delivery. European Journal of Obstetrics & Gynecology and Reproductive Biology 2008;
136: 184-188.

Adam |, Ismail MH, Nasr AM, Prins MH, Smits LJ. Low birth weight, preterm birth and
short interpregnancy interval in Sudan. Journal of Maternal-fetal & Neonatal Medicine
2009; 22: 1068-1071.

Khoshnood B, Lee KS, Wall S, Hsieh HL, Mittendorf R. Short interpregnancy intervals and
the risk of adverse birth outcomes among five racial/ethnic groups in the United States.
American Journal of Epidemiology 1998; 148: 798-805.

Zhu BP, Rolfs RT, Nangle BE, Horan JM. Effect of the interval between pregnancies on
perinatal outcomes. New England Journal of Medicine 1999; 340: 589-594.
Grisaru-Granovsky S, Gordon ES, Haklai Z, Samueloff A, Schimmel MM. Effect of
interpregnancy interval on adverse perinatal outcomes--a national study. Contraception
2009; 80: 512-518.

Zhu BP. Effect of interpregnancy interval on birth outcomes: findings from three recent
US studies. BJOG 2005; 89 Suppl 1: S25-33.

Williams EK, Hossain MB, Sharma RK, Kumar V, Pandey CM, Baqui AH. Birth interval and
risk of stillbirth or neonatal death: findings from rural north India. Journal of Tropical
Pediatrics 2008; 54: 321-327.

Rawlings JS, Rawlings VB, Read JA. Prevalence of low birth weight and preterm delivery

21


http://www.womenofchina.cn/womenofchina/html1/features/1601/1555-1.htm

18.

19.

20.

21.

22.

23.

24,

25.

in relation to the interval between pregnancies among white and black women. New
England Journal of Medicine 1995; 332: 69-74.

Chen |, Jhangri GS, Lacasse M, Kumar M, Chandra S. Relationship Between
Interpregnancy Interval and Adverse Perinatal and Neonatal Outcomes in Northern
Alberta. Journal of obstetrics and gynaecology Canada 2015; 37: 598-605.

Guo Y, Liu Y, He JR, Xia XY, Mo WJ, Wang P, et al. Changes in birth weight between 2002
and 2012 in Guangzhou, China. PLoS One 2014; 9: e115703.

He JR, Liu Y, Xia XY, Ma WJ, Lin HL, Kan HD, et al. Ambient Temperature and the Risk of
Preterm Birth in Guangzhou, China (2001-2011). Environmental Health Perspectives
2016; 124:1100-1106.

Villar J, Cheikh Ismail L, Victora CG, Ohuma EO, Bertino E, Altman DG, et al. International
standards for newborn weight, length, and head circumference by gestational age and
sex: the Newborn Cross-Sectional Study of the INTERGROWTH-21st Project. The Lancet
2014; 384: 857-868.

Skjaerven R, Wilcox AJ, Lie RT, Irgens LM. Selective fertility and the distortion of perinatal
mortality. American Journal of Epidemiology 1988; 128: 1352-1363.

VanderWeele TJ, Ding P. Sensitivity Analysis in Observational Research: Introducing the E-
Value. Annals of internal medicine 2017; 167: 268-274.

Miller JE. Birth intervals and perinatal health: an investigation of three hypotheses.
Family Planning Perspectives 1991; 23: 62-70.

Winkvist A, Rasmussen KM, Habicht JP. A new definition of maternal depletion
syndrome. American Journal of Public Health 1992; 82: 691-694.

22



26.

27.

28.

29.

30.

31.

32.

33.

Honein MA, Kirby RS, Meyer RE, Xing J, Skerrette NI, Yuskiv N, et al. The association
between major birth defects and preterm birth. Maternal and Child Health Journal 2009;
13: 164-175.

Zhu BP, Haines KM, Le T, McGrath-Miller K, Boulton ML. Effect of the interval between
pregnancies on perinatal outcomes among white and black women. American Journal of
Obstetrics and Gynecology 2001; 185: 1403-1410.

Thomson F, Shanbhag S, Templeton A, Bhattacharya S. Obstetric outcome in women with
subfertility. BJOG 2005; 112: 632-637.

Mi YJ, Zhang B, Wang HJ, Yan J, Han W, Zhao J, et al. Prevalence and Secular Trends in
Obesity Among Chinese Adults, 1991-2011. American Journal of Preventive Medicine
2015; 49: 661-669.

Zhu WX, Lu L, Hesketh T. China's excess males, sex selective abortion, and one child
policy: analysis of data from 2005 national intercensus survey. British Medical Journal
2009; 338: b1211.

Henriet L, Kaminski M. Impact of induced abortions on subsequent pregnancy outcome:
the 1995 French national perinatal survey. BJOG 2001; 108: 1036-1042.

Zhou SS, Ge X, Xu YQ, Huang SH, Yan SQ, Mao LJ, et al. [Previous medical or surgical
abortions and subsequent risk of preterm birth: a birth cohort study]. Zhonghua Liu Xing
Bing Xue Za Zhi 2016; 37: 1536-1540.

Shachar BZ, Mayo JA, Lyell DJ, Baer RJ, Jeliffe-Pawlowski LL, Stevenson DK, et al.
Interpregnancy interval after live birth or pregnancy termination and estimated risk of
preterm birth: a retrospective cohort study. BJOG 2016; 123: 2009-2017.

23



34. Conde-Agudelo A, Belizan JM, Breman R, Brockman SC, Rosas-Bermudez A. Effect of the

interpregnancy interval after an abortion on maternal and perinatal health in Latin

America. International Journal of Gynecology & Obstetrics 2005; 89 Suppl 1: S34-40.

24



Figure legends
Figure 1. Selection process of study population.

GPHCDSS, Guangzhou Perinatal Health Care and Delivery Surveillance System.

Figure 2. The prevalence of second delivery outcomes by interpregnancy interval.

PTB, preterm birth, defined as birth < 37 completed weeks of gestation. SGA, small for
gestational age, defined as birthweight <10th percentile for gestational age based on the
INTERGROWTH-21ST standards by gestational age and infant sex. LGA, large for gestational
age, defined as birthweight >90th percentile for gestational age on the basis of
INTERGROWTH-21ST standards by gestational age and infant sex. The dots are the prevalence
of second delivery outcomes by interpregnancy intervals in months. The shaded areas
indicated the 95% confidence intervals for prevalence (solid line). Prevalence of second
delivery outcomes across different IPls was plotted using generalized additive models using

cubic B-spline functions.

Figure 3. Adjusted relative risks for delivery outcomes of the second child during 2000 to
2015 in Guangzhou.

RR, relative risk. PTB, preterm birth, defined as birth < 37 completed weeks of gestation.
SGA, small for gestational age, defined as birthweight<10th percentile for gestational age
based on the INTERGROWTH-21ST standards by gestational age andinfant sex. LGA, large for
gestational age, defined as birthweight >90th percentile for gestational age on the basis of
INTERGROWTH-21ST standards by gestational age and infant sex.The crude and adjusted RRs
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were estimated from Poisson regression models with robust variance. The adjusted RRs

were adjusted for maternal ethnicity, maternal age at second conception, maternal

educational years, and year of delivery.
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Supporting Information

Additional Supporting Information may be found in the online version of this article at the
publisher’s web-site:

Figure S1. The distributions of interpregnancy interval by months of the whole population
during 2000 to 2015.

Table S1. The characteristic of the whole population during 2000 to 2015.

Table S2. The distributions of birthweight and gestational age of the first and second child in
different interpregnancy intervals during 2000 to 2015.

Table S3. Crude and adjusted relative risks for delivery outcomes of the second child during
2000 to 2015 in Guangzhou.

Table S4.Crude and adjusted relative risk for delivery outcomes of the second child among
women whose the first child was a boy during 2000 to 2015 in Guangzhou.

Table S5.Crude and adjusted relative risk for delivery outcomes of the second child among
women whose the first child was a girl during 2000 to 2015 in Guangzhou.

Table S6. Crude and adjusted relative risk for delivery outcomes of the second child among
women without pregnancy loss between two deliveries during 2000 to 2015 in Guangzhou.
Table S7. Crude and adjusted relative risk for delivery outcomes of the second child among
women with pregnancy loss between two deliveries during 2000 to 2015 in Guangzhou.
Table $8. Crude and adjusted relative risk for delivery outcomes of the second child among
women with maternal age at conception for the second pregnancy <30 years during 2000 to
2015 in Guangzhou.

Table $9. Crude and adjusted relative risk for delivery outcomes of the second child among
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women with maternal age at conception for the second pregnancy = 30 years during 2000 to
2015 in Guangzhou.

Table $10. Crude and adjusted relative risk for delivery outcomes of the second child among
women with the same partner during 2000 to 2015 in Guangzhou.

Table S11. Crude and adjusted relative risk for delivery outcomes of the second child during
2010 to 2015 in Guangzhou.

Table $12. Comparison of characteristics among women who had second child during 2000-
2015 and 2016 in Guangzhou.

Table S$13. Crude and adjusted relative risk for delivery outcomes of the second child in 2016

in Guangzhou (N=70248).
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