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Abstract

Background: After China’s One- child Policy was replaced with the Two- child 
Policy in 2013, the rate of second pregnancies with a longer inter- pregnancy interval 
(IPI) has suddenly increased in that country; however, the effect of long IPIs 
(≥49 months) on perinatal outcomes remains unreported.
Methods: This was a retrospective cohort study in China from July 2015 through 
June 2016. We used univariate and multivariate logistic regression models to test the 
associations among IPI, maternal age, and perinatal outcome (preterm delivery, term 
low birthweight, and small- for- gestational age). We included baseline factors and 
variables with biological plausibility as confounders.
Results: Our analytic sample included 3309 second pregnancies. The mean IPI was 
75.36 months. Compared with second pregnancies with a short IPI of 7- 24 months, 
those with long IPIs had higher adjusted odds ratios (ORs) of preterm delivery (1.70- 
2.00 [95% CI 1.20- 3.33]) and term low birthweight (2.16- 2.68 [1.10- 6.17]), but not 
small- for- gestational age. The mean maternal age at current delivery was 32.0 years. 
Compared with the reference group (25- 29 years), second pregnancies for the oldest 
maternal age group (≥35 years) showed no statistically significant increased ORs for 
adverse perinatal outcomes.
Conclusion: Long IPI is a significant contributor to preterm delivery and term low 
birthweight. Health care providers need to pay close attention to preterm delivery 
prevention and fetal growth during prenatal care for second pregnancies where the 
mothers have long IPIs.
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1 |  INTRODUCTION

Both short and long inter- pregnancy intervals (IPIs) have 
been reported to be associated with an increased risk of 
several adverse perinatal outcomes such as term low birth-
weight, small- for- gestational age, and preterm birth.1–10 An 

IPI of 6- 24 months was found to have a lower rate of adverse 
perinatal outcomes than either shorter or longer IPIs.1 Several 
studies have compared short IPI (≤6 months) with typical IPI 
(12- 23 months) and have found that births following short 
IPI had higher rates of adverse perinatal outcomes.1,3,6,8,10 
However, studies of the impact of long IPIs have been sparse. 
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Only a few articles included subgroups of IPIs longer than 
60 months.8-10 Given the limited research in this area, the 
effect of long IPI on perinatal outcomes has not been suffi-
ciently studied. The recent change in China from a One- child 
to a Two- child Policy provides an ideal situation to study the 
effect of long IPIs on perinatal outcomes.

The One- child Policy was one of the first national pol-
icies to be promulgated in China after the Constitution of 
the People’s Republic of China was adopted by the National 
People’s Congress in December 1982.11 According to the 
policy, each family was permitted to have only one child. 
The policy was meant to limit the population growth rate. 
The One- child Policy was changed to the Two- child Policy 
in November 2013. Under the new policy, couples in which 
either partner was from a single- child family were permit-
ted to have two children.12 In the latest update, known as the 
Universal Two- child Policy (November 2015), all couples are 
permitted to have two children.13

After the last policy change, many older couples of repro-
ductive age who already had a child began planning to have 
a second one. The Chinese government estimates that 60% of 
the women who benefitted from the change to the Universal 
Two- child Policy are older than 35 years, and as many as half 
of them are over 40 years old.13 Previous research has shown 
that high maternal age is a risk factor for adverse pregnancy 
outcomes such as fetal death, preterm delivery, term low 
birthweight, and small- for- gestational age.1,14–16 Both the 
government and research scientists have stated that adverse 
perinatal outcomes will likely increase with advancing ma-
ternal ages,1,13,17 but the specific effect of long IPI has not 
been determined.

Studies have shown that women sometimes request de-
livery by elective cesarean section without a valid medical 
indication because of the fear of episiotomy, long and painful 
labor, or pelvic floor trauma associated with vaginal birth.18 
This phenomenon seems to be particularly striking in China, 
where the prevalence of cesarean sections (with an average 
rate of 46.2% in the past 10 years) is significantly higher 
than the World Health Organization (WHO) recommended 
level.19 Cesarean section has been linked to adverse perina-
tal outcomes,20 and preexisting medical conditions have been 
shown to be exacerbated by both previous cesarean section 
and advanced maternal age.21,22 Thus, advanced maternal age 
and previous cesarean section are both risk factors for adverse 
perinatal outcomes during second pregnancies in China.17

In the first 2 years after the change to the Two- child Policy 
in China, there have been many pregnancies with longer IPI 
and advanced age, but few with short IPI. In this paper, we 
examine the effects of long IPI and advanced age at second 
delivery on adverse perinatal outcomes, with emphasis on 
rates of preterm birth, term low birthweight, and small- for- 
gestational age. The study population comprised women 
who gave birth to their second singleton child at any of the 

three Xiangya hospitals of Central South University in Hunan 
province, China between July 2015 and June 2016.

2 |  METHODS

This was a retrospective cohort study limited to singleton 
births for the second pregnancy, with a recorded IPI of over 
6 months. The study included live births at ≥24 weeks’ ges-
tation delivered between July 1, 2015 and June 30, 2016 at 
Xiangya Hospital, the Second Xiangya Hospital, and the Third 
Xiangya Hospital of Central South University. Maternal and 
neonatal information was collected from electronic medical 
records at each hospital. Discharge diagnoses for deliveries 
were coded using the International Classification of Diseases, 
10th Revision (ICD- 10), Clinical Modification. Women 
without a known previous delivery date and women whose 
previous delivery date was not documented were excluded.

The data set was provided by the Department of Hospital 
Administration of Central South University. The study re-
ceived approval by the Institutional Review Board of the 
Third Xiangya Hospital, Central South University.

The main variables of interest were IPI and maternal age 
at current delivery. For this study, IPI was defined as the 
time between a woman’s previous delivery and the first day 
of the last menstrual period for the index pregnancy, which 
was calculated from electronic medical records. IPI was cat-
egorized by 24- month intervals (7- 24, 25- 48, 49- 72, 73- 96, 
and ≥97 months). We defined long IPI as two pregnancies 
at an interval of longer than 49 months. The births with IPI 
≤6 months (N=25) were excluded as there were insufficient 
numbers of cases for detailed analysis. Maternal age catego-
ries were <25, 25- 29, 30- 34, and ≥35 years.

The adverse perinatal outcomes for this study were preterm 
delivery, term low birthweight, and small- for- gestational age. 
Gestational age was based on the last menstrual period and 
confirmed by ultrasound examination. Preterm delivery was 
defined as a delivery at <37 completed weeks of gestation. 
Term low birthweight was defined as birthweight <2500 g 
for full- term pregnancies. Small- for- gestational age was de-
fined as the baby weighing less than the 10th percentile for a 
given gestational age.

Covariates were the maternal characteristics (marital 
status, educational level, BMI, number of prenatal care vis-
its, current cesarean section) with significant differences in 
univariate comparisons, and variables with biological plau-
sibility (previous cesarean section, and preexisting medical 
conditions that were considered to be the main risk factors of 
adverse perinatal outcomes after the change to the Two- child 
Policy).17 The number of prenatal care visits ≥4 according 
to the doctor’s suggestion was thought to be a normal pre-
natal care. Preexisting medical conditions included all dis-
eases diagnosed by obstetricians and classified as endocrinal 
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(pregestational diabetes, hypothyroidism), circulatory/uro-
logical/respiratory (chronic hypertension, congenital heart 
disease, rheumatic heart disease, arrhythmia, nephritis, pul-
monary tuberculosis, pneumonia, asthma, systemic lupus er-
ythematosus), gynecological (pelvic inflammation, myoma 
of uterus, vaginitis, intrauterine adhesions, postintrauterine 
operation, ovarian cyst), hematological (anemia, thrombo-
cytopenia), and digestive (hepatitis, intestinal neoplasm, 
appendicitis).

Frequency and mean (standard deviation) of participant 
demographics and characteristics for IPI and maternal age 
were described and compared, using one- way ANOVA, χ2, 
or appropriate Fisher exact test for categorical variables. 
Probability values of <.05 were considered statistically sig-
nificant. Uni-  and multivariate logistic regression analysis 
were used to assess associations between IPI and maternal 
age categories and perinatal outcomes with an interval of 
7- 24 months as the reference category for IPI and 25- 29 years 
as the reference category for maternal age. The influence of 
covariates was analyzed. First, prenatal care, maternal edu-
cation level, previous cesarean section, current cesarean sec-
tion, preexisting medical conditions, and body mass index 
(BMI) at admission were added as covariates. Then IPI and 

maternal age were added as each other’s covariates to eval-
uate the interaction. Both crude and adjusted odds ratios 
(ORs) with 95% confidence intervals (CIs) were calculated. 
Statistical analyses were performed using SPSS 21.0 (IBM 
Corp., Armonk, NY, USA).

3 |  RESULTS

The total number of live births in the three Xiangya hospi-
tals during the study period was 10 674. We excluded first 
pregnancies (N=7148), multiple gestations (N=27), births 
≤6 months IPI (N=25), previous miscarriage (N=147), 
and records without a clear previous delivery date (N=18). 
Analyses were then limited to 3309 second pregnancies. For 
the 3309 second pregnancies, the mean IPI was 75.36 months 
(6.28 years). Among this group, the proportions of the various 
IPI categories were as follows: from 7 to 24 months, 9.1%; 
25- 48 months, 26.1%; 49- 72 months, 23.9%, 73- 96 months, 
19.1%; and ≥97 months, 21.8%. The mean maternal age at 
current delivery was 32.0 years. The proportions of maternal 
age categories were: <25 years, 2.1%; 25- 29 years, 26.9%; 
30- 34 years, 48.9%; and ≥35 years 22.0%.

T A B L E  1  Maternal characteristics of second pregnancies by inter-pregnancy interval, Hunan, China, 2015- 2016

Characteristics

Total

Inter-pregnancy interval, months n (%)

P

7- 24 25- 48 49- 72 73- 96 ≥97

N=3309 N=300 N=863 N=791 N=632 N=723

Maternal age at delivery, y <.01

<25 72 (2.1) 30 (10.0) 30 (3.5) 11 (1.4) 0 0

25- 29 891 (26.9) 186 (62.0) 407 (47.2) 178 (22.5) 108 (17.1) 12 (1.7)

30- 34 1618 (48.9) 84 (28.0) 402 (46.6) 484 (61.2) 402 (63.6) 246 (34.0)

≥35 729 (22.0) 0 24 (2.8) 118 (14.9) 122 (19.3) 465 (64.3)

Married 3299 (99.7) 300 (100) 856 (99.2) 789 (99.8) 631 (99.8) 723 (100) .06

≤High school education 261 (7.9) 23 (7.7) 75 (8.7) 41 (5.2) 54 (8.5) 68 (9.4) .12

Number of prenatal care 
visits ≥4

2917 (88.2) 270 (90.0) 737 (85.4) 720 (91.0) 566 (89.6) 624 (86.3) <.01

Previous cesarean section 1555 (47.0) 78 (26.0) 408 (47.3) 352 (44.5) 331 (52.4) 386 (53.4) <.01

Current cesarean section 1593 (48.1) 78 (26.0) 365 (42.3) 365 (46.1) 350 (55.4) 435 (60.2) <.01

Preexisting medical 
conditions*

927 (28.0) 36 (12.0) 233 (27.0) 254 (32.1) 158 (25.0) 246 (34.0) <.01

Endocrine disease 440 (13.3) 18 (6.0) 114 (13.2) 96 (12.1) 110 (17.4) 102 (14.1) <.01

Circulatory, urological, 
respiratory disease

190 (5.7) 0 41 (4.8) 47 (5.9) 48 (7.6) 54 (7.5) <.01

Gynecological disease 207 (6.3) 6 (2.0) 42 (4.9) 81 (10.2) 12 (1.9) 66 (9.1) <.01

Hematological disease 101 (3.1) 18 (6.0) 30 (3.5) 17 (2.1) 6 (0.9) 30 (4.1) <.01

Digestive disease 119 (3.6) 0 36 (4.2) 35 (4.4) 24 (3.8) 24 (3.3) <.01

BMI at admission for 
delivery, mean [SD]

27.11 [2.90] 26.20 [3.00] 26.60 [2.76] 26.90 [2.90] 27.62 [2.74] 27.89 [2.89] <.01

*Percentages may not add to totals as some women had more than one type of preexisting disease.
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IPI and maternal age were associated with each other, and 
the prevalence of long IPIs showed a trend of increasing with 
maternal age (Table 1). The rate of previous cesarean section, 
current cesarean section, and BMI was higher with increasing 
IPI and maternal age. The rate of preexisting medical condi-
tions was higher with increasing IPI except for the subgroup 
of 73- 96 months. The percentage of women with ≥4 prena-
tal visits generally decreased with increasing IPI, except for 
the subgroup of 25- 48 months. When examined by the ma-
ternal age group, the rate of preexisting medical conditions 
was higher and the rate of normal prenatal care was lower for 
women aged <25 years and ≥35 years (Table 2). Marital sta-
tus and education level did not differ significantly by length 
of IPI, or by maternal age (Tables 1 and 2).

Overall rates of adverse perinatal outcomes for these sec-
ond pregnancies were 9.6% for preterm delivery, 4.7% for 
term low birthweight, and 8.6% for small- for- gestational age. 
The rate of preterm delivery, term low birthweight, and small- 
for- gestational age for the group with an IPI of 7- 24 months 
was lower than that for longer IPIs (see Figure 1). The rate of 
term low birthweight and small- for- gestational age with an 

IPI of 49- 72 months was the highest and the rate of preterm 
delivery with an IPI of 73- 96 months was the highest.

Logistic regression analysis was performed to assess the 
influence of IPI on perinatal outcomes (Table 3). Compared 
with an IPI of 7- 24 months (the reference group), long IPIs 
had higher adjusted ORs for preterm delivery: 2.00 (1.20- 
3.33) for 73- 96 months, and 1.70 (1.43- 2.03) for ≥97 months. 
Patterns were similar for term low birthweight, with adjusted 
ORs of 2.68 (1.16- 6.17) for 49- 72 months, 2.26 (1.18- 4.32) 
for 73- 96 months, and 2.16 (1.10- 4.21) for ≥97 months. In 
contrast, there were no significant differences by small- for- 
gestational age (Table 3).

The occurrence of adverse perinatal outcomes across 
maternal age categories is shown in Figure 2 as a U- shaped 
curve. The lowest rate of preterm delivery, term low birth-
weight, and small- for- gestational age was for the maternal 
age group of 30- 34 years. Compared with the maternal age 
group of 25- 29 years, no statistically significant increase 
in ORs was shown for adverse perinatal outcomes in the 
higher maternal- age category in unadjusted logistic regres-
sion models. Meanwhile, the maternal age group 30- 34 years 

T A B L E  2  Maternal characteristics of second pregnancies by maternal age at second delivery in Hunan, China, 2015- 2016

Maternal age at delivery, y n (%)

P

<25 25- 29 30- 34 ≥35

N=71 N=891 N=1618 N=729

Inter-pregnancy interval, months <.01

7- 24 30 (42.3) 186 (20.9) 84 (5.2) 0

25- 48 30 (42.3) 407 (45.7) 402 (24.8) 24 (3.3)

49- 72 11 (15.5) 178 (20.0) 484 (29.9) 118 (16.2)

73- 96 0 108 (11.8) 402 (24.8) 122 (16.7)

≥97 0 12 (1.3) 258 (15.6) 465 (63.8)

Married 71 (100) 887 (99.6) 1613 (99.7) 728 (99.9) .68

≤High school education 5 (7.0) 68 (7.6) 126 (7.8) 62 (8.5) .98

Number of prenatal care 
visits ≥4

53 (74.6) 789 (88.6) 1439 (88.9) 636 (87.2) <.01

Previous cesarean section 24 (33.8) 369 (41.4) 776 (48.0) 386 (52.9) <.01

Current cesarean section 23 (32.4) 357 (40.1) 754 (46.6) 459 (63.0) <.01

Preexisting medical 
conditions*

29 (40.8) 245 (27.5) 437 (27.0) 216 (29.6) .05

Endocrine disease 24 (33.8) 120 (13.5) 204 (12.6) 92 (12.6) <.01

Circulatory, urological, 
respiratory, disease

6 (8.5) 47 (5.3) 89 (5.5) 48 (6.6) .48

Gynecological disease 5 (7.0) 36 (4.0) 114 (7.0) 52 (7.1) .01

Hematological disease 6 (8.5) 30 (3.4) 41 (2.5) 24 (3.3) .03

Digestive disease 0 36 (4.0) 47 (2.9) 36 (4.9) .02

BMI at admission, mean 
[SD]

26.94 [5.74] 26.43 [2.91] 27.06 [2.51] 28.09 [3.04] <.01

*Percentages may not add to totals as some women had more than one type of preexisting disease.
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showed decreased ORs. There were no changes after adjust-
ing for prenatal care, maternal education level, previous ce-
sarean section, current cesarean section, preexisting medical 
conditions, BMI at admission, and IPI. Low maternal age 
(<25 years) showed an increased risk of preterm delivery 
and small- for- gestational age compared with 25- 29 years; but 
there was no significant difference for term low birthweight 
(Table 4).

4 |  DISCUSSION

In this study, we examined the period after China’s One- 
child Policy was updated to a Two- child Policy. We as-
sessed the association of long IPI and advanced maternal 
age on adverse perinatal outcomes and found that longer 
IPI was a significant risk factor for preterm delivery and 
term low birthweight, independent of maternal age, previ-
ous cesarean section, preexisting medical conditions, and 
BMI at admission. The association between long IPIs and 
adverse perinatal outcomes has been supported by other 
 research.3,8,10,23 In this paper, we have shown that long IPI 
(49- 72, 73- 96, and ≥97 months) is linked to an increased risk 
of preterm delivery and term low birthweight with adjusted 
ORs higher than in a previous study.8 No increased risk 
was observed between long IPI and small- for- gestational 
age, which is at variance with two other studies.3,10 The 
small- for- gestational age rate is similar to that found in de 
Weger’s study, which showed no relationship between IPI 
and small- for- gestational age.1

As in previous studies17,20 previous cesarean section and 
preexisting medical conditions were important risk factors 
for adverse perinatal outcomes. A recent WHO study of 24 
Asian countries found that China had the highest cesarean 
rate (46.2%) among the countries studied. Our study con-
firms the very high cesarean rate (47.0%) among first births 

in China. The total rate of preexisting medical conditions 
was 28.0%, which showed an increase with longer IPI in this 
study. The preexisting medical conditions rate in this study 
(28.8%) was higher than Timofeev’s result (0.1- 10.3%).21 
This might be because we have included a large number of 
possible co- morbidities, whereas other studies included only 
pregestational diabetes and chronic hypertension.2,3,8,9

The rate of adverse perinatal outcomes (preterm deliv-
ery, term low birthweight, and small- for- gestational age) de-
creased with maternal age from <25 years to 30- 34 years and 
then increased in the >35 years group, which was similar to 
de Weger’s findings1 but in contrast to the results of another 
study.9 We did not find that advanced maternal age was a 
high- risk factor for adverse perinatal outcomes in this study. 
The risk of preterm delivery even decreased in the 30- 34 year 
maternal age group (adjusted OR 0.70 [95% CI 0.55- 0.90]). 
This might be the result of a self- selection process by health-
ier women who were taking advantage of the new Two- child 
Policy. Previous studies have shown that the level of ovarian 
aging influenced in vitro fertilization outcomes more than did 
the level of chronologic aging.24 Therefore, the time inter-
val from intention to conception could be considered among 
pregnancy risk factors.

We found that 22% of the women with second births were 
aged 35 and older. This information was in contrast to an 
analysis from the Chinese government indicating that the per-
centage of pregnancies to women 35 and older might be 60% 
for several years after the change to the Two- child Policy.13

Strengths of our study include large sample sizes for long 
IPIs with three subcategories (49- 72, 73- 96, and ≥97 months) 
while controlling for a large number of covariates. Limitations 
included the lack of information on alcohol or substance- use. 
However, studies have shown that usage rates for these sub-
stances among Chinese women are very low.25 Data were 
also not available on the details of the first pregnancy, type 
of contraception used, or in vitro fertilization.4,6-8 Also, data 

F I G U R E  1  Adverse perinatal 
outcomes by inter-pregnancy interval, 
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were collected from three provincial hospitals, thus results 
may not be generalizable to China as a whole. Although we 
excluded data for women with a previous miscarriage, previ-
ous miscarriages might have been underreported, leading to 
possible bias. Finally, sample data were collected just 2 years 
after the One- child Policy was updated; future studies should 
observe longer- term effects of the updated policy.

5 |  CONCLUSION

This study demonstrates that long IPI (≥49 months) is a risk 
factor for preterm delivery and term low birthweight. Our out-
comes can inform health care policy and encourage Chinese 
prenatal care providers to pay more attention to preterm 

T A B L E  3  Crude and adjusted odds ratios for adverse perinatal outcomes by IPI, Hunan, China, 2015- 2016

Variable Percentage Crude OR (95% CI) Model 1 Adj OR (95% CI) Model 2 Adj OR (95% CI)

Preterm delivery

7- 24 6.0 Reference Reference Reference

25- 48 9.0 1.56 (0.94- 2.58) 1.34 (0.81- 2.24) 1.37 (0.82- 2.30)

49- 72 9.6 1.67 (1.01- 2.73) 1.51 (0.91- 2.50) 1.58 (0.95- 2.64)

73- 96 11.4 2.01 (1.23- 3.29) 1.91 (1.16- 3.15) 2.00 (1.20- 3.33)

≥97 10.4 1.81 (1.11- 2.96) 1.72 (1.44- 2.05) 1.70 (1.43- 2.03)

Term low birthweight

7- 24 2.0 Reference Reference Reference

25- 48 3.5 1.77 (0.76- 4.12) 1.74 (0.75- 4.04) 1.66 (0.71- 3.87)

49- 72 6.6 3.45 (1.51- 7.86) 2.94 (1.29- 6.73) 2.68 (1.16- 6.17)

73- 96 4.7 2.44 (1.07- 5.59) 2.06 (0.89- 4.73) 2.26 (1.18- 4.32)

≥97 5.4 2.79 (1.23- 6.35) 2.15 (0.94- 4.91) 2.16 (1.10- 4.21)

Small-for-gestational age

7- 24 6.3 Reference Reference Reference

25- 48 8.0 2.10 (0.49- 8.94) 1.51 (0.35- 6.55) 1.89 (0.43- 8.22)

49- 72 10.4 2.84 (0.92- 8.81) 2.48 (0.73- 8.43) 3.09 (0.99- 9.56)

73- 96 7.7 1.43 (0.34- 6.07) 0.92 (0.20- 4.21) 1.42 (0.32- 6.34)

≥97 8.9 2.16 (0.51- 9.14) 1.43 (0.38- 5.44) 1.59 (0.39- 6.57)

Model 1: Adjusted for number of prenatal visits, maternal education level, previous cesarean section, current cesarean section, preexisting medical conditions, and BMI 
at admission.
Model 2: Adjusted for number of prenatal visits, maternal education level, previous cesarean section, current cesarean section, preexisting medical conditions, BMI at 
admission, and advanced maternal age.

F I G U R E  2  Adverse perinatal 
outcomes by maternal age at second 
delivery, Hunan, China, 2015- 2016
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delivery prevention and to potential fetal growth problems 
when they are working with women experiencing a second 
pregnancy and a longer IPI. In addition, Chinese policy mak-
ers should plan accordingly for the care of second babies with 
adverse perinatal outcomes. The government should train 
health care providers on how to deal with the specific issues 
of second pregnancies and should provide economic support 
for professional second pregnancy care, especially for those 
cases where the pregnancy involves a longer IPI.
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