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Purpose: To analyze the effects of a short interpregnancy interval (IPI) (<6 months) and a long 
IPI (>120 months) on neonatal adverse birth outcomes including low birth weight (LBW), small 
for gestational age (SGA), preterm birth (PTB), and birth defects in Shaanxi Province.
Patients and Methods: A stratified multistage random sampling method was used to recruit 
participants who gave birth between 2010 and 2013 in Shaanxi province. A self-designed 
questionnaire was used to collect the information of the participants. With the confounding 
factors controlled, the generalized linear model (GLM) was used to investigate the association 
between IPI and neonatal birth outcomes. The restricted cubic spline (RCS) function was used to 
evaluate the dose–response relationship between IPI and birth outcomes.
Results: A total of 13,231 women were included. The prevalence of LBW, SGA, PTB, and 
birth defects was 3.24%, 12.96%, 2.93%, and 2.12%, respectively. GLM showed that a short 
IPI (<6 months) was associated with a higher risk of SGA (RR=1.25, 95% CI: 1.04–1.52) 
and birth defects (RR=2.55, 95% CI: 1.45–4.47), and a long IPI (≥120 months) was 
associated with a higher risk of LBW (RR=1.54, 95% CI: 1.01–2.34) and PTB (RR=1.73, 
95% CI: 1.08–2.76) than an IPI of 18–23 months. The RCS showed that LBW, SGA, and 
PTB demonstrated a j-shaped relationship with IPI (P for overall association < 0.001 for 
these three birth outcomes), and birth defects (P for overall association <0.001) had an 
inversely non-linear relationship with IPI.
Conclusion: Both short and long IPIs are associated with an increased risk of adverse birth 
outcomes.
Keywords: interpregnancy interval, low birth weight, small for gestational age, preterm 
birth, birth defects

Introduction
Birth outcomes are critical indicators for measuring infant health and predicting infant 
growth and development.1 Adverse birth outcomes such as low birthweight (LBW), 
small for gestational age (SGA), preterm birth (PTB), and birth defects are important 
public health problems globally.2,3 PTB is the leading cause of neonatal death and 
the second leading cause of death among children under 5 years old.4 LBW is 
associated with a high risk of perinatal mortality and contributes to up to 80% of 
neonatal mortality.5 Birth defects and SGA increase the risks of early miscarriage, 
stillbirth, perinatal death, infant death, and congenital disabilities.6,7 In addition, 
adverse birth outcomes are also related to subsequent health problems in offspring.8 

Hence, it is essential to identify the risk factors for adverse birth outcomes.
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Several interventions that may affect adverse preg-
nancy outcomes, such as interpregnancy interval (IPI),9 

have been proposed. IPI has been identified as a key and 
a potentially modifiable risk factor for adverse birth 
outcomes.10–12 IPI refers to the interval between the pre-
vious delivery date and the conception date of the present 
pregnancy.13 The World Health Organization (WHO) 
emphasized the necessity of investigating the impact of 
IPI on adverse birth outcomes in future studies.14 Studies 
have found that the incidence of SGA, PTB, LBW, and 
birth defects all have j-shaped relationships with IPI.9 
Compared with an IPI of 18–23 months, short (<18 
months) and long (>23 months) IPIs are associated with 
a higher risk of adverse birth outcomes.15 In addition, 
several studies have demonstrated that a shorter IPI (<6 
months) is associated with an increased risk of adverse 
pregnancy outcomes.12,16 Based on this evidence, public 
health guidelines and clinical postpartum best practices 
recommend a minimum interval of 18–24 months between 
births.12,17 Despite several studies on the association 
between a shorter IPI (<6 months) and adverse pregnancy 
outcomes, there are limited studies on this issue involving 
the Chinese population. Some studies have also reported 
that a longer IPI (>120 months) may lead to adverse birth 
outcomes.13 However, only a few studies are investigating 
the effect of longer IPIs (>120 months) on pregnancy 
outcomes, and no specific conclusions can be drawn.

Therefore, the present study aimed to overcome these 
shortcomings. This study employed data from a large-scale 
population survey conducted in Shaanxi Province to ana-
lyze the association of short and long IPIs with adverse 
birth outcomes, and provided a theoretical basis for the 
formulation of government public health policies and the 
guidance of reproductive women in this region.

Patients and Methods
Study Design and Participants
The data used in this study were obtained from a cross- 
sectional survey carried out in Shaanxi Province of 
Northwest China from August to December 2013 aiming 
to investigate the prevalence and risk factors of adverse 
birth outcomes. According to the urban-rural population 
ratio and fertility rate, this research adopted a stratified 
multistage random sampling method. First, 10 districts and 
20 counties were randomly selected from urban and rural 
areas, respectively. In the urban area, 3 streets were ran-
domly selected from each chosen district, 6 communities 

were randomly selected from each chosen street, and 60 
eligible women were randomly selected from each chosen 
community. In the rural area, 6 townships were randomly 
selected from each sample county, 6 villages were ran-
domly selected from each sample township, and 30 eligi-
ble women were randomly selected from each sample 
village. The inclusion criteria in this study included 
women of childbearing age (16–49 years) with a history 
of pregnancy between 2010 and 2013 and specific preg-
nancy outcomes and multiparous women with parities of 
≥2. The exclusion criteria included having severe diseases 
(such as cardiovascular disease or cancer) during the 
investigation, non-live births, primiparas, unknown birth 
history, multiple pregnancies, and missing birth outcomes.

After obtaining written informed consent, specially 
trained investigators used a structured questionnaire 
designed by the School of Public Health of Xi’an 
Jiaotong University to conduct face-to-face interviews 
and collect data from the respondents. To ensure the accu-
racy of the data, the supervisor checked all questionnaires 
to see if there were any missing values or logical errors. If 
any problems were found, the questionnaire was re- 
investigated. After the survey in each district (county), 
5% of the survey participants were randomly selected for 
repeated surveys to ensure the authenticity and credibility 
of the data.

A total of 32,400 pregnant women were invited to 
partake in the survey, and 30,027 people completed the 
questionnaire, with a response rate of 92.7%. We further 
excluded 16,796 women for the following reasons: non- 
live births for the latest pregnancy (n=761), primiparas 
(n=14,402), unknown birth history (n=1218) and missing 
birth outcomes for the latest pregnancy (n=415). Finally, 
13,231 women with an IPI were selected for the analysis. 
The sampling strategy with the exclusion criteria in this 
study is presented in Figure 1.

Ascertainment of Study Variables
IPI was used as the exposure variable in this study. The 
period between two consecutive deliveries was used to 
calculate the IPI by subtracting the gestational week of 
the second pregnancy. The gestational age was a measure 
of the age of a pregnancy. It was determined based on the 
last menstrual period, verified by ultrasound examination, 
and self-reported by participants in week. IPI was mea-
sured in months. Thirteen weeks corresponded to 3 months 
for the gestational week.18 In the study, IPI was modeled 
as a classified variable to facilitate a better understanding 
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of the associations between shorter or longer IPIs and 
adverse pregnancy outcomes and continuous variables to 
show the dose–response relationship. Following previous 
studies,19,20 IPI was divided into 7 groups (<6, 6–11, 12– 
17, 18–23, 24–59, 60–119 and ≥120 months) and an IPI of 
18–23 months was set as the reference category.

The adverse pregnancy outcomes, which were the 
dependent variables, in this study included LBW, SGA, 
PTB, and birth defects. Birth weight was obtained from 
the medical birth certificate. Within 1 hour after delivery, 
birth weight was measured with a baby scale with preci-
sion to the nearest 10 grams. LBW was defined as a birth 
weight <2500g. Gestational age was calculated in weeks 
based on the last menstrual period and the birth date. PTB 
was defined as birth within less than 37 gestational weeks. 
SGA was defined as a birth weight of < 10th percentile 
according to the gestational age-sex specific Chinese refer-
ence for fetal growth.21 Information on birth defects was 
collected using a structured questionnaire according to 
ICD-10 (international classification of diseases). Eleven 
different groups of birth defects were collected in this 
study, and they included those affecting the nervous sys-
tem (Q00–Q07), eye, ear, face and neck (Q10–Q18), car-
diovascular system (Q20–Q28), respiratory system (Q30– 
Q34), oral clefts (Q35–Q37), digestive system (Q38–Q45), 
genital organs (Q50-Q56), urinary system (Q60–Q64), 
musculoskeletal system (Q65–Q79), other defects (Q80– 
Q89), and chromosomal abnormalities (Q90–Q99).22

Ascertainment of Covariates
Several factors have been associated with adverse preg-
nancy outcomes based on previous studies.23–25 These 
factors can confound the relationship between the IPI 
and adverse pregnancy outcomes and were therefore 
adjusted in this study. They were as follows: childbear-
ing age (<25, 25–29, 30–34, or ≥35 years); maternal 
education (primary school or lower, secondary school 
or senior high school or higher); residence (urban or 
rural); family economic status (low, middle or high); 
maternal occupation (peasant/housework or other); pas-
sive smoking (yes or no); folic acid supplement (yes or 
no); iron supplement (yes or no); frequency of antenatal 
care visits (≥5 or <5); taking medicine during maternity 
period (yes or no); and infant gender (male or female). 
The per capita annual household income was calculated 
by dividing the annual household income by the number 
of family-adjusted adults.26 The number of family- 
adjusted adults was calculated by adding 0.5 times the 
number of children to the number of adults. According 
to the quartile of the per capita annual household 
income, the family economic statuses were categorized 
into three: low, middle, or high. Passive smoking was 
defined as inhaling tobacco smoke from others for more 
than 15 min/day.27 Folic acid supplementation was 
defined as taking folic acid for more than 30 days 
during pregnancy.28 We obtained information on covari-
ates from the baseline questionnaire.

Figure 1 Study flow chart of sampling strategy.
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Statistical Analysis
The characteristics of the participants were described. The 
continuous variables were expressed as mean ± SD or median 
(interquartile range). The categorical variables were expressed 
as number (percentage), and the chi-squared test (χ2) was used 
to compare the groups. We used the generalized linear model 
(GLM, binomial distribution with the log-link function) to 
estimate the RR and the 95% CI for adverse birth outcomes 
(LBW, SGA, PTB, and birth defects) associated with IPI. IPI 
was used as a classification variable in this model for more 
significant effects. We established two models to control the 
confounders step by step: (1) model 1 was unadjusted for any 
covariates; (2) model 2 was adjusted for all the potential 
confounders mentioned above (childbearing age, maternal 
education, residence, family economic status, maternal occu-
pation, passive smoking, folic acid supplement, iron supple-
ment, frequency of antenatal care visits, taking medicine 
during maternity, and infant gender). Moreover, a restricted 
cubic spline (RCS) function was used to evaluate the dose– 
response relationship between the IPI and the adverse preg-
nancy outcomes, using IPI as a continuous variable. In this 
model, four knots located at the 25th, 50th, 75th and 95th 
percentiles of the IPI were set, and an IPI of 18 months was set 
as the reference value. The P-value for the overall association 
was used to assess the overall association between IPIs and 
adverse birth outcomes, and the P-value for the nonlinear 
association was used to assess any nonlinear association 
between IPIs and adverse birth outcomes. Due to the complex 
design, weighting would be used to the analysis by prefixing 
commands with “svy” in STATA. Finally, to further examine 
the robustness of the effect of IPI on adverse birth outcomes, 
a sensitivity analysis was conducted as part of a subgroup 
analysis based on maternal age (<35 or ≥35 years) and iron 
supplement (yes or no) with all covariates adjusted.

EpiData 3.1 (CDC, Atlanta, GA, USA) was used to estab-
lish a database, and all data were double-entered. All the data 
analyses were performed using STATA software, version 16.0 
(STATA Corporation, College Station, TX, USA). Statistical 
significance was denoted by two-tailed p-values of <0.05.

Results
Baseline Characteristics of the Study 
Population
The background information of participants was displayed 
in Table 1. A total of 13,231 women of childbearing age 
were included for analysis. The average age of the women 
was 28.01±4.93 years. The average parity was 2.30±0.65. 

Most participants, approximately 81.15%, had achieved 
compulsory education—secondary school or above 
(10,737). Approximately three-quarters (74.64%) of the 
women were not employed or worked as farmers. Among 
the participants, 13.58% (1797) resided in urban areas, 
27.56% (3647) had suffered from passive smoking, 
61.38% (8121) had taken folic acid, 4.60% had taken 
iron, 62.76% (8304) had completed more than 5 periods 
of antenatal care, and 18.77% (2483) had taken medica-
tion during pregnancy. More than half (56.85%) of the 
infants were males. The weighted prevalence of LBW, 
SGA, PTB, and birth defects were 3.24%, 12.96%, 
2.93%, and 2.12%, respectively. Table 1 shows the pre-
valence of four adverse pregnancy outcomes in the 
groups.

The Prevalence of Adverse Birth 
Outcomes Associated with Various IPIs
Among the participants, 10.39% (1375) and 11.00% 
(1455) had IPIs of <6 or >120 months, respectively. The 
participants with IPIs of 60–119 months accounted for 
24.28%. The average IPI was 39.77 (15.76, 79.77) months. 
There were significant differences in the prevalence of 
LBW, SGA, PTB, and birth defects across the IPI groups 
(P<0.05) (Table 2).

Association Between IPI and Adverse 
Pregnancy Outcomes
After adjusting for potential confounding factors, the GLM 
showed that an IPI of <6 months increased the risks of 
SGA (RR=1.25, 95% CI: 1.04–1.52) and birth defects 
(RR=2.55, 95% CI: 1.45–4.47), and IPIs of ≥120 months 
were associated with higher risks of LBW (RR=1.54, 95% 
CI: 1.01–2.34) and PTB (RR=1.73, 95% CI: 1.08–2.76) 
than IPIs of 18–23 months. Compared with the reference, 
IPIs of 6–11 months (RR=2.14, 95% CI: 1.20–3.84) were 
associated with a higher risk of birth defects (Table 3).

The Dose–Response Relationship 
Between IPI and Adverse Pregnancy 
Outcomes
Figure 2 showed the dose–response relationships between 
IPI and the adverse pregnancy outcomes using RCS func-
tions. There were nonlinear associations between IPI and 
LBW (p for nonlinear association=0.001, P for overall 
association<0.001), SGA (p for nonlinear associa-
tion<0.001, P for overall association<0.001), PTB (p for 
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nonlinear association=0.023, P for overall associa-
tion<0.001) and birth defects (p for nonlinear associa-
tion=0.007, P for overall association<0.001), respectively. 
The J-shape curves were provided in Figure 2A–C, which 

indicated that the risk of adverse pregnancy outcomes 
increased with the short and long IPIs. Figure 2D showed 
that there was an inversely nonlinear association between 
IPI and birth defects.

Table 1 Characteristics of the Participants in Northwest China During 2010–2013

Characteristics N LBW SGA PTB Birth Defects

468 (3.54) 1910 (14.44) 368 (2.78) 315 (2.38)

Childbearing age (year)

<25 3410 (25.77) 119 (3.49) 522 (15.31) 86 (2.52) 86 (2.52)
25–29 5603 (42.35) 193 (3.44) 801 (14.30) 156 (2.78) 125 (2.23)

30–34 2691 (20.34) 97 (3.60) 356 (13.23) 76 (2.82) 67 (2.49)

≥35 1527 (11.54) 59 (3.86) 231 (15.13) 50 (3.27) 37 (2.42)

Maternal education

Primary school or lower 2494 (18.85) 130 (5.21)* 490 (19.65)* 69 (2.77) 60 (2.41)
Secondary school 7581 (57.30) 252 (3.32) 1105 (14.58) 204 (2.69) 184 (2.43)

Senior high school or higher 3156 (23.85) 86 (2.72) 315 (9.98) 95 (3.01) 71 (2.25)

Residence

Rural 11,434 (86.42) 426 (3.73)* 1750 (15.31)* 311 (2.72) 279 (2.44)

Urban 1797 (13.58) 42 (2.34) 160 (8.90) 57 (3.17) 36 (2.00)

Family economic status

Low 3010 (22.75) 117 (3.89) 446 (14.82)* 81 (2.69) 80 (2.66)
Middle 7376 (55.75) 271 (3.67) 1119 (15.17) 214 (2.90) 165 (2.24)

High 2845 (21.50) 80 (2.81) 345 (12.13) 73 (2.57) 70 (2.46)

Maternal Occupation

Peasant/housework 9875 (74.64) 377 (3.82)* 1532 (15.51)* 266 (2.69) 243 (2.46)
Others 3356 (25.36) 91 (2.71) 378 (11.26) 102 (3.04) 72 (2.15)

Passive smoking
Yes 3647 (27.56) 138 (3.78) 563 (15.44)* 100 (2.74) 118 (3.24)*

No 9584 (72.44) 330 (3.44) 1347 (14.05) 268 (2.80) 197 (2.06)

Folic Acid Supplement

Yes 8121 (61.38) 247 (3.04)* 1042 (12.83)* 211 (2.60) 183 (2.25)

No 5110 (38.62) 221 (4.32) 868 (16.99) 157 (3.07) 132 (2.58)

Iron Supplement

Yes 608 (4.60) 13 (2.14) 59 (9.70)* 17 (2.80) 6 (0.99)*
No 12,623 (95.40) 455 (3.60) 1851 (14.66) 351 (2.78) 309 (2.45)

Frequency of antenatal care visits
≥5 8304 (62.76) 249 (3.00)* 1030 (12.40)* 237 (2.85) 193 (2.32)

<5 4927 (37.24) 219 (4.44) 880 (17.86) 131 (2.66) 122 (2.48)

Maternal taking medicine

Yes 2483 (18.77) 112 (4.51)* 360 (14.50) 98 (3.95)* 114 (4.59)*

No 10,748 (81.23) 356 (3.31) 1550 (14.42) 270 (2.51) 201 (1.87)

Infant gender

Male 7522 (56.85) 221 (2.94)* 1044 (13.88)* 214 (2.84) 195 (2.59)
Female 5709 (43.15) 247 (4.33) 866 (15.17) 154 (2.70) 120 (2.10)

Notes: The variables are presented as n (%); *P<0.05. 
Abbreviations: LBW, low birth weight; SGA, small for gestational age; PTB, preterm birth.
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Sensitivity Analysis
To analyze whether the association between IPI and child-
birth results changes with maternal age and iron supple-
ment status, additional sensitivity analyses stratified by age 
group and iron supplement group were performed. The 
sensitivity analyses showed that an IPI of <6 months 
increased the risks of SGA (RR=1.27, 95% CI: 1.01– 
1.60) and birth defects (RR=2.16, 95% CI: 1.11–4.22) 
among women aged <35. An IPI of <6 months increased 
the risks of birth defects (RR=3.54, 95% CI: 1.22–10.25) 
and an IPI of ≥120 months increased the risk of PTB 
(RR=3.07, 95% CI: 1.35–6.98) among women aged ≥35 
(Table S1). An IPI of <6 months increased the risks of 
SGA (RR=1.27, 95% CI: 1.05–1.54) and birth defects 
(RR=2.52, 95% CI: 1.43–4.42) and an IPI of ≥120 mons 
increased risks of LBW (RR=1.57, 95% CI: 1.02–2.41) 
and PTB (RR=1.79, 95% CI: 1.10–2.92) among women 

without iron supplementation during pregnancy. The asso-
ciations between short and long IPIs and adverse birth 
outcomes were not statistically significant among women 
with iron supplementation during pregnancy. However, the 
RRs for associations between short and long IPIs and 
adverse birth outcomes among women with iron supple-
mentation during pregnancy were lower than that among 
women without iron supplementation during pregnancy at 
any group (Table S2).

Discussion
The present study aimed to reveal the relationship between 
the short and long IPIs and the adverse birth outcomes. We 
found that both short and long IPIs were associated with 
increased odds of adverse birth outcomes. Compared with 
the reference group, infants with a short IPI (<6 months) 
had higher risks of SGA and birth defects and those with 

Table 2 Prevalence of Adverse Birth Outcomes at Various IPIs in Northwest China

IPI (Months) N LBW* SGA* PTB* Birth Defects*

<6 1375 (10.39) 55 (4.00) 236 (17.16) 38 (2.76) 55 (4.00)
6–11 1242 (9.39) 49 (3.95) 176 (14.17) 31 (2.50) 42 (3.38)

12–17 1120 (8.46) 36 (3.21) 145 (12.95) 34 (3.04) 28 (2.50)

18–23 951 (7.19) 29 (3.05) 136 (14.30) 24 (2.52) 15 (1.58)
24–59 3876 (29.29) 110 (2.84) 519 (13.39) 91 (2.35) 85 (2.19)

60–119 3212 (24.28) 113 (3.52) 443 (13.79) 90 (2.80) 65 (2.02)

≥120 1455 (11.00) 76 (5.22) 255 (17.53) 60 (4.12) 25 (1.72)

Notes: The variables are presented as n (%); *P<0.05. 
Abbreviation: IPI, interpregnancy interval.

Table 3 Association Between IPI and Adverse Pregnancy Outcomes

<6 6–11 12–17 18–23 24–59 60–119 ≥120

LBW

Model 1 1.31 (0.84–2.04) 1.29 (0.82–2.03) 1.05 (0.65–1.71) Ref. 0.93 (0.62–1.39) 1.15 (0.77–1.72) 1.71 (1.13–2.61)*

Model 2 1.37 (0.88–2.13) 1.36 (0.87–2.13) 1.04 (0.65–1.69) Ref. 0.93 (0.62–1.39) 1.12 (0.75–1.68) 1.54 (1.01–2.34)*

SGA

Model 1 1.20 (0.99–1.46) 0.99 (0.81–1.22) 0.91 (0.73–1.13) Ref. 0.94 (0.79–1.12) 0.96 (0.81–1.15) 1.23 (1.01–1.48)*
Model 2 1.25 (1.04–1.52)* 1.03 (0.84–1.26) 0.89 (0.72–1.10) Ref. 0.93 (0.78–1.10) 0.93 (0.78–1.12) 1.12 (0.92–1.35)

PTB
Model 1 1.10 (0.66–1.81) 0.99 (0.58–1.67) 1.2 (0.72–2.01) Ref. 0.93 (0.60–1.45) 1.11 (0.71–1.73) 1.63 (1.03–2.6)*

Model 2 1.10 (0.66–1.82) 1.01 (0.6–1.71) 1.23 (0.73–2.06) Ref. 0.95 (0.61–1.49) 1.15 (0.74–1.80) 1.73 (1.08–2.76)*

Birth defects

Model 1 2.54 (1.44–4.46)* 2.14 (1.20–3.84)* 1.59 (0.85–2.95) Ref. 1.39 (0.81–2.4) 1.28 (0.74–2.24) 1.09 (0.58–2.06)

Model 2 2.55 (1.45–4.47)* 2.21 (1.23–3.96)* 1.61 (0.86–2.99) Ref. 1.44 (0.84–2.49) 1.36 (0.78–2.37) 1.15 (0.61–2.18)

Notes: *P<0.05; Model 1 was unadjusted any covariates; Model 2 adjusted for the childbearing age, maternal education, residence, family economic status, maternal 
occupation, passive smoking, folic acid supplement, iron supplement, frequency of antenatal care visits, maternal taking medicine and the infant gender for LBW, SGA, PTB 
and birth defects, respectively. 
Abbreviation: Ref., referent groups.
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a long IPI (>12 months) had higher risks of LBW and 
PTB. In addition, the study suggested significant dose– 
response relationships between IPI and adverse birth out-
comes (including LBW, SGA, PTB, and birth defects).

The association between short IPIs (typically defined 
as <6 months) and adverse perinatal outcomes had been 
explored in previous studies.17,29,30 A study conducted by 
Schummers et al in a Canadian population had proved that 
an IPI of < 6 months contributes to the higher risk of 
SGA.17 Kwon et al found that women with short IPIs 
had an increased risk of birth defects.30 A previous study 
reported short IPIs (<6 months) increased the risk of 
PTB.16 Our results confirm the above research. In addition, 
some studies had reported inverse results. Ball et al inves-
tigated the association between IPIs and birth outcomes 
and showed that short IPIs had little effect on the 

incidence of PTB and LBW. They proposed that the asso-
ciation between short IPIs and adverse birth outcomes in 
previous research may be attributable to unassessed con-
founding factors, such as unplanned pregnancies, fertility, 
family/social disruptions, and maternal illness.20 

Gebremedhin et al reported that the associations between 
short IPIs and hypertensive disorders of pregnancy and 
gestational diabetes were not statistically significant 
based on within-mother matched analyses and suggested 
that associations observed in previous studies may have 
been due to confounding factors.31,32 Due to the limita-
tions of the pre-set questions, several influencing factors 
had not been included in this study. Studies with better 
investigations and better designs will be needed in the 
future to analyze the correlation between IPI and adverse 
birth outcomes. Several hypotheses have been proposed to 

Figure 2 Dose–response relationships between IPI and LBW, SGA, PTB and birth defects. 
Notes: (A) Association between IPI and LBW using restricted cubic spline functions. (B) Association between IPI and SGA using restricted cubic spline functions. (C) 
Association between IPI and PTB using restricted cubic spline functions. (D) Association between IPI and birth defects using restricted cubic spline functions. The 
childbearing age, maternal education, residence, family economic status, maternal occupation, passive smoking, folic acid supplement, iron supplement, frequency of antenatal 
care visits, maternal taking medicine and the infant gender were adjusted for LBW, SGA, PTB and birth defects, respectively.
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explain the adverse birth outcomes associated with short 
IPIs. A popular explanation was that the mother may not 
have enough time to recover from nutritional deficits due 
to the stress of the first pregnancy and subsequent breast-
feeding. The second pregnancy would intensify the com-
petition between mothers and fetuses for essential 
nutrients.33,34 For example, insufficient supplementation 
for the physiologic consumption of iron caused by preg-
nancy or breastfeeding may lead to iron deficiency in 
future pregnancies, which can increase the risk of LBW 
and PTB.35,36 The sensitivity analyses showed that the 
RRs for associations between short IPI and adverse birth 
outcomes among women with iron supplementation during 
pregnancy were lower than that among women without 
iron supplementation during pregnancy at any group 
which further confirmed the hypothesis.

Previous studies exploring the effect of IPI on adverse 
birth outcomes mainly focused on short IPIs, while long 
IPIs had received far less attention. This study investigated 
the association between long IPIs and adverse birth out-
comes and suggested that infants with mothers who had 
long IPIs (>120 months) had an increased risk of LBW and 
PTB. Lin et al found that women with IPIs of >120 months 
had significantly increased risks of gestational diabetes 
mellitus, gestational hypertension, and premature mem-
brane rupture than those with IPIs of 12–23 months.13 

A previous investigation conducted in Bangladesh 
reported that IPIs of ≥60 months were associated with 
higher risks of small birth size and first-day neonatal 
deaths than IPIs of 36–59 months.5 These findings were 
consistent with our results. This association had been 
questioned in some studies. Hanley et al showed that the 
associations of gestational diabetes mellitus and pree-
clampsia with long IPIs were eliminated by using within- 
woman matched analyses.37 Ball et al also reported similar 
results.20 We need to interpret the relationships between 
long birth intervals and pregnancy outcomes cautiously in 
clinical practice because of the rareness of studies on this 
issue and the inconsistency of results. China announced 
the implementation of a comprehensive two-child policy 
and abolished the one-child policy in 2015.38 

A retrospective study conducted in China found that 
women with IPIs of >96 months accounted for 21.3%,39 

which indicated that there was a large proportion of 
women with long IPIs in China. Our study found that 
women with IPIs of >120 months accounted for 10% 
between 2010 and 2013. After the implementation of the 
two-child policy, several couples who previously had only 

one child would have a second child, which could result in 
more women having long IPIs. Therefore, the adverse 
birth outcomes associated with longer IPIs should arouse 
more attention in China. The mechanism underlying the 
association between long IPIs and poor birth outcomes has 
not been established; however, the “physiological regres-
sion hypothesis” may explain it. The hypothesis suggests 
that mothers may have adaptive benefits from pregnancy 
and the benefits may gradually weaken after delivery until 
their physiological characteristics return to the same state 
as primigravida.9,34

Moreover, our study also found obvious dose–response 
relationships between IPI and LBW, SGA, PTB and birth 
defects. Consistent with previous studies,9,17 the J-shape 
curves were observed for the relationships between IPI and 
LBW and SGA and PTB, which also further confirmed the 
results of GLM. However, there was no J-shape relation-
ship between IPI and birth defects, which was different 
from the findings of previous studies.12 Different popula-
tion characteristics and adjustment factors may account for 
this difference. We found that the lowest risks of the four 
adverse birth outcomes were associated with an IPI of 
approximately 50 months, as shown in Figure 2A–D. 
Several studies had suggested IPIs of 27–50 months as 
optimal.5,40,41 Further studies with a favorable design were 
needed to verify the optimal birth interval. Nevertheless, 
both the GLM and dose–response relationship found short 
and long IPIs associated with a high risk of adverse out-
comes. Maternal and pregnancy characteristics (such as 
obesity and gestational diabetes) related to IPIs may vary 
with maternal age,42,43 which may affect the association 
between IPI and adverse birth outcomes to some extent. 
Some studies focused on this issue,17,44 but they were 
limited. To verify the results above and assess whether 
the association between IPIs and birth outcomes varies 
with maternal age, we performed a sensitivity analysis 
that suggested that the adverse pregnancy outcomes asso-
ciated with IPIs were applicable to women of all ages.

The main strength of this study was that it involved 
a large representative sample from a stratified multistage 
random sampling survey. Considering the similarities in 
the cultural distribution, economy, and lifestyle in 
Northwest China, our results can be generalized for 
Northwest China to some extent. Besides, a multi- 
statistical approach involving dose–response relation-
ships and sensitivity analyses were performed to verify 
the results. In addition, the birth outcomes gathered 
through a review of medical records and birth certificates 
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were relatively accurate. Moreover, several limitations 
should be stated. First of all, due to the limitations of 
the pre-set questions, indicators, such as intrauterine 
growth restriction, were not included as outcome vari-
ables, which restricted our exploration. Secondly, resi-
dual confounding caused by some unassessed factors 
(such as pre-pregnancy body mass index, weight gain 
during pregnancy, fertility, and maternal illness) may 
affect the results, and this could lead to a spurious asso-
ciation. Furthermore, this study used a cross-sectional 
design, and the characteristics of the participants were 
retrospectively self-reported, and recall bias could not be 
avoided although we had taken steps to help control 
recall bias, including using a standard questionnaire to 
collect the data, training interviewers rigorously, and 
conducting a pilot study to test the survey instruments.

Conclusion
The present study suggests independent associations 
between short and long IPIs and the risks of adverse 
birth outcomes. Our findings provide evidence in support 
of family planning, for both patients and health care pro-
viders. Further well-designed studies are needed to explore 
these associations and explain the underlying mechanisms.
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