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Association between maternal 
interpregnancy interval after live 
birth or pregnancy termination and 
birth weight: a quantile regression 
analysis
Qi Zhang1, Shaonong Dang1, Ruhai Bai2, Baibing Mi1, Lingling Wang1 & Hong Yan1,3

We used quantile regression (QR) to assess if the length of the interpregnancy interval (IPI) after live 
birth and pregnancy termination is associated with weight in subsequent birth. The analysis included 
9663 and 3400 women with IPI after live birth and pregnancy termination, respectively. For the women 
after live birth, an IPI < 12 months had negative effects at the 5th and 10th quantiles of the birth weight 
(BW) distribution. When the BW was beyond the 90th quantile, the BWs of newborns whose mothers 
with longer IPI (36–59 months) were higher than the reference group (18~23 months). For women 
after pregnancy termination in the 10th quantile, it was observed that those pregnant women with IPIs 
between 36 and 47 months had a negative effect (150 g) on BW compared with the reference group. 
This finding revealed that mothers with IPI < 12 months resulted in a decrease of 85 g at 75th quantile. 
The impact of IPI > 119 months in the upper quantile (95th) had an increase of 330 g in BW. Our results 
demonstrated that both short (<12 months) and long (>36 months) IPIs are independently associated 
with higher risks of low birth weight (LBW) and macrosomia.

The birth weight (BW) of newborns serve as one of the major determinants for physical and mental growth in 
infants and also reflects the intrauterine growth of the fetus1. Previous studies have shown that both low birth 
weight (LBW) and macrosomia increase the risk of adverse pregnancy outcomes and subsequent health prob-
lems in the offspring2. LBW is associated with increased morbidity and mortality in infancy and adolescence3. 
Macrosomia is also related to poor health outcomes for the child and mother, with an increased risk of neo-
natal hypoglycemia, cesarean section, postpartum hemorrhage, shoulder dystocia, longer hospitalization and 
metabolic syndrome in the offspring with a predisposition to develop cardiovascular disease and diabetes in 
adulthood4,5.

The interpregnancy interval (IPI) is defined as the time that has elapsed between the date of the previous 
delivery and the first day of the last normal menstrual period for the index pregnancy6. The IPI is considered to 
be a crucial and modifiable risk factor for adverse birth outcomes7–10. The incidences of small for gestational age 
birth (SGA), preterm birth and LBW have each been repeatedly shown to follow a strong J-shaped relationship 
to the IPIs7,8. Compared with intermediate intervals of 18–23 months, short intervals (<18 months between 
the previous birth and subsequent conception) and long intervals (>23 months) are associated with a higher 
risk of adverse birth outcomes7–9,11. Although the above mentioned studies demonstrated a valuable relation-
ship between the IPI and BW, the results do not completely elucidate the relationship between explanatory and 
outcome variables. The use of quantile regression (QR) to estimate the association between IPI and BW has 
been limited based on the extant literature. The present study therefore intended to overcome this limitation. 
The reported models, whether designating BW as the dependent variable or logistic regression keeping LBW or 
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macrosomia as the dependent variable, only describe the conditional mean of an outcome without describing the 
scale of the distribution and the classification also lead to a loss of information6,12. The QR approach we utilized 
in this paper, which provides a complete image of the effects of covariates on BW by estimating the family of con-
ditional quantile function13, makes QR a natural choice for this analysis because of the robust property and lack 
of distribution hypothesis.

As a consequence, the purpose of our study was to characterize the effect of IPIs along the entire BW distribu-
tion using the data from a population-based survey by the quantile regression in order to provide valuable policy 
insight to some extent.

Methods
Study design and subjects.  The data in the current study were derived from a population-based, cross-sec-
tional survey conducted between August and October 2013. The subjects were Chinese women of childbearing 
age (15–49 years) living in Shaanxi, a major province in western China. Shaanxi has a population of 40 million 
and is undergoing rapid economic development. The inclusion criteria for the women were a history of preg-
nancy between August 2011 and August 2013 and a gestational age ≥28 weeks. Women were excluded if they 
were pregnant during the time of the survey or had a serious illness, such as cancer or cardiovascular disease. A 
stratified multi-stage sampling method was adopted to obtain the representative sample based on the proportion 
of urban and rural populations and fertility rates. First, the entire population of women of childbearing age was 
stratified into urban and rural strata. 20 counties and 10 districts were randomly selected from the two strata. 
Second, 6 townships from each chosen county and 3 neighborhoods from each chosen district were randomly 
sampled. Third, 6 villages from each township and 6 communities from each neighborhood were randomly sam-
pled. Finally, 30 eligible women from each selected village and 60 eligible women from each selected community 
were randomly sampled.

Data sources.  Face-to-face interviews with a structured questionnaire were conducted by trained interview-
ers after obtaining written informed consent. The additional child level information, such as BW and birth date, 
were obtained through a review of birth certificates and the BW data were corrected to the nearest 10 g. Data 
involving the women’s reproductive history were obtained by asking about previous pregnancy outcomes, includ-
ing miscarriages, induced abortions, BW, gestational age and birth or termination date associated with previous 
pregnancies. We considered all early pregnancy losses and stillbirths and terminations of pregnancy that occurred 
after 28 weeks gestation. The supervisors reviewed each questionnaire immediately after completion for missing 
values or logic errors to assure the accuracy of the data. The pediatrician from each team helped investigators 
gather information about birth outcomes.

There were 30,027 registered pregnancies during this period. After excluding non-live births (n = 761), 
unknown outcomes (n = 350), primigravidas (n = 14402) and women with incomplete reproductive histories 
(n = 1375), the final data set consisted of 13,063 cases with an IPI.

Study variables.  In this research, BW was considered to be the main outcome (dependent variable). The IPI, 
the independent variable, was calculated as the time between the previous live birth or pregnancy termination 
and the present live birth. The IPI was calculated from the previous live birth and termination dates. From a prac-
tical point of view, the classification of IPI might be better for understanding the effect of a shorter or longer IPI 
on BW. Therefore, the IPI was categorized in the current study. To be consistent with previous studies7,14,15, the 
IPI was classed as <12, 12~17, 18~23, 24~35, 36~47, 48~59, 60~119 and ≥120 months. We used an IPI of 18~23 
months as the reference. The BW refers to the weight of newborns within 1 h after birth, which was obtained from 
the birth certificate.

Covariates.  Some factors, including demographic factors, have been suggested to be associated with BW16–18. 
These factors were defined as covariates in our study to illuminate the relationship between the IPI and BW. The 
covariates included residence (urban or rural), infant gender (male or female), gestational age in weeks (<37, 
37~41 and >41), maternal age in years (<20, 20~35 and >35), maternal education in years (<9, 9 and >9), 
ethnicity (Han and others), gravidity (2 and >2), maternal job (employee or non-employee), pregnancy-induced 
hypertension (PIH; yes or no) and family economic status. Gestational age was computed as the number of com-
pleted weeks of gestation from the date of the mother’s last menstrual period-to-delivery. Family economic status 
referred to the per capita annual household income and was divided into low, middle and high by quartile. The 
information on covariates was obtained from the baseline questionnaire.

Statistical analysis.  The data were manually checked for completeness and double-entered into EpiData 
version 3.1 (EpiData Association, Denmark). Mean ± standard deviation (SD) was used for the description of 
continuous variables and categorical variables are presented as counts and percentages. Simple linear regression 
was used for univariate analysis. We compared sociodemographic data, maternal pregnancy and birth-related 
characteristics of the present live birth by previous pregnancy outcome and we also compared the BW between 
these characteristics. Significant differences were defined as comparisons with a P value < 0.05 and a 95% confi-
dence interval, not inclusive of the null value of 0.0.

We employed OLS regressions and QRs to assess associations of predictor variables with the mean and the 5th, 
10th, 25th, 50th, 75th, 90th and 95th quantiles of the BW. The potential modifying effect of IPIs on BW was further 
adjusted for covariates, including residence, infant gender, gestational age, maternal age, maternal education, 
ethnicity, gravidity, maternal job, PIH and economic status. We adjusted for urban-rural stratification.

QR as a location model was proposed by Koenker and Bassett19 to extend OLS, which generalizes the distri-
bution at its mean to a more general class of linear models in which the conditional quantiles have a linear form 
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to fully account for the overall distribution of the response variable. To formalize the QR, a real valued random, 
variable Y, was characterized by the following distribution function:

= ≤F(y) Pr(Y y) (1)

Then, for any Tɛ(0, 1), the T-th quantile of Y was defined as follows:

= ≥Q(T) in f{y: F(y) T} (2)

The most useful quantiles are often determined by the sample size and subject-matter considerations. The fre-
quently used quantiles, T, from equation (2) were T = 0.25, T = 0.50 and T = 0.75 for the first, median and third 
quartile, respectively. Thus, unlike the OLS, which minimizes the squared differences around the mean, QR min-
imizes the weighted absolute difference between the observed value of y and the T-th quantile of Y19. Thus, any 
value between 0 and 1 regulates the regression plane position and the steering, which can lead to an independent 
estimation of different quantiles of the dependent variable. It not only can represent all of the information in the 
data, but can also focus more on specific regions of the data, such as extreme position data, instead of just focusing 
on the conditional mean of the response variable, as does OLS19.

Unlike OLS, QR provides a complete view of the influence of an independent variable on the outcome var-
iable. Therefore, it is feasible to identify the more vulnerable groups and devise more effective interventions. 
Moreover, OLS may be inefficient if the errors are highly non-normal and QR is more robust to non-normal 
errors and outliers20,21. We were also interested in the differences between OLS and QR estimates. The results from 
OLS and QR were revealed in tables to depict the levels of estimates produced by the two types of estimations.

Statistical analyses were performed using statistical package for SAS version 9.4 (SAS Institute, Cary, NC, 
USA).

Ethics Statement.  The study was conducted in accordance with the Declaration of Helsinki and was 
approved by the Human Research Ethics Committee of the Xi’an Jiaotong University Health Science Center (No. 
20120008). The approval was accepted on 6 March 2012. Written informed consent was obtained from each stu-
dent before the questionnaire survey.

Results
Background information of subjects.  There were 13,063 women with reproductive histories between 
2010 and 2013 considered for analysis, with 9663 after a live birth and 3400 after a pregnancy termination 
(Table 1). Among the women after a live birth, 99.49% (9614) were Han Chinese and more than four-fifths 
(89.68%) of the women lived in rural areas. Then mean age at delivery was 30.97 years (SD, 4.92), with women 
20–35 years of age at delivery accounting for 80.11% of the sample. The majority of participants (78.39%) had 
completed 9 years of compulsory education (junior high school or above). Most participants (77.76%) were not 
employed outside the home and were categorized as farmers. The average annual household income per capita 
was 5075, 8889 and 13,750 yuan in the lower, median and upper quartiles, respectively (Table 1).

After a pregnancy termination, the overall mean [standard deviation (SD)] age was 29.55 (5.00) years. At 
delivery, 85.50% (2907) were 20–35 years of age, 99.49% (9614) were Han Chinese, 60.27% (2049) had ≤9 years 
of education and 77.68% (2641) were from rural areas. Of the women, 64.35% (2188) had occupations related to 
farming or homemaking. The average annual household incomes per capita were 11000 yuan (Table 1).

BW by selected factors among the two groups.  Univariate analysis showed that there were eight fac-
tors associated with BW (Table 1). Infant gender, gestational age, residence, maternal age, maternal education, 
maternal job and economic status were the demographic factors. Complications, such as PIH, had a significant 
influence on BW. The results indicated that female neonates, preterm infants, order mothers, low level of maternal 
education, rural neonates, mothers with no income, mothers with PIH and low economic status had significantly 
lower BWs than the reference group.

Distribution of IPI.  Among the women after a live birth, 8.91% and 7.13% had IPIs < 12 or <18 months, 
respectively and 30.44% and 14.60% had IPIs > 59 or >119 months, respectively. Among the women after a preg-
nancy termination, 41.56% and 12.91% had IPIs < 12 or <18 months, respectively. Distribution of the IPI was 
positively skewed. After live birth or pregnancy termination, the median interval was 53.77 and 15.58 months, 
respectively.

Association between IPI and BW.  Tables 2 and 3 gave a comparison of the relationship between different 
classifications of IPIs and BW using QR and the OLS method for women with a previous live birth or pregnancy 
termination. The QR coefficients revealed that IPIs for the BW of neonates had different effects at different parts 
of the distribution.

For women after a live birth, the OLS estimates showed that, on average, IPI had positive effects on BW 
between 36 and 59 months; however, OLS did not completely account for the association between the IPI and BW. 
When we used QR, mothers with an IPI < 12 months had negative effects at the 5th and 10th quantiles of the BW 
distribution (the lower tail of the distribution), which refers to the very low birth weight (VLBW) group; the OLS 
showed that there was no significant difference. When the BW was beyond the 90th quantile, mothers with a long 
IPI (36–59 months) had a significantly lower BW than the reference group.

For the women after a pregnancy termination, multiple linear regression analysis showed that there was no 
significant difference in BWs between the different IPI and reference group. Nevertheless, there was a statistically 
significant difference when analysed by the QR. In the VLBW quantiles (10th quantile), it was observed that moth-
ers with IPIs between 36 and 47 months had a negative effect of 150 g on BW compared with the reference group. 
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This finding revealed that mothers with an IPI < 12 months will result in a decrease of 85 g at the 75th quantile, 
which was significant. The impact of an IPI > 119 months in the upper (95th) quantile had an increase of 330 g in 
BW.

The QR model estimates clearly revealed the differential effects of IPIs on the different parts of the BW distri-
bution. Figure 1 showed a graphical illustration of QR results, with all other covariates held constant. The straight 
solid line in each graph represents the OLS estimates, whereas the curve represents the coefficients of the QR 
models in the different quantiles of BW and the shadow around the curve shows the 95% confidence band of 
these estimates.

Discussion
This paper investigated the association between the IPI and BWs from a large study in Shaanxi Province (western 
China) between August and October 2013. Our results revealed a clear link between BW and the IPI. QR anal-
ysis allowed us to show that the relationships were not uniform across the distribution of BW. The association 
between a short IPI (<12 months) and BW was greater at smaller quantiles of BW than larger quantiles. The 
OLS estimation showed that, on average, a long IPI (36~59 months) was related to BW among women after a live 
birth; however, there was no significant difference among the women after a pregnancy termination. This may be 
due to the fact that OLS does not completely account for the effect of the IPI on BW. In addition, we found that 

Characteristics

After live birth (n = 9663) After termination (n = 3400)

n (%) BW (g,x ± s) β p-value n (%) BW (g, x±s) β p-value

Residence

Rural 8666(89.68) 3259.74 ± 467.09 −93.09 <0.0001 2641(77.68) 3281.30 ± 484.78 −73.49 0.0002

Urban (Ref.) 997(10.32) 3352.83 ± 458.79 759(22.32) 3354.80 ± 460.41

Infant gender

Female 4170(43.15) 3200.74 ± 457.90 −120.68 <0.0001 1519(44.68) 3226.70 ± 486.54 −128.36 <0.0001

Male (Ref.) 5493(56.85) 3321.42 ± 467.28 1881(55.32) 3355.06 ± 486.54

Gestational age

<37 weeks 254(2.63) 2713.46 ± 694.77 −568.64 <0.0001 111(3.26) 2628.73 ± 649.01 −686.30 <0.0001

37 to 41 weeks (Ref.) 9203(95.24) 3282.10 ± 449.05 3201(94.15) 3315.03 ± 452.66

>41 weeks 206(2.13) 3384.93 ± 480.94 102.83 0.0014 88(2.59) 3511.59 ± 563.36 196.56 <0.0001

Maternal age

<20 years old 123(1.27) 3229.67 ± 465.17 −49.16 0.2465 46(1.35) 3380.43 ± 340.83 74.59 0.2956

20 to 35 years old 
(Ref.) 7741(80.11) 3278.83 ± 461.08 2907(85.50) 3305.85 ± 470.98

>35 years old 1799(18.62) 3231.23 ± 490.44 −47.61 <0.0001 447(13.15) 3236.29 ± 544.54 −69.56 0.0044

Maternal education

Primary school or 
below 2089(21.62) 3215.77 ± 500.24 −57.69 <0.0001 397(11.68) 3201.38 ± 474.23 −74.81 0.0051

Junior high school 5838(60.42) 3273.46 ± 456.52 1652(48.59) 3276.20 ± 491.46

Senior high school 
or above (Ref.) 1736(17.97) 3319.98 ± 454.43 46.52 0.0003 1351(39.74) 3352.33 ± 461.85 76.13 <0.0001

Ethnicity

Minority 49(0.51) 3142.45 ± 465.45 −127.54 0.0566 38(1.12) 3359.21 ± 437.72 62.20 0.4275

Han (Ref.) 9614(99.49) 3269.99 ± 467.02 3362(98.88) 3297.01 ± 480.83

Gravidity

>2 times 1176(12.17) 3272.94 ± 497.05 4.09 0.7784 1760(51.76) 3305.67 ± 489.92 16.50 0.3169

2 times (Ref.) 8487(87.83) 3268.85 ± 462.80 1640(48.24) 3289.17 ± 469.87

Maternal job

Homemaker or 
farmer 7514(77.76) 3259.53 ± 468.61 −44.13 0.0001 2188(64.35) 3272.06 ± 482.44 −71.97 <0.0001

Employee (Ref.) 2149(22.24) 3303.66 ± 460.13 1212(35.65) 3344.02 ± 473.24

PIH

Yes 157(1.62) 3103.69 ± 601.88 −168.48 <0.0001 80(2.35) 3044.75 ± 596.27 −259.06 <0.0001

No (Ref.) 9506(98.38) 3272.08 ± 464.06 3320(97.65) 3303.81 ± 475.67

Economic status

Low (lowest 25) 2014(20.84) 3232.38 ± 458.11 −30.05 0.0134 588(17.29) 3258.26 ± 509.51 −29.48 0.2040

Middle (medium 
50) (Ref.) 5482(56.73) 3262.43 ± 468.70 1566(36.65) 3287.74 ± 485.35

High (top 25) 2167(22.43) 3321.19 ± 458.11 58.76 <0.0001 1246(36.65) 3328.86 ± 457.82 41.12 0.0240

Table 1.  Sociodemographic, maternal pregnancy and birth-related characteristics comparing infant birth 
weight.
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the IPI among women after a live birth or pregnancy termination had different effects on the BW of the current 
pregnancy.

Some studies have revealed an apparent optimal IPI of 18~23 months, which is associated with the lowest 
risk of adverse pregnancy outcomes, including LBW, preterm delivery and small-for-gestational age (SGA)22,23. 
Consequently, our study used an IPI of 18~23 months as the reference. Indeed, IPIs < 12 and >36 months were 
associated with adverse perinatal outcomes.

IPI

Coeff (p-value)
(95% CI)

Q05 Q10 Q25 Q50 Q75 Q90 Q95 OLS

<12 
months
(n = 861)

−114.29(0.0096)
(−200.71~−27.86)

−92.86(0.0222)
(−172.46~−13.25)

−50.00(0.1551)
(−118.93~18.93)

−43.75(0.971)
(−95.43~7.93)

−28.57(0.3339)
(−86.53~29.39)

0.00(1.0000)
(−92.87~92.87)

0(1.0000)
(−109.99~109.99)

−44.12(0.0563)
(−89.43~1.19)

12~17 
months
(n = 689)

0.00(1.0000)
(−91.07~91.07)

−14.29(0.7385)
(−98.18~69.60)

0.00(1.0000)
(−72.64~72.64)

−6.25(0.822)
(−60.71~48.21)

−25.00(0.5666)
(−43.22~78.94)

50.00(0.3166)
(−47.87~147.87)

0(1.0000)
(−115.91~115.91)

−1.30(0.9573)
(−49.05~46.45)

18~23 
months
(n = 681)

Ref.

24~35 
months
(n = 1139)

−42.86(0.3036)
(−124.51~38.80)

−21.43(0.5765)
(−96.64~53.78)

0.00(1.0000)
(−65.12~65.12)

−6.25(0.8019)
(−55.08~42.58)

7.14(0.7982)
(−47.62~61.91)

0.00(1.0000)
(−87.75~87.75)

50(0.3456)
(−53.92~153.92)

−0.86(0.9684)
(−43.67~41.94)

36~47 
months
(n = 1003)

14.29(0.7382)
(−69.48~98.05)

28.57(0.4679)
(−48.59~105.73)

0.00(1.0000)
(−66.81~66.81)

50.00(0.0504)
(−0.09~100.09)

53.57(0.0616)
(−2.61~109.75)

100.00(0.0295)
(9.98~190.02)

50(0.3579)
(−56.61~156.61)

52.25(0.0197)
(8.34~96.17)

48~59 
months
(n = 938)

7.14(0.8692)
(−77.87~92.16)

42.86(0.2834)
(−35.45~121.16)

50.00(0.1484)
(−17.80~117.80)

50.00(0.0539)
(−0.84~100.84)

42.86(0.1407)
(−14.16~99.87)

100.00(0.0319)
(8.64~191.36)

150(0.0066)
(41.80~258.20)

61.69(0.0067)
(17.12~106.26)

60~119 
months
(n = 2941)

−7.14(0.8466)
(−79.53~65.24)

0.00(1.0000)
(−66.68~66.68)

0.00(1.0000)
(−57.73~57.73)

43.75(0.0476)
(0.46~87.04)

25.00(0.3128)
(−23.55~73.55)

50.00(0.2077)
(−27.79~127.79)

50(0.2874)
(−42.13~142.13)

25.55(0.1871)
(−12.41~63.50)

>119 
months
(n = 1411)

−64.29(0.1586)
(−153.66~25.08)

−78.57(0.0614)
(−160.89~3.75)

−50.00(0.1692)
(−121.28~21.28)

31.25(0.2517)
(−22.19~84.69)

28.57(0.3501)
(−31.37~88.51)

50.00(0.3075)
(−46.04~146.04)

50(0.3889)
(−63.74~163.74)

1.80(0.9399)
(−45.05~48.66)

Table 2.  QR results for assessing the relationship between different IPI and birth weight for the women after a 
live birth. OLS: ordinary least squares; Q: quantile; Adjust covariates: Residence, Infant gender, Gestational age, 
Maternal age, Maternal education, Ethnicity, Gravidity, Maternal job, PIH and Economic status.

IPI

Coeff (p-value)
(95% CI)

Q05 Q10 Q25 Q50 Q75 Q90 Q95 OLS

<12 
months
(n = 1413)

−10.00(0.8464)
(−111.21~91.21)

−50.00(0.2285)
(−131.39~31.39)

−25.00(0.4172)
(−85.40~35.40)

−50.00(0.1762)
(−122.46~22.46)

−85.00(0.0274)
(−160.51~−9.49)

−44.00(0.3163)
(−130.07~42.07)

−75.00(0.2037)
(−190.67~40.67)

−47.89(0.0980)
(−104.62~8.83)

12~17 
months
(n = 439)

20.00(0.742)
(−99.12~139.12)

0.00(1.0000)
(−95.79~95.79)

0.00(1.0000)
(−71.09~71.09)

−50.00(0.2504)
(−135.28~35.28)

−85.00(0.0608)
(−173.87~3.87)

−69.00(0.1818)
(−170.30~32.30)

−84.14(0.2257)
(−220.28~51.99)

−36.11(0.2891)
(−102.87~30.66)

18~23 
months
(n = 303)

Ref.

24~35 
months
(n = 435)

25.00(0.6807)
(−94.11~144.11)

0.00(1.0000)
(−95.78~95.78)

0.00(1.0000)
(−71.09~71.09)

0.00(1.0000)
(−85.28~85.28)

−60.00(0.1856)
(−148.86~28.86)

−39.00(0.4504)
(−140.29~62.29)

−75.00(0.2801)
(−211.13~61.13)

−16.88(0.6201)
(−83.64~49.88)

36~47 
months
(n = 248)

−65.00(0.3506)
(−201.51~71.51)

−150.00(0.0074)
(−259.78~−40.22)

−50.00(0.2290)
(−131.47~31.47)

−50.00(0.3159)
(−147.74~47.74)

−29.37(0.5718)
(−131.21~72.47)

−8.00(0.8925)
(−124.09~108.09)

0.00(1.0000)
(−156.01~156.01)

−53.21(0.1728)
(−129.72~23.30)

48~59 
months
(n = 166)

−125.00(0.112)
(−279.16~29.16)

0.00(1.0000)
(−123.96~123.96)

−25.00(0.5942)
(−117.00~67.00)

−100.00(0.0757)
(−210.37~10.37)

−35.00(0.5507)
(−150.00~80.00)

−19.00(0.7763)
(−150.09~112.09)

25.00(0.7809)
(−151.18~201.18)

−30.74(0.4855)
(−117.14~55.66)

60~119 
months
(n = 321)

90.00(0.1732)
(−39.53~219.53)

0.00(1.0000)
(−104.16~104.16)

25.00(0.5261)
(−52.30~102.30)

0.00(1.0000)
(−92.73~92.73)

−50.00(0.3104)
(−146.63~46.63)

−62.00(0.2698)
(−172.15~48.15)

−30.00(0.6911)
(−178.03~118.03)

−12.27(0.7404)
(−84.86~60.33)

>119 
months
(n = 75)

90.00(0.4105)
(−124.39~304.39)

−50.00(0.5696)
(−222.40~122.40)

−25.00(0.7017)
(−152.95~102.95)

−150.00(0.0554)
(−303.49~3.49)

−15.00(0.8541)
(−174.94~144.94)

145.00(0.1190)
(−37.32~327.32)

330.00(0.0083)
(84.99~575.01)

−19.56(0.7497)
(−139.72~100.60)

Table 3.  QR results for assessing the relationship between different IPI and birth weight for the women after a 
pregnancy termination. OLS: ordinary least squares; Q: quantile; Adjust covariates: Residence, Infant gender, 
Gestational age, Maternal age, Maternal education, Ethnicity, Gravidity, Maternal job, PIH and Economic status.
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Current WHO recommendations are for an IPI of at least 24 months after a live birth24. The results of our study 
corroborated the findings of an earlier study that women with shorter or longer birth intervals are at increased 
risk of LBW newborns25. Women with a short IPI (<12 months) after a live birth are associated with LBW. One 
of the most studied explanations is related to the nutritional depletion hypothesis, which states that a close suc-
cession of pregnancies and period of lactation worsen the mother’s nutritional status and there is insufficient 
time to restore the energetic and nutritional reserves needed to support fetal growth and development during 
the subsequent pregnancy12. For example, the lack of replenishment of the physiologic depletion of folate that 
occurs in pregnancy and lactation may lead future pregnancies to be conceived under a state of folate deficiency, 
thereby increasing the risks of neural tube defects, fetal growth restriction and preterm birth26. When the IPI is 
>36 months, the risk of macrosomia is increased. This finding may due to a long IPI associated with an increased 
risk of gestational diabetes and entering a pregnancy when obese27.

There were different effects on BW between different IPIs among mothers after a live birth or pregnancy termi-
nation. After pregnancy termination, our findings were consistent in that a long IPI was associated with LBW. Ball 
et al.14 reported that a long IPI was associated with SGA. The increased risk of preterm birth and LBW after a long 
IPI may in part be because of the co-existing maternal complications, such as pre-eclampsia, hypertension, obe-
sity and diabetes, which are more prevalent as the IPI increases. Another hypothesis for the association between 
a long IPI and an increased risk of LBW could be explained by a decline in the mother’s physiologic and anatomic 
adaptation of the reproductive system, which declines gradually after a long time if a woman does not conceive28. 
Both a short IPI (<12 months) and a long IPI (>119 months) were shown to increase the risk of macrosomia. 
A short IPI provides less time to lose weight from a previous pregnancy, which may increase the likelihood of 
beginning the next pregnancy obese and the relationship between pre-pregnancy body mass index (BMI) and 
gestational diabetes29. Compared with women with a previous live birth, energy and nutrition status are restored 
more quickly. In contrast, miscarriage or abortion lengthens the IPI. Also, with older age at the last pregnancy, a 
longer IPI will be less frequent because of the reduced probability of conception at an older maternal age30.

Importantly, IPI is a modifiable risk factor. Indeed, the WHO refers to family planning services as a top pri-
ority and not only a key intervention for improving health, but also as a human right31. The guidelines on IPIs for 

Figure 1.  Graphical illustration of QR results of the women after live birth (A) and pregnancy termination (B), 
respectively.
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women after a termination are of special importance because these women often desire to conceive again with 
minimal delay. Specifically, a short IPI is desired for some women after a spontaneous abortion or termination 
due to fetal anomalies and for couples with advanced maternal age or infertility.

Our study had several strengths. The primary strength of the present analysis was the large sample and accu-
rate data. Importantly, our study used QR, a semi-parametric robust regression technique that allows the BW 
to be treated continuously. The QR has several advantages that applied directly to the analysis of our data set. 
First, research interest lies in quantiles rather than the means of BWs. Our study interest was the complete dis-
tribution of BWs, as follows: LBW; normal; and macrosomia. An inference on the mean BW alone would not be 
as informative as an inference on multiple quantiles throughout the distribution. Second, the QR has statistical 
efficiency and is robust with respect to outliers. Outliers and large values have an important effect on the mean 
and therefore have an impact on linear regression estimates. In contrast, QR is robust to outliers and large values. 
When the sampled population contains outliers, the quantile estimator is more efficient than the mean estima-
tor for robustness. Third, the QR does not make any request to the stochastic error distribution. This analytic 
method is important when the distribution is asymmetric and the tail is thick or missing32. Compared to OLS, 
the quantile return has unique superiority in the application. Fourth, the QR does not need to be transformed. 
There are some transformations, such as the square and the logarithm applied in linear regression. Sometimes 
the distribution of the dependent variable is skewed and the relationship between independent and dependent 
variables is non-linear. Converting the outcome may simplify modeling when using linear regression; however, it 
is often difficult to implement in practice, owing to the inconsistency of back transformation and the challenge of 
interpretation33. In contrast, QR accommodates skewed distributions seamlessly.

Despite the significant implications of these findings, a few limitations of our study are paramount. First, as 
a result of the limitations of the cross-sectional design, the recall bias could not be eliminated completely, even 
though we adopted a series of effective measures to control biases as much as possible. Second, the lack of infor-
mation about some potential confounders, such as maternal pre-pregnancy BMI and placental weight, might be 
significant factors in the study of IPI and BW, which may in turn increase bias. Third, as our participants were 
Chinese women of childbearing age from Shaanxi Province in western China, these findings may be limited to the 
promotion of other ethnic or racial groups. A final limitation of our study was that by using quantile regression, 
the selection of quantiles was empirically rather than clinically derived13.

Conclusions
Our study showed that IPI is a potentially modifiable factor and both shorter and longer IPIs are independently 
associated with higher risks of LBW and macrosomia. Our study provides important implications for reducing 
LBW and macrosomia. Optimization of the IPI is indicated for good pregnancy outcomes. Healthcare providers 
should counsel women who have recently given birth regarding the risk to subsequent pregnancy and the adverse 
effect of shorter or longer IPIs on subsequent birth. The importance of providing support for family planning 
services should be emphasized and the suggestion of an optimal IPI should be included to reduce adverse birth 
outcomes.

References
	 1.	 Alexander, G. R., Wingate, M. S., Mor, J. & Boulet, S. Birth outcomes of Asian-Indian-Americans. International Journal of 

Gynaecology & Obstetrics the Official Organ of the International Federation of Gynaecology & Obstetrics 97, 215 (2007).
	 2.	 Michael, A. J., Antonisamy, B., Gowri, S. M. & Prakash, R. Modelling the Risk Factors for Birth Weight in Twin Gestations: A 

Quantile Regression Approach. Journal of biosocial science 1–13, https://doi.org/10.1017/S0021932017000050 (2017).
	 3.	 Mayor, S. Low birth weight is associated with increased deaths in infancy and adolescence, shows study. BMJ (Clinical research ed.) 

353, i2682, https://doi.org/10.1136/bmj.i2682 (2016).
	 4.	 Weissmannbrenner, A. et al. Maternal and neonatal outcomes of large for gestational age pregnancies. Acta Obstetricia Et 

Gynecologica Scandinavica 91, 844–849 (2012).
	 5.	 Boney, C. M., Verma, A., Tucker, R. & Vohr, B. R. Metabolic syndrome in childhood: association with birth weight, maternal obesity 

and gestational diabetes mellitus. Pediatrics 115, e290 (2005).
	 6.	 Mignini, L. E. et al. Interpregnancy interval and perinatal outcomes across Latin America from 1990 to 2009: a large multi-country 

study. BJOG: an international journal of obstetrics and gynaecology 123, 730–737, https://doi.org/10.1111/1471-0528.13625 (2016).
	 7.	 Conde-Agudelo, A., Rosas-Bermúdez, A. & Kafury-Goeta, A. C. Birth spacing and risk of adverse perinatal outcomes: a meta-

analysis. Jama 295, 1809–1823 (2006).
	 8.	 Zhu, B. P. Effect of interpregnancy interval on birth outcomes: findings from three recent US studies. International journal of 

gynaecology and obstetrics: the official organ of the International Federation of Gynaecology and Obstetrics 89(1), S25–33, https://doi.
org/10.1016/j.ijgo.2004.08.002 (2005).

	 9.	 Shachar, B. Z. & Lyell, D. J. Interpregnancy interval and obstetrical complications. Obstetrical & gynecological survey 67, 584–596 
(2012).

	10.	 Wendt, A., Gibbs, C. M., Peters, S. & Hogue, C. J. Impact of increasing inter-pregnancy interval on maternal and infant health. 
Paediatric and perinatal epidemiology 26(1), 239–258, https://doi.org/10.1111/j.1365-3016.2012.01285.x (2012).

	11.	 Grisaru-Granovsky, S., Gordon, E. S., Haklai, Z., Samueloff, A. & Schimmel, M. M. Effect of interpregnancy interval on adverse 
perinatal outcomes–a national study. Contraception 80, 512–518, https://doi.org/10.1016/j.contraception.2009.06.006 (2009).

	12.	 Merklinger-Gruchala, A., Jasienska, G. & Kapiszewska, M. Short interpregnancy interval and low birth weight: A role of parity. 
American journal of human biology: the official journal of the Human Biology Council 27, 660–666, https://doi.org/10.1002/
ajhb.22708 (2015).

	13.	 Ellerbe, C. N., Gebregziabher, M., Korte, J. E., Mauldin, J. & Hunt, K. J. Quantifying the impact of gestational diabetes mellitus, 
maternal weight and race on birthweight via quantile regression. PLoS One 8, e65017, https://doi.org/10.1371/journal.pone.0065017 
(2013).

	14.	 Ball, S. J., Pereira, G., Jacoby, P., de Klerk, N. & Stanley, F. J. Re-evaluation of link between interpregnancy interval and adverse birth 
outcomes: retrospective cohort study matching two intervals per mother. BMJ (Clinical research ed.) 349, g4333, https://doi.
org/10.1136/bmj.g4333 (2014).

	15.	 Conde-Agudelo, A., Belizán, J. M., Norton, M. H. & Rosas-Bermúdez, A. Effect of the interpregnancy interval on perinatal outcomes 
in Latin America. Obstetrics & Gynecology 106, 359–366 (2005).

http://dx.doi.org/10.1017/S0021932017000050
http://dx.doi.org/10.1136/bmj.i2682
http://dx.doi.org/10.1111/1471-0528.13625
http://dx.doi.org/10.1016/j.ijgo.2004.08.002
http://dx.doi.org/10.1016/j.ijgo.2004.08.002
http://dx.doi.org/10.1111/j.1365-3016.2012.01285.x
http://dx.doi.org/10.1016/j.contraception.2009.06.006
http://dx.doi.org/10.1002/ajhb.22708
http://dx.doi.org/10.1002/ajhb.22708
http://dx.doi.org/10.1371/journal.pone.0065017
http://dx.doi.org/10.1136/bmj.g4333
http://dx.doi.org/10.1136/bmj.g4333


www.nature.com/scientificreports/

8SCIENtIFIC RePorTS |  (2018) 8:4130  | DOI:10.1038/s41598-018-22498-0

	16.	 Mohammad, K., Kassab, M., Gamble, J., Creedy, D. K. & Foster, J. Factors associated with birth weight inequalities in Jordan. 
International nursing review 61, 435–440, https://doi.org/10.1111/inr.12120 (2014).

	17.	 Bazyar, J., Daliri, S., Sayehmiri, K., Karimi, A. & Delpisheh, A. Assessing the relationship between maternal and neonatal factors and 
low birth weight in Iran; a systematic review and meta-analysis. Journal of medicine and life 8, 23–31 (2015).

	18.	 Sebayang, S. K., Dibley, M. J., Kelly, P. J., Shankar, A. V. & Shankar, A. H. Determinants of low birthweight, small-for-gestational-age 
and preterm birth in Lombok, Indonesia: analyses of the birthweight cohort of the SUMMIT trial. Tropical medicine & international 
health: TM & IH 17, 938–950, https://doi.org/10.1111/j.1365-3156.2012.03039.x (2012).

	19.	 Koenker, R. & Bassett, G. Regression Quantiles. Econometrica 46, 33–50 (1978).
	20.	 Amugsi, D. A. et al. Dietary diversity, socioeconomic status and maternal body mass index (BMI): quantile regression analysis of 

nationally representative data from Ghana, Namibia and Sao Tome and Principe. BMJ open 6, e012615, https://doi.org/10.1136/
bmjopen-2016-012615 (2016).

	21.	 Bottai, M. et al. Use of quantile regression to investigate the longitudinal association between physical activity and body mass index. 
Obesity (Silver Spring, Md.) 22, E149–156, https://doi.org/10.1002/oby.20618 (2014).

	22.	 Zhu, B. P., Rolfs, R. T., Nangle, B. E. & Horan, J. M. Effect of the interval between pregnancies on perinatal outcomes. The New 
England journal of medicine 340, 589–594, https://doi.org/10.1056/nejm199902253400801 (1999).

	23.	 Effect of Interpregnancy Interval on Infant Low Birth Weight: A Retrospective Cohort Study Using the Michigan Maternally Linked 
Birth Database. (2003).

	24.	 WHO. Report of a WHO Technical Consulation on Birth Spacing [Internet]. Geneva, Switerland: WHO. (2005).
	25.	 Smith, G. C., Pell, J. P. & Dobbie, R. Interpregnancy interval and risk of preterm birth and neonatal death: retrospective cohort study. 

BMJ (Clinical research ed.) 327, 313, https://doi.org/10.1136/bmj.327.7410.313 (2003).
	26.	 Smits, L. J. M. & Essed, G. G. M. Short interpregnancy intervals and unfavourable pregnancy outcome: role of folate depletion. The 

Lancet 358, 2074–2077, https://doi.org/10.1016/s0140-6736(01)07105-7 (2001).
	27.	 Hanley, G. E., Hutcheon, J. A., Kinniburgh, B. A. & Lee, L. Interpregnancy Interval and Adverse Pregnancy Outcomes: An Analysis 

of Successive Pregnancies. Obstetrics and gynecology 129, 408–415, https://doi.org/10.1097/AOG.0000000000001891 (2017).
	28.	 Mahande, M. J. & Obure, J. Effect of interpregnancy interval on adverse pregnancy outcomes in northern Tanzania: a registry-based 

retrospective cohort study. BMC pregnancy and childbirth 16, 140, https://doi.org/10.1186/s12884-016-0929-5 (2016).
	29.	 Conde‐Agudelo, A., Rosas‐Bermudez, A., Castaño, F. & Norton, M. H. Effects of birth spacing on maternal, perinatal, infant and 

child health: a systematic review of causal mechanisms. Studies in family planning 43, 93–114 (2012).
	30.	 Cheslack Postava, K. & Winter, A. S. Short and long interpregnancy intervals: correlates and variations by pregnancy timing among 

U.S. women. Perspectives on sexual and reproductive health 47, 19–26, https://doi.org/10.1363/47e2615 (2015).
	31.	 Organization, W. H. (2011).
	32.	 Cade, B. S. & Noon, B. R. A gentle introduction to quantile regression for ecologists. Frontiers in Ecology & the Environment 1, 

412–420 (2003).
	33.	 Ranganathan, Y. & Borges, R. M. To transform or not to transform. Plant Signaling & Behavior 6, 113–116 (2011).

Acknowledgements
The authors would like to thank all the women who participated in this survey and their families. We also are 
grateful to all the investigators for their contribution to data collection. This research was supported by National 
Natural Science Foundation of China (81230016) and the Project of birth defect control and prevention in 
Shaanxi (Sxwsjswzfcght2016-013).

Author Contributions
Q.Z., S.D., R.B. and H.Y. had a role in the conception and planning of this work. Q.Z. had a major role in the 
conception, planning and writing up of the study. Q.Z. and S.D. contributed to interpretation of the results. Q.Z. 
drafted the manuscript and all other authors provided critical insight and revisions to the manuscript. B.M. and 
L.W. has made a contribution to the analysis of data. All of the authors above have revised the article for important 
intellectual content; and made a final approval of the version to be published. All of the authors above have agreed 
to be accountable for all aspects of the work.

Additional Information
Competing Interests: The authors declare no competing interests.
Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2018

http://dx.doi.org/10.1111/inr.12120
http://dx.doi.org/10.1111/j.1365-3156.2012.03039.x
http://dx.doi.org/10.1136/bmjopen-2016-012615
http://dx.doi.org/10.1136/bmjopen-2016-012615
http://dx.doi.org/10.1002/oby.20618
http://dx.doi.org/10.1056/nejm199902253400801
http://dx.doi.org/10.1136/bmj.327.7410.313
http://dx.doi.org/10.1016/s0140-6736(01)07105-7
http://dx.doi.org/10.1097/AOG.0000000000001891
http://dx.doi.org/10.1186/s12884-016-0929-5
http://dx.doi.org/10.1363/47e2615
http://creativecommons.org/licenses/by/4.0/

	Association between maternal interpregnancy interval after live birth or pregnancy termination and birth weight: a quantile ...
	Methods

	Study design and subjects. 
	Data sources. 
	Study variables. 
	Covariates. 
	Statistical analysis. 
	Ethics Statement. 

	Results

	Background information of subjects. 
	BW by selected factors among the two groups. 
	Distribution of IPI. 
	Association between IPI and BW. 

	Discussion

	Conclusions

	Acknowledgements

	Figure 1 Graphical illustration of QR results of the women after live birth (A) and pregnancy termination (B), respectively.
	Table 1 Sociodemographic, maternal pregnancy and birth-related characteristics comparing infant birth weight.
	Table 2 QR results for assessing the relationship between different IPI and birth weight for the women after a live birth.
	Table 3 QR results for assessing the relationship between different IPI and birth weight for the women after a pregnancy termination.




