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Abstract

Inter-Pregnancy Interval (IPI) is defined as the time between pregnancies; a short IPI has been associated with negative birth outcomes. The goal of this retrospective
cohort study was to examine existing IPI data from all Kansas women in the United States from 2005-2013 who had more than one live singleton birth. Unmatched
and matched births were used to model the odds of preterm birth, small for gestational age birth, and low birth weight with IPI as the predictor variable of interest.
The data set included 25,754 singleton births. The incidence rate of preterm birth for second births was 7.0%, small for gestational age was 8.6%, and 5.0% for low
birth weight; third births rates were 7.1%, 8.2% and 5.0%, respectively. Short IPIs may not be causally associated with low birthweight, preterm birth, and small for
gestational age. However short IPIs should still be used as an indicator of risk status.

Introduction

Inter-pregnancy interval (IPI) is defined as the time between
pregnancies. It is theorized that a short IPI does not allow the
mother to replenish her reserves of necessary nutrients (protein) and
micronutrients (iron and folic acid) to support fetal growth [1]. In this
environment of severely low resources the body often gives preference
to the mother [1]. The relationship between IPI and morbidity and
mortality has been well studied [2]. While there is no standard
definition for a “short” IPI, those less than 18 months have been linked
to the following adverse outcomes: increased odds of preterm birth,
a Small for Gestational Age (SGA) infant, congenital malformations,
and infant mortality [3-8]. IPIs less than 6 months have been related
to increased risk of low birth weight and adverse maternal outcomes,
including 3rd trimester bleeding, premature rupture of membranes,
anemia, puerperal endometriosis and death [2,3].

Children born following a short IPI were reported to be at an
increased risk for behavior problems and lower cognitive function
by age six [9]. In addition, these children were at increased risk of
neglect and exposure to maltreatment [9,10]. Mothers at greatest
risk for short IPI include mothers who entered prenatal care after the
first trimester and those who received inadequate prenatal care [11].
These relationships were most pronounced for women with less than
a college degree. Postnatal care may also be a factor as a retrospective
study of California’s Medicaid database found mothers who did not
receive contraception at a postpartum healthcare visit were more likely
to have a short (<18 month) IPI or very short (<6 month) IPI when
controlling for other predictor variables and covariates [12]. However,
only 41% of mothers had a contraception claim within 90 days. Based
on this study, six women would need to receive contraception to avoid
one short IPI. In addition, long-acting reversible contraception (e.g.
intrauterine devices) had higher odds of achieving IPIs of greater than
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18 months compared to those on user-dependent hormonal methods
(e.g. oral contraceptives) [13].

Despite recommendations against short IPI, a retrospective
cohort study set in Australia, failed to find a significant relationship
between short IPI and morbidities frequently reported in the literature
[14]. Additional studies were recommended by authors to extend the
generalizability of the findings. The goal of this study was to examine
existing IPI data using both matched and unmatched analyses to
inform future community-based IPI interventions and extend the
generalizability of previous within mother analyses.

Methods
Participants

The retrospective data included all Kansas women who gave birth
to three or more singleton infants between January 2005 and December
2013. Preterm birth, SGA, and low birth weight were the identified
variables of interest to investigate associations related to IPI. Preterm
birth was defined as a birth before the start of the 37 week of gestation,
SGA was defined as an infant birth weight below 10" percentile for
gestational age, and low birth weight was defined as weight of infant at
delivery less than 2,500 grams [15]. The study protocol was reviewed
and approved by a university Institutional Review Board (IRB).
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Study design and analysis

Retrospective cohort study with Kansas vital statistics birth
data from the state health department. Methods for analysis were
comparable to Ball et al. (2014) [14]. Unmatched and matched births
were used to model the odds of preterm birth, SGA birth, and low
birth weight with IPI as the predictor variable of interest. IPIs were
categorized for comparison to the reference interval of 18-23 months.
IPI was categorized as follows: 0-5 months, 6-11 months, 12-17 months,
18-23 months, 24-59 months, 60-108 months. Both the matched
and unmatched models were adjusted for the potential confounding
variables of maternal age, parity, and the use of Women, Infants, and
Children (WIC) services. These confounds may vary both between and
within mothers and are known to be related, directly or indirectly, to
adverse birth outcomes. Maternal level of education has shown to be
related to birth outcomes, but this variable is highly correlated with
age and the use of WIC services (r>0.5) so it was not used in regression
modeling to prevent issues of collinearity [16].

The maternally matched model used outcomes and associated
interpregnancy interval preceding for the second and third recorded
births of each woman within our data set. These represented the second
and third live births recorded from each woman within our study time
period and not necessarily each woman’s second and third live birth.
For example, a woman may have given birth to her third, fourth, and
fifth child during our study period; however, the outcomes from the
fourth and fifth births were used in our analysis. For this reason, our
models were adjusted for parity. The SPSS COXREG command was
used to run the conditional logistic regression analysis to identify the
relationship between IPI and adverse birth outcomes within women.
To identify the relationship between IPI and adverse birth outcomes
between women, a logistic regression was run comparing the odds of
preterm birth, small for gestational age birth, and low birth weight for
the third births recorded in the data set. The SPSS GENLIN command
was used to run the unconditional logistic regression in order to adjust
the standard errors and confidence intervals based on the model
deviance.

Results

The data set included 25,754 singleton births that were separated
into 12,877 maternally matched pairs of births. Among second births,
the incidence rate of preterm birth was 7.0%, there were 8.6% small
for gestational age, and 5.0% for low birth weight. Among third births,
the incidence rates of preterm birth, SGA and low birth weight were
7.1%, 8.2% and 5.0%, respectively. A summary of birth outcomes by
IPL, maternal race/ethnicity, maternal education, maternal age, and use
of WIC services are shown in Table 1.

Unmatched model

For the unadjusted model, every interval except 12-17 months
was associated with preterm birth when compared to the reference IPI
interval. Odds ratios for preterm birth for a short IPI range from 1.14
to 2.54. For a long IPI the odds ratio for preterm birth ranged from
1.23 to 1.62. These relationships, with the exception of a 12-17 month
IPI, remained statistically significant after adjusting for maternal age,
parity, and WIC services (Table 2). Small for gestational age births
were statistically associated with an IPI of 0-5 months (OR 1.30) when
compared against the reference IPI; however, this was not statistically
significant in the adjusted model (Table 2). Low birth weight was
associated with an IPI of 0-5 months (OR 2.05) in comparison to the
reference IPI. After adjusting for maternal age, parity and the use of
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WIC services, an IPI of 0-5 months (1.39) had statistically significant
increased odds of a low birth weight outcome.

Matched model

For matched models, the informative data come from birth pairs
that have differing outcomes. Either the second birth or third birth
resulted in one of the adverse outcomes of interest (preterm birth,
small for gestational age birth, or low birth weight) while the other
birth in the birth pair did not result in an adverse outcome. For low
birth weight, small for gestational age birth, and preterm birth there
were 951 (3.7%), 1,542 (6.0%), and 1,279 (5.0%) informative pairs,
respectively. For the unadjusted model, a short IPI (0-5 months) was
associated with preterm birth (OR 1.46). This relationship remained
(OR 1.42) after adjusting for maternal age, parity, and WIC services
(Table 2). When compared to an IPI of 18-23 months, no other IPI was
statistically associated with an increase in adverse birth outcomes in
the unadjusted models. A short IPI (0-5 months) was shown to have a
slight protective relationship with regard to SGA birth (OR 0.78) in the
adjusted model (Table 2).

The adjusted matched models were statistically significant for SGA
[X*(8,N =3,669) = 15.86, P =0.04] and preterm birth [x*(8, N = 3,069) =
16.21, P =0.04]. The adjusted model for low birth weight did not reach
statistical significance [x*(8, N = 2,205) = 13.24, P =0.10].

Discussion

This study provided important information regarding the analysis
of IPI data. Similar to a previous analysis conducted by Ball et al. [14],
the conditional approach accounted for each woman’s overall risk
of adverse birth outcomes among all of her children included in the
analysis. Previous researchers have suggested this design removes the
effects of measured or unmeasured maternal factors that are either
fixed (such as genetic predisposition) or strongly correlated over time
(such as long term health or other risk and protective factors across
the lifespan) [17]. In effect, this analysis allowed for the examination
of inferences that were based on mother effects. In comparison, the
traditional approach of unconditional logistic regression is based
on differences between women. The results from this study provide
additional evidence to support the existence of unmeasured persistent
maternal confounders.

Results also support that low birthweight, preterm birth, and SGA
are not the result of short IPIs but are due to correlated maternal
factors in the context of a developed country similar to Ball et al. [14].
These factors such as exposure to high-levels of stress for long periods
of time, lifestyle factors or socioeconomic status are typically difficult
to measure.

Future research should further explore IPIs to identify potential
action points for changing ‘pathways’ based on risk and protective
factors of correlated maternal factors for adverse birth outcomes.
Using the Life Course Theory (LCT), a conceptual framework
frequently used in the Maternal and Child Health field, can provide
an overall analytic framework to guide study methods. LCT focuses
on broad social, economic, and environmental factors as underlying
causes of persistent inequalities in birth outcomes. This theory is
focused and includes points from social determinants, social equity,
and built environment models. LCT emphasizes several key concepts
to improve birth outcomes and related infant mortality based on
scientific evidence from reproductive health sciences and chronic
disease research including: pathways/trajectories and risk/protective
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Table 1. Maternal characteristics for births used in analyses.

Second births Third births

Total Preterm (%) SGA(%) LBW (%) Total Preterm (%) SGA(%) LBW (%)

12877 895 (7.0) 1105 (8.6) 641 (5.0) 12877 920 (7.1) 1056 (8.2) 639 (5.0)
Interpregnancy Interval (months)
0-5 1430 175 (12.2) 135 (9.4) 129 (9.0) 1172 151 (12.9) 118 (10.1) 102 (8.7)
6-11 2893 188 (6.5) 272 (9.4) 140 (4.8) 2363 179 (7.6) 196 (8.3) 118 (5.0)
12-17 3158 197 (6.2) 214 (7.6) 129 (4.1) 2536 157 (6.2) 199 (7.8) 102 (4.0)
18-23 2256 118 (5.2) 172 (7.6) 83 (3.7) 2155 120 (5.6) 170 (7.9) 96 (4.5)
24-59 3029 210 (6.9) 271 (8.9) 155 (5.1) 4429 294 (6.6) 353 (8.0) 211 (4.8)
60-119 111 7(6.3) 14 (12.6) 5(4.5) 222 19 (8.6) 20 (9.0) 10 (4.5)
Maternal Ethnicity®
White-NH 9748 585 (6.0) 727 (1.5) 402 (4.1) 9733 647 (6.6) 687 (7.1) 407 (4.2)
Black-NH 1023 138 (13.5) 176 (17.2) 110 (10.8) 1018 123 (12.1) 158 (15.5) 122 (12.0)
Asian-NH 201 15(7.5) 19 (9.5) 12 (6.0) 202 10 (5.0) 29 (14.4) 8 (4.0)
Native Am-NH 68 9(13.2) 6(8.8) 8 (11.8) 68 7(10.3) 8 (11.8) 6(8.8)
Nat Hawaiian OPI-NH 8 1(12.5) 3(37.5) 1(12.5) 12 1(8.3) 2(16.7) 1(8.3)
Other-NH 40 5(12.5) 5(12.5) 3(7.5) 37 1(2.7) 2(5.4) 0(0.0)
Multi-NH 192 21 (10.9) 24 (12.5) 13 (6.8) 183 15(8.2) 20 (10.9) 17 (9.3)
Unknown-NH 5 0(0.0) 1(20.0) 0(0.0) 5 1(20) 0(0.0) 1(20.0)
Hispanic 1592 121 (7.6) 144 (9.0) 92(5.8) 1619 115 (7.1) 150 (9.3) 77 (4.8)
Maternal Education
<9th Grade 357 33(9.2) 35(9.8) 20 (5.6) 344 28 (8.1) 35(10.2) 16 (4.7)
9-12; No Diploma 1909 192 (10.1) 252(13.2) 160 (8.4) 1656 174 (10.5) 235(14.2) 150 (9.1)
High School Grad or GED 3162 299 (9.5) 387 (12.2) 241 (7.6) 3055 275 (9.0) 345 (11.3) 218 (7.1)
Some College 2423 165 (6.8) 193 (8.0) 116 (4.8) 2595 218 (8.4) 208 (8.0) 133 (5.1)
Associates Degree 877 37(42) 43 (4.9) 18 (2.1) 989 54 (5.5) 58(5.9) 40 (4.0)
Bachelors 2921 114 (3.9) 135 (4.6) 58 (2.0) 2960 121 (4.1) 123 (4.2) 59 (2.0)
Master’s Degree 906 37 (4.1) 40 (4.4) 17 (1.9) 986 34 (3.4) 35(3.5) 10 (1.0)
Doctorate or Professional 241 12 (5.0 10 (4.1) 5(2.1) 242 12 (5.0) 11 (4.5) 8(3.3)
Maternal Age (years)
13-19 943 120 (12.7) 109 (11.6) 90 (9.5) 176 14 (8.0) 23 (13.1) 16 (9.1)
20-24 4086 354 (8.7) 485 (11.9) 276 (6.8) 2898 289 (10.0) 344 (11.9) 222(7.7)
25-29 4451 238 (5.3) 304 (6.8) 160 (3.6) 4132 314 (7.6) 363 (8.8) 220 (5.3)
30-34 2684 146 (5.4) 164 (6.1) 91 (3.4) 3956 206 (5.2) 247 (6.2) 128 (3.2)
35-39 648 34(5.2) 40 (6.2) 23 (3.5) 1472 83 (5.6) 61 (4.1) 41(2.8)
40+ 65 3 (4.6) 3(4.6) 1(1.5) 243 14 (5.8) 18 (7.4) 12 (4.9)
WIC Recipient
Yes 4930 463 (9.4) 574 (11.6) 362 (7.3) 4852 434 (8.9) 565 (11.6) 335(6.9)
No 7689 415 (5.4) 500 (6.5) 260 (3.4) 7946 478 (6.0) 488 (6.1) 297 (3.7)

SGA = small for gestational age
LBW = low birth weight

* Differences in race/ethnicity are noted between the second and third births. This can be attributed to differences in reporting by mothers at the

time of each birth.

factors. Mixed study findings from the literature highlight the need
for improved and consistent community education on IPI from both
direct medical providers and community health workers [18].

Limitations

Data obtained from vital statistics is at risk for data entry errors,
however, the state health department has methods in place to check the
validity of hospital-entered data. The non-randomized methodology
may limit the strength of study findings. Although the number of
records included in analysis will helped address this limitation. The
generalizability of this study is limited to developed countries.

Conclusions

Short IPIs may not be causally associated with low birthweight,
preterm birth, and SGA but it remains a strong predictor of risk status
among pregnant women [14,19,20]. Continued research is needed in
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this area to examine short IPIs with other birth outcomes and in other
settings where nutritional deficiencies between pregnancies are more
likely to occur.

Health care educators and health care providers should continue to
use short birth spacing as an indicator of risk status and an opportunity
for improved health education as part of a comprehensive strategy
to improve birth outcomes and reduce health disparities. Additional
training and resources are needed to further educate health educators
on the shift in focus from a causal IPI and birth outcome relationship
to one of risk identification.
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Table 2. Association between interpregnancy interval and adverse birth outcomes®*®.

IPI Unmatched Model* Matched Model

Unadjusted Adjusted® Unadjusted Adjusted®
Preterm
0-5 2.54 (2.04-3.16) 1.98 (1.58-2.47) 1.46 (1.13-1.88) 1.42 (1.10-1.84)
6-11 1.38 (1.12-1.70) 1.24 (1.00-1.52) 1.06 (0.84-1.34) 1.06 (0.84-1.33)
12-17 1.14 (0.92-1.41) 1.10 (0.89-1.36) 1.20 (0.95-1.52) 1.19 (0.94-1.51)
18-23 1.00 1.00 1.00
24-59 1.23(1.01-1.49) 1.27 (1.05-1.53) 1.09 (0.88-1.35) 1.13 (0.91-1.41)
60-119 1.62 (1.04-2.51) 1.64 (1.06-2.54) 0.99 (0.56-1.74) 1.07 (0.60-1.91)
Small for Gestational Age
0-5 1.30 (1.04-1.62) 0.91 (0.73-1.13) 0.79 (0.62-1.00) 0.78 (0.61-0.99)
6-11 1.06 (0.87-1.28) 0.90 (0.74-1.08) 0.88 (0.72-1.08) 0.88 (0.71-1.08)
12-17 1.01 (0.83-1.22) 0.98 (0.81-1.18) 0.96 (0.78-1.18) 0.95(0.77-1.17)
18-23 1.00 1.00 1.00
24-59 1.01 (0.85-1.20) 1.07 (0.90-1.26) 1.03 (0.85-1.24) 1.04 (0.86-1.26)
60-119 1.17 (0.76-1.80) 1.20 (0.79-1.84) 0.80 (0.49-1.33) 0.86 (0.52-1.44)
Low Birth Weight
0-5 2.05 (1.63-2.59) 1.39 (1.10-1.49) 1.29 (0.96-1.74) 1.28 (0.95-1.73)
6-11 1.12 (0.90-1.40) 0.93 (0.75-1.16) 0.87 (0.66-1.14) 0.87 (0.66-1.14)
12-17 0.91 (0.73-1.15) 0.87 (0.70-1.09) 1.01 (0.76-1.33) 1.00 (0.76-1.32)
18-23 1.00 1.00 1.00
24-59 1.09 (0.89-1.33) 1.16 (0.95-1.41) 1.06 (0.82-1.37) 1.08 (0.84-1.40)
60-119 1.04 (0.61-1.77) 1.07 (0.63-1.81) 0.57 (0.29-1.11) 0.60 (0.30-1.20)

* Values are presented as odds ratios (95% CI) of preterm birth, small for gestational age, and low birth weight; 18-23 months is the reference for

interpregnancy intervals.
® Unmatched and matched models were adjusted for maternal age, parity, and use of WIC services
¢ Missing data were noted in 1% of cases, therefore the unmatched analysis was limited to 12,754 births
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