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Abstract

Objective—To compare associations between interpregnancy intervals (IP1) and adverse
perinatal outcomes in deliveries following I\VVF with deliveries following spontaneous conception
or other fertility treatments (non-1VF).
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Design—Cohort using linked birth certificate and assisted reproductive technology surveillance
data from Massachusetts and Michigan.

Setting—Not applicable.
Patients—1,225,718 deliveries.
Interventions—None.

Main Outcomes Measures—We assessed associations between IPI and preterm birth (PTB),
low birth weight (LBW), and small for gestational age (SGA), according to live birth or non-live
pregnancy outcome in the previous pregnancy.

Results—In IVF deliveries following prior live birth, risk of PTB was 22.2% for IPI 12 to <24
months (reference); risk of PTB was higher for IPI <12 months (adjusted relative risk (aRR)=1.24,
95% confidence interval (CI1)=1.09-1.41) and IPl 260 months (aRR=1.12, CI=1.00-1.26). In non-
IVF deliveries following live birth, risk of PTB was 6.4% for IPI 12 to <24 months (reference);
risk of PTB was higher for IPl <12 and =60 months (aRR=1.19, CI=1.16-1.21 for both). In both
populations, U-shaped or approximately U-shaped associations were observed for SGA and LBW,
although the IP1 <12 months and SGA association was not significant in IVF deliveries. In IVF
and non-1VF deliveries following non-live pregnancy outcome, 1Pl <12 months was not associated
with increased risk of PTB, LBW, or SGA, but IP1 =60 months was associated with significant
increased risk of those outcomes in non-1VF deliveries.

Conclusions—Following live births, IPls <12 or 260 months were associated with higher risks
of most adverse perinatal outcomes in both IVF and non-I1VF deliveries.

Keywords

assisted reproductive technology (ART); birth intervals; interpregnancy interval; in vitro
fertilization (IVF); preterm birth

Introduction

Interpregnancy interval (IP1) describes the interval from completion of one pregnancy to
conception of the next pregnancy. Shorter (<12 months) and longer (=60 months) IPIs
following a prior live birth are associated with increased risk for adverse obstetric and
perinatal outcomes including preterm birth (PTB), low birth weight (LBW), and small for
gestational age (SGA) (1-4). Adverse perinatal outcomes may be associated with short IPI
due to insufficient maternal physiologic recovery from the previous pregnancy (5-7) and
with long IPI due to comorbidities associated with increasing maternal age (1,3). Although
fewer in number, most studies following non-live pregnancy outcomes suggest no increased
risk for adverse perinatal outcomes after short IPIs (4,8-11). The most recent
recommendation regarding pregnancy spacing is from 2005, when the World Health
Organization (WHO) recommended IPIs >24 months following a live birth and >6 months
following a spontaneous or induced abortion (12).

Assisted reproductive technologies (ART)—fertility treatments in which either eggs or
embryos are handled, primarily in vitro fertilization (IVF)—also are associated with
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increased risk for the same adverse perinatal outcomes as IP1 (13,14). It is unclear how IVF
is associated with IPI and whether IPI contributes differentially to the risk of adverse
outcomes in IVF versus non-1VVF deliveries, i.e., deliveries resulting from spontaneous
conceptions or fertility treatments other than IVF. Delineating these risks would inform
recommendations regarding pregnancy spacing for infertility patients undergoing I\VF. Aside
from the WHO recommendation, there are no specific recommendations regarding
pregnancy spacing among women undergoing IVF.

We aimed to compare the associations between IPl and PTB, LBW, and SGA according to
live birth status of the most recent previous pregnancy in IVF and non-1\VVF populations. We
hypothesized that short IPI would be associated with an increased risk of adverse perinatal
outcomes and that the association would be stronger in IVF deliveries, given the high risk of
adverse perinatal outcomes following IVF. Furthermore, we hypothesized that long IPI
would not be associated with adverse perinatal outcomes after adjusting for potential
confounders associated with subfertility.

We used linked birth certificate and National Assisted Reproductive Technology
Surveillance System (NASS) records from the States Monitoring Assisted Reproductive
Technology (SMART) Collaborative to conduct this study (15). SMART is a project
between participating state health departments and the Centers for Disease Control and
Prevention’s Division of Reproductive Health to promote state-based assisted reproductive
technology (ART) surveillance and research on ART-related outcomes. This study was
approved by the CDC and the Massachusetts Department of Public Health Institutional
Review Boards; it was declared exempt by the Michigan Department of Health and Human
Services and the University of California, San Diego Institutional Review Boards.

IP1 was defined as the interval between the date when the most recent previous pregnancy
ended (either in live birth or non-live pregnancy outcome, i.e. spontaneous abortion, induced
abortion, or stillbirth) and the date of the first day of the last menstrual period from the index
delivery as recorded in the birth certificate. If month of delivery or last menses was
provided, but day was missing, day was set to the 15™ (4). IPIs were set to missing when the
most recent previous pregnancy outcome could not be determined. In the primary analysis,
IP1 was classified as <12 months, 12 to <24 months (reference), 24 to <60 months, and
>onths.

Adverse perinatal outcomes

PTB was defined as gestational age at delivery <37 weeks. Gestational age at delivery was
determined from NASS data for I'\VF deliveries or by clinical estimate from birth certificate
data otherwise. LBW was defined as a birth weight <2,500g. SGA was defined as a sex-
specific birth weight for gestational age less than the 10t percentile with the use of a
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reference from 2009-2010 US live birth files (16). Twin and higher order multiple deliveries
were classified as LBW or SGA if at least one of the infants was affected.

Inclusion and exclusion criteria

Analysis

All live-birth deliveries in Massachusetts and Michigan from 2000 to 2010 to women with at
least one previous pregnancy were eligible for the study (n=1,404,809). Women could have
more than one delivery included. We excluded deliveries conceived with zygote or gamete
intrafallopian transfer and deliveries carried by a gestational surrogate (n=288), as well as
deliveries missing information on IPI (n=176,744) and deliveries missing gestational age at
delivery or birth weight (n=2,059) (Supplemental Figure 1). All deliveries with IPI available
had prior pregnancy outcome status (live birth vs other non-live pregnancy outcome)
available, with 82.6% of prior pregnancies resulting in live births. In comparison, 55.2% of
deliveries missing IPI were missing outcome status in the previous pregnancy, and only
5.2% of deliveries missing IPI had a live birth in the previous pregnancy. Furthermore, IVF
was more common among deliveries with IPI missing compared with deliveries with IPI
available (1.7% vs 1.0%), as was having maternal age younger than 25 years (28.2 % vs
21.4%), Black, non-Hispanic maternal race and ethnicity (24% vs 14%), <12 grade
education (18.5% vs 14.2%) and maternal smoking (17.3% vs 12.9%).

We stratified all analyses by whether the most recent prior pregnancy was a live or non-live
pregnancy outcome. We used generalized estimating equations to estimate relative risks
(RR) and 95% confidence intervals (CI) with robust variances to account for correlations
among women with more than one delivery (17). Specifically, we used modified Poisson
regression to compare the risks for adverse perinatal outcomes by IPl. We evaluated the
association between IP1 and adverse perinatal outcomes in IVF deliveries separately from
non-1VF deliveries because tests for multiplicative effect modification of IPI by IVF
revealed statistically significant interaction (p<0.05) for PTB, LBW, and SGA in deliveries
following a live birth and for PTB in deliveries following a non-live pregnancy outcome.
Also, we used multinomial regression to assess the association between IVF status and IPI
categories for the index delivery (IVF used versus no IVF used). Covariates were treated as
categorical variables. The cut points for covariates included in regression models differed
between IVF and non-1VF analyses because of the smaller number of deliveries in the IVF
population and are listed in Supplemental Table 1. We adjusted all models for birth year
(2000-2003, 2004—-2007, 2008-2010). Fully adjusted models additionally controlled for
state, maternal age (12-29, 30-34, 35-39, 40-44, 245 for IVF; 12-24, 25-29, 30-34, 35-39,
40-44, 245 for non-1VF), maternal race and ethnicity (non- Hispanic white, other for IVF;
non-Hispanic white, non-Hispanic black, non-Hispanic Asian/Pacific Islander, Hispanic,
other for non-1VF), maternal education (<4 years of college, =4 years of college for IVF;
<12 grade, completed 12t grade, <4 years of college, =4 years of college for IVF),
gravidity (2 pregnancies, =3 pregnancies for IVF; 2 pregnancies, 3 pregnancies, 24
pregnancies for non-1VF), diabetes or gestational diabetes, pre-pregnancy hypertension, and
maternal smoking (yes, no) as recorded in the birth certificates. In analyses of IVF
deliveries, we additionally adjusted for number of previous ART cycles (0, 1, 2, =3),
indication for IVF (Supplementary Table 1), oocyte source, and number of embryos
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transferred (1 or 2, 3, =4) as recorded in NASS data. Information was missing in <1% for
any covariate, and observations missing covariate information were excluded from adjusted
analyses.

Multiple gestation is a downstream consequence of multiple embryo transfer in IVF and
does not affect interval length. Assuming unmeasured confounding between multiples and
preterm birth we avoided stratifying on plurality in the primary analysis to avoid potential
selection bias (18) and restricted I\VF deliveries to singletons as a sensitivity analysis.
Furthermore, because of small numbers, we conducted a sensitivity analysis to examine the
association between IPl <6 months and adverse perinatal outcomes in IVF deliveries.

Cell counts <20 were suppressed, as were any values allowing for the calculation of a count
<20. We used SAS version 9.3 (SAS Institute) and SUDAAN version 11.0 (RTI
International) to conduct the analyses.

Study population characteristics

We studied 12,633 IVF deliveries and 1,213,085 non-1VF deliveries from 2000 to 2010. A
larger proportion of IVF deliveries occurred in white non-Hispanic women and in women
ages 30 and older (Table 1) compared to non-I1VF deliveries (Table 2). The prevalence of
diabetes or gestational diabetes, pre-pregnancy hypertension, and multiple births was higher
in I\VVF deliveries than in non-1VF deliveries.

IPI and risk for adverse perinatal outcomes-IVF population

Following a live birth in the IVF population, the risk of PTB was 22.2%, LBW 14.1%, and
SGA 9.7% for IPI 12 to <24 months (Table 3). The association between IPl and PTB was U-
shaped (IP1 <12 vs 12 to <24 months: adjusted RR=1.24, CI=1.09-1.41; IPI =60 vs 12 to
<24 months: adjusted RR=1.12, C1=1.00-1.26). The adjusted RRs for LBW and SGA
followed a similar U-shaped pattern, although the increased risk of SGA for IPI <12 months
was not statistically significant. When restricting to singleton deliveries after a live birth in
the IVF population, the risk of PTB was 11.2%, LBW 4.8%, and SGA 5.5% for IPI 12 to
<24 months (Supplemental Table 2). Short, but not long IPI, was associated with PTB (IPI
<12 vs 12 to <24 months: adjusted RR=1.35, CI=1.09-1.68; IP1 =60 vs 12 to <24 months:
adjusted RR=0.99, C1=0.80-1.23). The associations between IPl and LBW (IPI <12 vs 12 to
<24 months: adjusted RR=1.55, C1=1.09-2.19; IP1 =60 vs 12 to <24 months: adjusted
RR=1.44, CI=1.05-1.98) and IPIl and SGA (1Pl <12 vs 12 to <24 months: adjusted
RR=1.27, CI=0.90-1.78; IPI =60 vs 12 to <24 months: adjusted RR=1.39, CI=1.06-1.84)
showed a U-shaped pattern, although not all associations were statistically significant.

In IVF deliveries after a non-live pregnancy outcome, the risk of PTB was 24.3%, LBW
18.3%, and SGA 14.0% for IPI 12 to <24 months (Table 3). There was no statistically
significant increased risk of PTB, LBW, and SGA for IPI <12 months or IPl 260 months.
For singleton I\VVF deliveries, the risk of PTB was 11.1%, LBW 6.3%, and SGA 9.3% for IPI
12 to <24 months, but again, there was no significant increased risk of PTB, LBW, and SGA
for IPI <12 months or IPI 260 months (Supplemental Table 2).

Fertil Steril. Author manuscript; available in PMC 2019 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Palmsten et al.

Page 6

Regardless of most recent pregnancy outcome, IP1 <6 months was not associated with a
significantly increased risk for the adverse perinatal outcomes in IVF deliveries
(Supplemental Table 3). The adjusted RRs were 1.12 (C1=0.85-1.49) for PTB, 0.99
(C1=0.65-1.52) for LBW, and 1.22 (CI=0.75-1.97) for SGA for IP1 <6 compared with IPI
12 to <24 months following a live birth.

IPI and risk for adverse perinatal outcomes — non-IVF population

IVF and IPI

Following a live birth in the non-1VVF population, the risk of PTB was 6.4%, LBW 4.4%, and
SGA 6.5% for IPI 12 to <24 months (Table 3). The association between IPl and PTB was U-
shaped, with increased risk for both short and long IPI (IPI <12 vs 12 to <24 months:
adjusted RR=1.19, CI=1.16-1.21; IP1 260 vs 12 to <24 months: adjusted RR=1.19,
Cl=1.16-1.21), as was the association between IPI and LBW (IP1 <12 vs 12 to <24 months:
adjusted RR=1.16, C1=1.13-1.19; IPI =60 vs 12 to <24 months: adjusted RR=1.38,
Cl=1.34-1.41). However, the U-shaped pattern was less apparent for SGA (IP1 <12 vs 12 to
<24 months: adjusted RR=1.04, C1=1.02-1.06; IPI1 =60 vs 12 to <24 months: adjusted
RR=1.31, CI=1.28-1.34). The RRs for the IPI =60 vs 12-24 month comparisons were
attenuated by >10% in the adjusted models compared with the birth-year adjusted models.
The attenuations were driven primarily by maternal race/ethnicity, maternal education, pre-
pregnancy hypertension, and smoking.

Following a non-live pregnancy outcome in non-1VF deliveries, the risk of PTB was 9.6%,
LBW 7.9%, and SGA 10.6% for IPI 12 to <24 months. For PTB, short IPl <12 vs 12 to <24
months was associated with decreased risk (adjusted RR=0.94, C1=0.91-0.97) whereas long
IP1 =60 vs 12 to <24 months was associated with increased risk (adjusted RR=1.10,
Cl=1.04-1.16). The pattern was similar for LBW and SGA.

Women with IVF deliveries had lower risks of having an IPI <12 months compared with
women without I\VVF deliveries, regardless of whether the most recent pregnancy outcome
was a live birth (adjusted RR=0.70, C1=0.66-0.75) or not (adjusted RR=0.89, C1=0.86-0.92)
(Table 4). Women with I\VVF deliveries were more likely to have an IPI of 224 months
following a live birth and an IPI of 12 to <60 months following a non-live pregnancy
outcome compared with non-1VF deliveries.

Discussion

In IVF deliveries after a prior live birth, offspring of women with short IPIs of less than one
year had significantly higher risks of PTB and LBW, and offspring of women with long IPIs
of five or more years (=60 months) had higher risks of PTB, LBW and SGA, compared with
offspring of women with IPIs of 12 to <24 months. Non-1VF deliveries also had increased
risks for adverse perinatal outcomes after short or long IPIs following a prior live birth. The
absolute risks of PTB, LBW and SGA overall were higher in I\VF versus non-1\VVF deliveries.
However, the general shape and magnitudes of the relative associations between IPI and
adverse perinatal outcomes were similar in the I\VF and non-I1VF populations, despite a
statistical difference between IVF and non-1VF deliveries in the association between IP1 and
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some outcomes in this highly powered study. Although the relative increases in these
outcomes were modest, the observation that short or long IPI following a live birth may
increase adverse perinatal outcome risks offers an opportunity for optimizing pregnancy
timing, including the IVF population where the risk of adverse perinatal outcomes is already
elevated owing in part due to the frequency of multifetal gestation. However, long IPIs may
not be modifiable if long IPI is due to subfertility.

For both I\VVF and non-1VF deliveries following a non-live pregnancy outcome, short IPI was
not associated with increased risk for adverse perinatal outcomes. These findings are
consistent with some (4,8,9), but not all (10,11), studies. California birth certificate data
showed slightly protective associations between short IPIs following a non-live pregnancy
(4) outcome and PTB, similar to our findings for the non-1VVF population. In contrast,
Finnish population-based data showed that PTB risk was higher with short IPI following
pregnancy terminations (11). For those planning an IVF pregnancy after a pregnancy loss,
the data from the current study did not suggest a significant increase in risk for the adverse
outcomes when pregnancies are less than a year apart. Long IPI following a non-live
preghancy outcome was associated with modestly increased risks for PTB, LBW and SGA.
These results reached statistical significance in non-1VF deliveries, but not in the smaller
IVF population.

Following a prior live birth, the magnitude of the association between short IPI and adverse
outcomes in IVF pregnancies was similar to results from earlier population-based studies
(1,19,20). One proposed mechanism to explain the finding of increased risk of adverse
outcomes for a short IPI after a live birth, but not after a non-live pregnancy outcome, is
insufficient maternal recovery from the nutritional burden and physiologic stress of the
previous pregnancy and/or feeding and caring for an infant while pregnant (5,6,21). In
addition, short IPIs may not allow for adequate recovery from post-delivery changes in
vaginal microbiota before the next pregnancy (7), and vaginal community characteristics are
associated with the development of preterm birth (22,23). The increased risk for adverse
outcomes after a long IPI may reflect residual confounding by maternal chronic conditions
associated with subfertility (including, e.g., cancer, obesity, and diabetes (3,24-26)).
Notably, the proportion of women ages 40 years and older was greatest among women with
IP1 =260 months regardless of IVF and previous pregnancy outcomes status, and a greater
prevalence of chronic conditions would be expected among women in this age group. The
similar pattern of results between I\VVF and non-1VVF deliveries suggests similar
mechanism(s) underlying IPI and adverse outcomes.

IVF deliveries were less likely to have short IPIs, regardless of prior pregnancy outcome.
This observation may be explained by longer time to pregnancy in subfertile couples, the
need to recover financially before initiating a new cycle, and more opportunities for
counseling on pregnancy spacing. IVF providers need to be aware of potential risks of short
IP1 following a live birth to avoid iatrogenically increasing outcomes.

The major limitation of the present study was incomplete information on IPI, especially for
pregnancies following a non-live pregnancy outcome. Because only women with IPI
available were eligible, factors related to missing IPI, e.g., previous pregnancy outcome, and
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the study’s outcomes could cause selection bias (27). We sought to mitigate this by adjusting
for measured factors related to missing IPI, i.e., maternal age, race/ethnicity, education, and
smoking. Some prior deliveries in the live birth group may be misclassified as live births due
to missing non-live pregnancy outcomes, which may have overestimated IPIs; this may bias
RRs for longer IPI towards the null. Furthermore, the association between IPI and adverse
perinatal outcomes may reflect residual confounding by unmeasured factors. Previous
studies using within-woman or within-family comparisons to account, at least in part, for
unmeasured factors have reported the attenuation or elimination of associations between IPI
and adverse birth outcomes compared with conventional analysis (4,28-30). Other
limitations include: the inclusion of live birth deliveries only for the index pregnancy;
inability to stratify previous non-live pregnancy outcomes (i.e. pregnancy loss, induced
abortion, or stillbirth); inability to account for characteristics of the previous pregnancy such
as spontaneous or ART conception and gestational age at pregnancy outcome; and possible
limited generalizability due to the inclusion of only two U.S. states.

In IVF and non-IVF populations, short (<12 months) and long (=60 months) IPI following a
live birth was associated with significantly higher risks of adverse perinatal outcomes,
supporting the need for awareness of pregnancy spacing in all women. Although patients
with infertility and/or subfertility may desire to have subsequent pregnancies with minimal
spacing, given high risks of adverse perinatal outcomes associated with I\VF, the data
presented here support waiting a year before attempting pregnancy again for those planning
an IVF pregnancy following a live birth.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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