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Abstract

Objective: To evaluate the association between /n vitro fertilization (IVF) and ischemic placental
disease (IPD), stratified by gestational age.

Design: We performed a secondary analysis of a retrospective cohort study of deliveries.
Setting: Deliveries were performed over fifteen years at a single tertiary hospital.

Patients: We included all parturients who had a live born infant or an intrauterine fetal demise
(IUFD).

Intervention: We compared pregnancies resulting from I1\VVF cycles to non-1VF pregnancies.

Main Outcome Measures: The primary outcomes were preterm and term IPD (preeclampsia,
placental abruption, small-for-gestational age infant (SGA), or an intrauterine fetal demise (IUFD)
due to placental insufficiency).

Results: Of the 69,084 deliveries during the study period, 3,763 (5.4%) were conceived with
IVF. The incidence of preterm delivery was 32.6% in IVF pregnancies and 10.8% in non-1VVF
pregnancies. Multiple gestations were more common in IVF pregnancies. Compared to non-1VF
pregnancies, IVF pregnancies were more likely to develop both preterm and term IPD, even after
adjustment for maternal age and parity. The risk of preterm IPD was 4 times higher (95% CI 3.7-
4.4) in persons who underwent IVF compared to persons who did not undergo 1VF. Among
parturients who delivered at =37 weeks of gestation, IVF pregnancies had 1.7 times the risk of
term IPD (95% CI: 1.6-1.9) compared to non-1VF pregnancies.
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Conclusion: IVF was strongly associated with preterm IPD. We found a similar, but attenuated,
association between IVF and term IPD. The stronger association with preterm IPD suggests an
association between IVF and placental insufficiency.

Capsule:

In vitro fertilization is associated with development of ischemic placental disease, with a stronger
association between IVF and preterm IPD than between IVF and term IPD.

Keywords

Abruption; Assisted Reproductive Technology; Intrauterine fetal demise; Intrauterine growth
restriction; Placental insufficiency

Introduction

Ischemic placental disease (IPD) is a term used to describe conditions that commonly are
thought to occur due to placental insufficiency (1). The exact pathophysiology of the
associated conditions, which include preeclampsia, abruption, and intrauterine growth
restriction (IUGR), remains unknown, but inadequate remodeling of spiral arteries in early
pregnancy (2) likely contributes to a shared etiology. /n vitro fertilization (1\VVF) is associated
with preeclampsia, abruption, and IUGR individually, and also when these conditions are
studied collectively as IPD (3-5). This association may be due to coexistent factors, such as
advanced maternal age, multiple gestation or obesity; the underlying reason for infertility
(6), such as polycystic ovarian syndrome or premature ovarian insufficiency; or the peri-
conception environment, which may contribute to poor placentation (7,8).

While preeclampsia, abruption, and IUGR can develop at any time in pregnancy, those more
likely to be due to placental insufficiency result in preterm delivery (9,10). Given that
preterm birth associated with IPD is more consistent with placental insufficiency than term
birth associated with IPD (9,11), a stronger association between I\VVF and preterm IPD will
provide more evidence of IVF as a risk factor for poor placentation.

We hypothesized that IVF is more strongly associated with IPD resulting in preterm birth
than IPD resulting in term birth. Exploration of a gestational-age dependent association
between IVF and IPD will contribute to the growing body of work evaluating the association
between IVF and placental insufficiency.

Material and Methods

We performed a secondary analysis of a cohort study of deliveries in order to evaluate the
effect of gestational age on the risk of IPD among pregnancies conceived with IVF relative
to pregnancies conceived without IVF. The original cohort was developed specifically to
evaluate the association between IVF and IPD and consisted of singleton and multiple
gestations that resulted in deliveries from January 1, 2000 to June 1, 2015 at an academic,
tertiary-care hospital. Detailed methods have been published previously (5). Briefly, we
included all pregnancies that resulted in a delivery of either a live born infant or an
intrauterine fetal demise (IUFD) greater than or equal to 20 weeks of gestation at our
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institution. We identified I\VVF pregnancies from medical records at our Division of
Reproductive Endocrinology and Infertility and through birth certificate data from the
Massachusetts Department of Public Health. We included both autologous and donor IVF
cycles. Autologous IVF cycles used a person’s own oocytes for the IVF cycle, and donor
IVF cycles used donated oocytes. Sperm could be either from the partner or donated. Non-
IVVF pregnancies were those delivered at our institution during the study period that were not
conceived with IVF based on records from Boston IVF, Division of Reproductive
Endocrinology and Infertility at Beth Israel Deaconess Medical Center or birth certificate
data. We abstracted IVF information, including the oocyte source, from electronic medical
records and birth certificate data.

Persons who were treated at Boston IVVF underwent standard ovarian stimulation protocols,
monitoring, and oocyte retrieval. In general, the fresh embryo transfer took place 3 or 5 days
after the oocyte retrieval. The number of embryos transferred reflected national guidelines,
with some variation according to treating physician’s specification, embryo quality and
relevant patient history. Cryopreservation was generally performed 3 or 5 days after oocyte
retrieval and included only embryos that were deemed viable by morphologic criteria.
During the study period, vitrification was introduced in August 2011, with all freezing
performed at the blastocyst stage by July 2013. The majority of frozen embryo transfers
occurred after a programmed hormone replacement cycle, though some transfers occurred
after a natural cycle. For cycles using donor oocytes at Boston IVF, it was the standard
practice to transfer the embryo after a programmed hormone replacement cycle. IVF
protocol details for I\VVF pregnancies identified through birth certificates were unavailable.

We abstracted demographic characteristics, obstetric history and delivery outcomes from
electronic medical records. We obtained information regarding diabetes and smoking prior
to pregnancy from birth certificate data.

The primary outcomes included preterm and term IPD (presence of preeclampsia, placental
abruption, small for gestational age (SGA) neonate) or an IUFD due to placental
insufficiency. We defined preterm IPD as IPD or IUFD from placental insufficiency in
pregnancies that resulted in a delivery <37 weeks of gestation. Term IPD was defined as IPD
or IUFD from placental insufficiency in pregnancies that resulted in a delivery >37 weeks of
gestation.

We identified preeclampsia, placental abruption, and IUFD with ICD-9 codes and performed
a medical record review to verify these outcomes, as described previously (5). Preeclampsia
was defined using current criteria from the American College of Obstetrics and Gynecology
(12). To determine whether placental insufficiency led to an IUFD, we reviewed autopsy,
pathology, and clinician notes for documented evidence that included the term “placental
insufficiency” or a similar phrase. We used SGA as a proxy of IUGR, which has been
commonly done in other studies (6,9,11). We defined SGA as <10t percentile using
published U.S. growth curves stratified by sex and gestational age (13). These curves are
based on all U.S. births in a given period; the racial and ethnic composition of those births
was similar to that in our study cohort. Multiple gestation pregnancies were defined as SGA
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if at least one infant was SGA. Secondary outcomes included each of the components of IPD
separately, in addition to IPD with severe SGA, defined as <3'd percentile.

We used generalized estimating equations with an independent correlation matrix,
accounting for multiple deliveries for the same woman, to estimate risk ratios (RR) and 95%
confidence intervals (Cl). To estimate the risk of preterm IPD, we included the full cohort.
To estimate the risk of term IPD, we included only those pregnancies that were delivered
>37 weeks of gestation because only those pregnancies were at risk for term IPD. We
adjusted all models for maternal age and also considered race/ethnicity, gravidity, parity,
smoking prior to pregnancy, diabetes prior to pregnancy, and year of delivery as potential
confounders. We tested covariates individually for inclusion in the model and retained those
that had an appreciable effect on the risk ratio. Observations with missing data were dropped
from the regression analyses given that less than 1% of the covariates tested were missing.

To further investigate the gestational age variation of IPD by IVF versus non-IVF
pregnancies, we plotted the cumulative incidence of IPD and its components.

To address limitations in the data, we performed sensitivity analyses. First, given the known
higher incidence of multiple gestations among IVF pregnancies and the increased risk of
preterm birth among multiple gestations, we evaluated the outcomes restricting to singleton
gestations. Second, given our previously presented data on the increased incidence of IPD
among donor IVF pregnancies (5), we stratified our analysis by oocyte source. We
additionally plotted the cumulative incidence of IPD and its components, stratified by donor
IVF, autologous IVF, and non-1VVF pregnancies.

The Beth Israel Deaconess Medical Center institutional review board approved this study.

Of the 69,084 deliveries during the study period, 3,763 (5.4%) were conceived with IVF.
Those who conceived with I'\VF were older and more likely to be Caucasian, married,
nulliparous, and have a graduate degree or higher (Table 1). The incidence of preterm
delivery was 32.6% in IVF pregnancies and 10.8% in non-1VVF pregnancies. Multiple
gestations were more common in IVF pregnancies (Table 1). The incidence of preterm
delivery among multiple gestations was 68.3% among IVF pregnancies and 70.3% among
non-1\VF pregnancies.

Compared to non-1VF pregnancies, IVF pregnancies were more likely to develop both
preterm and term IPD, even after adjustment for maternal age and parity. Persons who
underwent I\VVF had 4 times the risk of preterm IPD (95% CI: 3.7-4.4) compared to the non-
IVF group (Table 2). Among parturients who delivered =37 weeks of gestation, the IVF
group had 1.7 times the risk of term IPD compared to the non-1VVF group (95% CI: 1.6-1.9)
(Table 3). While IVF pregnancies were significantly more likely to result in preterm and
term preeclampsia, abruption, and SGA than non-IVF pregnancies, the risks of these
outcomes were notably higher in the preterm period. When restricting IPD to severe SGA
(<3"d percentile), the risks of both preterm and term IPD, as well as SGA <3 percentile,
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remained significantly higher for IVF pregnancies (Table 2) compared with non-1VF
pregnancies.

We plotted the cumulative incidence of IPD, as well as the individual components of IPD,
for each week of gestational age stratified by IVF and non-1VF pregnancies (Figure 1 and
Supplementary figure 1). The curves for IVF and non-1VF pregnancies diverge just after 30
weeks of gestation and the cumulative incidence of IPD remains higher for I\VF pregnancies
at each subsequent week of gestation; the same is true for each component of IPD. Notably,
the slope of the curve increases most steeply for the IVF group between 35-37 weeks,
suggesting that most of the development of IPD in preterm gestations is occurring in the late
preterm period.

In the sensitivity analysis restricting to singleton gestations, the risk of preterm IPD
remained significantly elevated among IVF pregnancies, although the effect size was
attenuated (age-adjusted RR 1.9, 95% CI: 1.6-2.3) from what was seen for the full cohort
(Table 3). Likewise, among term deliveries, the age- and parity-adjusted risk of term IPD
was higher in IVF than non-IVF pregnancies (RR 1.2, 95% ClI: 1.1-1.4). A similar pattern
was seen for all components of IPD and when the definition of IPD was restricted to SGA
<3 percentile (Table 3).

When analyzing the donor and autologous IVVF pregnancies separately, both donor and
autologous I1\VVF groups had significantly elevated risks of preterm IPD compared to non-1VF
pregnancies, with a stronger effect observed among donor IVF pregnancies for all outcomes
except SGA <37 percentile at term (Supplementary table 1). The risk of preterm IPD was
consistently higher than the risk ratios for term outcomes (Supplementary table 1). We
observed similar patterns for the components of IPD and when IPD was restricted to SGA
<3 percentile. We were unable to adjust all of the models for covariates due to small
sample sizes. We plotted cumulative incidence of IPD, as well as the individual components
of IPD, for each week of gestational age stratified by donor IVF, autologous IVF and non-
IVF pregnancies (Supplementary Figure 2). The cumulative incidence of IPD for both
autologous and donor IVF pregnancies was higher than non-1VF pregnancies at all
gestational ages >30 weeks, similar to the overall curves comparing I\VF and non-IVF
pregnancies. Donor IVF pregnancies demonstrated the highest cumulative incidence of IPD
throughout gestation. Similar results were seen for each of the components of IPD.

Discussion

We found that pregnancies conceived with IVF, compared with those conceived without IVF,
were at higher risk of both preterm and term IPD, even when restricting to singleton
gestations. The association was stronger between I\VVF and preterm IPD than it was between
IVF and term IPD.

Relative to IPD that occurs at term, IPD that occurs before 37 weeks of gestation more
frequently has multiple simultaneous clinical sequelae, including preeclampsia, abruption
and SGA (11), and also tends to be more homogenous (9). These properties allow for
evaluation of a potential shared mechanism. Given the higher risk of preterm IPD among
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IVF pregnancies, IPD that occurs in IVF pregnancies likely is more related to placental
insufficiency than disparate mechanisms.

Grouping preeclampsia, IUGR, and abruption as IPD facilitates evaluation of potential risk
factors (10), such as IVF (3). Previous work has not consistently demonstrated an
association between IVF and preeclampsia, SGA, or abruption (14). Watanabe et al. found
no difference in the incidence of early-onset versus late-onset preeclampsia between IVF
and non-1VVF pregnancies (15), although the study was small and early onset preeclampsia
was <32 weeks of gestation. Our study, which highlights the increased risk of not only
preeclampsia, but also abruption, SGA, and IPD as a whole, particularly in the preterm
period, provides support for placental insufficiency as a mechanism. It remains unclear if
factors unique to the IVF procedure mediate this effect, or if the differences are due to
unmeasured differences between those persons who require I\VF for conception and those
who do not (3).

Multiple gestation is one potential effect modifier of the relationship between IVF and
preterm IPD (16). In our study and in others (17), it is notable that the incidence of preterm
delivery is higher among IVF pregnancies, although this can largely be attributed to multiple
gestations (18). Nevertheless, a subset may be due to indicated preterm birth in the setting of
IPD (19), particularly as the increased rate of preterm birth has been observed in singletons
as well (4). Oberg et al performed a study to disentangle the role of multiple gestation in the
relationship between IVF and pregnancy outcomes; while they found that multiple gestation
could explain much of the increased risk of preeclampsia in this population, it did not
explain an increased risk of abruption (18). Neither IUFD nor small for gestational age were
evaluated as outcomes in that study. When we restricted to singleton pregnancies, the higher
risk of IPD in I\VVF pregnancies, though attenuated, persisted in both preterm and term
deliveries, suggesting a direct effect of IVF on IPD. Thus, while multiple gestations likely
play a role, it does not fully explain the stronger association of IVVF with preterm IPD
identified in this study.

Use of donor oocytes also may explain some of the increased risk of IPD among IVF
pregnancies. Increased risks of preterm delivery (20) and preeclampsia (21) have been
observed in donor oocyte cycles, and our other work in this cohort demonstrated an
increased risk of IPD among pregnancies from donor oocyte cycles (5). Although our
sample size of donor oocyte cycles was small, we consistently found that, compared to
pregnancies conceived without 1VF, both donor and autologous IVF pregnancies had a
higher risk of IPD and its components. This was particularly true in the preterm period,
indicating that the relationship between IVF and IPD is not driven solely by donor oocyte
use.

Strengths of this study include assessment of IPD as a group of disorders, which allowed us
to investigate a possible shared biologic mechanism. Moreover, while this study used billing
codes to identify outcomes, these outcomes were verified through review of the medical
record. In addition, we had a large sample size, which allowed us to investigate the
association of IVF with not only IPD as a whole, but also the components of IPD.
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Our study has several limitations. First, we did not have baseline data on some maternal
comorbidities, such as chronic hypertension and obesity, which may be confounders (22,23).
Second, other than whether they were conceived with donor or autologous oocytes, we did
not have cycle information for all of the pregnancies conceived with IVF; thus, we cannot
account for the contribution of cycle parameters, such as programmed versus natural cycle
or use of frozen-thawed embryo transfers, to the development of IPD. Third, we defined
preterm IPD by timing of delivery rather than diagnosis; this is clinically relevant given that
more severely affected pregnancies necessitate delivery. Fourth, we used SGA as a proxy for
IUGR, though it may reflect constitutional small size; thus, we also used SGA <3
percentile as an outcome. A fifth limitation is our inability to include pregnancies that were
lost prior to 20 weeks of gestation. Preeclampsia cannot be diagnosed prior to 20 weeks and
we do not have information about pregnancy losses before this time. This necessary
restriction creates the possibility for selection bias. In order for this potential selection bias
to explain away the results from this study, the risk of IPD would need to be greater among
pregnancies lost in the non-1VVF group than in the IVF group, which is not likely given
higher risks of loss overall among IVF pregnancies. It is more likely that the risk of IPD
would be greater among pregnancies lost in the IVF group, biasing our estimate towards the
null. For the outcome of term IPD, our restriction to pregnancies that delivered after 37
weeks of gestation also may impose a selection bias; however, pregnancies that deliver prior
to 37 weeks of gestation are not eligible for term IPD. Again, this type of selection bias, also
referred to as collider bias, likely would bias our results towards the null given that the IVF
pregnancies are more likely to result in preterm birth and thus would be more likely to be
excluded from the group restricted to term deliveries. The restrictions described and their
potential for selections bias are recognized as potential problems in perinatal research(24).
Finally, our study included deliveries at one center in Massachusetts, where state law
mandates insurance coverage of infertility services. Though this could limit generalizability,
persons who conceived via IVF in our study were more likely to be Caucasian, have private
insurance and have a higher level of education than those who conceived without I\VVF, which
is what one would expect in a state without mandated insurance. In at least one other study,
insurance coverage did not alter the demographic characteristics of those who sought IVF
treatment (25).

Conclusions

Our findings support the hypothesis that IVF is associated with placental insufficiency, given
that the association of IVF with preterm IPD was consistently stronger than the association
between IVF and term IPD. However, this mechanism of placental insufficiency needs to be
examined further in other studies, ideally with the use of biomarkers for poor placentation.
Our results may help clinicians provide anticipatory guidance for parturients with IVF
pregnancies, although reassuringly most of the preterm occurrence of IPD was late preterm.
Future research may further elucidate the contribution of multiple gestations, components of
the IVF procedure and endometrial preparation, and medical comorbidities, thereby
improving our understanding of the pathophysiology of IPD.
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Figure 1:
Cumulative incidence of outcomes for IVF (blue) and non-1VVF (red) pregnancies. Curves

represent incidence of the primary and secondary outcomes at each gestational age, and
outcomes are represented separately in each graph as follows: A) IPD or IUFD from
placental insufficiency, B) preeclampsia, C) abruption, and D) SGA <10t percentile. 95%
confidence intervals are shown in brackets on each curve.
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Table 1:

Patient and delivery characteristics in IVF and non-1\VVF pregnancies

Characteristics IVF n=3763 Non-1VF n=65321

Demographics

Maternal age at conception (years) 35.9(32.8-39.2) 31.9(28.6-35.0)

Race
Caucasian 3098 (82.3) 40194 (61.5)
African American 143 (3.8) 7915 (12.1)
Hispanic 68 (1.8) 3997 (6.1)
Asian 286 (7.6) 9939 (15.2)
Other 164 (4.4) 3034 (4.6)
Not reported/missing 4(0.1) 242 (0.4)

Marital status

Married or partnered 3508 (93.2) 52745 (80.7)
Single 218 (5.8) 11254 (17.2)
Divorced, separated, widowed 30(0.8) 761 (1.2)
Missing 7(0.2) 561 (0.9)
Highest level of education achieved
High school or less 308 (8.2) 14163 (21.7)
College or associate’s degree 1751 (46.5) 27087 (41.5)
Graduate degree or higher 1598 (42.5) 19515 (29.9)
Missing 106 (2.8) 4556 (7.0)
Insurance
Public 52 (1.4) 10053 (15.4)
Private, other 3711 (98.6) 55267 (84.6)
Gravidity
1 2211 (58.8) 23710 (36.3)
2 791 (21.0) 20949 (32.1)
3+ 761 (20.2) 20656 (31.6)
Missing 0(0.0) 6 (0.01)
Parity
0 2498 (66.4) 30400 (46.5)
1 1058 (28.1) 23555 (36.1)
2+ 207 (5.5) 11366 (17.4)
Diabetes prior to pregnancy 81 (2.2) 1028 (1.6)
Smoking prior to pregnancy 48 (1.3) 2147 (3.3)
Gestations
Singleton 2547 (67.7) 63898 (97.8)
Multiple 1216 (32.3) 1423 (2.2)

Delivery characteristics

Gestational age at delivery (weeks) 38.0 (36.0-39.0) 39.0 (38.0-40.0)
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Birth weight (grams)

Singletons

Multiplesc

3290 (2920-3625)
2323 (1825-2710)

Characteristics IVF n=3763 Non-1VF n=65321

Preterm delivery 1227 (32.6) 7040 (10.8)
Intrauterine fetal demise 12 (0.3) 287 (0.4)
Mode of delivery

Vaginala 1273 (33.8) 41012 (62.8)

Cesarean 2287 (60.8) 23906 (36.6)

Vaginal and cesareanb 199(5.:3) 359 (0.5)

Missing 4(0.1) 44 (0.1)

3360 (3025-3680)
2290 (1810-2645)

Data presented as median (interquartile range) or n (%)

a - .
Includes dilation and evacuation for IUFDs

b . . . . .
Some parturients who had multiples delivered both vaginally and via cesarean

CBirthweights combined for all babies and averaged
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Table 2:

Risk of preterm and term ischemic placental disease and its components in IVF compared with non-1VF
pregnancies
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Cohort at risk for preterm IPD n = 69,084 Cohort at risk for term IPD n = 60,797
Outcome IVF n=3763 Non-1VF n=65321 IVF n=2536 Non-1VF n=58281
SGA <10™ percentile
IPD/IUFD 580 (15.4) 2434 (3.7) 478 (18.8) 6339 (10.9)
RR (95% Cl) 4.1(3.8-4.5) 1.0 1.7 (1.6-1.9) 1.0
0,
aRR (95%Cl) o (3.7-4.4)7 1.0 17 (16-1.9)7 1.0
Preeclampsia 273 (7.3) 1160 (1.8) 96 (3.8) 1194 (2.0)
RR (95% CI) 4.1 (3.6-4.6) 1.0 1.8 (1.5-2.3) 1.0
0,
aRR (95% CI) 35 (3.1_4‘1)3 1.0 15 (1.2_1.9)49 1.0
Abruption 97 (2.6) 509 (0.8) 26 (1.0) 334 (0.6)
RR (95% CI) 3.3 (2.7-4.1) 1.0 1.8 (1.2-2.7) 1.0
0,
ARRES%CD 37 (2946) 10 1.6 (1.05-2.4)° 10
SGA 342 (9.1) 1134 (1.7) 385 (15.2) 5073 (8.7)
RR (95% CI) 5.2 (4.7-5.9) 1.0 1.7 (1.6-1.9) 1.0
0,
ARR(O%CN 55 (45597 10 18 (1.7-2.0)% 10
SGA <39 percentile
IPD/IUFD 417 (11.1) 1863 (2.9) 234(9.2) 2589 (4.4)
RR (95% CI) 3.9 (3.5-4.3) 1.0 2.1(1.8-2.4) 1.0
0,
aRR (95%Cl) o (36_4.5)1; 1.0 19(17-2.2)7 1.0
SGA 89 (2.4) 268 (0.4) 119 (4.7) 1165 (2.0)
RR (95% Cl) 5.8 (4.5-7.3) 1.0 2.3(2.0-2.8) 1.0
0,
aRR (95%Cl) ¢ . (49_8‘1)17 1.0 25 (2.0-3.0)7 1.0

Data presented as n (%), crude risk ratio (RR), adjusted risk ratio (aRR) and 95% confidence interval (Cl)

IPD, ischemic placental disease; IUFD, intrauterine fetal demise; SGA, small for gestational age

aAdjusted for maternal age, parity

bAdjusted for maternal age
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Table 3:

Risk of preterm and term ischemic placental disease and its components in IVF compared with non-1VF
pregnancies among singleton pregnancies
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Cohort at risk for preterm IPD n = 66,445 Cohort at risk for term IPD n = 60,010
Outcome IVF n=2547 Non-1VF n=63898 IVF n=2151 Non-1VF n=57859
SGA <10™ percentile
IPD/IUFD 140 (5.5) 1971 (3.1) 268 (12.5) 6101 (10.5)
RR (95% Cl) 1.8 (1.5-2.1) 1.0 1.2 (1.1-1.3) 1.0
0,
aRR (95%Cl) ¢ (16-2.3)7 1.0 12 (1.1_14)11 1.0
Preeclampsia 73(2.9) 983 (1.5) 68 (3.2) 1169 (2.0)
RR (95% CI) 1.9 (1.5-2.4) 1.0 1.6 (1.2-2.0) 1.0
0,
aRR (95%Cl) (13_2‘1)1: 1.0 13 (1100_”)1; 1.0
Abruption 46 (1.8) 491 (0.8) 22 (1.0) 334 (0.6)
RR (95% CI) 2.4 (1.7-3.2) 1.0 1.8 (1.2-2.7) 1.0
0,
RR(9%CH 570377 10 16 (1.00-2.4)7 10
SGA 63 (2.5) 791 (1.2) 192 (8.9) 4846 (8.4)
RR (95% CI) 2.0 (1.6-2.6) 1.0 1.1 (0.93-1.2) 1.0
0,
ARRO%CY 55 (15-2.6)° 10 11(0.99-1.3)7 10
SGA <3 percentile
IPD/IUFD 122 (4.8) 1600 (2.5) 134 (6.2) 2490 (4.3)
RR (95% Cl) 1.9 (1.6-2.3) 1.0 1.4 (1.2-1.7) 1.0
0,
aRROS%CI) 5417957 1.0 13 (11-16)7 1.0
SGA 12 (0.5) 180 (0.3) 48 (2.2) 1085 (1.9)
RR (95% Cl) 1.7 (0.9-3.0) 1.0 1.2 (0.89-1.6) 1.0
0,
aRR (95%Cl) ¢ (11-35)7 1.0 1.3(0.99-1.8)° 1.0

Data presented as n (%), crude risk ratio (RR) and 95% confidence interval (Cl)

IPD, ischemic placental disease; IUFD, intrauterine fetal demise; SGA, small for gestational age

aAdj usted for maternal age

bAdjusted for maternal age and parity

C, . .
Adjusted for maternal age, parity, race
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