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Abstract

Background: Ischaemic placental disease (IPD) affects 16%-23% of pregnancies in
the United States. In vitro fertilisation (IVF) is a risk factor for IPD, and the magnitude
of increase in risk differs for individuals using donor oocytes (donor IVF) versus their
own oocytes (autologous IVF). In addition, multifoetal gestations, which are more
common in IVF than non-IVF pregnancies, also are a risk factor for IPD.

Objective: To quantify the contribution of multifoetal gestations to the association
between IVF and IPD.

Methods: We conducted a retrospective cohort study at a tertiary hospital from
1 January, 2000 to 1 August 2018 using electronic medical records and state vital
statistics data. IPD was defined as preeclampsia, placental abruption, small for gesta-
tional age (SGA) birth or an intrauterine foetal demise due to placental insufficiency.
We used mediation analysis to decompose the total effect of IVF on IPD into a natural
direct effect and an indirect effect through multifoetal gestations. We repeated the
analyses separately for donor and autologous IVF. All models were adjusted for ma-
ternal age, race, parity, insurance, year of delivery and account for multiple pregnan-
cies per person.

Results: We identified 86,514 deliveries, of which 281 resulted from donor IVF and
4173 resulted from autologous IVF. IVF pregnancies had 1.99 (95% Cl 1.88, 2.10)
times the risk of IPD compared to non-IVF pregnancies, and 75.5% of this increased
risk was mediated by multifoetal gestations. Autologous IVF pregnancies had 1.95
(95% Cl 1.84, 2.07) times the risk of IPD compared to non-IVF pregnancies, and the
per cent mediated was 78.8%. Donor IVF pregnancies had 2.50 (95% Cl 2.09, 2.92)
times the risk of IPD, but the per cent mediated was 37.5%.

Conclusion: The majority of the association between autologous IVF and IPD was
mediated through multifoetal gestations; however, this was not the case for donor

IVF pregnancies.

KEYWORDS
autologous IVF, donor IVF, in vitro fertilisation, ischaemic placental disease, mediation analysis,

multifoetal gestations

Paediatr Perinat Epidemiol. 2022;00:1-9.

wileyonlinelibrary.com/journal/ppe © 2022 John Wiley & Sons Ltd

1


www.wileyonlinelibrary.com/journal/ppe
mailto:﻿
https://orcid.org/0000-0001-6543-4078
https://orcid.org/0000-0002-8539-3960
https://orcid.org/0000-0003-0217-9991
mailto:ammodest@bidmc.harvard.edu
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fppe.12857&domain=pdf&date_stamp=2022-01-04

MODEST ET AL.

2 g
L wiLey- er EEE——

1 | BACKGROUND

Ischaemic placental disease (IPD) affects 16%-23% of pregnancies in
the United States. In vitro fertilisation (IVF) is a risk factor for IPD,
with individuals using donor oocytes (donor IVF) at a higher risk of
IPD compared to individuals using their own oocytes (autologous
IVF).! There are several proposed mechanisms for this increased risk,
including the increased likelihood of multifoetal gestations among
IVF pregnancies. In a previous study, we found that 35.3% of IVF
pregnancies were multifoetal gestations compared to only 2.2% of
non-IVF pregnancies.! Multifoetal gestations are at greater risk for
IPD, independent of mode of conception.?? It is possible that some
of the increased risk of IPD in IVF pregnancies is due to the higher
incidence of multifoetal gestations in IVF than non-IVF pregnancies.
Restricting our prior cohort to singleton gestations, the risk of IPD in
IVF compared to non-IVF pregnancies was attenuated.* However, ad-
justing for or excluding multifoetal gestations, a variable on the causal
pathway between our exposure and outcome, may lead to bias.*®
Mediation analysis is a statistical approach that can be used in
situations where the exposure (IVF) causes the mediator (multifoetal
gestations), which then causes the outcome (IPD).“"{"7 It allows us
to explore and quantify two different causal mechanisms to explain
the observed relationship: the direct effect of IVF on IPD, and the
indirect effect of IVF on IPD, or the relationship that is mediated by
multifoetal gestations.®” Our objective was to determine the role
of multifoetal gestations in the association between IVF and IPD.
Furthermore, we aimed to assess the role of multifoetal gestations

separately for donor IVF and autologous IVF pregnancies.

2 | METHODS

2.1 | Cohortselection

This was a retrospective cohort study of deliveries at a tertiary care
hospital in Boston, MA, from 1 January 2000 to 1 August 2018.
Deliveries were linked to IVF cycles performed by the hospital's re-
productive endocrinology and infertility division. The methods for
this cohort have been previously described.! The initial cohort, which
included deliveries through 1 June 2015, was expanded through 1
August 2018 using similar methods and incorporating ICD10 codes.
An internal validation of ICD10 codes was conducted for all preg-
nancies through 31 December 2016 using the same methodology as
described previously.! Deliveries also were linked to data from the
Massachusetts Department of Public Health (MA DPH) vital statis-
tics from 1 January 2000 to 1 June 2015. (Table S1).

2.2 | Exposure

IVF pregnancies were identified using medical records from the re-
productive endocrinology and infertility division and birth certifi-
cate data. Of note, the data available from the birth certificate are
self-reported by the mother at the time of delivery.

Synopsis

Study question

What is the contribution of multifoetal gestations to the
association between in vitro fertilisation (IVF) and ischae-
mic placental disease (IPD)?

What's already known

IPD affects 16%-23% of pregnancies in the United States.
IVF is a risk factor for IPD, and the magnitude of the in-
crease in risk differs for individuals using donor IVF versus
their own oocytes (autologous IVF). In addition, multifoetal
gestations, which are more common in IVF than non-IVF

pregnancies, also are a risk factor for IPD.

What this study adds

The majority of the association between autologous IVF
and IPD was mediated through multifoetal gestations;
however, this was not the case for donor oocytes (donor

IVF) pregnancies.

2.3 | Outcomes

Our primary outcome was IPD, defined as preeclampsia, placental
abruption or small for gestational age (SGA), or an intrauterine foe-
tal demise (IUFD) due to placental insufficiency. Although IUFD is not
traditionally included in the definition of IPD, IUFDs where the known
cause was placental insufficiency were included due to a similar bio-
logical mechanism and concerns that pregnancies with an IUFD due
to placental insufficiency would likely have developed preeclampsia,
placental abruption or SGA had they survived. Preeclampsia, placental
abruption and IUFD were identified using ICD9 and ICD10 codes. All
IUFDs were reviewed in the medical record for gestational age and
cause of IUFD. An IUFD was attributed to placental insufficiency if this
was a cause noted in the pathology, autopsy or clinical consultation
notes. SGA was defined as birthweight <10th percentile adjusted for
gestational age and infant sex, using a US population as the norm.8 In
order to isolate infants who were more likely to be pathologically small,
we conducted a secondary analysis using <3rd percentile as the defini-
tion of SGA.>*® All outcomes were assessed at the level of the preg-
nancy. Therefore, for multifoetal gestations, if one of the infants had

SGA or/and IUFD, then the pregnancy was considered to be affected.

2.4 | Statistical analysis

Data are presented as mean + standard deviation or n (%). We
calculated risk ratios and 95% confidence intervals using gen-
eralised estimating equations with an unstructured correlation
matrix to account for repeated pregnancies for the same per-
son. Confounders were chosen with the aid of directed acyclic

graphs.'t*? Models were adjusted for maternal age, race, parity
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and year of delivery. Year of delivery was added to account for
temporal changes over the 18-year study period. Race we included
in the model as a marker of socioeconomic position and structural
and interpersonal racism.

We then used mediation analysis to decompose the total effect
of IVF versus non-IVF pregnancies on IPD into a direct effect and
an indirect effect through multifoetal gestations® (Figure 1). We fit
two regression models. The first was a log-binomial regression to es-
timate the joint effect of IVF and multifoetal gestations on IPD. We
included an interaction term to allow the risk ratios for the effect of
multifoetal gestations to differ depending on whether IVF was used.
The second model was a logistic regression to estimate predicted
probabilities of a multifoetal gestation after IVF, conditional on co-
variates. Each included covariates to control for exposure-outcome
(U, in Figure 1), exposure-mediator (U, in Figure 1) and mediator-
outcome confounding (U, in Figure 1): maternal age, race, parity, in-
surance and year of delivery. Coefficients from these models were
combined to estimate the direct and indirect effects on the risk
ratio scale. More specifically, we estimated the natural direct effect,
which quantifies the effect of IVF on IPD independent of multifoe-
tal gestations."”7 We estimated the proportion mediated on the risk
difference scale.* We used bootstrapping with 2000 replications to
estimate 95% confidence intervals for each effect, accounting for
multiple pregnancies from the same person.

We repeated the analyses separately for donor and autologous
IVF pregnancies, using non-IVF pregnancies as the reference for all
analyses. For each of these analyses, we used the same data struc-
ture as for the overall IVF and IPD analysis, substituting either au-
tologous IVF or donor IVF in place of all IVF in Figure 1. The same
confounders were included. All analyses were conducted in SAS 9.4
(SAS Institute Inc.).

2.5 | Missing data

Complete case analysis was conducted given that none of the
covariates had more than 5% missing data. Observations with
missing data are listed in Table 1, and include gravidity (missing
for 0.05%) and parity (missing for 0.03%). Unknown race was in-

cluded as a category. The complete case analysis included 99% of

all records.
Uy IVF Multifetal gestations ——> IPD
U2 U3

FIGURE 1 Directed acyclic graph of the relationship between
in vitro fertilisation (IVF) and ischaemic placental disease (IPD)
mediated by multifoetal gestations. U, represents exposure-
outcome confounders; U, represents exposure-mediator
confounders; U, represents mediator-outcome confounders
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2.6 | Sensitivity analyses

First, we restricted deliveries to those after 2013. This was done to
account for changesin IVF technology, notably the switch to vitrifica-
tion for freezing embryos, which we adopted widely in 2013.23 Next,
we assessed possible unmeasured confounding. Because we did
not have data on obstetric history, a possible confounder of the
exposure-outcome relationship, we first restricted the sample to
nulliparous individuals. In addition, since there were two covariates
of interest in the MA DPH data, smoking and pre-gestational dia-
betes, which were not available for deliveries beyond 1 June 2015,
we conducted a sensitivity analysis using data from 1 January 2000
to 1 June 2015 to adjust for those additional covariates. Finally, we
computed E-values, both for the total exposure-outcome effect and
specifically considering possible unmeasured mediator-outcome

confounding. 4%

2.7 | Ethicsapproval
The institutional review boards at Beth Israel Deaconess Medical
Center and the MA DPH approved this study.

3 | RESULTS

3.1 | Study population

We identified 86,514 deliveries that met our inclusion criteria. Of
these, 281 resulted from donor IVF and 4173 resulted from autolo-
gous IVF. Individuals in the IVF group were more likely to be older,
White, primigravid and nulliparous compared to the non-IVF group.
They also were more likely to have private insurance. In the IVF group,
1278 (28.7%) deliveries were multifoetal gestations, while 1816 (2.2%)
of the non-IVF group were multifoetal gestations. Among the donor
IVF group, 34.9% (98/281) were multifoetal gestations and among the
autologous IVF group, 28.3% (1180/4173) were multifoetal gestations
(Table 1). IPD and the individual components are also presented. Of
note, there were a total of 15 (0.3%) IUFDs in the IVF group and 364
(0.4%) in the non-IVF group, although not all were attributed to pla-
cental insufficiency. Information on zygosity was not available; how-
ever, 638 (50.0%) of IVF pregnancies were multiple sex sets, and 577
(31.8%) of non-IVF pregnancies were multiple sex sets. Multiple sex

sets were similar in the donor and autologous group (50.0% in each).

3.2 | Effect of multifoetal gestation on IPD

Pregnancies with multifoetal gestations were at a higher risk of IPD
and each of its components compared to pregnancies with singleton
gestations. Multifoetal gestation pregnancies had 3.87 (95% Cl 3.73,
4.03) times the adjusted risk of IPD compared to pregnancies with
singleton gestations (adjusted for maternal age, parity, race and year



aini
(8°05) ¢T6 (s'eT) eeLoT (€'¥T) SS9TT (S°€S) ¥89 (8°9T) €S (¥'22) 6121 Jo aseasip |ejuade|d djwiseyos|

3|1puadiad Y31 > 98e [euoljesas Joy [jews

MODEST ET AL.

Sawod1nQ
= = = (€'26) 08TT (Tv6) €66T (L'€6) €LTH sno3ojony
- - - (££)86 (8'6) €81 (€9)18C JouoQ
921N0S 934200
(0vT) 55¢ (7°9T) LTOET (e9T1) 2LEET (€T) LT (L71)€s (9°1) 0L 2lignd
(0'98) 195T (9'€8) 21599 (£'€8) £0£89 (£'86) 1921 (€'86) £TTE (7'86) ¥8EY 1ay30/33€A1d
snjels asueansu|
(00)0 (#0'0) 82 (€0'0) 82 (0'0)0 (Toe (zoo)z 8uIssIN
(09716 (9'%) 599¢ (9'%) 952€ (8'0) 0T (T7) 5¢ (0T) 5 +e
(£'0T) 76T (7'2T) 7686 (7'2T) 88001 (Tv)es (6'7) GST (9'7) LOT 14
(6'2€) 865 (0'9€) 10982 (6'5€) 66T6C (0's2) 6T€ (8'62) 8¥6 (#'82) £9TT T
(7'15) £€6 (0Ly) TrELE (T'Lv) vLT8e (T0s) L68 (T'79) 9€02 (6'59) €€6C 0
\ﬁ_‘_m&
(00)0 (To) % (T0) T¥ (00)0 (Toe (r0'0) BuISSIIN
(1'€€) 209 (0°1€) 64912 (T'T€) 1825¢C (L61) 25T (£'12) 069 (T'12) 26 +€
(9'82) 615 (0'ze) sevse (6T€) ¥565T (0'12) 692 (cee)8eL (9°22) L0OT z
(€78€) 569 (6'9€) vLEGT (0°£€) 6900€ (¢6S) LSL (0°68) 9vLT (¢'95) €0s¢ T
Aupinels
(r'v) 08 (6€) TLOE (6€) 1STE (8'0) 0T (9218 (0216 umouun
(T9) 11T (£'5) 895¥ (8'S) 6497 (8'%) 19 (6'7) 95T (67) LTC EEllilo)
(6'5) 80T (6'9) T691 (6'5) 008% (8'1)€C (02) €9 (6'7) 98 dluedsiH
w (82) T¥1 (€'5T) 95127 (T'sT) L622T (6'G) 9L (s'8)0LC (8°2) 9ve ueisy
mw (9'01) €6T (0°2T) €056 (6'TT) 9696 Ty vs (8'¢) TET (6€) SLT »2e|g dluedsiH-UoN
g (1'59) €8TT (€7£5) 6€5SY (r'LS) TTLov (5'28) 50T (¢'8£) 5817¢C (5'62) 6£5€ SHYM dluedsiH-UoN
= ey
TSFTTe 6V FLIE 6 FLTE 9Y F¥'GE LY F69¢ LY FT9¢ (sieaA) age eutaleN

solydes3owap auljaseg

9181 =U 6CS6L=U SPEIg=Uu 8/CT =U 9L1E=U vsvy=u
suonje}sas |e320o3niA suone}sas uoya|8uls SDIIDAIIBP ||V suolje}sas |e32043 NN suonje}sas uoys|8uls SDLIDAIRP ||V
dAI-UON dAIl

ﬂ—Wl LEY- &£

(66468 = U) SUOI1E}SIS |e320413INW SUOWE PUE S1IO0YOD JA|-UOU pue 4A]| 8T0Z ISNSNY T 0} 000Z Alenuer T Wo.j SLISAISP JO SOIjsiId}oeleyd auljesed T 319V.L



Paediatric and

\L_]{-‘

Perinatal Epidemiology

of delivery). In the IVF group, pregnancies with multifoetal gesta-
tions had 3.25 (95% Cl 2.96, 3.57) times the adjusted risk of IPD, and
in the non-IVF group, pregnancies with multifoetal gestations had
3.81 (95% Cl 3.62, 4.00) times the adjusted risk of IPD compared to
singleton gestations. There was a similar pattern of increased risk for
each of the individual components of IPD including both definitions

of SGA. (Table 2). IUFDs were not assessed individually as a compo-

Effect of IVF on IPD

Overall, IVF pregnancies had 1.99 (95% CI 1.88, 2.10) times the risk
of IPD compared to non-IVF pregnancies, adjusted for maternal age,
parity, race and year of delivery, and 75.5% of this increased risk was
mediated by multifoetal gestations. Autologous IVF pregnancies had
1.95 (95% Cl 1.4, 2.07) times the adjusted risk of IPD compared to
non-IVF pregnancies, and the proportion mediated by multifoetal
gestations was 78.8%. Donor IVF pregnancies had 2.50 (95% Cl 2.09,
2.92) times the adjusted risk of IPD but the per cent mediated was
37.5%. Among the components of IPD, similar patterns of results
were noted. The per cent mediated of the association between autol-
ogous IVF and the components of IPD was 42.4-86.7%, but the per
cent mediated by multifoetal gestations in the associations between
donor IVF and the components of IPD was 24.6%-60.1%. (Table 3).

Sensitivity analyses

In sensitivity analyses, a similar pattern of results was seen among
nulliparous individuals (Table S2). IVF pregnancies had 1.78 (95% Cl
1.66, 1.91) times the risk of IPD compared to non-IVF pregnancies.
The per cent mediated by pregnancies with multifoetal gestations
in the association between autologous IVF and IPD and donor IVF
and IPD was 84.5% and 38.8%, respectively, among nulliparous in-
dividuals. A similar pattern was noted when restricting the cohort to
deliveries after 2013 (Table S3). IVF pregnancies had 1.57 (95% ClI
1.41, 1.73) times the risk of IPD compared to non-IVF pregnancies.
The per cent mediated by pregnancies with multifoetal gestations in
the association between autologous IVF and IPD and donor IVF and
IPD was 68.0% and 15.6%, respectively, among all pregnancies in
this more recent cohort. In the sensitivity analysis for years in which
MA DPH data was available, the mediation models did not converge
due to low numbers of smoking and pre-gestational diabetes prior
to pregnancy. However, we did fit regression models for the total
effect and there was no difference when adjusting for smoking and
pre-gestational diabetes. E-values (Table S4) further demonstrated
that only very strong unmeasured confounders could explain away
the total effects; for example, a confounder (or set of confounders)
would have to increase risk of IPD and differ between IVF and non-
IVF pregnancies by a factor of 3.4, independently of the measured

confounders, to account for the overall effect. E-values for the in-
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direct effects were (by definition) smaller, meaning that weaker
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TABLE 2 Risk of ischaemic placental disease and ischaemic placental disease components in multifoetal gestations compared to singleton
gestations among all deliveries, and by mode of conception (n = 85,799)

Small for gestational age <10th percentile

Ischaemic placental disease or IUFD
Multifoetal gestations
Singleton gestations

Preeclampsia

1606 (51.9)
11268 (13.6)

Multifoetal gestations 519 (16.8)

Singleton gestations 3275 (4.0)
Placental abruption

Multifoetal gestations 87(2.8)

Singleton gestations 1286 (1.6)
Small for gestational age

Multifoetal gestations 1239 (40.0)

Singleton gestations 7533 (9.1)

Small for gestational age <3rd percentile

Ischaemic placental disease or IUFD

Multifoetal gestations 913 (29.5)

Singleton gestations 5987 (7.2)
Small for gestational age

Multifoetal gestations 380(12.3)

Singleton gestations 1676 (2.0)

Risk ratio® (95% confidence interval)

All deliveries

3.87(3.73,4.03)
1.00 (Reference)

4.11(3.77,4.48)
1.00 (Reference)

1.90(1.53, 2.35)
1.00 (Reference)

4.55 (4.33,4.78)

1.00 (Reference)

4.08 (3.84,4.33)

1.00 (Reference)

6.27 (5.64, 6.98)
1.00 (Reference)

IVF

3.25(2.96, 3.57)
1.00 (Reference)

3.21(2.70, 3.83)
1.00 (Reference)

1.63 (1.16, 2.28)
1.00 (Reference)

3.94 (3.46,4.48)

1.00 (Reference)

3.12(2.74,3.54)

1.00 (Reference)

5.13(3.91, 6.72)
1.00 (Reference)

Non-IVF

3.81(3.62,4.00)
1.00 (Reference)

3.80(3.39, 4.26)
1.00 (Reference)

1.18(0.83, 1.67)
1.00 (Reference)

4.62 (4.35,4.91)

1.00 (Reference)

3.84(3.55,4.16)

1.00 (Reference)

6.37 (5.58, 7.26)
1.00 (Reference)

Note: Data presented as n (%) or risk ratio (95% confidence interval).

Abbreviations: IUFD: intrauterine foetal demise (due to placental insufficiency); IVF: In vitro fertilisation.

Risk ratios adjusted for maternal age, parity, race and year of delivery.

confounding could be compatible with truly null indirect effects
(which would imply that the totality of a given effect was direct).
For example, the E-value for the indirect effect of overall IVF on IPD
mediated through multifoetal gestations was 2.6.

4 | COMMENT
4.1 | Principal findings

Consistent with prior literature, we found an increased risk of IPD
and its components in autologous and donor IVF pregnancies when
compared to non-IVF pregnancies.*#1¢'7 For autologous IVF, the
majority of IPD was mediated through multifoetal gestations, which
was consistent with a prior study.* We showed that in donor IVF,
37.5% of the relationship was mediated through multifoetal gesta-
tions, meaning that approximately 60% of the relationship between
donor IVF and IPD was not explained by the increased incidence of
pregnancies with multifoetal gestations. This also was true for com-
ponents of IPD, including preeclampsia and placental abruption. This
difference suggests different mechanisms for the increased risk of
IPD in donor and autologous pregnancies.

4.2 | Strengths of the study

The strengths of this study include a large sample size, and the abil-
ity to examine donor and autologous IVF pregnancies separately.
In addition, our use of a composite outcome allowed us to assess a
group of biologically related conditions, as well as the components
of IPD separately.

4.3 | Limitations of the data

This study has several limitations. First, we were unable to obtain
some of the covariate data that may be important to this question,
particularly body mass index, medical history and comorbidities. We
were also not able to determine the number of gestations at the start
of the pregnancy to assess for whether there were early losses in
our singleton pregnancies. This would lead to residual confounding
as we may not have met the unmeasured confounding assumptions
of mediation analysis, which include no unmeasured confounders of
the exposure-outcome relationship, no unmeasured confounders
of the exposure-mediator relationship, no unmeasured confound-
ers of the mediator-outcome relationship and no mediator-outcome
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TABLE 3 Risk of ischaemic placental

disease and ischaemic placental disease Total effect Natural direct Indirect effect RR  Percent
P RR (95% Cl) effect RR (95% Cl) (95% Cl) mediated
components overall (total effect),
independent of multifoetal gestations Small for gestational age <10th percentile
(natural direct effect), mediated through Ischaemic placental disease or IUFD
multifoetal gestations (indirect) and the
. & R I .(I I .) All IVF 1.99(1.88, 1.24(1.15, 1.34) 1.60(1.52, 1.69) 75.5
per cent of the risk of ischaemic placental 2.10)
disease mediated through multifoetal '
gestations (n = 85,799) Autologous 1.95(1.84, 1.20(1.10, 1.29) 1.63(1.54,1.72) 78.8
IVF 2.07)
Donor IVF 2.50(2.09, 1.93(1.49, 2.38) 1.29 (1.14, 1.51) 37.5
2.92)
Preeclampsia
All IVF 2.20(1.98, 1.40(1.21, 1.59) 1.58 (1.45, 1.73) 67.2
2.43)
Autologous 2.11(1.89, 1.30(1.12, 1.48) 1.62(1.48,1.79) 73.0
IVF 2.35)
Donor IVF 3.37(2.48, 2.78 (1.99, 3.76) 1.21(1.02, 1.53) 24.6
4.33)
Placental abruption
All IVF 2.22(1.82, 1.81(1.43,2.24) 1.22(1.08, 1.42) 33.3
2.66)
Autologous 2.19(1.79, 1.68(1.32, 2.08) 1.30(1.14, 1.52) 42.4
IVF 2.61)
Donor IVF 2.90(1.43, 3.87(1.84, 6.39) 0.75(0.65,0.93) -
4.71)
Small for gestational age
All IVF 2.05(1.91, 1.16 (1.04, 1.28) 1.77 (1.65, 1.91) 85.1
2.20)
Autologous 2.02(1.88, 1.14 (1.02, 1.26) 1.78 (1.66, 1.93) 86.7
IVF 2.18)
Donor IVF 2.38(1.83, 1.55 (1.04, 2.13) 1.54 (1.24, 2.08) 60.1
2.92)

Small for gestational age <3rd percentile

Ischaemic placental disease or IUFD

All IVF 2.21(2.05, 1.41(1.28, 1.55) 1.57(1.47,1.68) 66.2
2.38)
Autologous 2.15(1.99, 1.35(1.20, 1.49) 1.59(1.49,1.72) 69.7
IVF 2.32)
Donor IVF 3.06 (2.46, 2.40(1.75, 3.06) 1.28(1.11, 1.55) 32.3
3.70)
Small for gestational age
All IVF 2.45(2.11, 1.19 (0.96, 1.47) 2.05(1.76, 2.40) 86.6
2.83)
Autologous 2.38(2.04, 1.21(0.96, 1.47) 1.96(1.69,2.32) 84.6
IVF 2.76)
Donor IVF 3.21(1.89, 0.95(0.22, 1.85) 3.37(1.88,12.11) -
4.58)

Note: Data presented as risk ratio (RR) and 95% confidence interval (Cl) or per cent. All models
adjusted for maternal age, parity, race and year of delivery.

Unable to present percent mediated due to opposing natural direct and indirect effects
Abbreviations: IUFD, intrauterine foetal demise; IVF, In vitro fertilisation.

confounder that is affected by exposure.7 However, among nul- accounted for smoking and pre-gestational diabetes. Other unmeas-
liparous individuals, who cannot have a history of IPD, our results ured confounders are unlikely to have associations above and be-
were similar, and total effects were similar in analyses in which we yond these factors that would be as large as the E-values for the
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total effects. In addition, while E-values for indirect effects are
smaller, we know of fewer possible confounders of the mediator; it
is unlikely that factors beyond those we accounted for increased or
decreased the risk of multifoetal gestations by meaningful amount.
Second, due to our methodology in linking IVF cycles to deliver-
ies,! it is likely that there are IVF pregnancies in our non-IVF group.
If so, we would expect that the overall association between IVF and
IPD would be biased towards the null, as seen in prior work,! and
that our natural direct effect also likely would be biased towards the
null.*® It is not immediately clear how this would affect the indirect
effect or the per cent mediated. Third, there likely is some outcome
misclassification, such that we missed deliveries with IPD or incor-
rectly diagnosed deliveries with IPD. The positive predictive value
of the ICD codes used to identify outcomes was approximately 90%
for both preeclampsia and placental abruptionl; thus, the misclas-
sification likely is minimal. It is also likely that we are missing IPD
diagnoses. However, given the severity of the diagnoses and need
for obstetrical intervention, we believe this misclassification is also
likely minimal. We believe the outcome misclassification would
be non-differential, which would bias our natural direct and indi-
rect effects towards the null and not bias our per cent mediated.'®
Additional outcome misclassification may have occurred among the
IUFDs when calculating SGA. SGA is based on birthweight, which
is difficult to determine in IUFDs, particularly if there has been any
maceration prior to delivery. However, we do not believe this would
substantially affect our results since the number of IUFDs in this
cohort is very small and we believe the misclassification would be
non-differential. Our use of singleton growth curves for multifoetal
gestations in the calculation of SGA could also lead to misclassifica-
tion, since infants born from multifoetal gestations are expected to
be smaller. However, singleton growth curves are used clinically, and

we believe this misclassification would be non-differential.

4.4 | Interpretation

The differences in causal pathways for IPD in donor and autologous
IVF are critical in both understanding the underlying biology and
identifying targets for future research. Some of these differences
may be explained by the difference in immunogenicity of the preg-
nancy. The increased risk of IPD in IVF pregnancies has been hy-
pothesised to be related to the maternal immune response.!61721
In any pregnancy, the maternal immune system can develop an
inflammatory response against'foreign’ foetal or placental tissues
that have partial paternal genetic origin. An overactive maternal
immune response may lead to insufficient placentation and IPD.??
In pregnancies with multifoetal gestations, the amount of paternal
antigen increases with each additional foetus. Pregnancies con-
ceived with donor oocyte IVF contain a greater burden of foreign
genetic material from both gametes than autologous oocyte IVF
and may be at higher risk of a heightened immune response regard-
less of multifoetal pregnancy status. Consistent phenotyping of IPD
based on common mediating factors will foster discovery of shared

pathological mechanisms and therapeutic strategies.?® Future re-
search examining the biology of IPD in donor IVF pregnancies will be
critical to understanding this potentially different mechanism of IPD.
Additionally, further research should explore the effects of changes
in the number of foetuses over pregnancy and discordant outcomes
for foetuses. More information regarding the IVF process, role of

infertility and zygosity would also be important to incorporate.

5 | CONCLUSIONS

While much of the relationship between IVF and IPD can be ex-
plained by the increase in multifoetal gestations, special attention
should be paid to donor IVF pregnancies, where the increased risk
may be due to a second biological mechanism, which needs fur-
ther study. The association between IVF and IPD is complex and
future work is needed to explore the factors contributing to this
relationship.
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