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BACKGROUND: Severe acute respiratory syndrome coronavirus type assisted reproduction pregnancies. Yet, the risk of obstetrical and neonatal
2 infections in pregnancy have been associated with maternal morbidity,

admission to intensive care, and adverse perinatal outcomes such as

preterm birth, stillbirth, and hypertensive disorders of pregnancy. It is

unclear whether medically assisted reproduction additionally affects

maternal and neonatal outcomes in women with COVID-19.

OBJECTIVE: To evaluate the effect of medically assisted reproduction
on maternal and neonatal outcomes in women with COVID-19 in

pregnancy.

STUDY DESIGN: A total of 1485 women with COVID-19 registered in
the COVID-19 Related Obstetric and Neonatal Outcome Study (a multi-

centric, prospective, observational cohort study) were included. The

maternal and neonatal outcomes in 65 pregnancies achieved with

medically assisted reproduction and in 1420 spontaneously conceived

pregnancies were compared. We used univariate und multivariate

(multinomial) logistic regressions to estimate the (un)adjusted odds ratios

and 95% confidence intervals for adverse outcomes.

RESULTS: The incidence of COVID-19-associated adverse outcomes

(eg, pneumonia, admission to intensive care, and death) was not different

in women after conceptions with COVID-19 than in women after medically
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complications was higher in pregnancies achieved through medically

assisted reproduction. However, medically assisted reproduction was not

the primary risk factor for adverse maternal and neonatal outcomes

including pregnancy-related hypertensive disorders, gestational diabetes

mellitus, cervical insufficiency, peripartum hemorrhage, cesarean de-

livery, preterm birth, or admission to neonatal intensive care. Maternal

age, multiple pregnancies, nulliparity, body mass index >30 (before

pregnancy) and multiple gestation contributed differently to the increased

risks of adverse pregnancy outcomes in women with COVID-19 inde-

pendent of medically assisted reproduction.

CONCLUSION: Although women with COVID-19 who conceived

through fertility treatment experienced a higher incidence of adverse

obstetrical and neonatal complications than women with spontaneous

conceptions, medically assisted reproduction was not the primary risk

factor.

Key words: assisted reproduction, cohort study, COVID-19, fertility
treatment, maternal outcomes, neonatal outcomes, pregnancy, preterm

birth, SARS-CoV-2 infection
Introduction
During the COVID-19 pandemic, con-
cerns arose as to whether infection by the
SARS-CoV-2 virus adversely affects
pregnancy outcomes. Indeed, observa-
tional cohort studies report SARS-CoV-
2 infections in pregnancy to be associ-
ated with severe maternal morbidity and
mortality and neonatal complications
compared with noninfected
individuals.1e5 Data from the Covid-19-
Related Obstetric and Neonatal
Outcome Study (CRONOS) registry in
Germany, which prospectively enrolls
women with confirmed SARS-CoV-2
infection during their pregnancy, sug-
gest a higher risk of preterm birth and
stillbirth and confirm a high rate of se-
vere COVID-19, requiring intensive care
in these women.6,7 This is especially true
for pregnant women with comorbidities
SEPTEMBER 2022 Ameri
such as obesity, diabetes mellitus, hy-
pertension, and older women.8e11 These
factors are also often present in women
seeking fertility treatment. However,
there are limited data on whether the
interaction of risk factors and infertility
treatment further worsens outcomes in
pregnancies with COVID-19.

At the beginning of the pandemic in
March 2020, fertility clinics postponed
treatments for several weeks to months
because of great uncertainty. Centers
returned to their regular programs after
the introduction of safety measures and
the availability of vaccinations. Never-
theless, many patients are still unsure
and have a high need for advice about the
can Journal of Obstetrics & Gynecology 495.e1
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AJOG at a Glance

Why was the study conducted?
To evaluate the risk of adverse pregnancy outcomes by mode of conception in
women with COVID-19.

Key findings
Medically assisted reproduction is not the primary risk factor for adverse
maternal and neonatal outcomes in pregnancies with COVID-19.

What does this add to what is known?
Pregnancies with COVID-19 and pregnancies achieved through medically
assisted reproduction are at a higher risk of adverse pregnancy outcomes. This
study shows that in womenwith COVID-19, factors other thanmedically assisted
reproduction such as maternal age, multiple pregnancies, body mass index >30,
or multiple gestation are the key drivers for adverse maternal and neonatal
outcomes.
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risks of SARS-CoV-2 infection, espe-
cially as pregnancies after fertility treat-
ment are already associated with a
significantly higher incidence of adverse
obstetrical and neonatal outcomes such
as preeclampsia, fetal growth restriction,
and preterm birth compared with
spontaneous conceptions.12e15

For better counseling, it is important
to know whether COVID-19 specifically
affects outcomes in women undergoing
fertility treatment more often than in
women who conceive after spontaneous
conception. Therefore, we evaluated the
risk of adverse maternal and neonatal
outcomes in SARS-Cov-2 infections by
the mode of conception, emphasizing on
symptomatic women with COVID-19.

Material and Methods
Study design and setting
CRONOS is a multicentric, prospective,
observational study established by the
German Society of Perinatal Medicine
(DGPM) in April 2020 to rapidly pro-
vide data to counsel women with SARS-
CoV-2 infection during their pregnancy.
Information on the study is available at
www.dgpm-online.org and from the
German Clinical Trials Register
(DRKS00021208); part of the study re-
sults have been published recently.7

Ethical approval was obtained for the
study (University Hospital Schleswig-
Holstein in Kiel, file number D 451/20,
and separate for each study side respec-
tively). Womenwith clinically confirmed
495.e2 American Journal of Obstetrics & Gynecol
SARS-CoV-2 infection were eligible for
inclusion.
All German maternity hospitals were

invited to participate in the CRONOS
registry. By August 24, 2021, obstetri-
cians and neonatologists from 157
German hospitals and from the Kepler
University Hospital in Linz, Austria,
confirmed to participate. Of these, 115
hospitals actively provided data to
CRONOS. These maternity units atten-
ded 224,647 deliveries in 2020, account-
ing for 29.1% of the births in Germany.
Participating hospitals were asked to
register all women with SARS-CoV-2
infection independent of the time point
of infection during pregnancy.

Data capture and study variables
For collecting data, a reporting form was
developed using the cloud-based elec-
tronic data capture platform of the ser-
vice provider castoredc.com
(Amsterdam, Netherlands). After the
patients had given informed consent,
information on the demographic char-
acteristics, comorbidities, previous and
current pregnancy characteristics, SARS-
CoV-2-specific symptoms and treat-
ments, pregnancy- and birth-specific
events, and neonatal outcomes were
entered by each treating hospital in the
data capture platform.7

Cohort
The data presented here were collected
between April 3, 2020 and August 24,
ogy SEPTEMBER 2022
2021 by 115 hospitals comprising a
total cohort of 2819 cases. During the
review of the registry and the plausi-
bility check, duplicate entries were
suspected in 10 cases; 8 of the cases
were confirmed and excluded after
contact with the entering hospital. In
98 cases, the week of gestation at the
time of infection remained unknown,
and they were excluded, as this was
considered mandatory information. In
63 other cases, it remained unclear
whether women had been infected
during or before their pregnancy; these
were also excluded. From the remaining
2,650 women with confirmed SARS-
CoV-2 infection during their preg-
nancy, 1812 (68.3%) were symptom-
atic, 709 (26.8%) were asymptomatic,
and data on symptoms were not pro-
vided in 129 (4.9%) cases (Figure). The
final study cohort for the analyses
consisted of patients with COVID-19
(symptomatic SARS-CoV-2 infection)
with valid information on whether or
not medically assisted reproduction
(MAR) had been conducted before the
present pregnancy (n¼1485). Of these,
1331 (89.6%) had a confirmed SARS-
CoV-2 infection via a viral RNA detec-
ted by polymerase chain reaction
testing, 30 (2.0%) via a detection of
maternal SARS-CoV-2 antibodies, 45
(3.0%) via an antigen testing, and for
75 cases, (5.1%) no information about
the exact diagnostic test of SARS-CoV-2
infection was available.

Statistical analyses
For evaluating whether pregnancies after
fertility treatment involve a greater risk
of adverse maternal and neonatal out-
comes than spontaneous pregnancies, a
stepwise statistical analysis strategy was
performed. Firstly, the baseline data were
analyzed to identify statistically signifi-
cant differences in the baseline risks be-
tween pregnancy with MAR and
spontaneous conceptions (Table 1).
Secondly, it was evaluated whether
COVID-19 associated clinical outcomes
(Table 2) and maternal and neonatal
complications differed in a statistically
significant way between MAR pregnan-
cies and spontaneous conceptions
(Supplemental Table 1). Thirdly, for
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FIGURE
Flowchart of the study cohort
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those maternal and neonatal outcomes
with statistically significant differences
between the 2 study groups, separate
multivariate models were calculated
(Supplemental Tables 2 and 3).

For comparing the categorical vari-
ables between pregnancies after MAR
and spontaneous conceptions, the ab-
solute and relative frequencies are pre-
sented for each group separately. The
statistical significance was tested for the
categorical baseline variables by using
the chi-square tests or Fisher exact tests,
and univariate (multinominal) logistic
regression models were applied for the
categorical maternal and neonatal out-
comes. The continuous variables are
shown as means and standard deviations
for each group. The statistical signifi-
cance was tested for the continuous
baseline variables by using independent t
tests and univariate analysis of covari-
ance for continuous maternal and
neonatal outcomes.
In addition to P values, risk estimators
(odds ratios [OR] or mean difference
[MD]) and corresponding 95% confi-
dence intervals (95% Cl) were calculated
for a comparison of maternal and
neonatal complications. For the calcu-
lation of adjusted estimators in multi-
variate (multinominal) logistic
regression models, the baseline variables
that significantly differed between both
the groups (confounders) or those that
are known risk factors for adverse out-
comes were included in the models.
Statistical analyses were performed

using Statistical Package for Social Sci-
ences (SPSS; version 28; IBM Corp,
Armonk, NY) for Windows (Microsoft,
Redmond, WA). SPSS, by default, con-
ducts analyses by dropping cases for
which there are missing values, so the
sample sizes may differ in the statistical
analyses. Inferential statistics were used
in a descriptive manner. Thus, neither
global nor local significance levels were
SEPTEMBER 2022 Ameri
determined, and no adjustment for
multiplicity was applied. However, P
values <.05 were considered to be sta-
tistically significant.

Results
The baseline maternal demographic and
clinical characteristics of 1420 (95.6%)
women with spontaneous conceptions
and those of 65 (4.38%) women with
pregnancies achieved after MAR are
presented in Table 1. Of all MAR preg-
nancies, most (n¼43; 66.2%) were ach-
ieved through assisted reproductive
technology (ART) (ie, in vitro fertiliza-
tion [IVF] or intracytoplasmic sperm
injection [ICSI]). Six women (n¼9.2%)
conceived after ovulation induction (OI)
with (n¼3) or without (n¼3) intra-
uterine insemination (IUI), and fertility
treatment was not further specified in 16
women (24.6%).

Overall, women who conceived
through MAR were significantly older
can Journal of Obstetrics & Gynecology 495.e3
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TABLE 1
Baseline and pregnancy characteristics of the study participants

Maternal characteristics

MAR pregnancies n¼65 Spontaneous pregnancies n¼1420 P value

Maternal age (y) 34.09�5.12 30.90�5.14 <0.001

15e24 2 (3.1) 168 (11.8) 0.001

25e34 35 (53.8) 899 (63.3)

35e49 28 (43.1) 353 (24.9)

Nulliparity 42/65 (64.6) 529/1399 (37.8) <0.001

Smoking (before pregnancy) 4/63 (6.3) 107/1398 (7.7) 0.70

Maternal comorbidities

BMI >30 (before pregnancy) 18/63 (28.6) 275/1324 (20.8) 0.14

Cardiovascular comorbidities 3 (4.6) 53 (3.7) 0.73a

Diabetes mellitus (preexisting) 1 (1.5) 18 (1.3) 0.58a

Pulmonary comorbidities 3 (4.6) 49 (3.5) 0.49a

Hematologic comorbidities 2 (3.1) 16 (1.1) 0.18a

Current pregnancy characteristics

Multiple gestation 8/64 (12.5) 29/1416 (2.0) <0.001

Gestational age (wk) at onset of COVID-19 symptoms 27.25�9.56 27.60�9.92 0.78

First trimester 8 (12.3) 188 (13.2) 0.97

Second trimester 21 (32.3) 460 (32.4)

Third trimester 36 (55.4) 772 (54.4)

The data are presented as mean�standard deviation or absolute or relative frequencies (percentage).

BMI, body mass index; MAR, medically assisted reproduction.

a Fisher exact test.
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and weremore likely to be nulliparous or
carry multiple pregnancies than those
having conceived spontaneously. The
gestational age at onset of COVID-19
was comparable between both the
groups.

The COVID-19-associated maternal
outcomes, for example, need for inpa-
tient treatment, pneumonia, maternal
admission to intensive care unit (ICU),
and maternal mortality, were not
different among MAR and spontaneous
conceptions (Table 2). Moreover, the
odds of COVID-19- associated cesarean
delivery, pregnancy termination, or de-
livery were comparable between both the
conception groups.

Adverse neonatal outcomes following
birth within 4 weeks after the onset of
COVID-19 resulted primarily from a
significantly higher rate of neonatal
intensive care unit (NICU) admissions
495.e4 American Journal of Obstetrics & Gynecol
in the MAR group, which is also the
main driver behind the borderline sig-
nificant difference in the combined
perinatal outcome (P¼.05) (Table 2).
This significant difference is mainly
driven by the higher number of multiple
pregnancies in MAR conceptions, as the
adjusted OR for the mode of conception
is not significant anymore when it is
controlled for multiple gestations
(Supplemental Table 3). Although 11
stillbirths (2.5%) and 1 neonatal death
(0.2%) occurred in pregnancies after
spontaneous conception, no such cases
were registered in MAR conceptions.
Other maternal and perinatal out-

comes of births following spontaneous
conceptions or after MAR independent
of the onset of COVID-19 are shown in
Supplemental Table 1. Women after
MAR were more likely to be diagnosed
with gestational diabetes mellitus (odds
ogy SEPTEMBER 2022
ratio [OR], 1.97; 95% confidence inter-
val [CI], 1.00e3.86), cervical insuffi-
ciency (OR, 4.65; 95% CI, 1.72e12.56)
and were more likely to undergo cesar-
ean delivery (OR, 2.19; 95% CI,
1.26e3.82). However, the cesarean de-
livery rate in multiple pregnancies was
comparable between the conception
groups (OR, 0.88; 95% CI, 0.16e4.71).
Peripartum hemorrhage occurred more
often in MAR pregnancies (OR, 3.33;
95% CI, 1.35e8.21). Furthermore, the
rate of pregnancy-related hypertensive
disorders was higher though not statis-
tically significantly different (OR, 2.39;
95% CI, 0.99e5.75; P¼.053). Children
from MAR conceptions were delivered
preterm (OR, 2.98; 95% CI, 1.66e5.33)
and admitted to the NICU (OR, 2.28;
95% CI, 1.25e4.16) more often than
those by birth from spontaneous con-
ceptions. Although a rare event, neonatal

http://www.AJOG.org


TABLE 2
COVID-19-associated maternal and neonatal outcomes after medically assisted reproduction and spontaneous
conceptions

Outcomes
MAR pregnancies
n¼65

Spontaneous
pregnancies
n¼1420 OR 95% CI P value

Maternal outcomes

COVID-19-associated need for inpatient treatmenta 10/61 (16.4) 243/1349 (18.0) 0.89 0.45e1.78 .75

Pneumonia 6/60 (10.0) 135/1345 (10.0) 0.99 0.43e2.36 .99

ICU admission 2/61 (3.3) 75/1349 (5.6) 0.58 0.14e2.40 .45

Mortality 0/61 (0.0) 4/1349 (0.3) n.a. n.a. .99

COVID-19-associated indication for cesarean delivery 2/31 (6.5) 44/421 (10.5) 0.59 0.14e2.56 .48

COVID-19-associated reason for pregnancy termination 2/56 (3.6) 48/1185 (4.1) 0.88 0.21e3.71 .86

Delivery necessary for further maternal COVID-19 treatment 0/56 (0.0) 32/1185 (2.7) n.a. n.a. .99

Neonatal outcomes

Delivery within 4 wk after onset of COVID-19 symptoms 21/57 (36.8) 445/1177 (37.9) 0.96 0.55e1.66 .88

Combined perinatal outcomeb 9/21 (42.9) 105/445 (23.6) 2.43 1.00e5.93 .05

Stillbirth 0/21 (0.0) 11/444 (2.5) n.a. n.a. .99

NICU admission 9/21 (42.9) 94/440 (21.4) 2.76 1.13e6.75 .03

Neonatal death 0/21 (0.0) 1/428 (0.2) n.a. n.a. .99

Data are presented as absolute or relative frequencies (percentage).

CI, confidence interval; ICU, intensive care unit; MAR, medically assisted reproduction; n.a., not applicable; NICU, neonatal intensive care unit; OR, odds ratio.

a The combined endpoint is composed of the following: pneumonia, ICU admission, and mortality; b Based on women who delivered within 4 weeks after the onset of COVID-19 symptoms and�24
weeks of gestation and is composed of the following endpoints: NICU admission, stillbirth, and neonatal death.

Ziert et al. Adverse pregnancy outcomes by mode of conception in women with COVID-19. Am J Obstet Gynecol 2022.
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death occurred proportionally more
often in MAR pregnancies (1/57¼1.8%
vs 3/1,145¼0.3%). Neonatal death was
not clinically linked to COVID-19 in any
of the cases.

The results from multivariate (nomi-
nal) logistic regression models for
selected maternal and neonatal out-
comes are shown in Supplemental
Tables 2 and 3. For estimating the
adjusted OR for MAR vs that for spon-
taneous conceptions, the variables of
maternal age, nulliparity, and multiple
gestation, which significantly differed at
baseline between both the groups, were
included as a covariate. Because women
with a BMI >30 kg/m2 were propor-
tionally more common in the MAR
group, and obesity is a known risk factor
for adverse outcomes, BMI>30 was also
taken into account. However, it was not
statistically significant in the study sam-
ple. Pregnancy-related hypertensive dis-
orders showed a borderline significant
difference. Therefore, a multivariate
model was also calculated for this
important outcome.
In the context of COVID-19, the

multivariate models demonstrate that
MAR was not a statistically significant
predictor of gestational diabetes melli-
tus, pregnancy-related hypertensive dis-
orders, cesarean delivery, cervical
insufficiency, peripartum hemorrhage,
NICU admission, and the combined
perinatal outcomes of NICU admission,
stillbirth, and neonatal death following
delivery within 4 weeks after the onset of
COVID-19. However, the risks are still
descriptively higher in the MAR group
(OR >1). MAR significantly increased
the risk of preterm birth (OR, 2.32; 95%
CI, 1.19e4.53), yet, multiple gestation
was the primary risk factor for preterm
birth (OR, 15.92; 95% CI, 6.82e37.16).
All other multivariate analyses

demonstrate that risk factors other than
MAR are the main drivers for adverse
SEPTEMBER 2022 Ameri
outcomes. Gestational diabetes mellitus
is associated with BMI >30 (OR, 3.25;
95% CI, 2.25e4.70); pregnancy-related
hypertensive disorders are associated
with BMI >30 (OR, 2.37; 95% CI,
1.36e4.13) and nulliparity (OR, 2.74;
95% CI, 1.57e4.77); cesarean delivery is
associated with maternal age (OR, 1.04;
95% CI, 1.01e1.06), BMI >30 (OR,
1.80; 95% CI, 1.34e2.43), and nulli-
parity (OR, 1.46; 95% CI, 1.12e1.91);
cervical insufficiency is connected with
multiple gestation (OR, 14.46; 95% CI,
5.35e39.09); peripartum hemorrhage is
associated with maternal age (OR, 1.07;
95% CI, 1.00e1.13) and multiple
gestation (OR, 3.47; 95% CI,
1.11e10.86); NICU admission is con-
nected to maternal age (OR, 1.07; 95%
CI, 1.03e1.10) and multiple gestation
(OR, 11.38; 95% CI, 5.10e25.37); and
finally, the combined perinatal outcome
is associated with multiple gestations
(OR, 6.14; 95% CI, 1.90e19.91).
can Journal of Obstetrics & Gynecology 495.e5
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Principal findings
We report that in women with MAR
pregnancies, the risk of COVID-19-
associated adverse outcomes, for
example, the need for inpatient treat-
ment, pneumonia, oxygen ventilation,
maternal death, and delivery and also
stillbirth and neonatal death following
birth within 4 weeks of the onset of
COVID-19 was comparable with preg-
nancies after spontaneous conceptions.
MARwas also not the primary risk factor
of adverse maternal or neonatal out-
comes in pregnancies affected by
COVID-19. Instead, other factors, such
as maternal age, nulliparity, BMI>30, or
multiple gestation were the key drivers.
However, MAR conceptions were asso-
ciated with descriptively higher risks of
gestational diabetes mellitus, peripartum
hemorrhage, cervical insufficiency, ce-
sarean delivery, preterm birth, and
admission to NICU.

Results in the context of what is
known
Several cohort studies report an associ-
ation between COVID-19 in pregnancy
and substantially increasedmaternal and
neonatal morbidity and mortality than
pregnant women without a diagnosis of
COVID-19.10 This involves preeclamp-
sia,3,16,17 gestational hypertension,18

maternal death,19 stillbirth,19 preterm
delivery,17,20 and poor fetal growth,
among others.18,21 The risks are signifi-
cantly higher in women with comor-
bidities, eg, diabetes mellitus,
hypertension, and obesity; the risks are
also higher in older age.8e11

Insight on the outcomes of pregnan-
cies achieved through MAR and
COVID-19 is sparse. The first data were
provided by the ESHRE COVID-19
Working Group. It collected 80 cases
from 32 countries, including 67 live
births, 10 miscarriages, 2 stillbirths, and
1 maternal death.22 One-third of the
reported cases had an asymptomatic
infection, whereas 31.4% were treated in
the hospital. The authors concluded that
infections in pregnancies after MAR do
not lead to a higher risk of adverse out-
comes than those after spontaneous
conceptions. This is somehow in line
495.e6 American Journal of Obstetrics & Gynecol
with our results, which demonstrate that
the conception mode is not the primary
risk factor for adverse obstetrical and
neonatal complications in COVID-19-
affected women. Particularly encour-
aging is also the fact that comparable
incidences of complications were re-
ported for those directly associated with
COVID-19 (eg, pneumonia, ICU
admission, and death).
Engels Calvo et al reported a higher

incidence of preeclampsia and cesarean
delivery in a cohort of symptomatic
and asymptomatic SARS-CoV-2-
infected women after IVF than with
spontaneous pregnancies.23 This is in
contrast to our observations for both
the outcomes. One main difference in
the analysis is the adjustment for
important confounders, which included
maternal age and clinical presentation
in the Spanish study.23 In the cohort, 36
out of 74 women conceived with donor
oocytes, which was not a covariate in
the multinomial logistic regression
model but is one of several well-known
risk factors for preeclampsia.24e26 In
addition, the higher rate of cesarean
delivery in IVF patients than in spon-
taneous conceptions can particularly be
explained by the increased rate of
multiple births in the Spanish study.
Our multinominal logistic regression
model included the clinical character-
istics (eg, age, nulliparity, and multiple
gestation), which significantly differed
between MAR pregnancies and spon-
taneous conceptions and also known
potential confounders (eg, BMI >30)
for the respective outcome. The models
developed suggest that the (still)
elevated though not statistically signifi-
cant risk of MAR pregnancies would be
further reduced if additional risk factors
were considered. In our cohort of
spontaneous conceptions, a significant
number of stillbirths (2.5%) occurred
within 4 weeks of COVID-19 onset,
which is higher than the expected
stillbirth rate of approximately 0.4% in
Germany and requires further atten-
tion. None of these cases were present
in the MAR group, which may be
because of the low number of registered
pregnancies on the one hand and the
possibly better monitoring and earlier
ogy SEPTEMBER 2022
delivery of these high-risk pregnancies
per se on the other.

Compared with spontaneous con-
ceptions, adverse maternal and neonatal
outcomes are more common among
conceptions after MAR independent of
the onset of COVID-19 in preg-
nancy.27,28 The main driver for the
adverse outcomes is the higher risk of
multiple gestations in IVF.29 As the field
moves toward single embryo transfer,
and as the rate of multiple gestations
decreases, it also becomes clear that
other factors, eg, the choice of a pro-
grammed protocol in frozen-thawed
embryo transfer cycles30e32 or sub-
fertility33 itself make a significant
contribution to a higher incidence of
adverse outcomes. Subfertile women
carry risk factors for pregnancy com-
plications more often, eg, higher age,
obesity, or metabolic alterations.12,34,35

Beside an expected higher rate of mul-
tiple gestations, we confirmed these
observations in our infertile cohort,
which was older and more often obese.
The rate of nulliparity, which is a risk
factor for hypertensive disorders of
pregnancy,36 was also higher. The re-
sults from our multivariate models
demonstrate that MAR itself is not the
primary risk factor for adverse out-
comes of pregnancies affected by
COVID-19, for example, gestational
diabetes mellitus, peripartum hemor-
rhage, cervical insufficiency, cesarean
delivery, preterm birth, and admission
to NICU, but that these women enter
pregnancy with a higher baseline risk.
In this context, maternal age, multiple
gestation, and BMI >30 were the main
predictors of obstetrical and neonatal
complications.

Clinical implications
Our findings are of clinical importance
during an ongoing pandemic with a so
far unknown end. They will help advise
couples seeking fertility treatment and
will provide reassurance that the fertility
treatment itself will not add to the po-
tential risk of adverse maternal and
neonatal outcomes when a patient is
affected by COVID-19. Nevertheless,
our data clearly show again that other,
potentially avoidable, risk factors (eg,
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multiple gestation) lead to a poorer
outcome.

Strengths and limitations
In this study, we took advantage of a
well-supervised prospective registry
study using a standardized electronic
clinical report form. Items specifically
targeting MAR were incorporated and
linked to COVID-19 and obstetrical and
neonatal outcomes. A particular strength
of our study is the differentiation be-
tween themethods of conception such as
IVF or ICSI and OI with or without IUI,
which ensures the quality of the data
entries. Because asymptomatic cases are
most likely considered as “incidental
SARS-CoV-2 infection” cases requiring
hospitalization for other reasons, we
focused our analysis on symptomatic
women. In our experience this approach
avoids including women who present to
the hospital primarily because of
obstetrical complications, eg, sponta-
neous preterm delivery, fetal growth re-
striction, or preeclampsia.

Our study has a variety of limitations,
including a relatively small sample size of
MAR pregnancies, and therefore,
differing cohort sizes. These factors
make it difficult to reliably show statis-
tical correlations. Nevertheless, our
cohort reflects the reality in Germany,
with approximately 4% of births occur-
ring through MAR. Because of the
cohort design as a registry study, no
conclusion can be drawn about the
actual incidences of complications in
COVID-19-affected women in both the
conception groups.7 Similarly, owing to
the currently low case numbers, no final
statement can bemade regarding the risk
factors for severe maternal courses and
neonatal infections. Beside, a compari-
son to women without COVID-19 is not
possible, so the direct impact on out-
comes (COVID-19 vs no SARS-CoV-2
infection) cannot be derived.

Conclusion and future directions
COVID-19 during pregnancy after MAR
was not associated with a substantially
higher risk of COVID-19-associated
adverse outcomes. However, maternal
and neonatal morbidity was increased
compared with outcomes after
spontaneous conceptions. The data
provide important information for
counseling couples who seek fertility
treatment and to provide reassurance
about the risks that are not primarily
driven by MAR but other individual risk
factors compared with spontaneous
conceptions with COVID-19 during
pregnancy. With the growing number of
SARS-CoV-2 infections worldwide,
further research is needed to confirm our
observations and to elucidate the impact
of different SARS-CoV-2 variants and of
infections after previous immunization
on obstetrical and neonatal outcomes.n
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SUPPLEMENTAL TABLE 1
Maternal and neonatal outcomes of women with COVID-19 after medically assisted reproduction and spontaneous
conceptions

Outcomes
MAR pregnancies
n¼65

Spontaneous pregnancies
n¼1420 OR 95% CI P value

Maternal outcomes

Gestational diabetes mellitus 11/65 (16.9) 133/1420 (9.4) 1.97 1.00e3.86 .048

Pregnancy-related hypertensive disordersa 6/65 (9.2) 58/1419 (4.1) 2.39 0.99e5.75 .053

Stillbirthb 1/57 (1.8) 15/1170 (1.3) 1.36 0.18e10.6 .76

Early and late miscarriage 0/57 (0.0) 13/1190 (0.9) n.a. n.a. .99

Mode of delivery

Spontaneous vaginal delivery 23/57 (40.4) 694/1189 (58.4)

Vaginal-operative delivery 3/57 (5.2) 69/1189 (5.8) 1.31 0.38e4.48 .67

Cesarean delivery 31/57 (54.4) 426/1189 (35.8) 2.19 1.26e3.82 .005

Premature labor 2/65 (3.1) 67/1419 (4.7) 0.64 0.15e2.67 .54

Premature rupture of membranes 9/65 (13.8) 125/1419 (8.8) 1.67 0.80e3.44 .17

Cervical insufficiency 5/65 (7.7) 25/1419 (1.8) 4.65 1.72e12.56 .002

Gestational cholestasis 2/65 (3.1) 19/1419 (1.3) 2.34 0.53e10.26 .26

Peripartum hemorrhage 6/56 (10.7) 41/1179 (3.5) 3.33 1.35e8.21 .009

Neonatal outcomes

Fetal growth restriction 0/65 (0.0) 37/1419 (2.6) n.a. n.a. .99

Gestational age (wk) at birth 38.21�3.4 39.01�3.42 �0.79c �1.71 to 0.11 .09

Preterm birth (<37 gestational wk)b 18/57 (22.8) 158/1177 (13.4) 2.98 1.66e5.33 <.001

Birthweight percentiles

<10th percentile 3/51 (5.9) 79/1120 (7.1) 1.24 0.38e4.09 .72

10the90th percentiles 44/51 (86.3) 932/1120 (83.2)

>90th percentile 4/51 (7.8) 109/1120 (9.7) 1.29 0.45e3.65 .64

5 min Apgar 9.16�1.46 9.234�1.73 �0.08c �0.53 to 0.38 .75

5 min Apgar <7 1/57 (1.8) 52/1172 (4.4) 0.39 0.05e2.83 .35

Congenital malformations 3/57 (5.3) 26/1176 (2.2) 2.46 0.72e8.37 .15

NICU admission 16/57 (28.1) 172/1178 (14.8) 2.28 1.25e4.16 .007

NICU admission (excluding multiple gestations) 10/50 (20.0) 159/1154 (13.8) 1.21 0.57e2.55 .22

Respiratory support 9/57 (15.8) 102/1178 (8.7) 1.98 0.94e4.15 .07

Neonatal death 1/57 (1.8) 3/1145 (0.3) 6.79 0.69e66.39 .09

Data are shown as absolute or relative frequencies (percentage).

CI, confidence interval; HELLP, hemolysis, elevated liver enzymes and low platelets; ICU, intensive care unit;MAR, medically assisted reproduction; n.a., not applicable; NICU, neonatal intensive care
unit; OR, odds ratio.

a HELLP þ other hypertensive disorders of pregnancy (eg, pregnancy-induced hypertension, preeclampsia); b Based on delivery � 24 weeks of gestation; c Mean difference.
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SUPPLEMENTAL TABLE 2
Multivariate model results for selected maternal outcomes of women with COVID-19 after medically assisted
reproduction and spontaneous conceptions

Outcomes Level OR 95% CI P value

Gestational diabetes mellitus

Mode of conception MAR 1.71 0.82e3.57 .16

Maternal age (y) 1.0 0.98e1.06 .32

Nulliparity Present 0.89 0.60e1.32 .55

BMI >30 (before pregnancy) Present 3.25 2.25e4.70 <.001

Multiple gestation Present 1.27 0.46e3.51 .65

Pregnancy-related hypertensive disordersa

Mode of conception MAR 1.29 0.49e3.42 .60

Maternal age (y) 1.04 0.99e1.09 .16

Nulliparity Present 2.74 1.57e4.77 <.001

BMI >30 (before pregnancy) Present 2.37 1.36e4.13 .002

Multiple gestation Present 2.74 0.88e8.47 .08

Mode of delivery (Spontaneous vaginal delivery [reference])

Vaginal-operative delivery

Mode of conception MAR 0.93 0.26e3.32 .91

Maternal age (y) 1.01 0.96e1.07 .62

Nulliparity Present 6.51 3.51e12.10 <.001

BMI >30 (before pregnancy) Present 1.29 0.66e2.55 .45

Multiple gestation Present n.a. n.a. n.a.

Cesarean delivery

Mode of conception MAR 1.66 0.93e2.97 .09

Maternal age (y) 1.04 1.01e1.06 .004

Nulliparity Present 1.46 1.12e1.91 .005

BMI >30 (before pregnancy) Present 1.80 1.34e2.43 <.001

Multiple gestation Present 1.78 0.85e3.73 .13

Cervical insufficiency

Mode of conception MAR 2.86 0.89e9.14 .08

Maternal age (y) 1.04 0.96e1.13 .33

Nulliparity Present 1.39 0.59e3.24 .45

BMI >30 (before pregnancy) Present 0.57 0.18e1.76 .32

Multiple gestation Present 14.46 5.35e39.09 <.001

Peripartum hemorrhage

Mode of conception MAR 2.02 0.76e5.38 .16

Maternal age (y) 1.07 1.00e1.13 .047

Nulliparity Present 1.63 0.86e3.07 .13

BMI >30 (before pregnancy) Present 0.92 0.43e1.97 .83

Multiple gestation Present 3.47 1.11e10.86 .03

aOR adjusted for the effects of maternal age (years), nulliparity, BMI >30 (before pregnancy) and multiple gestation.

aOR, adjusted odds ratio; BMI, body mass index; CI, confidence interval; HELLP, hemolysis, elevated liver enzymes and low platelets; MAR, medically assisted reproduction; OR, odds ratio.

a HELLP þ other hypertensive disorders of pregnancy (eg, pregnancy-induced hypertension, preeclampsia).
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SUPPLEMENTAL TABLE 3
Multivariate model results for selected neonatal outcomes of women with COVID-19 after medically assisted
reproduction and spontaneous conceptions

Outcomes Level OR 95% CI P value

Preterm birth (<37 gestational wk)a

Mode of conception MAR 2.32 1.19e4.53 .01

Maternal age (y) 1.03 1.00e1.07 .10

Nulliparity Present 0.71 0.48e1.03 .07

BMI >30 (before pregnancy) Present 0.93 0.60e1.42 .73

Multiple gestation Present 15.92 6.82e37.16 <.001

NICU admission

Mode of conception MAR 1.39 0.71e2.75 .34

Maternal age (y) 1.07 1.03e1.10 <.001

Nulliparity Present 1.09 0.76e1.56 .66

BMI >30 (before pregnancy) Present 1.34 0.91e1.98 .14

Multiple gestation Present 11.38 5.10e25.37 <.001

Combined perinatal outcomesa,b

Mode of conception MAR 1.23 0.45e3.38 .69

Maternal age (y) 1.08 1.03e1.13 <.001

Nulliparity Present 1.53 0.93e2.50 .09

BMI >30 (before pregnancy) Present 1.86 1.10e3.20 .02

Multiple gestation Present 6.14 1.90e19.91 .001

aOR adjusted for the effects of maternal age (years), nulliparity, BMI >30 (before pregnancy) and multiple gestation.

aOR, adjusted odds ratio; BMI, body mass index; CI, confidence interval; MAR, medically assisted reproduction; NICU, neonatal intensive care unit; OR, odds ratio.

a Based on delivery � 24 weeks of gestation; b Combined endpoint composed of NICU admission, stillbirth, and neonatal death.
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