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Abstract

Objective: To evaluate the risk of miscarriage following SARS-CoV-2 vaccination,
while accounting for the competing risk of induced abortion.

Design: Population-based cohort study.

Setting: Ontario, Canada.

Participants: Women aged 15-50years with a confirmed pregnancy at <19 com-
pleted weeks’ gestation.

Methods: Exposure to first SARS-CoV-2 vaccination, handled in a time-varying
manner, was defined as (i) unvaccinated, (ii) remotely vaccinated >28 days before the
estimated conception date or (iii) recently vaccinated <28 days before conception and
up to 120 days after conception.

Main outcome measures: The outcome was miscarriage, occurring between the esti-
mated date of conception and up to 19 completed weeks of pregnancy. Fine-Grey hazard
models, accounting for the competing risk of induced abortion, generated hazard ratios
(aHR), adjusted for socio-demographic factors, comorbidities, and biweekly periods.
Results: Included were 246259 pregnant women, of whom 34% received a first
SARS-CoV-2 vaccination. Miscarriage occurred at a rate of 3.6 per 10000 person-
days among remotely vaccinated women and 3.2 per 10 000 person-days among those
recently vaccinated, in contrast to a rate of 1.9 per 10000 person-days among un-
vaccinated women, with corresponding aHR of 0.98 (95% confidence interval [CI]
0.91-1.07) and 1.00 (95% CI 0.93-1.08).

Conclusions: SARS-CoV-2 vaccination was not associated with miscarriage while
accounting for the competing risk of induced abortion. This study reiterates the im-
portance of including pregnant women in new vaccine clinical trials and registries,
and the rapid dissemination of vaccine safety data.
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1 | INTRODUCTION

Assessment of potential risks is an important part of vaccine
evaluation in pregnant populations.' Prior studies reported
no associated risk between SARS-CoV-2 vaccination and
either miscarriage’™ or congenital anomalies.*” However,
pregnant people, and those trying to get pregnant, were

among those identified as having lower SARS-CoV-2 vaccine
uptake.® Prior studies on SARS-CoV-2 vaccination and mis-
carriage lacked information about the timing of vaccination
in relation to the estimated date of conception, potentially
resulting in exposure misclassification bias.” Furthermore,
some individuals exposed to certain innocuous agents
during early pregnancy perceive there to be a higher risk of
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potential teratogenic effects, to such an extent that they may
seek induced abortion.'® Accordingly, induced abortion may
be a competing event with miscarriage (as a woman who
has an induced abortion can no longer experience a miscar-
riage), which can then influence the causal interpretation of
the risk of miscarriage following SARS-CoV-2 vaccination.’

To overcome some of the aforementioned limitations, this
population-based study was completed within a universal
health system, with a high uptake of SARS-CoV-2 vaccina-
tion, and the systematic collection of vaccination and induced
abortion data. Competing risks of both miscarriage and in-
duced abortion were evaluated in relation to SARS-CoV-2
vaccination before or during pregnancy, using a potentially
more accurate method to estimate the timing of conception.

2 | METHODS

2.1 | Study population
A population-based cohort study was conducted using linked
patient-level administrative datasets in Ontario, Canada,
where there is universal access to SARS-CoV-2 vaccination,
and induced abortion data are complete.'"'* Linked datasets
include the capture of all SARS-CoV-2 vaccinations (https://
data.ontario.ca/dataset/covid-19-vaccine-data-in-ontario),
laboratory testing (Ontario Laboratories Information System
[OLIS]), hospitalisations, emergency department visits, out-
patient visits, hospital births, and both procedural and phar-
maceutical induced abortion, as detailed in Table S1. Data
were linked and analysed at ICES (www.ices.on.ca), an in-
dependent, non-profit research institute whose legal status
under Ontario's health information privacy law allows it to
collect and analyse healthcare and demographic data, with-
out consent, for health system evaluation and improvement.
Included were females aged 15-50years who either had a
first positive serum or urine human chorionic gonadotropin
(HCQG) test recorded in OLIS and/or who had a first-trimes-
ter ultrasound - either of which was completed between 14
December 2020 (the date when SARS-CoV-2 vaccines be-
came available in Canada) and 1 December 2021 (to enable
all eligible women to be assessed for the outcomes up to 19
completed weeks’ gestation).

2.2 | Exposure

The main exposure of interest was the first SARS-CoV-2 vac-
cination, handled in a time-varying manner. Accordingly, a
woman could contribute observation time as being unvac-
cinated, and then subsequently as vaccinated. Initial as-
sessment of vaccination was either as remotely vaccinated
(anytime between 14 December 2020, up to 29 days before
the estimated date of conception) or recently vaccinated
(from within 28 days before conception up to 120 days after
conception, to allow at least 20 days of follow-up). Remotely
and recently vaccinated groups were compared with those

unvaccinated any time before conception and up to 120days
after conception (the referent). For example, a woman vac-
cinated on 1 February 2021 would be designated as exposed
from that date onward, but unexposed before that date.

The study outcome was miscarriage, occurring between
the estimated date of conception and up to 19 completed
weeks of pregnancy, based on diagnostic and fee codes
(Table S1). The gestational age at which a miscarriage or in-
duced abortion occurred was determined from the estimated
date of conception. For livebirths and stillbirths, the esti-
mated date of conception was back-calculated from the ges-
tational age at the corresponding date of birth, as recorded in
the MOMBABY dataset for all hospital births. For miscar-
riage or induced abortion, given that the last menstrual period
was not available in the study datasets, the estimated date of
conception was calculated using a published algorithm with
moderate accuracy." Briefly, the algorithm included 273 584
singleton live-birth pregnancies that had a first-trimester ul-
trasound and measured serum HCG at 4-12 weeks’ gestation
in Ontario, from 2012 to 2018. HCG accuracy was estimated
compared with known gestational age, within a boundary of
+1week. At all gestational ages, the positive predictive value
was consistently under 42% and the negative predictive val-
ues were over 96%."” In the current study, for those who had
a quantitative serum HCG, the algorithm subtracts the pre-
dicted gestational age at the date of the serum HCG test from
the test date. For those without a serum HCG but who had a
first-trimester ultrasound (33.8% of miscarriages and 38.1%
of induced abortions), multiple imputation was used to im-
pute the estimated gestational age using chained equations
(i.e. the fully conditional specimen method).

The competing risk of induced abortion comprised either
a procedural or a pharmaceutical induced abortion, includ-
ing a mifepristone-misoprostol prescription for pharmaceu-
tical induced abortion'>' (Table S1).

2.3 | Statistical analysis

Participant characteristics were presented by vaccination
status, as proportions or means. Recently and remotely vac-
cinated groups were each contrasted to unvaccinated women
using standardised differences, with a value >0.10 denoting
an important difference.

Crude incidence rates for miscarriage were calculated
and expressed per 10000 person-years. Two modelling strat-
egies were then used: (1) a Cox proportional hazard model
and (2) a Fine-Grey hazard model, accounting for the com-
peting risks of induced abortion. For both models, the time
scale used was in gestational days. Censoring occurred on
the earliest of maternal death, loss of OHIP eligibility (typ-
ically due to outmigration from Ontario), reaching the end
of the study period of 31 March 2022, or reaching 140 days
post-conception without an outcome event. To be clear, once
a woman experienced a miscarriage (or induced abortion)
she was no longer followed in the study cohort for either vac-
cination exposure or a future outcome event. A Fine-Grey
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model is comparable to a Cox proportional hazard model
that considers any individual experiencing a competing
risk to be permanently cured of the outcome of interest. In
both models, recently and remotely vaccinated women were
respectively compared with unvaccinated individuals, and
hazard ratios (HR) were adjusted for age, rurality, neigh-
bourhood income quintile, immigration status, comorbid-
ity using collapsed ambulatory diagnostic groups from the
Johns Hopkins Adjusted Clinical Group (ACG) system,'” di-
agnosed obesity, parity, diagnosed infertility and biweekly
calendar period for the estimated date of conception of a
given pregnancy. Models were then re-run by vaccine type
(messenger ribonucleic acid [mRNA], adenovirus-vectored
[Ad-V] or other/unspecified, each versus no vaccination).

Given the low to moderate positive predictive value of
the aforementioned algorithm for estimating date of con-
ception," two additional analyses were performed, in which
the estimated conception date was shifted by 2 weeks earlier
(Additional analysis 1), and then by 2 weeks later (Additional
analysis 2).

Statistical analyses were carried out using SAS version 9.4
(SAS Institute Inc., Cary, NC, USA).

3 | RESULTS

A total of 246257 pregnant women met the study inclusion
criteria (Figure 1). Of these, 43981 (17.9%) had been recently
vaccinated (median [IQR] 6 [0-12] weeks’ gestation), and
39494 (16.0%) were remotely vaccinated. In contrast to un-
vaccinated women, those vaccinated were more likely to be
older, reside in a higher-income area and have higher rates of
diagnosed infertility (Table 1). Of those vaccinated, 99% re-
ceived the mRNA vaccine, and 1% received an Ad-V vaccine
or some other/unspecified type.

2 0 An International Journal of
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After a median duration of follow-up in pregnancy of
139days (IQR 139-139), miscarriage occurred at a rate of
3.6 per 10000 person-days among remotely first-time vac-
cinated women and 3.2 per 10000 person-days among those
recently vaccinated, in contrast to a rate of 1.9 per 10000
person-days among unvaccinated women (Table 2). The me-
dian (IQR) gestational age at miscarriage was 9 (7-12) weeks
among recently vaccinated women, 9 (6-11) weeks among
remotely vaccinated and 8 (6-11) weeks among unvaccinated
individuals.

In the first Cox-adjusted model, relative to unvaccinated
women, the adjusted Hazard rations ( aHRs) for miscarriage
were 0.97 (95% confidence interval [CI] 0.89-1.05) among
those remotely vaccinated and 0.98 (95% CI 0.91-1.06) in
women recently vaccinated (Table 2). Modelling induced
abortion as a competing risk, the aHR for miscarriage was
0.98 (95% CI 0.91-1.07) comparing remotely vaccinated with
unvaccinated women, and 1.00 (95% CI 0.93-1.08) com-
paring recently vaccinated with unvaccinated individuals
(Table 2). Analyses showed no higher risk of miscarriage with
either mRNA or other/unspecified vaccine types (Table 3).

Induced abortion occurred at a rate of 7.7 per 10000 per-
son-days among remotely vaccinated women, 7.4 per 10000
person-days among those recently vaccinated, and 4.2 per
10000 person-days in unvaccinated individuals (Table S2).
The respective median (IQR) gestational age at induced
abortion was 8 (6-9), 7 (5-8) and 7 (6-9) weeks. In the first
Cox-adjusted model, relative to unvaccinated women, the
aHRs for induced abortion were 0.94 (95% CI 0.89-0.99)
among those remotely vaccinated and 1.10 (95% CI 1.05-
1.16) in those recently vaccinated (Table S2). After model-
ling miscarriage as a competing risk, the respective aHR for
induced abortion were 0.94 (95% CI 0.89-0.99) and 1.11 (95%
CI 1.06-1.16) (Table S2). Results were similar for mRNA and
other/unspecified vaccine types (Table S3).

Women in Ontario, Canada with a first record of a positive HCG pregnancy test or a
first-trimester obstetrical ultrasound, December 14, 2020 to December 1, 2021
(N = 253,280)

Reasons for exclusion (N = 7023)

Missing maternal gender: 94

Maternal age < 15 or > 50 y: 359

Not eligible for universal healthcare: 6554
Censored before estimated conception date: 14

Eligible pregnancies
(N =246,259)

|

A

}

Recently vaccinated
(N = 43,981 [17.9%])

Remotely vaccinated
(N = 39,494 [16.0%])

Unvaccinated
(N = 162,784 [66.1%))

FIGURE 1 Cohort creation.
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Shifting the estimated conception date by either 2 weeks
earlier or 2weeks later did not materially alter the results
(Tables S4 and S5).

4 | DISCUSSION

4.1 | Main findings

This population-based cohort study observed no relation be-
tween first SARS-CoV-2 vaccination and miscarriage, spe-
cifically while accounting for the competing risk of induced
abortion.

4.2 | Strengths and limitations

Electronic medical databases may be prone to selection
bias, such as only including pregnancies past a certain ges-
tational age,'® which can introduce immortal time bias by
limiting study participants to only those who can be as-
sessed for the exposure of interest."” The potential for im-
mortal time bias - the influence of misclassified follow-up
time for individuals who were vaccinated - was mitigated
by treating vaccine exposure as time-varying'® and by
commencing cohort accrual on 14 December 2020 (when
SARS-CoV-2 vaccination became available in Canada). A
vaccinated woman may have been more inclined to seek
medical attention in the event of a miscarriage; however,
such differential ascertainment of the outcome would have
likely inflated the risk of miscarriage in vaccinated indi-
viduals. Even so, not all women who experience miscar-
riage seek healthcare, and they, too, would not be captured
in this study. Vaccination status and study outcomes,
including both procedural and pharmaceutical-induced
abortion, are fully ascertained within Ontario's universal
healthcare databases, however.

Precise determination of the day of embryo death is
largely not possible, even within prospective cohort stud-
ies,'® especially when using administrative health data. In
the study of certain medications, such as non-steroidal an-
ti-inflammatory drugs (NSAIDs), the drug is often used to
manage the discomfort or pain of miscarriage, and thus in-
dication bias is introduced.”” In the study of SARS-CoV-2
vaccination, however, such indication bias would not be
expected, although a woman experiencing the onset of
miscarriage, or who has recently miscarried, might delay
getting vaccinated. This study comprised women whose
pregnancy was confirmed by HCG testing or a first-tri-
mester ultrasound. We could not account for those who
may have been pregnant but had yet to have a confirmatory
pregnancy test, including those who may have experienced
a miscarriage (or induced abortion) before that time. Take,
for example, a woman who had a fetal demise at 8 weeks’
gestation without any symptoms - a ‘missed miscarriage’
- and who then received a SARS-CoV-2 vaccination at
9 weeks’ gestation. If she was subsequently diagnosed with

a miscarriage at 10 weeks, she would have been classified
as experiencing a miscarriage ‘at 10 weeks’ gestation’. By
inflating the event-free follow-up time among the unvac-
cinated exposure group, and misclassifying some mothers
who had a miscarriage as recently “vaccinated”, this would
tend to inflate the HR. For induced abortions, in which
the procedural or prescription date is accurately captured,
exposure-outcome misclassification is much less likely.
Further, misclassification of exposure by the estimated
date of conception was partly mitigated by applying a val-
idated algorithm for estimating gestational age within the
first trimester of pregnancy," and by the additional anal-
yses shifting the date of conception by 2 weeks. Lastly, the
current study identified a miscarriage or induced abortion
as that occurring up to 19 completed weeks’ gestation, a
convention used by others in the study of SARS-CoV-2
vaccination early in pregnancy.’ While this same time-
point is used in Canada®” and in major clinical reviews,*
other jurisdictions, such as the UK, consider miscarriage
as that occurring up to 23 completed weeks’ gestation.**

4.3 | Interpretation

These findings on SARS-CoV-2 vaccination and miscarriage
are consistent with prior studies. A recent meta-analysis
comprising 149 685 women, showed a relative risk for mis-
carriage of 0.71 (95% CI 0.89-1.28) in women vaccinated
compared with controls.”® A case-control study from the
US Vaccine Safety Datalink included 13 160 cases with mis-
carriage and 92286 controls with ongoing pregnancy and
observed an odds ratio of 1.02 (95% CI 0.96-1.08) for mis-
carriage associated with SARS-CoV-2 vaccination in the
preceding 28 days.” These estimates are also in keeping with
other population-based registry studies from the Norway
and Scotland.*’

We remained uncertain about the observed associa-
tion between recent SARS-CoV-2 vaccination and induced
abortion. To our knowledge, no other studies have ex-
plored the relation between SARS-CoV-2 vaccination and
the risk of induced abortion. While there are differences
between mRNA and Ad-V vaccines, neither contains a live
virus, and pregnancy termination is not recommended
after vaccine exposure.”®?” The benefits of vaccinating
pregnant women outweigh any potential adverse risks, es-
pecially when the infection transmission rate is high, the
infection poses a risk to the mother and/or fetus, or the
vaccine is unlikely to cause harm.?” This was the case for
SARS-CoV-2 vaccination in pregnancy.28 Others previ-
ously observed a higher risk of induced abortion follow-
ing inadvertent administration of other vaccine types,
including against varicella, as well as measles, mumps
and rubella, during pregnancy of up to about 12 weeks’
gestation.””*” Although the reasons for induced abortion
were not known herein, it is unlikely that a given induced
abortion that followed soon after a woman received her
SARS-CoV-2 vaccination was explained by a higher rate
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of screened congenital anomalies, given that the median
gestational age at induced abortion was only 8 weeks and
that SARS-CoV-2 vaccination is not associated with birth
defects.®”

Our findings also demonstrate that during the study pe-
riod, SARS-CoV-2 vaccination rates in pregnant individu-
als, or those close to pregnancy, were low — about 17% - as
compared with a rate of 65% in non-pregnant US women
during the same study period.® Given that COVID-19 infec-
tion during pregnancy is associated with serious maternal
and neonatal morbidity,” > the current study can inform
healthcare providers, pregnant women and those consider-
ing a pregnancy about the safety of SARS-CoV-2 vaccination
in relation to miscarriage risk.

5 | CONCLUSION

The current findings confirm the lack of association be-
tween SARS-CoV-2 vaccination and miscarriage, includ-
ing after accounting for induced abortion. Accordingly, the
current study findings reiterate the importance of including
pregnant women in new vaccine clinical trials and regis-
tries, followed by rapid dissemination about vaccine safety
around the time of conception and across each trimester of
pregnancy.
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