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Abstract

OBJECTIVE: Coronavirus disease 2019 (COVID-19) vaccination is recommended in pregnancy
to reduce the risk of severe morbidity from COVID-19. However, vaccine hesitancy persists
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among pregnant people, with risk of stillbirth being a primary concern. Our objective was to
examine the association between COVID-19 vaccination and stillbirth.

METHODS: We performed a matched case—control study in the Vaccine Safety Datalink (VSD).
Stillbirths and live births were selected from singleton pregnancies among persons aged 16—

49 years with at least one prenatal, delivery, or postpartum visit at eight participating VSD

sites. Stillbirths identified through diagnostic codes were adjudicated to confirm the outcome,
date, and gestational age at fetal death. Confirmed antepartum stillbirths that occurred between
February 14, 2021, and February 27, 2022, then were matched 1:3 to live births by pregnancy
start date, VSD site, and maternal age at delivery. Associations among antepartum stillbirth and
COVID-19 vaccination in pregnancy, vaccine manufacturer, number of vaccine doses received,
and vaccination within 6 weeks before stillbirth (or index date in live births) were evaluated using
conditional logistic regression.

RESULTS: In the matched analysis of 276 confirmed antepartum stillbirths and 822 live births,
we found no association between COVID-19 vaccination during pregnancy and stillbirth (38.4%
stillbirths vs 39.3% live births in vaccinated individuals, adjusted odds ratio [aOR] 1.02, 95%

Cl, 0.76-1.37). Furthermore, no association between COVID-19 vaccination and stillbirth was
detected by vaccine manufacturer (Moderna: aOR 1.00, 95% CI, 0.62-1.62; Pfizer-BioNTech:
aOR 1.00, 95% Cl, 0.69-1.43), number of vaccine doses received during pregnancy (1 vs 0: aOR
1.17, 95% ClI, 0.75-1.83; 2 vs 0: aOR 0.98, 95% ClI, 0.81-1.17), or COVID-19 vaccination within
the 6 weeks before stillbirth or index date compared with no vaccination (aOR 1.16, 95% ClI,
0.74-1.83).

CONCLUSION: No association was found between COVID-19 vaccination and stillbirth. These
findings further support recommendations for COVID-19 vaccination in pregnancy.

Coronavirus disease 2019 (COVID-19) in pregnancy confers an increased risk of
hospitalization, admission to the intensive care unit, the need for mechanical ventilation, and
adverse obstetric outcomes, including stillbirth.2-8 Vaccination remains the most important
and effective tool for preventing hospitalizations and morbidity due to COVID-19, in both
pregnant and nonpregnant populations,’ and is recommended in pregnancy by the Centers
for Disease Control and Prevention (CDC)C and the American College of Obstetricians and
Gynecologists.11

Mounting evidence has demonstrated that COVID-19 vaccination in pregnancy provides
both maternal and neonatal benefit, with reductions in severe maternal COVID-1912 and
neonatal COVID-19 hospitalization.13-16 Despite benefits to the maternal-newborn dyad,
vaccine hesitancy remains a public health challenge.1! Stillbirth (fetal death at 20 weeks of
gestation or later) has been identified as an important outcome to include when evaluating
the safety of vaccines in pregnancy and addressing vaccine hesitancy.1” Existing studies
examining stillbirth and COVID-19 vaccination during pregnancy have been limited by
small numbers of stillbirths and lack of stillbirth case adjudication to confirm the pregnancy
outcome and date and gestational age at fetal death.1819 More robust data are needed

to examine the question of whether there is an association between COVID-19 vaccine
exposure and stillbirth. The primary objective of this study was to compare the odds of
COVID-19 vaccine exposure during pregnancy in pregnancies ending in stillbirth and those
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ending in live birth through a rigorous case—control study using the Vaccine Safety Datalink
(VSD).

METHODS

This study was approved by the institutional review boards of all participating sites and the
CDC with a waiver of informed consent because this was a minimal risk observational study
and was conducted consistent with federal law and CDC policy (see 45 C.F.R. part 46.114;
21 C.F.R. part 56.114).

We used an individually matched case—control study design to evaluate the association
between COVID-19 vaccination and singleton antepartum stillbirth within the VSD
population. The VSD, established in 1990, is a collaboration between the CDC and

13 large integrated health care organizations.2? With data on approximately 4% of

the U.S. population, validated identification of pregnancies, the availability of detailed
electronic health record (EHR) clinical data, and comprehensive vaccine data, the VSD
provides a robust infrastructure for monitoring stillbirth after COVID-19 vaccination in
pregnancy.?1-23 Eight VVSD sites contributed data to this study: the Colorado, Northwest,
Northern California, Southern California, and Washington regions of Kaiser Permanente,
HealthPartners, Marshfield Clinic, and Denver Health.

Pregnancies were identified using the validated dynamic pregnancy algorithm, which applies
a hierarchical approach to pregnancy identification based on International Classification

of Diseases, Tenth Revision, Clinical Modification (ICD-10-CM) diagnosis and procedure
codes. Additional data, including estimated date of delivery and last menstrual period, were
obtained from the EHR for completed or ongoing pregnancies and were used to apply
pregnancy start and end dates.2425

Eligible individuals aged 16—49 years at pregnancy start with singleton pregnancies
were included if the pregnant person had at least one documented prenatal, delivery,

or postpartum care visit in a participating health care system. Individuals with multiple
gestations were excluded due to higher risk of complications. Gestational age at delivery
was extracted and confirmed, where possible, from the delivery encounter, infant record,
or obstetric history, in that order, through review of the EHR. Individuals with pregnancies
for which gestational age was not available through last menstrual period, estimated date
of delivery, or birth records (for live births) or medical record review and adjudication
(for stillbirths) were excluded. Live births that occurred before 22 weeks of gestation or
with a birth weight of less than 500 g also were excluded, because these were considered
incompatible with neonatal survival.

Using the dynamic pregnancy algorithm, we captured all potentially eligible pregnancies
that ended in stillbirth (see Appendix 1, available online at http:/links.lww.com/AOG/D704,
for specific diagnosis codes) with pregnancy end dates during our planned study period of
January 13, 2021, to February 28, 2022. January 13, 2021, was selected as the start date

to allow for a minimum of 6 weeks for vaccine exposure to occur during pregnancy once
the COVID-19 vaccine was widely available. Additional pregnancy- and outcome-related
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data, including ultrasound reports; prenatal and delivery records; and laboratory, pathology,
genetic, and autopsy evaluation, were collected using manual medical record abstraction

and entered into a standardized REDCap database.26:27 Stillbirths then were adjudicated by
one of the obstetrician investigators. The goal of adjudication was to confirm the pregnancy
outcome to be a stillbirth (antepartum intrauterine fetal death occurring at 20 weeks of
gestation or later),22 and to determine the date and gestational age at fetal death. Pregnancies
identified as ending in stillbirth by the dynamic pregnancy algorithm were excluded if

an alternative pregnancy outcome was confirmed during the adjudication process; these
included live birth, spontaneous abortion (for those with adjudicated gestational age of less
than 20 weeks at delivery), pregnancy termination (including induction of labor for previable
premature rupture of membranes or fetal anomalies), intrapartum death, and neonatal death.

Each confirmed stillbirth was matched 1:3, where possible, to eligible live births using
greedy matching.28 Matching variables included maternal age within 3 years, pregnancy
start date within 14 days, and VSD site.28 Matching by pregnancy start date allowed
alignment of individuals in the case and control groups by pregnancy start date. To ensure

a similar vaccination exposure window for those in the case and control groups, live births
were censored as of the gestational age of the matched stillbirth case and an index date was
assigned (ie, if the matched stillbirth occurred at 30 weeks of gestation, the date at which the
live birth pregnancy reached 30 weeks of gestation was assigned as the index date).

The exposure of interest was the receipt of at least one COVID-19 vaccine (primary series or
booster dose) between the pregnancy start date and the date of fetal death or the equivalent
index date for live births. COVID-19 vaccine administration information was obtained from
each site’s EHR, medical and pharmacy claims, and through the bidirectional exchange

with state or regional immunization information systems.23 For individuals in both the case
and control groups, vaccines were further classified based on the manufacturer (Moderna,
Pfizer-BioNTech, or Johnson & Johnson/Janssen), the number of doses received during
pregnancy (not inclusive of prepregnancy doses), and receipt of the COVID-19 vaccine
within 6 weeks of the stillbirth or index date.

We determined a priori important confounders associated with stillbirth and with propensity
to be vaccinated during pregnancy.2? Potential confounders included maternal age, VSD
site, race and ethnicity, the number of prenatal visits before index date, and the presence of
comorbidities associated with increased propensity to receive a COVID-19 vaccine during
pregnancy or with increased risk of fetal death. The presence of comorbidities was defined
as having one or more inpatient or two or more outpatient diagnoses (ICD-10-CM diagnosis
codes are shown in Appendix 1, http:/links.lww.com/AOG/D704) for the period 3 years
before pregnancy (and from March 2020 for COVID-19) through the stillbirth or index
date. The presence of obesity in the 6 months before pregnancy or the first trimester, if
preconception data were not available, was identified using both ICD-10-CM codes and

a body mass index (BMI, calculated as weight in kilograms divided by height in meters
squared) of 30 or higher. Tobacco use from 3 months before the stillbirth or index date

was captured from EHR data and supplemented by diagnosis codes. Other comorbidities—
classified as binary variables and identified through ICD-10-CM codes—included cancer,
preexisting cardiovascular disease, pregestational diabetes, chronic hypertension, pulmonary
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disease, alcohol use, substance use, and systemic lupus erythematosus. Diagnoses of
medically attended COVID-19 during pregnancy were ascertained using ICD-10-CM
diagnosis codes.

Baseline characteristics were described for individuals with pregnancies that ended in
stillbirth compared with live birth and by COVID-19 vaccination status using means

and SDs, or frequency distributions, as appropriate. Differences between exposed and
unexposed, and stillbirths and live births, were noted using standardized mean difference
(SMD). An SMD of 0.20 or more or —0.20 or less between COVID-19 vaccine exposed
and unexposed indicated a potential confounder. To address potential confounding, we
constructed propensity scores for vaccination that used a generalized additive model with
binomial distribution. Propensity scores were developed for each contrast: receipt of a
COVID-19 vaccine during pregnancy, vaccine manufacturer, first or second dose of the
vaccine received during pregnancy, and receipt of the vaccine within the 6 weeks before
stillbirth or index date. The following covariates were modeled as main effects: COVID-19
during pregnancy, race and ethnicity, study site, smoking, pregestational diabetes, chronic
hypertension, and obesity. Age and study week were included as cubic splines. Stabilized
inverse probability of treatment weights (SIPTW) were calculated. Standardized mean
difference was used to evaluate whether covariates were balanced after applying SIPTW.

Associations of COVID-19 vaccine and stillbirth were evaluated using conditional logistic
regression with receipt of a COVID-19 vaccine during pregnancy as the dependent variable
in the model. The SIPTW were applied to the regression model and the Efron3% method

was used for treating ties. Associations were reported as odds ratios (ORs) with 95% Cls.
The odds of vaccination before the date of fetal death or index date for live births were
compared between individuals in the case and control groups. Analyses were also performed
for COVID-19 vaccination received within 6 weeks of stillbirth or index date, vaccine
manufacturer, and number of vaccine doses received during pregnancy compared with no
receipt of a COVID-19 vaccine during pregnancy.

Statistical significance was set at £=.05. This study was anticipated to have 80% power to
detect an OR of 1.5 based on 400 confirmed stillbirths and a 1:3 match ratio of stillbirths

to live births, assuming an exposure to COVID-19 vaccine of 26%, 0.1 correlation of
COVID-19 vaccine with other covariates, and an alpha value of 0.05. However, fewer than
anticipated stillbirths were confirmed, and vaccine uptake was higher than anticipated, at
39%. A post hoc power analysis, based on the final stillbirth case number and observed
proportion with COVID-19 vaccine exposure, determined that the study had 80% power to
detect an OR of 1.52. Power was estimated using PAS software, testing for the odds ratio in
a matched case—control design. The analytic approach followed the STROBE (Strengthening
the Reporting of Observational Studies in Epidemiology) reporting guidelines for case—
control studies.

We identified 465 pregnancies with a stillbirth diagnosis. After adjudication, 276 (59.4%)
stillbirths were confirmed through adjudication and were able to be matched to a live
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birth control with final outcome dates (dates when adjudicated stillbirths actually occurred
within the study period) of February 14, 2021, to February 27, 2022. The outcomes of

the other pregnancies determined through adjudication to not be stillbirths are shown in
Appendix 2, available online at http://links.lww.com/AOG/D704; the two most common
reasons for exclusion were pregnancy ending in termination rather than stillbirth (ie, for
previable premature rupture of membranes, 60/465 [12. 9%]) or in spontaneous abortion
before 20 weeks of gestation (54/465 [11.6%]). Stillbirths were matched to 822 singleton
live births: six stillbirths were matched to two live births, 270 stillbirths were matched to
three live births, and two stillbirths were excluded due to inability to match to live births.
The gestational age at stillbirth ranged from 20 to 43 weeks, with a median gestational

age of 31 weeks (interquartile range 25-37 weeks). Individuals with pregnancies that

ended in stillbirth were more likely than those with pregnancies ending in live birth to

be non-Hispanic Black (15.6% of stillbirths vs 7.3% of live births; SMD 0.26) and to have
comorbidities such as diabetes (7.2% of stillbirths vs 2.7% of live births; SMD 0.21) and
obesity (38.8% of stillbirths vs 28.6% of live births; SMD 0.22) (Table 1). When comparing
vaccinated and unvaccinated pregnant individuals, vaccinated individuals were older (mean
maternal age in vaccinated individuals: 32.4 years vs 30.7 years in unvaccinated individuals;
SMD 0.32), more likely to identify as Asian (27. 3% of vaccinated individuals vs 15.7%

of unvaccinated individuals; SMD 0.28), and less likely to identify as Hispanic (30.5% of
vaccinated individuals vs 43.1% of unvaccinated individuals; SMD -0.26) than unvaccinated
individuals.

In the primary analysis, 38.4% of individuals with pregnancies ending in stillbirth and
39.3% of those with matched pregnancies ending in live birth were exposed to at least one
COVID-19 vaccination during pregnancy (Table 2). There was no significant association
between stillbirth and receipt of COVID-19 vaccination in pregnancy after applying SIPTW
(adjusted odds ratio [aOR] 1.02, 95% Cl, 0.76-1.37). In secondary analyses, we found

no association between stillbirth and receipt of a COVID-19 vaccine when comparing by
vaccine manufacturer (Moderna vs none: aOR 1.00, 95% Cl, 0.62-1.62; Pfizer-BioNTech vs
none: aOR 0.99, 95% ClI, 0.69-1.43), nor between stillbirth and receipt of one COVID-19
vaccine dose compared with none (aOR 1.17, 95% CI, 0.75-1.83) or two COVID-19 vaccine
doses compared with none (aOR 0.98, 95% Cl, 0.81-1.17). The Johnson & Johnson/Janssen
vaccine was administered too infrequently to generate meaningful product-specific analyses.
There was no increase in the odds of receipt of the COVID-19 vaccine within the 6 weeks
before the stillbirth or index date, as compared with no vaccination during pregnancy (aOR
1.16, 95% Cl, 0.74-1.83).

DISCUSSION

This robust case—control study did not detect an association between stillbirth and receipt
of COVID-19 vaccination during pregnancy. Furthermore, there was no association by
vaccine manufacturer, number of COVID-19 vaccine doses received during pregnancy, or
receipt of the vaccine within the 6 weeks before stillbirth. These results should provide
reassurance to pregnant individuals and health care professionals that COVID-19 vaccines
may be administered during pregnancy without increasing the risk of pregnancy loss at or
beyond 20 weeks of gestation. These results complement the existing body of evidence
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that COVID-19 vaccination does not increase the risk of pregnancy loss within the first 20
weeks of gestation (ie, spontaneous abortion), based on evidence from the same VSD source
population and time period31:32 and other studies.33:34

Although pregnant persons were not included in the initial-phase trials of the COVID-19
vaccines, other postmarketing cohort studies have not detected any associations between
COVID-19 vaccination and stillbirth.1:35:36 One of the largest published studies examining
stillbirth as a primary outcome combined data from the Pregnancy Register in Sweden and
the Medical Birth Registry of Norway.36 The authors of that cohort study noted a similar
risk of stillbirth between individuals who were and were not vaccinated during pregnancy
(adjusted hazard ratio 0.86, 95% CI, 0.63-1.17), but also acknowledged the low proportion
of pregnant individuals who received COVID-19 vaccination during pregnancy (18%).
Furthermore, case record review and adjudication were not performed, potentially resulting
in stillbirth misclassification and overestimation or underestimation of the true incidence
of stillbirth in both groups. Although most prior studies have demonstrated a neutral
association between COVID-19 vaccination and stillbirth, one published retrospective cohort
study from Australia did suggest reduced odds of stillbirth in vaccinated individuals.!
However, these results should be interpreted with caution, because these analyses did

not account for immortal time bias, where individuals with shorter pregnancies (ie, those
resulting in stillbirth) have less opportunity to be vaccinated.3”

Our study had several strengths and advantages over previous studies. Stillbirths were
clinically reviewed and adjudicated by obstetrician investigators, reducing outcome
misclassification. Although our study did not reach the projected target for stillbirths, we
included a larger number of stillbirths than in previous studies, which allowed for secondary
analyses by vaccine manufacturer and number of vaccine doses in pregnancy that were

not previously possible. Additionally, by censoring live birth pregnancies at the gestational
age at which the matched stillbirth occurred, we reduced the potential for immortal time
bias. Comprehensive COVID-19 vaccination data were ascertained through the VSD, which
is often not possible in other U.S. studies. Methodologically, the case—control design was
well-suited to the study of stillbirth given its rare occurrence. As in any case—control study,
there is a potential for bias if the comparison or control population systematically differs
from the case population. We limited this bias by applying similar inclusion and exclusion
criteria before matching and using a single, well-described source population from the VSD.

Limitations to this case—control study should be noted. Small effects of COVID-19
vaccination on stillbirth may not have been detected due to the use of a defined study period
and restricted sample size. Furthermore, the study was powered to the primary outcome, but
the subanalyses (ie, by COVID-19 vaccination received within 6 weeks of stillbirth or index
date, vaccine manufacturer, and number of vaccine doses received during pregnancy) may
have been underpowered to detect a difference. As a retrospective observational study, we
had incomplete ascertainment of possible confounders, such as prior pregnancy history (ie,
history of prior stillbirth and adverse pregnancy outcomes, and parity). It was not feasible
to conduct medical record reviews for all live births in the control group, nor are these

data always reliably available through EHR review. Thus, we included only covariates that
could be identified in automated data files. It should be acknowledged that results obtained
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from the VSD may not be generalizable to the general pregnant population, because the
VSD includes an insured population receiving health care. Finally, severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection was not included as a covariate due to
the high likelihood of incomplete ascertainment of this outcome given the increased use of
home COVID-19 antigen testing during the latter part of the study. However, a COVID-19
diagnosis was included as a comorbidity.

Vaccine hesitancy has resulted in lower vaccine acceptance and uptake among pregnant
people than in the general population.38:3% The results of this robust case—control study can
be used to provide reassurance to both pregnant patients and health care professionals that
COVID-19 vaccination in pregnancy is not associated with an increased risk of pregnancy
loss after 20 weeks of gestation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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