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OBJECTIVE: Coronavirus disease 2019 (COVID-19) vac-
cination is recommended in pregnancy to reduce the risk
of severe morbidity from COVID-19. However, vaccine
hesitancy persists 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. Associ-
ations among antepartum stillbirth and COVID-19 vacci-
nation in pregnancy, vaccine manufacturer, number of
vaccine doses received, and vaccination within 6 weeks
before stillbirth (or index date in live births) were evalu-
ated 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% CI, 0.76-1.37). Furthermore, no asso-
ciation between COVID-19 vaccination and stillbirth
was detected by vaccine manufacturer (Moderna:
aOR 1.00, 95% Cl, 0.62-1.62; Pfizer-BioNTech: aOR
1.00, 95% CI, 0.69-1.43), number of vaccine doses
received during pregnancy (1 vs 0: aOR 1.17, 95% ClI,
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0.75-1.83; 2 vs 0: aOR 0.98, 95% Cl, 0.81-1.17), or
COVID-19 vaccination within the 6 weeks before still-
birth or index date compared with no vaccination (aOR
1.16, 95% Cl, 0.74-1.83).

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

(Obstet Gynecol 2024;144:215-22)

DOI: 10.1097/AO G.0000000000005632

Coronavirus disease 2019 (COVID-19) in preg-
nancy confers an increased risk of hospitaliza-
tion, admission to the intensive care unit, the need
for mechanical ventilation, and adverse obstetric
outcomes, including stillbirth.!®  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)!? and the American College of Obstetricians
and Gynecologists.!!

Mounting evidence has demonstrated that
COVID-19 vaccination in pregnancy provides both
maternal and neonatal benefit, with reductions in
severe maternal COVID-19'2 and neonatal
COVID-19 hospitalization.!®16 Despite benefits to
the maternal-newborn dyad, vaccine hesitancy
remains a public health challenge.!! Stillbirth (fetal
death at 20 weeks of gestation or later) has been iden-
tified as an important outcome to include when eval-
uating the safety of vaccines in pregnancy and
addressing vaccine hesitancy.!” Existing studies exam-
ining 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 gesta-
tional age at fetal death.'®!Y 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 ending in live birth through a rigorous
case—control study using the Vaccine Safety Data-

link (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
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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, estab-
lished 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. popula-
tion, validated identification of pregnancies, the avail-
ability 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 VSD sites contributed data to
this study: the Colorado, Northwest, Northern Cali-
fornia, 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 hier-
archical approach to pregnancy identification based
on International Classification of Diseases, Tenth
Revision, Clinical Modification (ICD-10-CM) diag-
nosis 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 preg-
nancy start and end dates.242°

Eligible individuals aged 16-49 years at preg-
nancy start with singleton pregnancies were included
if the pregnant person had at least one documented
prenatal, delivery, or postpartum care visit in a par-
ticipating health care system. Individuals with multi-
ple gestations were excluded due to higher risk of
complications. Gestational age at delivery was ex-
tracted and confirmed, where possible, from the deliv-
ery 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 consid-
ered 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
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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 data, including ultra-
sound reports; prenatal and delivery records; and lab-
oratory, pathology, genetic, and autopsy evaluation,
were collected using manual medical record abstrac-
tion and entered into a standardized REDCap data-
base.2627 Stillbirths then were adjudicated by one of
the obstetrician investigators. The goal of adjudication
was to confirm the pregnancy outcome to be a still-
birth (antepartum intrauterine fetal death occurring at
20 weeks of gestation or later),?? and to determine the
date and gestational age at fetal death. Pregnancies
identified as ending in stillbirth by the dynamic preg-
nancy algorithm were excluded if an alternative preg-
nancy outcome was confirmed during the
adjudication process; these included live birth, spon-
taneous abortion (for those with adjudicated gesta-
tional 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 match-
ing.?8 Matching variables included maternal age
within 3 years, pregnancy start date within 14 days,
and VSD site.?® Matching by pregnancy start date
allowed alignment of individuals in the case and con-
trol groups by pregnancy start date. To ensure a sim-
ilar 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 bidi-
rectional exchange with state or regional immuniza-
tion information systems.?? 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
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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.? 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 diag-
noses (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, pregesta-
tional diabetes, chronic hypertension, pulmonary dis-
ease, 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 indi-
viduals with pregnancies that ended in stillbirth
compared with live birth and by COVID-19 vaccina-
tion 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 preg-
nancy, and receipt of the vaccine within the 6 weeks
before stillbirth or index date. The following covari-
ates were modeled as main effects: COVID-19 during
pregnancy, race and ethnicity, study site, smoking,
pregestational diabetes, chronic hypertension, and
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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 preg-
nancy as the dependent variable in the model. The
SIPTW were applied to the regression model and the
Efron®* method was used for treating ties. Associa-
tions were reported as odds ratios (ORs) with 95%
CIs. 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 vacci-
nation 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 P=.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 corre-
lation 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 esti-
mated 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.

RESULTS

We identified 465 pregnancies with a stillbirth diag-
nosis. After adjudication, 276 (59.4%) stillbirths were
confirmed through adjudication and were able to be
matched to a live 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.Iww.com/AOG/D704; the two
most common reasons for exclusion were pregnancy
ending in termination rather than stillbirth (ie, for pre-
viable premature rupture of membranes, 60/465 [12.
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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 unvacci-
nated pregnant individuals, vaccinated individuals
were older (mean maternal age in vaccinated individ-
uals: 32.4 years vs 30.7 years in unvaccinated individ-
uals; SMD 0.32), more likely to identify as Asian (27.
3% of vaccinated individuals vs 15.7% of unvacci-
nated individuals; SMD 0.28), and less likely to iden-
tify 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 associ-
ation between stillbirth and receipt of COVID-19 vac-
cination in pregnancy after applying SIPTW (adjusted
odds ratio [aOR] 1.02, 95% CI, 0.76-1.37). In second-
ary analyses, we found no association between still-
birth and receipt of a COVID-19 vaccine when
comparing by vaccine manufacturer (Moderna vs
none: aOR 1.00, 95% CI, 0.62-1.62; Pfizer-
BioNTech vs none: aOR 0.99, 95% CI, 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 com-
pared with none (aOR 0.98, 95% CI, 0.81-1.17).
The Johnson & Johnson/Janssen vaccine was admin-
istered 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 com-
pared with no vaccination during pregnancy (aOR
1.16, 95% CI, 0.74-1.83).

DISCUSSION

This robust case—control study did not detect an
association between stillbirth and receipt of COVID-
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Table 1. Selected Demographic Characteristics of Individuals by Pregnancy Outcome and Vaccination
Status in the Vaccine Safety Datalink, February 14, 2021-February 27, 2022*

Characteristic Stillbirths Live Births SMD Unvaccinated Vaccinated smMD?
n 276 822 669 429
Age at delivery (y) 31.0x5.6 31.4+55 —-0.07 30.7*+5.8 32.4*+4.9 0.32
Race and ethnicity
Non-Hispanic Asian 55 (19.9) 167 (20.3) —0.01 105 (15.7) 117 (27.3) 0.28
Hispanic 107 (38.8) 312 (38.0) 0.02 288 (43.1) 131 (30.5) —0.26
Non-Hispanic Black 3 (15.6) 60 (7.3) 0.26 5(11.2) 28 (6.5) -0.17
Non-Hispanic White 61 (22.1) 251 (30.5) —-0.19 178 (26.6) 134 (31.2) 0.10
Additional races and ethnicities* 10 (3.6) 32 (3.9 0.01 23 (3.4) 19 (4.4) 0.08
Pregnancy start date 0.02 0.39
June 3-July 25, 2020 16 (5.8) 50 (6.1) 58 (8.7) (1 9)
July 26-Sept. 19, 2020 25 9.1) 73 (8.9) 77 (11.5) 1 (4.9
Sept. 20-Nov. 14, 2020 5(12.7) 105 (12.8) 103 (15.4) 7 (8.6)
Nov. 15, 2020-Jan. 9, 2021 47 (17.0) 141 (17.2) 102 (15.3) 6 (20.1)
Jan. 10-March 6, 2021 2 (18.8) 156 (19.0) 100 (15.0) 108 (25.2)
March 7-May 1, 2021 43 (15.6) 127 (15.5) 100 (15.0) 0 (16.3)
May 2-June 26, 2021 5(12.7) 108 (13.1) 88 (13.2) 5(12.8)
June 27-Aug. 21, 2021 19 (6.9) 53 (6.5) 34 (5.1) 38 (8.9)
Aug. 22-Sept. 10, 2021 S 9 (1.1) 7 (1.1) 6 (1.4)
No. of prenatal care visits 9 (6, 12) 8 (6, 10) 0.19 8 (6, 10) 8(6,11) 0.19
9.4+t4.3 8.6+4.4 8.5+14.4 9.3%x43
Maternal comorbidities!
Cardiovascular disease _S 8 (1.0) —-0.07 _S 5(1.2) 0.09
Smoking"I 55 (19.9) 159 (19.3) 0.02 131 (19.6) 83 (19.3) —0.01
COVID-19* 35(12.7) 70 (8.5) 0.14 72 (10.8) 33(7.7) —-0.11
Diabetes (type 1 or 2) 20 (7.2) 22 (2.7) 0.21 18 (2.7) 24 (5.6) 0.15
Hypertension 22 (8.0) 34 (4.1) 0.16 36 (5.4) 20 (4.7) —0.03
Pulmonary disease 28 (10.1) 53 (6.4) 0.13 50 (7.5) 31(7.2) —0.01
Obesity or BMI 30 or higher** 107 (38.8) 235 (28.6) 0.22 218 (32.6) 124 (28.9) —0.08
Substance use S 1(1.3) —0.02 10 (1.5) S -0.05
Alcohol use S 3 0.10 S 6 (1.4) 0.12

SMD, standardized mean difference; COVID-19, coronavirus disease 2019; BMI, body mass index.

Data are mean=SD, n (%), or median (interquartile range) unless otherwise specified.

Bold indicates an absolute SMD of 0.20 or more.

* A total of 270 stillbirths had three matches, and six stillbirths had two matches.

* An absolute SMD of 0.20 or more indicates a nonnegligible difference in variable distributions between stillbirths and live births or
between unvaccinated and vaccinated.

* Includes American Indian or Alaska Native, Native Hawaiian or Other Pacific Islander, and those with missing race or ethnicity data.

S Counts less than 5 not reported.

||[Presence of comorbidity was assigned based on International Classification of Diseases, Tenth Revision, Clinical Modification (ICD-10-
CM) diagnosis code for the condition. Maternal cancer and systemic lupus erythematosus were included among comorbidities given
potential association with stillbirth or vaccination or both; however, these are not shown here due to low counts.

T Diagnosis based on ICD-10-CM code and electronic health record history 3 months before and during pregnancy.

# " COVID-19 diagnosed in pregnancy based on ICD-10-CM diagnosis code.

™ Based on ICD-10-CM diagnosis code or reported BMI of 30 or higher.

19 vaccination during pregnancy. Furthermore, there
was no association by vaccine manufacturer, number
of COVID-19 vaccine doses received during preg-
nancy, or receipt of the vaccine within the 6 weeks
before stillbirth. These results should provide reassur-
ance to pregnant individuals and health care profes-
sionals that COVID-19 vaccines may be administered
during pregnancy without increasing the risk of preg-
nancy loss at or beyond 20 weeks of gestation. These
results complement the existing body of evidence that
COVID-19 vaccination does not increase the risk of
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pregnancy loss within the first 20 weeks of gestation
(ie, spontaneous abortion), based on evidence from
the same VSD source population and time period3!:32
and other studies.?334

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.!536 One of the largest published studies
examining stillbirth as a primary outcome combined
data from the Pregnancy Register in Sweden and the
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Table 2. Matched Case-Control Analysis of Stillbirths Compared With Live Births After Maternal Coro-
navirus Disease 2019 (COVID-19) Vaccination During Pregnancy in the Vaccine Safety Datalink,
February 14, 2021-February 27, 2022, Using Conditional Logistic Regression With Stabilized

Inverse Probability of Treatment Weights

Stillbirths Live Births Crude OR  Adjusted OR
Exposure During Pregnancy (n=276) (n=822) (95% ClI) (95% CI)*
Primary
Any COVID-19 vaccination in pregnancy 106 (38.4) 323 (39.3) 0.95 (0.71, 1.02 (0.76,
1.29) 1.37)
Secondary
Vaccine manufacturer
J&J/Janssen 7 (2.5) 15 (1.8) NAY NAY
mRNA-1273, Moderna 39 (14.1) 114 (13.9) 1.07 1.00
(0.68-1.68) (0.62-1.62)
BNT162b2, Pfizer-BioNTech 60 (21.7) 194 (23.6) 0.92 1.00
(0.63-1.33) (0.69-1.43)
No. of COVID-19 vaccine doses in pregnancy
0 170 (61.6) 499 (60.7) Ref Ref
1 48 (17.4) 122 (14.8) 1.17 1.17
(0.75-1.81) (0.75-1.83)
2 58 (21.0) 198 (24.1) 0.93 0.98
(0.77-1.13) (0.81-1.17)
3 0 —* NA' NA'
Vaccine dose within 6 wk of outcome or index 36 (13.0) 88 (10.7) 1.10 1.16
date (0.69-1.75) (0.74-1.83)

OR, odds ratio; COVID-19, coronavirus disease 2019; NA, not available; Ref, reference; J&)/Janssen, Johnson & Johnson/Janssen.

Data are n (%) unless otherwise specified.

* Associations of COVID-19 vaccine and stillbirth were estimated by using conditional logistic regression with stabilized inverse probability
of treatment weights applied to the regression model, including study week, maternal age, COVID-19 disease during pregnancy, race
and ethnicity, study site, smoking, pregestational diabetes, hypertension, and obesity in the propensity score.

¥ Tests of association were not performed for three vaccine doses in pregnancy or for receipt of the J&)/Janssen vaccine in pregnancy due to

small sample size.
* Counts less than five not reported.

Medical Birth Registry of Norway.?6 The authors of
that cohort study noted a similar risk of stillbirth
between individuals who were and were not vacci-
nated 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%). Fur-
thermore, case record review and adjudication were
not performed, potentially resulting in stillbirth mis-
classification 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 still-
birth 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.?”

220 Denoble et al COVID-19 Vaccination and Stillbirth

Our study had several strengths and advantages
over previous studies. Stillbirths were clinically re-
viewed 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 analy-
ses 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 com-
parison or control population systematically differs
from the case population. We limited this bias by
applying similar inclusion and exclusion criteria
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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 still-
birth may not have been detected due to the use of a
defined study period and restricted sample size. Fur-
thermore, the study was powered to the primary out-
come, but the subanalyses (ie, by COVID-19
vaccination received within 6 weeks of stillbirth or
index date, vaccine manufacturer, and number of vac-
cine doses received during pregnancy) may have been
underpowered to detect a difference. As a retrospec-
tive observational study, we had incomplete ascertain-
ment 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 from the VSD may not be generaliz-
able to the general pregnant population, because the
VSD includes an insured population receiving health
care. Finally, severe acute respiratory syndrome coro-
navirus 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.?%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 preg-
nancy is not associated with an increased risk of preg-
nancy loss after 20 weeks of gestation.
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