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Abstract

OBJECTIVE: To examine the relationship between coronavirus disease 2019 (COVID-19)
diagnosis at delivery and adverse maternal health and pregnancy outcomes during pre-Delta,
Delta, and Omicron variant predominance, with a focus on the time period of Omicron variant
predominance.

METHODS: We conducted a cross-sectional observational study with data from delivery
hospitalizations in the Premier Healthcare Database from February 2020 to August 2023. The
pre-Delta (February 2020-June 2021), Delta (July 2021-December 2021), and Omicron (January
2022—-August 2023) periods of variant predominance were examined. Exposure to COVID-19 was
identified by having a diagnostic code for COVID-19 during the delivery hospitalization. Adjusted
prevalence ratios (aPRs) were calculated to compare the risks of adverse maternal and pregnancy
outcomes for women with and without COVID-19 diagnoses at the time of delivery for each
variant period.
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RESULTS: Among 2,990,973 women with delivery hospitalizations, 1.9% (n = 56,618) had
COVID-19 diagnoses noted at delivery admission discharge, including 26,053 during the Omicron
period. Across all variant time periods, the prevalence of many adverse maternal and pregnancy
outcomes during the delivery hospitalization was significantly higher for pregnant women with
COVID-19 compared with pregnant women without COVID-19. In adjusted models, COVID-19
during the Omicron period was associated with significant increased risks for maternal sepsis
(COVID-19: 0.4% vs no COVID-19: 0.1%; aPR 3.32, 95% CI, 2.70-4.08), acute respiratory
distress syndrome (0.6% vs 0.1%; aPR 6.19, 95% CI, 5.26-7.29), shock (0.2% vs 0.1%; aPR
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2.14, 95% Cl, 1.62-2.84), renal failure (0.5% vs 0.2%; aPR 2.08, 95% Cl, 1.73-2.49), intensive
care unit admission (2.7% vs 1.7%; aPR 1.64, 95% CI, 1.52-1.77), mechanical ventilation (0.3%
vs 0.1%; aPR 3.15, 95% Cl, 2.52-3.93), in-hospital death (0.03% vs 0.01%; aPR 5.00, 95% ClI,
2.30-10.90), stillbirth (0.7% vs 0.6%; aPR 1.17, 95% CI, 1.01-1.36), and preterm delivery (12.3%
vs 9.6%; aPR 1.28, 95% CI, 1.24-1.33).

CONCLUSION: Despite the possibility of some level of immunity due to previous severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection, vaccination, or testing differences,
risks of adverse outcomes associated with COVID-19 diagnosis at delivery remained elevated
during the Omicron variant time period.

Pregnant women are at increased risk of developing severe coronavirus disease 2019
(COVID-19) complications and of dying compared with nonpregnant women.12 As new
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) variants of concern emerge,
data suggest the risk for adverse outcomes may differ by variant type. The Delta variant,
which became the predominant strain in July 2021, was associated with increased risks

of severe adverse maternal and infant outcomes compared with pre-Delta variants.3-8 This
difference in severity was thought to reflect the changing nature of the virus to induce more
severe illness.?

Questions subsequently have arisen about whether SARS-COV-2 continues to have severe
consequences that affect maternal and infant health. Several large studies conducted outside
the United States demonstrate less severe maternal and infant outcomes during the Omicron
period relative to the pre-Delta and Delta periods; however, the risks for severe adverse
outcomes due to Omicron infection remained elevated relative to baseline.>19.11 In the
United States, few studies have assessed the severity of COVID-19 during Omicron
predominance; studies available are limited by small sample sizes.12:13

Using a large U.S. database of hospital admissions, we describe COVID-19 diagnosed
among pregnant women at delivery hospitalization from the beginning of the COVID-19
outbreak through August 2023. We also estimate the risk of adverse outcomes among
pregnhant women with and without COVID-19 at the delivery hospitalization across the
variant time periods, with a focus on the time of Omicron variant predominance.

METHODS

We performed a cross-sectional analysis of all delivery-related hospital admissions using
the Premier Healthcare Database COVID-19 Release (https://premierinc.com/; release date
August 28, 2023).14 The Premier Healthcare Database is a comprehensive, service-based,

Obstet Gynecol. Author manuscript; available in PMC 2025 January 01.


https://premierinc.com/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Carlson et al.

Page 3

all-payer database that compiles discharge data from more than 1,419 nonprofit, community-
based teaching hospitals and hospital systems from geographically varied areas, including
both urban and rural areas. The Premier Healthcare Database represents approximately 20%
of inpatient discharges in the United States. For this study, we included data from 912
hospitals with delivery hospitalizations in which COVID-19 diagnoses were being reliably
reported from February 2020 to August 2023. The methods build on previously published
reports. 41516

Diagnostic and procedure codes from the International Classification of Diseases, Tenth
Revision (ICD-10) were used to identify obstetric delivery resulting in a singleton live
birth or stillbirth and diagnosis-related codes among females aged 12-55 years, excluding
gestations less than 20 weeks and those with missing gestational age (Appendix 1, available
online at http://links.lww.com/AOG/D476). COVID-19 during delivery hospitalization was
determined using ICD-10 codes U07.1 (COVID-19, virus identified) or B97.29 (other
coronavirus as the cause of disease classified elsewhere). Among individuals with two
delivery hospitalizations during the study period (identified as having an eligible delivery
hospitalization code at least 6 months after a prior delivery), one admission was selected

at random to be included in the analysis. Individuals with more than two delivery
hospitalizations were excluded.

Adverse maternal outcomes and pregnancy outcomes were identified using ICD-10
diagnostic and procedure codes (Appendices 2 and 3, available online at http://
links.lww.com/AOG/D476). The following maternal adverse outcomes were assessed: renal
failure, cardiac event or outcome (including acute myocardial infarction, cardiomyopathy,
heart failure, cardiac arrest, cardioversion, atrial fibrillation, ventricular tachycardia,
ischemia, and pulmonary edema), thromboembolic disease (including deep vein thrombosis
and other thromboembolic disease), acute respiratory distress syndrome (ARDS), shock,
sepsis, intensive care unit (ICU) admission, mechanical ventilation, and in-hospital death.
Admission to the ICU and mechanical ventilation were identified through a combination

of ICD-10 procedure codes and hospital chargemaster records. A composite measure of
any severe outcome included ICU admission, mechanical ventilation, or in-hospital death.
Adverse pregnancy outcomes included stillbirth (fetal death or pregnancy loss at more than
20 weeks of gestation), preterm delivery (less than 37 weeks of gestation), and cesarean
delivery. A composite measure of any of the pregnancy outcomes was also created, which
includes stillbirth or preterm delivery.

Medical conditions were identified if an ICD-10 diagnosis or procedure code was present

at the delivery hospitalization (Appendix 4, available online at http://links.lww.com/AOG/
D476). Medical conditions included obesity, any diabetes (including type 1 and type 2,
gestational diabetes, or unknown diabetes), prepregnancy diabetes, gestational diabetes,
asthma, other chronic lung diseases (including chronic obstructive pulmonary disease,
chronic respiratory failure, pulmonary fibrosis, cystic fibrosis, chronic bronchitis, obstructive
sleep apnea, interstitial lung disease, or sarcoidosis), any hypertensive disorders of
pregnancy (including chronic hypertension; gestational hypertension; chronic hypertension
with superimposed preeclampsia; preeclampsia; eclampsia; or hemolysis, elevated liver
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enzymes, and low platelet count [HELLP] syndrome), chronic hypertension, and gestational
hypertension.

Demographic variables included maternal age, race and ethnicity (non-Hispanic Asian,
non-Hispanic Black, Hispanic, non-Hispanic other, non-Hispanic White), primary insurance
payer (Medicaid, private insurance, other, self-pay), hospital location (urban and rural

based on U.S. Census, where block groups have a population density of at least 1,000
people/square mile and surrounding block groups a density of 500 people/square mile),’
and hospital region (based on U.S. Census: Midwest, Northeast, South, West). Race and
ethnicity, which were reported on claims data, were assessed in the study as a proxy for
social injustices that might reflect differences in COVID-19 diagnosis.

This study was reviewed by the Centers for Disease Control and Prevention and

was conducted consistent with applicable federal law and Centers for Disease Control
and Prevention policy; the study was determined to meet the requirements of public
health surveillance as defined in 45 CFR 46.102(1)(2) because all data were completely
deidentified.

Demographic characteristics, medical conditions, adverse maternal outcomes, and pregnancy
outcomes by variant period were summarized using frequencies. COVID-19 case counts
were calculated using delivery hospital admission dates. Poisson regression models with
robust standard errors were used to calculate the adjusted prevalence ratio (aPR) of adverse
maternal and pregnancy outcomes at the delivery hospitalization by COVID-19 diagnosis
for each time period of variant predominance. Regression models controlled for maternal
age at delivery, obesity, diabetes, asthma, and chronic hypertension. Data were stratified

by timing of variant predominance based on SARS-CoV-2 genomic surveillance.18 When
the percent of infections by a specific variant constituted more than 50% of sequenced
isolates, it was determined to be the predominant variant.18 This approach translated into
three periods of study, including the pre-Delta period (February 2020-June 2021), the Delta
period (July 2021-December 2021), and the Omicron period (January 2022—August 2023).
Variant periods were classified using whole months because of data aggregation in the
Premier Healthcare Database. Analyses were performed using R 4.1.2.

RESULTS

Overall, 2,990,973 pregnant women at delivery hospitalization were included. Maternal
demographic characteristics are shown in Table 1. COVID-19 diagnosis was reported in
1.9% (n = 56,618) of individuals at delivery hospitalizations, including 20,031 during
the pre-Delta period, 10,534 during the Delta period, and 26,053 during the Omicron
period. COVID-19 diagnoses at delivery hospitalization peaked at the beginning of 2022,
corresponding to the beginning of the period of Omicron predominance (Fig. 1).

The distribution of race and ethnicity among those with COVID-19 varied across variant
periods. For all variant periods, the highest percentage of individuals diagnosed with
COVID-19 were enrolled in Medicaid, were hospitalized at facilities in urban areas,
and were in southern regions. The prevalence of most medical conditions at delivery
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hospitalization was similar across variant periods, with hypertensive disorders of pregnancy
and obesity most prevalent (Table 2). All adverse maternal outcomes occurred more
frequently among pregnant individuals with COVID-19 compared with pregnant individuals
without COVID-19. Adverse maternal and pregnancy outcomes were most prevalent during
the Delta variant period and least prevalent during the Omicron variant period (Table 2).
Prevalence of adverse maternal and preghancy outcomes among women without COVID-19
remained similar across variant periods. Across all variant periods, the most prevalent
adverse maternal outcomes associated with COVID-19 diagnosis were ARDS and ICU
admission.

During the Omicron variant period, the risks of all adverse outcomes were significantly
higher at delivery hospitalization in pregnant women with COVID-19 than in

those without COVID-19 (Fig. 2 and Appendix 5; Appendix 5 available online at
http://links.lww.com/AOG/D476). Specifically, compared with pregnant women without
COVID-19, pregnant women with COVID-19 during the Omicron period were six times
as likely to be diagnosed with ARDS (0.6% vs 0.1%; aPR 6.19, 95% ClI, 5.26-7. 29), five
times as likely to die during delivery hospitalization (0.03% vs 0.01%; aPR 5.00, 95% Cl,
2.30-10.90), three times as likely to be diagnosed with sepsis (0.4% vs 0.1%; aPR 3.32,
95% ClI, 2.70-4.08) or to receive mechanical ventilation (0.3% vs 0.1%; aPR 3. 15, 95%
Cl, 2.52-3.93), twice as likely to be diagnosed with shock (0.2% vs 0.1%; aPR 2.14, 95%
Cl, 1.62-2. 84) and renal failure (0.5% vs 0.2%; aPR 2.08, 95% CI, 1.73-2.49), and 64%
more likely to be admitted to the ICU (2.7% vs 1.7%; aPR 1.64, 95% ClI, 1.52-1.77). For
preghancy outcomes, pregnant women with COVID-19 were 28% more likely to deliver
preterm (12.3% vs 9.6%; aPR 1.28, 95% Cl, 1.24-1.33) and 17% more likely to have
stillbirth (0.7% vs 0.6%; aPR 1.17, 95% ClI, 1.01-1.36) than those without COVID-19 (Fig.
3 and Appendix 6; Appendix 6 available online at http://links.lww.com/AOG/DA476).

DISCUSSION

Across all variant time periods, the prevalence of many adverse maternal and pregnancy
outcomes at delivery hospitalization was significantly higher for pregnant women with
COVID-19 compared with pregnant women without COVID-19. During the Omicron
period, these associations with adverse outcomes were persistent despite what was perceived
as a less virulent variant. Of the examined outcomes, COVID-19 was most strongly
associated with increased prevalence of in-hospital death and ARDS during the Omicron
time period, although these outcomes were rare.

Our finding of an association between COVID-19 and adverse outcomes during the
Omicron variant period are consistent with studies conducted among pregnant women
outside of the United States.>10 Overall, we observed lower magnitude of risks during

the Omicron variant period relative to previous periods. These findings could be due to
reduced virulence of the SARS-CoV-2 Omicron variant compared with previous variants

or population-level immunity from vaccination and previous infection or both.1? In a small
study of unvaccinated and previously uninfected adults, people with SARS-CoV-2 infection
during the Omicron variant period had lower absolute risk of acute symptomatic illness and
were less likely to seek health care,2% which suggests a lower virulence. One study, however,
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found that disease severity and pregnancy complications were similar between the Omicron
and Delta variant periods among unvaccinated pregnant women.?!

This information on severity must be interpreted in context, because the prevalence of
immunity from both vaccination and prior infection was much higher during Omicron
variant predominance than during earlier periods. During the middle of the Delta period, on
September 18, 2021, 57% of pregnant women in the Vaccine Safety Datalink had completed
a COVID-19 vaccine primary series compared with 71% on March 5, 202222; during
January—March 2022, more than 90% of adult blood donors had evidence of vaccine- or
infection-induced immunity or both to SARS-CoV-2. It is known that COVID-19 vaccines
provide protection against hospitalization, including in pregnant women,23 and provide
protection against critical illness and death.24:25

There are several limitations to note. First, these data are based on COVID-19 diagnoses

at the time of delivery hospitalization. Thus, infections occurring earlier in pregnancy and
pregnhancy outcomes not requiring delivery hospitalization (eg, spontaneous abortion or
pregnancy termination) and individuals who have not delivered yet were not captured in
these data. Second, individual genetic sequence information for infection is not available for
this data set, limiting our ability to determine the variant of infection with high specificity,
which may have resulted in misclassification of variant exposure. In accordance with similar
analyses of SARS-COV-2 variants, nationally representative data on SARS-CoV-2 variant
predominance were used to determine cutoffs for variant time periods. Using a 50% variant
predominance will result in misclassification of variant exposure and could bias effect
estimates within a given variant period in either direction. Lastly, information on previous
infection and vaccination in the Premier Healthcare Database is limited, with less than 4%
and 1% of hospitalizations having data on infection or vaccination reported, respectively;
however, we expect rates of prior infection and vaccination to be higher during the Omicron
period.

Also, COVID-19 testing and screening practices may have changed over time. Accordingly,
we do not provide statistical comparisons of prevalence across variant periods because
estimates would be biased. Additionally, our findings may underestimate the risks of SARS-
COV-2 infection for adverse maternal and pregnancy outcomes during the Omicron period
for immunologically naive pregnant persons, though this population is likely small.26

This analysis demonstrates continued risks to maternal and infant health during the Omicron
period and can be used to inform pregnant people and health care clinicians about the
ongoing risks of COVID-19 during pregnancy. These findings underscore the importance

of continued surveillance, research, and monitoring of maternal, pregnancy, and infant
outcomes as new variants emerge. Since the national COVID-19 public health emergency
ended on May 11, 2023,27 analyses of large hospital data sets are important to ascertain
COVID-19 diagnoses in pregnant people given that case-level data will not be reported to
health departments.

Prevention of SARS-COV-2 infection with standard precautions during pregnancy remains
a critical prevention strategy, with known benefits to both pregnant persons and infants.
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Vaccination during pregnancy has been shown to not only protect against severe maternal
illness, but also to provide protection against hospitalization for infants up to 6 months of
age. Vaccination is well established to be safe and effective for both the pregnant person
and fetus; however, immunity wanes over time.28 Pregnant people and those planning
pregnancy should continue to stay up to date with recommended COVID-19 vaccines to
protect themselves and their infants.2?
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Fig. 1.
Daily coronavirus disease 2019 (COVID-19) diagnoses during delivery hospitalization,

Premier Healthcare Database, February 2020-June 2023. Data for July and August are
censored to account for lag in reporting.
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Fig. 2.
Risk of adverse outcomes* in pregnant women by coronavirus disease 2019 (COVID-19)

variant predominance, Premier Healthcare Database, February 2020-August 2023.
*Includes intensive care unit (ICU) admission, mechanical ventilation, and death. Prevalence
ratios were adjusted for maternal age, obesity, diabetes, asthma, and chronic hypertension.
Dots represent prevalence ratios, and bars represent the 95% Cls for those effect estimates.
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predominance, Premier Healthcare Database, February 2020-August 2023. *Includes
preterm delivery and stillbirth. Prevalence ratios were adjusted for maternal age, obesity,
diabetes, asthma, and chronic hypertension. Dots represent prevalence ratios (PRs), and bars
represent the 95% Cls for those effect estimates.
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