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BACKGROUND: The current study evaluated the hypothesis that the COVID-19 pandemic is associated with higher stillbirth but
lower neonatal mortality rates.
METHODS: We compared three epochs: baseline (2016–2019, January–December, weeks 1–52, and 2020, January–February, weeks
1–8), initial pandemic (2020, March–December, weeks 9–52, and 2021, January–June, weeks 1–26), and delta pandemic (2021,
July–September, weeks 27–39) periods, using Alabama Department of Public Health database including deliveries with stillbirths
≥20 weeks or live births ≥22 weeks gestation. The primary outcomes were stillbirth and neonatal mortality rates.
RESULTS: A total of 325,036 deliveries were included (236,481 from baseline, 74,076 from initial pandemic, and 14,479 from delta
pandemic period). The neonatal mortality rate was lower in the pandemic periods (4.4 to 3.5 and 3.6/1000 live births, in the
baseline, initial, and delta pandemic periods, respectively, p < 0.01), but the stillbirth rate did not differ (9 to 8.5 and 8.6/1000 births,
p= 0.41). On interrupted time-series analyses, there were no significant changes in either stillbirth (p= 0.11 for baseline vs. initial
pandemic period, and p= 0.67 for baseline vs. delta pandemic period) or neonatal mortality rates (p= 0.28 and 0.89, respectively).
CONCLUSIONS: The COVID-19 pandemic periods were not associated with a significant change in stillbirth and neonatal mortality
rates compared to the baseline period.
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IMPACT:

● The COVID-19 pandemic could have resulted in changes in fetal and neonatal outcomes.
● However, only a few population-based studies have compared the risk of fetal and neonatal mortality in the pandemic period

to the baseline period.
● This population-based study identifies the changes in fetal and neonatal outcomes during the initial and delta COVID-19

pandemic period as compared to the baseline period.
● The current study shows that stillbirth and neonatal mortality rates were not significantly different in the initial and delta

COVID-19 pandemic periods as compared to the baseline period.

INTRODUCTION
The coronavirus disease 2019 (COVID-19) pandemic has severely
affected health and healthcare systems worldwide,1,2 with
unanticipated reductions in emergency room visits,3–5 delayed
presentation of non-COVID critical diseases,5 and increased
morbidity and mortality.6 The pandemic has also led to worse
pregnancy-related outcomes, including higher stillbirth and
maternal mortality rates.7 Pandemic-related decreases in access
to care could lead to a higher stillbirth rate for critically ill fetuses
and subsequent paradoxically lower neonatal mortality rate, but
this has not been proven.
The current study is a population-based perinatal study with

individual participant data that covers the longest duration of the
pandemic, including up to the delta pandemic period (September
2021), and is the first to compare the risk of fetal and neonatal

mortality in the initial and delta pandemic periods to the baseline
period.7 By analyzing the changes in the epidemiology of adverse
fetal and neonatal outcomes with demographic and pandemic
severity variables, this study may help identify fetuses and
neonates at higher risk for adverse outcomes and inform health
policy and response-preparedness for the present pandemic and
future health care disruptions. This study tested the hypothesis
that the COVID-19 pandemic is associated with higher stillbirth
but lower neonatal mortality rates.

METHODS
Study design and participants
The study was conducted using the Alabama Department of Public Health
Center for Health Statistics (ADPH) database, a population-based state vital
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registry. We compared pregnancies from the following epochs: baseline
(2016–2019, January–December, weeks 1–52, with week 1 defined as
starting on the first Sunday of the year, and 2020, January–February, weeks
1–8), initial pandemic (2020, March–December, weeks 9–52, and 2021,
January–June, week 1–26), and delta pandemic (2021, July–September,
weeks 27–39).
All pregnant Alabama state resident women who delivered in Alabama

with stillbirths ≥20 weeks or live births ≥22 weeks gestational age were
included. The ADPH tabulates health-related statistical data received from
healthcare providers from the State and releases yearly data in the second
half of the subsequent year. The database definitions were used to define
variables and outcomes in the following subsection.8

Outcomes and variable definitions
The primary outcomes were the stillbirth rate and the neonatal mortality
rate. Stillbirth was defined as death (no evidence of life) before birth
beyond the 20th week of gestation, excluding induced pregnancy
termination. Neonatal mortality was defined as the death of a liveborn

infant within the first 27 days after birth.8 The adequacy of prenatal care
was assessed by Kessner and Kotelchuck indices, which include gestational
age at the beginning of prenatal care and the percentage of achieved/
expected number of prenatal care visits for gestational age as
recommended by the American College of Obstetricians and Gynecolo-
gists.8 The race and ethnicity are reported by the parents/health providers
that are recorded in the birth/death certificates. The race/ethnicity
categories were as per the National Center for Health Statistics
classification, and for presentation, the categories were consolidated into
four groups: Black, Hispanic, White, and Other.8 The database definitions
were used to define other variables and outcomes.8 Centers for Disease
Control and Prevention (CDC) daily cases for Alabama9 were used to
identify variations in the rate of stillbirth and neonatal mortality by
frequency of new COVID-19 cases.

Statistical analysis
Descriptive analyses were used to describe demographics, clinical
characteristics, and outcomes. Chi-square, Mann–Whitney U, or Student’s

Table 1. Socio-demographic characteristics and fetal and neonatal outcomes.

Variables Category Baseline period Initial
pandemic period

Delta
pandemic period

p value

Stillbirths N= 2125 N= 628 N= 125

Maternal age, median (Q1, Q3) 28 (23, 33) 28 (23, 33) 29 (23, 32) 0.78

Maternal education, n (%) <12th grade 435 (20.5) 105 (16.7) 21 (16.8) 0.1

High school graduate to
some college

1351 (63.6) 432 (68.8) 80 (64.0)

>/=Bachelor degree 339 (15.9) 91 (14.5) 24 (19.2)

Maternal race/ethnicity, n (%) Black 1044 (49.1) 291 (46.3) 54 (43.2) 0.01

Hispanic 84 (4.0) 24 (3.8) 3 (2.4)

White 930 (43.8) 274 (43.6) 63 (50.4)

Adequate prenatal care, n (%) 1012 (47.6) 331 (52.7) 67 (53.6) 0.04

Gestational age, n (%) 22–27 weeks 1169 (55.3) 311 (49.7) 58 (46.4) 0.09

28–31 weeks 264 (12.5) 91 (14.5) 18 (14.4)

32–36 weeks 398 (18.8) 135 (21.6) 33 (26.4)

37+ weeks 285 (13.5) 89 (14.2) 16 (12.8)

Birth weight (g), M (SD) 1164 (1059) 1265 (1102) 1272 (1011) 0.08

Stillbirth, per 1000 births 9 8.5 8.6 0.41

Livebirths N= 234,356 N= 73,448 N= 14,354

Maternal age, median (Q1, Q3) 27 (23, 31) 28 (23, 32) 28 (23, 32) <0.01

Maternal education, n (%) <12th grade 35,051 (15.0) 9972 (13.6) 1884 (13.1) <0.01

High school graduate to
some college

143,789 (61.4) 44,906 (61.1) 8818 (61.4)

>/=Bachelor degree 55,516 (23.7) 18,570 (25.3) 3652 (25.4)

Maternal race/ethnicity, n (%) Black 71,883 (30.7) 21,882 (29.8) 4089 (28.5) <0.01

Hispanic 11,693 (5.0) 3862 (5.3) 791 (5.5)

White 140,506 (60.0) 43,800 (59.6) 8660 (60.3)

Adequate prenatal care, n (%) 139,641 (59.6) 43,461 (59.2) 8642 (60.2) 0.03

Prenatal steroids coverage for
preterm deliveries
(<34 weeks), n (%)

2029 (24.6) 1398 (54.9) 260 (50.2) <0.01

Cesarean delivery, n (%) 81,380 (34.7) 25,701 (35.0) 5094 (35.5) 0.09

Gestational age, n (%) 22–27 weeks 1823 (0.8) 562 (0.8) 122 (0.9) <0.01

28–31 weeks 2660 (1.1) 855 (1.2) 167 (1.2)

32–36 weeks 23,798 (10.2) 8021 (10.9) 1592 (11.1)

37+ weeks 205,694 (87.9) 63,933 (87.1) 12,454 (86.9)

Birth weight (g), M (SD) 3187 (612) 3185 (612) 3177 (606) 0.15

Neonatal intensive care, n (%) 20,014 (8.5) 7166 (9.8) 1453 (10.1) <0.01

Neonatal deaths, per 1000
live births

4.4 3.5 3.6 <0.01
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t tests were used, as appropriate, to compare characteristics between the
baseline and pandemic periods. CDC daily cases for Alabama9 were used to
identify variations in outcomes by frequency of new COVID-19 cases. We
performed an interrupted time-series analysis for the outcomes of
stillbirths per 1000 births and neonatal mortality per 1000 live births for
the monthly data from March 2016 to September 2021.10 We employed
Box and Jenkins’s autoregressive integrated moving average (ARIMA)
models to identify and model any possible seasonality and trend of the
monthly outcomes.11 For both the stillbirths and neonatal mortality, we
used 50 baseline month periods from January 2016 to February 2020, to
identify and model autocorrelations using “Proc ARIMA” procedure from
SAS. We then performed the ARIMA model (with fixed estimated
parameters those obtained for the 50 baseline month periods) for the
69 months of data and added a categorical pandemic onset variable
(coded as 0 for the baseline period, 1 for the initial pandemic period, and 2
for the delta pandemic period, which is equivalent to defining two dummy

binary variables: one for the initial pandemic period and the other for the
delta pandemic period) as a predictor to the best fitting ARIMA model to
estimate the pandemic onset effects on the outcomes. We estimated
expected monthly outcomes with their 95% prediction interval, and any
observed outcome outside of the interval can be considered unusual. The
residuals of the final models satisfy the auto-correlational test of
independence of monthly observations, and the expected value of zero.
We also correlated the change in the incidence of stillbirths and neonatal
mortality over time with social distancing as measured by Alabama’s state-
specific social distancing index (SDI, available for the year 2020), defined as
the extent to which residents of the state practiced social distancing,
computed from six mobility metrics (including % staying home, %
reduction of all trips compared to pre-COVID-19 benchmark, % reduction
of work trips, % reduction of non-work trips, % reduction of travel distance,
and % reduction of out-of-county trips, available from https://
data.covid.umd.edu).12 In addition, multivariable logistic regression
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Fig. 1 Stillbirth and neonatal mortality by period and total new COVID-19 cases in Alabama. The COVID-19 pandemic periods were not
associated with significant change in stillbirth and neonatal mortality rates compared to the baseline period.
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analyses were performed to identify risk factors associated with stillbirth,
adjusting for socio-demographic variables (maternal race, age, education,
and prenatal care) and their interactions with the pandemic period. All
hypotheses were two-tailed, and a p value <0.05 was used to indicate
statistical significance. All analyses were performed in SAS (version 9.4,
Cary, NC). The study was approved by the institutional review board and is
reported using the STROBE guidelines for reporting observational
studies.13

RESULTS
All 325,036 pregnancies were included: 236,481 were from the
baseline period, 74,076 were from the initial pandemic period, and
14,479 were from the delta pandemic period (Table 1). The
neonatal mortality rate was lower in the pandemic periods (4.4 to
3.5 and 3.6/1000 live births in the baseline, initial pandemic, and
delta pandemic periods, respectively, p < 0.01), but the stillbirth
rate did not differ (9 to 8.5 and 8.6/1000 births, in the baseline,
initial pandemic, and delta pandemic periods, respectively,
p= 0.41, Table 1, Fig. 1, and Supplementary Fig. 1). The pandemic
periods were associated with changes in important clinical
characteristics like a higher percentage of prenatal steroid
coverage in preterm live births (<34 weeks gestational age at
delivery), and a higher percentage of infants needing neonatal
intensive care unit (NICU) admission (Table 1).
On ARIMA model analysis, there were no significant changes in

either stillbirth (p= 0.11 for baseline vs. initial pandemic period,
and p= 0.67 for baseline vs. delta pandemic period) or neonatal
mortality rates (p= 0.28 for baseline vs. initial pandemic period,
and p= 0.89 for baseline vs. delta pandemic period). The ARIMA
model (Table 2) shows that all of the observed monthly stillbirth
rates (19/19 months) and all except one neonatal mortality rate
(18/19 months) fell within the 95% prediction interval of the
expected rate.
The SDI was not significantly cross-correlated with the percent

change of stillbirths (coefficient= 0.12, 95% CI=−0.32 to 0.51,

p= 0.60) and neonatal mortality (coefficient=−0.09, 95%
CI=−0.50 to 0.34, p= 0.69, Fig. 2). On multivariable logistic
regression (adjusting for socio-demographic variables), only
maternal age was found to be associated with stillbirths
(Supplementary Table 1).

DISCUSSION
The current population-based study shows that considering the
outcome trends over the study period, there was no change in the
stillbirth and neonatal mortality rates in the COVID-19 pandemic
periods. This finding could possibly be reflective of the resiliency
of the perinatal healthcare system and the public health
interventions during the pandemic period, including improved
hand hygiene, social distancing, masking, and others.
No significant change in the stillbirth rate was also found in a

meta-analysis of shorter duration studies from high-income
countries that reported perinatal outcomes in the pandemic
period.7 In this meta-analysis, there was a single study from a
high-income country (UK) that used population-based data and
compared the stillbirth rate in the pandemic to the baseline
period14, similar to the findings of the current study, the
population-based study from the UK reported no significant
change in stillbirth rate in the pandemic to baseline period.
In contrast to the current study findings, of an increase in

moderately preterm births, other shorter duration population-
based studies have shown a decrease15,16 or no change17 in the
rates of preterm birth. To our knowledge, there are no population-
based studies and only one single-center study from a high-
income country (Ireland) that has reported the outcome of
neonatal mortality comparing the pandemic to the baseline
period18. This relatively small sample size study also found no
difference in the neonatal mortality rate in the pandemic
compared to the baseline period. In contrast to the current study
showing an increase in the NICU admission rate, the meta-analysis

Table 2. Monthly observed and expected values with 95% prediction intervals for stillbirths and neonatal mortality in the pandemic period.

Pandemic period months Stillbirths per 1000 births Neonatal mortality per 1000 livebirths

Observed Expected (95% PI) Observed Expected (95% PI)

Mar, 2020 9.5657 9.4112 (6.9349, 11.8875) 2.51 3.5801 (1.5106, 5.6496)

April, 2020 9.3229 9.1693 (6.6188, 11.7198) 3.96 3.5656 (1.4965, 5.6346)

May, 2020 6.5789 8.9029 (6.3325, 11.4733) 5.15 3.5808 (1.5122, 5.6495)

June, 2020 9.4841 7.8009 (5.2214, 10.3805) 3.83 3.6190 (1.5507, 5.6872)

July, 2020 6.5331 7.9234 (5.2410, 10.6059) 2.63 3.6303 (1.5625, 5.6982)

August, 2020 7.0468 7.9500 (5.2434, 10.6565) 3.44 3.6188 (1.5513, 5.6863)

September, 2020 7.9957 8.0113 (5.2943, 10.7283) 3.22 3.6228 (1.5557, 5.6900)

October, 2020 8.4541 8.4047 (5.6814, 11.1280) 3.90 3.6229 (1.5561, 5.6897)

November, 2020 8.9113 8.4657 (5.7370, 11.1944) 2.54 3.6351 (1.5687, 5.7016)

December, 2020 6.8667 8.5009 (5.7685, 11.2333) 2.30 3.6233 (1.5571, 5.6894)

January, 2021 8.0527 8.5085 (5.7735, 11.2435) 3.14 3.6079 (1.5420, 5.6737)

February, 2021 8.4828 8.3825 (5.6453, 11.1197) 2.93 3.6072 (1.5417, 5.6728)

March, 2021 11.0078 8.3327 (5.5955, 11.0700) 3.22 3.6033 (1.5381, 5.6686)

April, 2021 8.3395 8.3003 (5.5628, 11.0379) 5.94 3.6043 (1.5393, 5.6693)

May, 2021 8.8097 8.2814 (5.5435, 11.0194) 4.74 3.6492 (1.5845, 5.7139)

June, 2021 10.0068 8.3151 (5.5767, 11.0536) 3.22 3.6739 (1.6094, 5.7383)

July, 2021 7.0985 8.5672 (5.8287, 11.3056) 4.24 3.5851(1.5209, 5.6493)

August, 2021 10.0831 8.5852 (5.8467, 11.3237) 3.04 3.5136 (1.4497, 5.5776)

September, 2021 8.3372 8.5989 (5.8604, 11.3374) 3.50 3.4248 (1.3611, 5.4885)

PI prediction interval.
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of single-center studies showed no significant change in NICU
admission rate in the pandemic compared to the baseline period.7

As the studies that have assessed NICU admission rates are single-
center studies of shorter duration, the meta-analysis of these
studies may have limited generalizability.
To our knowledge, the current study is the first to analyze the

association of state-specific SDI, which combines several factors
indicating the severity of pandemic-related mobility restrictions
and population-level behavioral changes, with the changes in
stillbirth and neonatal mortality percentages. Similar studies with
in-depth analyses of pandemic-related objective measures can
help identify interventions that can be further studied for reducing
the risk of adverse fetal and neonatal outcomes as possible
mitigation measures during and beyond the current pandemic.
The limitations of the current study include first that it is based

on single-state data and second, that COVID-19 test results for
individual participants were not available in the database, so we
were unable to compare the fetal and neonatal outcomes in
COVID-19 infected and non-infected pregnancies. The current
study findings address important knowledge gaps and comple-
ment the evidence from previously published studies. As the study
is population-based, covers the longest duration of the pandemic,
and is the first to compare initial and delta pandemic periods to
the baseline period, the current study will have better
generalizability.

CONCLUSIONS
The current population-based study showed that there was no
significant change in the stillbirth and neonatal mortality rates in
the COVID-19 pandemic periods. The findings from the current
study may inform strategies to mitigate the effects of the current
pandemic on this vulnerable population.

DATA AVAILABILITY
Data from the study are available at request from the Alabama Department of Public
Health: www.alabamapublichealth.gov.
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