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HYPOTHESIS: Increased social distancing was associated with a lower incidence of extremely preterm live births (EPLB) during the
initial COVID-19 pandemic period.
STUDY DESIGN: Prospective study at the NICHD Neonatal Research Network sites comparing EPLB (220/7–286/7 weeks) and
extremely preterm intrapartum stillbirths (EPIS) rates during the pandemic period (March-July, weeks 9–30 of 2020) with the
reference period (same weeks in 2018 and 2019), correlating with state-specific social distancing index (SDI).
RESULTS: EPLB and EPIS percentages did not significantly decrease (1.58–1.45%, p= 0.07, and 0.08–0.06%, p= 0.14, respectively).
SDI was not significantly correlated with percent change of EPLB (CC= 0.29, 95% CI=−0.12, 0.71) or EPIS (CC=−0.23, 95%
CI=−0.65, 0.18). Percent change in mean gestational age was positively correlated with SDI (CC= 0.49, 95% CI= 0.07, 0.91).
CONCLUSIONS: Increased social distancing was not associated with change in incidence of EPLB but was associated with a higher
gestational age of extremely preterm births.
CLINICALTRIALS.GOV ID: Generic Database: NCT00063063.
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INTRODUCTION
The COVID-19 pandemic severely affected health and healthcare
systems across the globe [1–4], with significant effects on
healthcare availability [5, 6], health-seeking behavior [7–10], and
outcomes of COVID-19 infected and non-infected patients [10–13].
The pandemic resulted in differently timed and variably imple-
mented national and local governmental actions, including
lockdowns and home quarantine requirements [14], and changes
in public health behaviors, including social distancing, use of face
coverings, and enhanced sanitary measures like frequent hand
washing and use of hand sanitizers.
Observational studies published before the onset of the

COVID-19 pandemic have reported associations between
increased occupational physical activity [15–17], stress [18, 19],
and infection [20] with an increase in the risk of preterm birth;
however, the strength of evidence is low due to limited rigor and
marked heterogeneity in interventions and outcome measure-
ments. Pandemic-related governmental actions and changes in
public health behaviors may have led to a lower incidence of
extremely preterm live births associated with decreases in

occupational physical activity, physical stress, and infections on
a population level, providing a good investigative opportunity to
fill this research gap. COVID-19 pandemic-associated overall
changes in maternal and perinatal outcomes have been reported
[21–25]. The studies reporting changes in the incidence of preterm
births during the pandemic period [24–28] and correlations with
the timing of lockdowns [29–32] show inconsistent findings. The
majority of these studies have defined preterm birth as birth
<37 weeks gestational age, and none, to our knowledge, have
focused on extremely preterm births (gestational ages from 220/7

to 286/7 weeks). Given that extremely preterm births are
responsible for substantial neonatal morbidity and mortality
[33, 34], it is important to identify the effect of the pandemic on
this population.
Variability associated with the pandemic related to the

implementation, public adherence to lockdowns, and mobility
restrictions provided an opportunity to objectively examine the
changes in extremely preterm births with pandemic-related social
distancing metrics. The aim of the current study was to test
the hypothesis that increased social distancing was associated
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with a lower incidence of extremely preterm live births during the
initial COVID-19 pandemic period using the large and diverse
Eunice Kennedy Shriver National Institute of Child Health and
Human Development (NICHD) Neonatal Research Network (NRN)
registries.

METHODS
Study design and participants
This observational study used prospectively collected data from the All
Birth Cohort database and Generic Database of the NICHD NRN. The NRN
sites (listed in the appendix) are academic centers that are selected by the
NICHD using a peer review process. The databases include outcomes of
extremely preterm (gestational ages from 220/7 to 286/7 weeks) births,
including intrapartum stillbirths (EPIS) and live births (EPLB) from the NRN
sites. All participating hospital institutional review boards approved
participation in the databases with or without waiver of consent [35].
We also retrospectively collected summary data on live births and
stillbirths at gestational age ≥220/7 weeks by reviewing labor and delivery
records from the NRN sites for the corresponding study periods.
The study included consecutive births during the calendar weeks 9–30

from 3/1/2020 to 8/1/2020 (a period of 5 consecutive months) at 26
hospitals participating in the NRN across the United States as the
pandemic period and births in the corresponding calendar weeks of 2018
and 2019 as the reference period. The study period was selected to include
the pandemic period of lockdowns and mobility restrictions in the United
States and the adjacent periods of unrestricted mobility for assessing the
correlation of change between social distancing and outcomes [36, 37].
The comparison with corresponding calendar weeks of 2018 and 2019 in
the reference period was chosen to avoid confounding by possible
seasonal trends for preterm births [38–40].

OUTCOMES
The primary outcome was the proportion of EPLB among all live
births. The secondary outcomes were the proportion of EPIS
among all births and the correlation of the social distancing index
(SDI) with the percent change of EPLB and EPIS.

COMPARISON
The proportions of EPLB and EPIS during the pandemic period
were compared to rates during the years 2018 and 2019. The
denominator used to calculate the proportion of EPLB was live
births, and that for EPIS was total births (stillbirths+ live births).
Maternal and fetal-neonatal characteristics and infant outcomes
(immediate postnatal outcomes and hospital outcomes by
120 days after birth) were compared between the reference and
the pandemic period.

DEFINITIONS
Calendar weeks were defined as the first week starting from the
first Sunday of the year. Live birth was defined as presence of
heart beats at birth. A complete course of antenatal steroids was
defined as a course of 2 doses of betamethasone or 4 doses of
dexamethasone, with at least 24 h between the first dose and
delivery. Antepartum bleeding was defined as the presence of
placenta previa, abruption, or threatened abortion resulting in
external or occult bleeding after 20 weeks of pregnancy, not
including bloody show. The race was categorized as Black,
White, or Other based on self-reported maternal race. Similarly,
ethnicity was categorized as Hispanic-Latino or Other based on
self-reported maternal ethnicity. Insurance status was determined
based on maternal medical insurance. Public insurance was
defined as insurance by Medicaid, Medicare, a state-funded
program, a federally funded program, or insurance obtained
through the Affordable Care Act. Private insurance was
defined as traditional insurance or managed care (including
CHAMPUS, TRICARE, or any insurance that may be tied to work).

Self-Pay/uninsured was defined as hospitalization expenses paid
for by the mother or other responsible party. Gestational age was
defined by the best estimate of gestational age in weeks and days,
using obstetrical measures based on the last menstrual period,
obstetrical parameters, and/or early (first trimester) prenatal
ultrasound as recorded in the maternal chart, and when these
were unavailable or considered unreliable, the neonatologist’s
estimate based on the neonatal exam (Ballard or Dubowitz) was
used. Intraventricular hemorrhage (IVH) was defined using Papile
classification, with grade 3 IVH defined as IVH with ventricular
dilation and grade 4 IVH defined as IVH with parenchymal
hemorrhage [41]. Proven necrotizing enterocolitis was defined as
stage 2 or above using the modified Bell’s staging criteria [42]. SDI
was 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). The social
distancing index used in the current manuscript was chosen as it
was from a publicly available research database from the
University of Maryland and was generated with robust data
processes and methods [43].

STATISTICAL ANALYSIS
Statistical significance for unadjusted baseline and outcomes
comparisons was determined using Mann–Whitney, Fisher exact,
or chi-square tests. Incidence rates of EPLB and EPIS were
calculated for weeks 9–30 of each time period (reference and
pandemic periods) and weekly outcome comparisons were
performed. Pre-trends in the rates of EPLB and EPIS leading into
the pandemic were assessed using an interrupted time-series (ITS)
analysis. For the 2-year reference period, incidence rates were
averaged within each calendar week.
LOESS-smoothed time series of the percent change from the

reference period of the incidence of EPLB and EPIS with SDI and
mean gestational age with SDI were plotted for weeks 9–30.
Analysis of cross-correlation [44] was done for the change in the
incidence of EPLB and EPIS over time with the social distancing as
measured by site state-specific SDI. Lags in the correlations with
SDI up to 5 weeks for EPLB, EPIS, and gestational age were
examined. Measures of the outcome incidences and the SDI were
weighted by population and summed across sites to get overall
measures to use in the cross-correlation analysis. A 2-sided P value
of less than .05 was used to define statistical significance. All
comparisons were considered exploratory, and no adjustments for
multiple comparisons were made. The study is reported as per the
STROBE (Strengthening the Reporting of Observational Studies in
Epidemiology) statement for reporting observational studies [45].

RESULTS
There were 133,185 births during the study period, of which 89,409
were in the reference period (calendar weeks 9–30 of 2018 and
2019), and 43,776 were in the pandemic period (calendar weeks
9–30 of 2020). There were 2036 EPLB and 97 EPIS, of which 1405 and
72 were in the reference period, and 631 and 25 were in the
pandemic period, respectively (Table 1). The proportions of EPLB
and EPIS did not significantly decrease in the pandemic period (1.58
to 1.45%, p= 0.07, and 0.08 to 0.06%, p= 0.14, respectively).
Analysis of pre-trends indicated no significant increase or decrease
in the rates of EPLB and EPIS between the time leading up to the
pandemic and during the pandemic (p= 0.80).
The SDI (mean ± SD= 39.9 ± 11.3 for the pandemic period) was

not significantly correlated with the percent change of EPLB
(cross-correlation coefficient, CC= 0.29, 95% CI=−0.12, 0.71). We
also analyzed the correlation of SDI with outcomes, introducing
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Table1. Baseline characteristics and outcomes.

Extremely preterm intrapartum stillbirths

Characteristic Category Reference period
(N= 72)

Pandemic period
(N= 25)

Mean difference/odds
ratio (95% CI)

P-value

Antenatal steroids, n/N (%) Complete course 17/72 (23.6) 9/24 (37.5) ref. 0.27

Partial course 10/72 (13.9) 1/24 (4.2) 0.20 (0.00, 1.81)

None 45/72 (62.5) 14/24 (58.3) 0.59 (0.19, 1.85)

Antepartum bleeding, n/N
(%)

19/72 (26.4) 9/24 (37.5) 1.66 (0.55, 4.90) 0.44

Race, n/N (%) Black 32/70 (45.7) 13/24 (54.2) ref. 0.70

White 33/70 (47.1) 10/24 (41.7) 0.75 (0.25, 2.15)

Other 5/70 (7.1) 1/24 (4.2) 0.50 (0.01, 5.12)

Ethnicity, n/N (%) Hispanic- Latino 12/71 (16.9) 7/24 (29.2) 0.50 (0.15, 1.74) 0.24

Other 59/71 (83.1) 17/24 (70.8) ref.

Insurance, n/N (%) Public 39/71 (54.9) 18/24 (75.0) 0.41 (0.12, 1.24) 0.10

Private 32/71 (45.1) 6/24 (25.0) ref.

Gestational age (weeks), M
(SD)

23.6 (1.7) 24.1 (1.9) −0.5 (−1.4, 0.4) 0.29

Birth weight (g), M (SD) 517.6 (260.3) 490.9 (334.2) 26.7 (−137.0, 190.3) 0.74

Extremely Preterm Live births

Characteristic Category Reference period
(N= 1405)

Pandemic period
(N= 631)

Mean difference/
odds ratio (95% CI)

P-value

Antenatal steroids, n/N (%) Complete course 971/1403 (69.2) 398/628 (63.4) ref. 0.012

Partial course 299/1403 (21.3) 171/628 (27.2) 1.40 (1.11, 1.75)

None 133/1403 (9.5) 59/628 (9.4) 1.08 (0.77, 1.52)

Antepartum bleeding, n/N (%) 302/1405 (21.5) 172/631 (27.3) 1.37 (1.09, 1.71) <0.01

Race, n/N (%) Black 550/1349 (40.8) 265/596 (44.5) ref. 0.30

White 715/1349 (53.0) 298/596 (50.0) 0.87 (0.71, 1.06)

Other 84/1349 (6.2) 33/596 (5.5) 0.82 (0.51, 1.27)

Ethnicity, n/N (%) Hispanic- Latino 205/1384 (14.8) 105/616 (17.0) 1.18 (0.90, 1.54) 0.20

Other 1179/1384 (85.2) 511/616 (83.0) ref.

Insurance, n/N (%) Public 743/1400 (53.1) 337/629 (53.6) ref. 0.017

Private 621/1400 (44.4) 261/629 (41.5) 0.93 (0.76, 1.13)

Self- pay/
uninsured

36/1400 (2.6) 31/629 (4.9) 1.90 (1.11, 3.21)

Gestational age (weeks), M (SD) 26.1 (1.9) 26.2 (1.8) −0.1 (−0.3, 0.1) 0.19

Birth weight (g), M (SD) 825.7 (264.9) 846.1 (259.9) −20.4 (−45.0, 4.2) 0.10

Hospital outcomes

Death <12 h after birth, n/N (%)a 106/1405 (7.5) 19/631 (3.0) 0.38 (0.22, 0.63) <0.01

0.35 (0.20, 0.63) <0.01

Discharge home, n/N (%)a 1054/1405 (75.0) 497/627 (79.3) 1.27 (1.01, 1.61) 0.042

1.23 (0.95, 1.60) 0.11

Steroids for bronchopulmonary
dysplasia, n/N (%)a

328/1296 (25.3) 143/608 (23.5) 0.91 (0.72, 1.14) 0.43

0.92 (0.73, 1.17) 0.51

Intraventricular hemorrhage
(grade 3 or 4), n/N (%)a

220/1264 (17.4) 80/591 (13.5) 0.74 (0.56, 0.99) 0.036

0.65 (0.48, 0.87) <0.01

Proven necrotizing enterocolitis,
n/N (%)a

132/1295 (10.2) 58/607 (9.6) 0.93 (0.66, 1.30) 0.68

0.92 (0.66, 1.28) 0.64

Late-onset culture positive
septicemia, n (%)

248/1255 (19.8) 107/580 (18.4) 0.92 (0.71, 1.19) 0.53

0.92 (0.71, 1.20) 0.55
aSecond row of odds ratios are adjusted for sex, gestational age, birth weight, multiple births, and antenatal steroids.
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weekly lag periods, and found that for the outcome of percent
change of EPLB there was no increase in correlation coefficient
with the addition of lag periods (Supplementary Table 1). The SDI
was also not significantly correlated with the percent change in
EPIS (CC= -0.09, 95% CI=−0.32, 0.51, lag of 1 week, Fig. 1,
Supplementary Table 1). In the pandemic period, several weeks
(8/22) recorded no EPIS cases (Supplementary Table 2). For the
first half of the study period (weeks 9–18) the mean gestational
age for all extremely preterm births was higher in the pandemic
period compared to the reference period (mean ± SD= 26.2 ± 1.8
vs. 25.8 ± 1.9 weeks, p < 0.01). The percent change in mean
gestational age for all preterm births was positively correlated
with the SDI (CC= 0.49, 95% CI= 0.07, 0.91, lag of 0 weeks, Fig. 2,
Supplementary Table 1), however, the mean gestational age for
infants born during weeks 9–30 was not significantly different
between the study periods (Table 1).
Baseline characteristics differed between the two epochs among

EPLB and EPIS. For example, in the EPLB group, during the
pandemic period, higher rates of antenatal bleeding (21.5–27.3%,
OR= 1.37, 95% CI= 1.09, 1.71, p < 0.01), higher rates of self-pay/
uninsured (2.6–4.9%, OR= 1.90, 95% CI= 1.11, 3.21, p= 0.017), and
higher rates of partial antenatal steroid course (21.3–27.2%,
OR= 1.40, 95% CI= 1.11, 1.75, p= 0.012) were noted (Table 1).
Death <12 h after birth and IVH grade 3 or 4 were significantly lower
in the pandemic period, adjusting for sex, gestational age, birth
weight, multiple births, and antenatal steroids. On unadjusted
analysis, discharge home was significantly higher in the pandemic
period, but it was not significantly different on adjusted analysis.
Steroids use for bronchopulmonary dysplasia, late-onset culture
positive septicemia, and proven necrotizing enterocolitis were
lower during the pandemic period compared to the reference
period but were not statistically significant (Table 1).

DISCUSSION
This study from 26 US hospitals in the NICHD Neonatal Research
Network tested the hypothesis that increased social distancing

was associated with a lower incidence of extremely preterm live
births during the initial COVID-19 pandemic period. We found that
increased social distancing was not associated with a change in
the incidence of extremely preterm live birth or intrapartum
stillbirth but was associated with a slightly higher gestational age
of the extremely preterm births in the initial COVID-19 pandemic
period. The rates of EPIS were low in both periods making it
difficult to make statistical inferences. There were higher rates of
antenatal bleeding, self-pay/uninsured, and partial course of
antenatal steroid in the pandemic period; these changes could
reflect pandemic-related healthcare disruptions, including the
social distancing measures or other unaccounted factors that are
listed in the limitations section. Despite these baseline differences,
there was a decrease in adjusted rates of death <12 h after birth
and IVH grade 3 or 4 for infants in the pandemic period, possibly
related to an increase in mean gestational age for all preterm
births in the pandemic period.
Published studies have primarily compared preterm birth rates

in the pandemic period with the prior period without adjusting for
pandemic-related metrics; the majority of them have been single-
center studies [25, 46]. Multicenter and regional studies correlat-
ing the time of the lockdowns with preterm births have shown
inconsistent findings, varying from a decrease [47–49], no change
[50, 51], to an increase in the rates of preterm births [52], possibly
due to variations in social distancing and other public health
measures. To our knowledge, the current study is the first to
report changes in the incidence and outcomes of extremely
preterm births and analyze the correlation of extremely preterm
births and outcomes with the state-specific social distancing
index, a composite metric of several pandemic-related, popula-
tion-based, objective social distancing and mobility metrics. The
current study expands on the previous findings to inform the
pandemic-related pregnancy and perinatal public health policy.
The strong temporal correlation, especially in the early pandemic
period, between the social distancing index and extremely
preterm birth gestational age should be prospectively evaluated.
We speculate that the improvement in the hospital outcomes of

Fig. 1 Correlation of social distancing index with percent change in extremely preterm live births and intrapartum stillbirths. The percent
change from reference period ((pandemic – reference)/reference*100) was calculated using the weekly rates of EPLB and EPIS. The social
distancing index was not significantly correlated with the percent change of extremely preterm live births (CC= 0.29, 95% CI=−0.12, 0.71)
and intrapartum stillbirths (CC=−0.23, 95% CI=−0.65, 0.18). Reference period: calendar weeks 9–30 of 2018 and 2019 pandemic period:
calendar weeks 9–30 of 2020.
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extremely preterm infants seen in the current study may have
been due to infection prevention measures such as hand hygiene,
visitor restriction, and universal masking of care providers
instituted during the pandemic period, a hypothesis that deserves
further testing.
The current study leverages high-quality prospective research

databases of the NRN with quality control and ascertainment of
births and fetal-neonatal/infant outcomes. The study is based on
data from 26 hospitals across the US and, due to diversity in
geography and implementation of pandemic-related policies,
provides an opportunity to address the knowledge gap regarding
the effect of pandemic-related social distancing on the incidence
of preterm births. The present study was able to leverage more
detailed information on practices such as antenatal steroids and
specific neonatal morbidities commonly associated with prema-
turity by utilizing the NRN database, which is not accessible
through population registries based on data from birth and death
certificates.
However, there are a few limitations that need to be considered.

The study cohort does not represent all births in a well-defined
geography. It is possible, for example, that the decrease in
extremely preterm births observed resulted from changes in
hospital referral patterns or an increased rate of antepartum
stillbirth. The registries used for this study are based on the
deliveries in participating hospitals. Additionally, the SDI was
measured at the state level, and specific practices may have varied
within states or among hospitals or hospital-referral populations.
Also, this analysis could not account for additional factors that
may have potentially contributed towards the observed outcome
differences, including factors such as decreased access to care,
health seeking behavior changes leading to delay in care,
decreased access to pregnancy termination services, and changes
in insurance status due to employment disruptions.

CONCLUSIONS
Increased social distancing was not associated with a change in
the incidence of extremely preterm live birth in a cohort of US

academic medical centers but was associated with a higher
gestational age of the extremely preterm births in the initial
COVID-19 pandemic period.

Access to data and data analysis
BC and AD had full access to all the data in the study and take
responsibility for the integrity of the data and the accuracy of the
data analysis.

DATA AVAILABILITY
Data reported in this paper may be requested through a data use agreement. Further
details are available at https://neonatal.rti.org/index.cfm?fuseaction=DataRequest.Home.
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