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OBJECTIVE: We aimed to determine whether coronavirus-disease-2019 (COVID-19) pandemic exposure duration was associated

with PTB and if the pandemic modified racial disparities.

STUDY DESIGN: We analyzed Philadelphia births and replicated in New Haven. Compared to matched months in two prior years,

we analyzed overall PTB, specific PTB phenotypes, and stillbirth.

RESULTS: Overall, PTB was similar between periods with the following exceptions. Compared to pre-pandemic, early pregnancy
(<14 weeks’) pandemic exposure was associated with lower risk of PTB < 28 weeks’ (aRR 0.60 [0.30-1.10]) and later exposure with
higher risk (@aRR 1.77 [0.78-3.97]) (interaction p = 0.04). PTB < 32 weeks’ among White patients decreased during the pandemic,

resulting in non-significant widening of the Black-White disparity from aRR 2.51 (95%Cl: 1.53-4.16) to aRR 4.07 (95%Cl: 1.56-12.01)

(interaction P=0.41). No findings replicated in New Haven.

CONCLUSION: We detected no overall pandemic effects on PTB, but potential indirect benefits for some patients which could

widen disparities remains possible.

Journal of Perinatology (2022) 42:1346-1352; https://doi.org/10.1038/s41372-022-01488-1

INTRODUCTION

While pregnant people with symptomatic severe or critical
coronavirus disease 2019 (COVID-19) have been found to have an
increased risk for preterm birth (PTB) [1-3], the association of the
pandemic time period itself—involving societal disruptions and
changes in healthcare utilization—with PTB is less clear. Some
studies have reported a reduction in PTB [4-7] and others have
found no change [8-12]. There is similar discordance among reports
of a change in stillbirth [8, 13, 14]. Specifically, during the early
months of the pandemic our team found that the only significant
difference in birth outcomes during the pandemic period compared
to matched months prior years was a decrease in spontaneous PTB
(sPTB) among non-Hispanic White patients [15].

Identifying risk factors for PTB is complicated by its multifaceted
and numerous etiologies. To aid in a deeper understanding of the
sociodemographic, psychosocial, and clinical attributes associated
with increased risk of PTB, analyses should, at least, be stratified by
the two major phenotypes [16] of PTB, sPTB and medically indicated
PTB (mPTB). Additionally, greater insight into risk profiles and the
biological processes through which risk is conferred can be gleaned
through the assessment of the gestational timing of exposure to a
stressor and the risk of different PTB phenotypes [17]. Analyses that
incorporate PTB phenotype and gestational timing of exposures

may help elucidate factors that underpin the racial and ethnic
disparity in the rate of PTB found in the US [18]. The COVID-19
pandemic has had a disproportionate impact on Black individuals in
the U.S [19]. Black communities have experienced higher COVID-19
infection and mortality rates [20, 21] and have reported higher levels
of pandemic-associated stress during pregnancy [22] compared to
White communities, potentially widening existing gaps in adverse
pregnancy outcomes.

Like other studies [5, 6, 8-10], the initial analysis in Philadelphia
[15] only included four months of data and did not examine the
effect of the duration of exposure to the pandemic. Therefore, the
objective of this study was to further explore the relationship
of duration of exposure to the pandemic with overall PTB, its
phenotypes (sPTB, mPTB), gestational age sub-categories (extreme,
very, moderate, and late PTB), and stillbirth utilizing a larger dataset.
We included stillbirth in our analysis to ensure that if we detected
lower PTB rates, it was not due to increases in stillbirth. Given the
finding of reduced sPTB among non-Hispanic White patients in prior
initial analyses [15], we examined changes in racial disparities in PTB
in the pandemic compared to the pre-pandemic period and we
hypothesized that with longer pandemic exposure reflected in more
months of data we would detect an increase in racial disparities in
birth outcomes during the pandemic compared to prior years.
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METHODS

We analyzed birth outcomes in GeoBirth, a retrospective cohort of all
singleton births at the Hospital of the University of Pennsylvania (HUP) and
Pennsylvania Hospital (PAH) in Philadelphia, PA. Within GeoBirth, each PTB
(<37 weeks' gestation) was manually reviewed and determined to be an
sPTB (preterm labor, spontaneous rupture of membranes) or a mPTB
(clinician initiated due to a maternal or fetal health condition) by two
independent blinded reviewers. If there was discordance between the
reviewers, a third party reviewed the chart and made the final
determination. Since racial disparities have been shown to vary by severity
of PTB [23], we also examined rate of extreme (20-<28 weeks' gestation),
very (28-<32 weeks’ gestation), moderate (32-<34 weeks’ gestation), or
late (34-<37 weeks’ gestation) PTB. Gestational age was determined based
on best obstetric clinical estimate. Stillbirth was defined as documentation
of intrauterine fetal demise from the electronic health record (EHR) at
=20 weeks' gestation. We then replicated our findings using data from Yale
New Haven Health System in New Haven, CT, for which the only difference
was that the classification of sPTB was done through an automated EHR
query. A PTB was classified as spontaneous if there was documentation of
spontaneous preterm labor or preterm premature rupture of membranes.
All other PTBs were considered mPTB. This study was approved by the
University of Pennsylvania and Yale University Institutional Review Boards
with waivers of informed consent.

We compared patients with births during the pandemic (March 10,
2020-December 31, 2020) to those with births during analogous months in
the prior two years (2018 and 2019). We defined our cohort by restricting
the pandemic period to patients with a last menstrual period (LMP)
<20 weeks before the pandemic onset (March 10, 2020), and an estimated
due date before December 17, 2020; we matched the pre-pandemic period
by these constraints (Fig. 1). In this way, all patients’ pandemic exposure
started on or before 20 weeks’ gestation. To examine whether the duration
of exposure to the pandemic mattered, we split the cohort into two
groups: those whose exposure to the pandemic began during their first
trimester (<14 weeks' gestation) and those whose exposure began after
their first trimester (14-<20 weeks’ gestation). We did not include patients
with earlier LMPs (before October 22, 2019) because their exposure to the
pandemic began later in pregnancy and some patients with the same LMP
may have already had a PTB prior to the pandemic. For example, a patient
with a LMP of October 20, 2019 who delivered preterm at 20 weeks on
March 8, 2020 would not have been captured in the analysis because
patients were identified from the birth records. Using this approach, only
patients exposed to the pandemic and eligible for a PTB during the
pandemic were included in the pandemic period cohort.

We used log-binomial regression models to estimate relative risks of
overall PTB, sPTB, mPTB, extreme, very, moderate, and late PTB, as well as
stillbirth during the pandemic period compared to the pre-pandemic
period. Given their association with PTB in prior studies, we decided a
priori to adjust for age, parity, pre-pregnancy body mass index (BMI),
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Dates of the best obstetric estimate of last menstrual period (LMP), pandemic onset, and delivery. LMP last menstrual period, GA

smoking, and insurance status; we used a missing indicator for patients
without data for pre-pregnancy BMI or smoking status. In analyses
stratified by race we combined extreme and very PTB due to small
numbers. Additionally, we conducted a sensitivity analysis restricted to
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) negative
patients in the GeoBirth cohort to ensure that findings were not due to
infection; universal SARS-CoV-2 screening upon hospital admission for
childbirth was conducted with real-time reverse transcriptase—polymerase
chain reaction testing beginning on April 1 and April 13, 2020, at HUP and
PAH, respectively. Any positive test documented in the EHR up until the
time of birth was counted. We tested for interactions of the pandemic
period with duration of exposure and racial disparities using the ratio of
relative risks [24]. Participant race and ethnicity were self-reported and
categorized as Asian, Hispanic, multiple or unknown (grouped due to small
numbers), non-Hispanic Black (Black), and non-Hispanic White (White).
Analyses of GeoBirth data were conducted using R, version 4.0.2; code
available at https://github.com/annemullin/covid_disparities_jperi.git. Ana-
lyses of Yale data were done using SAS 9.4, Cary, NC. Both analyses used a
2-tailed significance threshold of p < 0.05.

RESULTS

Primary analyses in Philadelphia

In the primary GeoBirth dataset from Philadelphia, there were 10,610
births (n=7,163 in the pre-pandemic period and n = 3,447 during
the pandemic). In the pandemic period, there were 2385 patients for
whom the pandemic began prior to 14 weeks’ gestation and 1062
patients for whom the pandemic began between 14 and 20 weeks’
gestation. Patient characteristics were similar in the pre-pandemic
and the pandemic periods (Table 1). The average age was 30.7 years
old, 43.9% self-identified as Black, and 44.1% were publicly insured.
We did not detect a significant difference in the PTB rate in the pre-
pandemic (9.6%) and pandemic (9.1%) periods (p = 0.42) (Table 2).
The PTB rates among patients exposed to the pandemic starting
<14 weeks’ gestation (8.8%) and =14 weeks' gestation (10.0%) were
also similar to the pre-pandemic rate of 9.6% (p = 0.25 and p = 0.85,
respectively). Multivariable adjustment did not affect the findings;
there was no detectable difference in PTB during the pandemic
among all patients exposed, or among the subgroups exposed to
the pandemic <14 or =14 weeks’ gestation (Fig. 1). Additionally,
there were no detectable differences in any of the subcategories
of PTB examined including sPTB, mPTB, or in extreme, very,
moderate, or late PTB. There were no detectable changes in stillbirth
rates which were 6/1,000 before the pandemic and 4/1,000 in the
pandemic period (p = 0.49).
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Table 1.

Characteristic

Age (years
mean * SD)

All births
(n=10610)

30.7 5.7

Pre-Pregnancy BMIT (kg/m?)

<25 4645 (43.8)

25-<30 2439 (23.0)

230 2783 (26.2)
Insurance

Private 5936 (55.9)

Public 4674 (44.1)
Race and ethnicity

Black 4661 (43.9)

Hispanic Asian 2156 (20.3)

multiple or

unknown

White 3793 (35.7)
Parity

>0 5915 (55.7)

0 4695 (44.3)
Marital Status

Not Married 5303 (50.0)

Married 5307 (50.0)
Smoked during pregnancy*

No 9615 (90.6)

Yes 479 (4.5)

BMI body mass index.

Pre-pandemic
(n=7163)

30.6+5.7

3112 (43.4)
1628 (22.7)
1847 (25.8)

3976 (55.5)
3187 (44.5)

3172 (44.3)
1459 (20.4)

2532 (35.3)

4053 (56.6)
3110 (43.4)

3605 (50.3)
3558 (49.7)

6448 (90.0)
356 (5.0)

All chi-square or t-test p-values > 0.05 unless otherwise indicated.

"t-test p-value < 0.05 compared to pre-pandemic.

743 missing BMI, 516 missing smoking.
*chi-square p-value < 0.05 compared to pre-pandemic.

Pandemic

All pandemic-
exposed
(n =3447)

30.8+5.7

1533 (44.5)%
811 (23.5)*
936 (27.2)*

1960 (56.9)
1487 (43.1)

1489 (43.2)*
697 (20.2)*

1261 (36.6)*

1862 (54.0)*
1585 (46.0)*

1698 (49.3)
1749 (50.7)

3167 (91.9)F
123 (3.6)*

Characteristics of pregnant patients in the GeoBirth cohort before and during the pandemic, Philadelphia, PA.

Starting <14 weeks’
gestation (n =2 385)

30.8+5.7

1076 (45.1)*
556 (23.3)*
641 (26.9)

1343 (56.3)
1042 (43.7)

1053 (44.2)
476 (20.0)

856 (35.9)

1294 (54.3)*
1091 (45.7)*

1204 (50.5)
1181 (49.5)

2182 (91.5)*
85 (3.6)F

Starting 14- <20 weeks’
gestation (n =1 062)

309+5.7

457 (43.0)*
255 (24.0)*
295 (27.8)*

617 (58.1)
445 (41.9)

436 (41.1)
221 (20.8)

405 (38.1)

568 (53.5)
494 (46.5)

494 (46.5)*
568 (53.5)*

985 (92.7)
38 (3.6)

Table 2.

14-<20 weeks' gestation in GeoBirth, Philadelphia, PA.

Birth outcome
Term
Preterm (<37 weeks’)
sPTB
mPTB

Extreme
(20-<28 weeks’)

Very (28-<32 weeks’)

Moderate
(32-<34 weeks')

Late (34-<37 weeks')
Stillbirth (n per 1000)

All births
(n=10610)

n (%)
9549 (90.0)
1006 (9.5)
495 (4.7)
511 (4.8)
81 (0.8)
114 (1.1)
111 (1.0)

700 (6.6)
55 (5)

Pre-pandemic
(n=7163)

6432 (89.8)
691 (9.6)
336 (4.7)
355 (5.0)

58 (0.8)

86 (1.2)
81 (1.1)

466 (6.5)
40 (6)

SPTB spontaneous preterm birth, mPTB medically indicated preterm birth.
Data presented as n (%) unless otherwise indicated.
All chi-square or Fisher exact p-values > 0.05 compared to pre-pandemic.
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Pandemic

All pandemic-
exposed
(n =3447)

3117 (90.4)
315 (9.1)
159 (4.6)
156 (4.5)

23 (0.7)

28 (0.8)
30 (0.9)

234 (6.8)
15 (4)

Starting <14 weeks’
gestation (n = 2385)

2165 (90.8)
209 (8.8)
101 (4.2)
108 (4.5)

12 (0.5)

15 (0.6)
23 (1.0)

159 (6.7)
11 (5)

Birth outcomes among pregnant patients never exposed to the pandemic, exposed starting <14 weeks’ gestation, and exposed starting

Starting 14-<20 weeks’
gestation (n = 1062)

952 (89.6)
106 (10.0)
58 (5.5)
48 (4.5)
11 (1.0)

13 (1.2)
7 (0.7)
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Fig. 2 Risk of adverse preterm birth during the pandemic compared to matched months in two prior years in Philadelphia and New
Haven. P values test for interaction between duration of pandemic exposure and risk of each outcome during the pandemic compared to pre-
pandemic. PTB preterm birth, sPTB spontaneous preterm birth, mPTB medically indicated preterm birth, GA gestational age.

Table 3.
Black (n =4661)

Pre During
Birth outcome n (%)

Term 2757 (86.9) 1 306 (87.7)
Preterm 383 (12.1) 175 (11.8)
sPTB 186 (5.9) 90 (6.0)
mPTB 197 (6.2) 85 (5.7)
Extreme & very (20-<32) 88 (2.8) 35 (2.4)
Moderate (32-<34) 50 (1.6) 14 (0.9)
Late (34-<37) 245 (7.7) 126 (8.5)
Stillbirth (n per 1000) 32 (10) 8 (5)

SPTB spontaneous preterm birth mPTB medically indicated preterm birth.
Data presented as n (%) unless otherwise indicated.

All chi-square or Fisher exact p-values > 0.05 compared to pre-pandemic.
*p-value = 0.04.

When we examined whether exposure to the pandemic at
<14 weeks' or =14 weeks' gestation had significant differences in
the effect estimates of pandemic exposure with each PTB outcome,
there was only one significant interaction. Patients exposed to the
pandemic <14 weeks’ gestation had non-significantly decreased risk
of extremely PTB (<28 weeks’) (aRR 0.60, 95% Cl: 0.30-1.10) whereas
those exposed >14 weeks’ gestation had non-significantly increased
risk @RR 1.77, 95% Cl: 0.78-3.97) compared to pre-pandemic
(interaction p = 0.04) (Fig. 2).

With respect to the association of pandemic exposure with
racial disparities in outcomes, we performed two analyses. First,
we examined outcomes within each racial stratum. The only
significant difference detected during the pandemic was a
decrease in very PTB (<32 weeks' gestation) among White patients
from 1.2% pre-pandemic to 0.5% during the pandemic (p = 0.04)
(Table 3). There were no other significant differences. To analyze
changes in disparities we calculated ratios of relative risk of
each outcome separately among Black and a combined group of
Asian, Hispanic, multiple or unknown patients compared to White
patients. There were no significant differences. In sensitivity
analyses of the GeoBirth cohort, we excluded the 139 patients who
tested positive for SARS-CoV-2 up until the time of birth and
results were similar (Supplemental Tables 4 & 5).

Journal of Perinatology (2022) 42:1346 - 1352

Birth outcomes in racial/ethnic strata before and during the pandemic in the Philadelphia cohort.

Hispanic Asian multiple or White (n =3793)

unknown (n =2156)

Pre During Pre During
1329 (91.1) 629 (90.2) 2346 (92.7) 1182 (93.7)
128 (8.8) 64 (9.2) 180 (7.1) 76 (6.0)
60 (4.1) 34 (4.9) 90 (3.6) 35 (2.8)
68 (4.7) 30 (4.3) 90 (3.6) 41 (3.3)
25 (1.7) 10 (1.4) 31 (1.2) 6 (0.5)*
11 (0.8) 7 (1.0) 20 (0.8) 9 (0.7)
92 (6.3) 47 (6.7) 129 (5.1) 61 (4.8)
2(1) 4 (6) 6 (2) 3(2

Replication analyses in New Haven

We performed an analogous set of analyses in the replication
cohort from Yale New Haven Health System. There were 6194
births: 4173 pre-pandemic and 2021 during the pandemic
(Supplemental Table 1). There were 1335 births among patients
exposed to the pandemic <14 weeks’ gestation and 686 exposed
=214 weeks’ and <20 weeks’ gestation. The Yale New Haven cohort
differed from the GeoBirth Philadelphia cohort. A lower proportion
of patients self-identified as Black at Yale (18.0%) compared with
GeoBirth (43.9%). Rates of public insurance were slightly different
as well (39.6% at Yale compared to 44.1% in GeoBirth). With
respect to PTB outcomes, there were no changes during the
pandemic compared to pre-pandemic at Yale in all patients
(Supplemental Table 2). Furthermore, there were no detectable
differences based on duration of exposure to the pandemic
(interaction p-values all >0.05) (Fig. 2).

With respect to racial disparities, the reduction in very PTB
(<32 weeks' gestation) among White patients in Philadelphia was
not observed in New Haven. In New Haven, in the pre-pandemic
period, 0.9% of White patients had very PTB compared to 1.2%
during the pandemic and in adjusted models, Black-White
disparities were less pronounced during the pandemic compared
to prior (Fig. 3). For example, in adjusted pre-pandemic models,
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Fig. 3 Adjusted ratios of relative risk of preterm birth outcomes during the pandemic compared to pre-pandemic and interaction
p-values in Philadelphia and New Haven. Estimates >1 indicate increase in the disparity, whereas estimates <1 indicate decrease in the
disparity compared to White individuals. PTB preterm birth, sPTB spontaneous preterm birth, mPTB medically indicated preterm birth.

Black patients were 59% (aRR 1.59, 95% Cl: 1.18-2.15) more likely
to have PTB, but only 5% more likely during the pandemic (aRR
1.05, 95% Cl: 0.67-1.65) (interaction p =0.05). The Black-White
disparity in mPTB narrowed during the pandemic while the Asian,
Hispanic, multiple, or unknown-White mPTB disparity widened.
There was a significant narrowing of both Black-White and Asian,
Hispanic, multiple, or unknown-White disparities in extreme and
very PTB. However, there was a non-significant increase in the
Black-White disparity in stillbirths (pre-pandemic aRR 2.02, 95% Cl:
0.68-6.00 and pandemic aRR 3.74, 95% Cl: 0.57-24.6) (interaction
p=0.12).

DISCUSSION
In this study using data from two U.S. urban academic medical
centers, we did not detect changes in PTB during the pandemic
compared to matched months prior. Furthermore, when we
stratified pregnant patients by pandemic exposure <14 weeks’
gestation and >14 weeks’ gestation, we did not observe changes in
overall PTB compared to pre-pandemic. In the GeoBirth cohort in
Philadelphia, we found that patients exposed to the pandemic
earlier than 14 weeks' gestation had decreased risk of extreme PTB
compared to those exposed later in gestation. Since the results did
not replicate in New Haven, this finding may be due to chance (type
| error) since we did multiple tests and did not correct for multiple
testing. Furthermore, there were very few extreme PTBs during the
pandemic (n = 23). When we stratified by race, only PTB < 32 weeks’
gestation decreased among White patients in Philadelphia, which
non-significantly widened the disparity in this outcome only-a
trend that did not replicate in New Haven and may also be spurious
in the setting of multiple comparisons. However, a post-hoc analysis
of 2021 PTB < 32 weeks' gestation revealed a drop in rates among
Black patients compared to pre-pandemic, narrowing the disparity.

Changes in many aspects of life during the pandemic could
have led to changes in health and birth outcomes, including but
not limited to pollution exposure, occupational demands, physical
activity, diet and nutrition, psychosocial stress and mental health
status, substance use, sleep patterns, and infectious exposures.
However, the extent to which individuals might have benefited
from or been harmed by the pandemic could be a multitude of
factors including socioeconomic strata, household composition,
and employment status/type. These variations in life circum-
stances may contribute to the inconsistent findings with respect
to pandemic-associated birth outcomes across the literature.

Our findings differ from European reports showing decreases in
PTB [6, 25], but are consistent with a study from Ontario, Canada

SPRINGER NATURE

[13] and a study of extreme preterm infant NICU admissions across
17 countries [12]. U.S. reports have varied. U.S. birth certificate
data show a subtle reduction in PTB rates to 10.09% in 2020 from
10.23% in 2019 [26]. With the exception of a sPTB reduction
among White patients, the first four months of the pandemic did
not reveal changes in birth outcomes in GeoBirth in Philadel-
phia [15]. One large study analyzed 838,489 singleton births from
across the U.S. using data from Epic’s Cosmos research platform
and did not find differences in overall rates of PTB and stillbirth,
but could not assess changes in sPTB, mPTB, or specific gestational
age windows [27]. In contrast, a population-based study of
296,934 births in Colorado observed decreased PTB rates during
the pandemic, which was driven by a significant decline among
White and Hispanic individuals [28]. Results were similar in an
analysis of 49,845 births in Tennessee [5]. Neither study evaluated
sPTB or mPTB separately. Finally, none of these published studies
accounted for the timing of pandemic onset with respect to the
duration of pandemic and pandemic-associated societal changes
on birth outcomes.

The COVID-19 pandemic is not the only societal change that
presented an opportunity to examine a natural experiment to
elucidate drivers of PTB. There are several studies of other natural
experiments (natural disasters, political events) and birth out-
comes. A study in New York City demonstrated that among
patients who were in their first trimesters during the World Trade
Center attack on September 11, 2001, gestations were slightly
shorter (—3.6 days), but the study did not report PTB rates [29].
Ahmed et al. assessed if exposure to an ice storm in Quebec
increased the risk of PTB and if trimester at exposure modified this
association [30]. No differences in the rate of PTB was observed
between exposed and non-exposed individuals and no trimester-
specific effect was observed. However, Auger et al. reported that
there were higher singleton PTB rates in the “Triangle of Darkness”
which was most affected by the storm, compared to other time
periods as well as other less-affected areas of metropolitan
Montréal [31]. Others examined the effect of exposure to an
earthquake in New Zealand on PTB rates by comparing exposed
patients carrying singleton pregnancies in their first trimester to a
similar unexposed cohort [32]. Again, no effect on PTB was
observed. However, using a Swedish cohort of over 2 million
births, Class et al, found that those exposed to severe life stress, as
defined by the death of a spouse or first degree relative, were
significantly more likely to experience PTB and, those exposed in
mid gestation (months five and six) were statistically significantly
more at risk compared to those exposed in other gestational
windows [33]. Finally, an interrupted time-series study examined
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PTB during the Muslim travel ban to the U.S. from September 2017
through August 2018 and showed 6.8% increased odds in PTB
among individuals from countries affected by the ban [34]. Taken
together, some natural experiments have shown associations
between acute stressors and birth outcomes, and others have not.

One of the strengths of our study is the inclusion of timing of
exposure to the pandemic. In our study, we carefully evaluated
timing. For example, a person who gave birth at 41 weeks’
gestation in the first week of April 2020 in the U.S,, had only a few
weeks of exposure to pandemic life and none of those weeks
could have resulted in a PTB because all exposure occurred after
37 weeks’ gestation. Dating pregnancy by LMP (or calculated LMP
based on the best obstetric estimate of gestational age at birth)
allows for concurrent comparison of individuals who are equally
eligible to have various outcomes at different points during
pregnancy. Other strengths of our study include consideration of
the distinct phenotypes of PTB with respect to sPTB, mPTB, various
gestational age categories, and stillbirth rates. Additionally, our
primary cohort included a high proportion of births to Black
people, a population disproportionately affected by COVID-19,
and our analysis was replicated using an external dataset.
Limitations of our study include the inability to analyze rates of
spontaneous abortion due to insufficient data and the use of
health system, as opposed to population-based data. It is possible
that how patients chose a birth hospital changed during the
pandemic which could alter center-specific PTB rates if the patient
population changed between time periods. We were reassured
that measured demographic characteristics were similar in the
pre-pandemic and pandemic periods. Another limitation is the
size of our dataset. Had our dataset been significantly larger it is
plausible that the non-significant decrease in overall PTB rates
between periods in GeoBirth (9.6% pre-pandemic to 9.1%
pandemic) could have reached statistical significance. A post-
hoc power analysis revealed that 39,900 births in the pandemic
era and twice that number in the pre-pandemic era would have
been necessary for this small difference in PTB to be statistically
significant. However, given that our results did not replicate in
New Haven, it is unlikely that there was a universal lowering of
PTB rates during the pandemic. Additionally, the psychosocial
stress caused by the pandemic may have longer-term effects that
have yet to be measured. Finally, the SARS-CoV-2 positivity rate
may have been lower during the study period than in more recent
months and it is unknown whether findings would change in the
more recent waves of the pandemic.

In conclusion, in a detailed analysis of PTB phenotypes and
timing of pandemic exposure, we did not detect significant
differences in PTB outcomes during the pandemic compared to
matched months in prior years. The one exception was a
reduction in very PTB (<32 weeks’ gestation) among White
patients resulting in a non-significant widening of the Black-White
disparity in this outcome in the Philadelphia-based GeoBirth
cohort. This finding hints at the complexity of evaluating the effect
of this natural experiment on rates of PTB. Although at first glance
it may seem that exposure is universal, there is evidence that the
negative consequences of the pandemic were not evenly
distributed. Not surprisingly, vulnerable subgroups already living
with fewer resources to absorb economic shocks were devastated
by the pandemic. It is reasonable to assume that families with no
option for telework and with no resources to manage childcare
issues created by school closures suffered more than those with
the flexibility to work from home and resources to secure creative
options for their children [35]. Conversely, it is reasonable to
assume that for some select groups the alterations in daily life
caused by the pandemic may have been stress-reducing [36].
Thus, the varied findings across studies of pandemic-associated
birth outcomes globally, nationally, regionally, and locally high-
light the complexity and heterogeneity of environmental and
sociostructural factors that contribute to maternal-child health.
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