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Abstract

Background: Stress has been associated with adverse birth and postpartum health outcomes. Few studies have explored racial
differences in maternal stress in a birthing population longitudinally in the United States (U.S.) during the ongoing COVID-19
pandemic.

Objective: This study aimed to: (1) assess changes in reported stress before, during, and after initial emergency declarations
(e.g., stay-at-home orders) were in place due to the COVID-19 pandemic and (2) assess Black-White differences in reported
stress in a pregnant and postpartum population from Southwestern Pennsylvania.

M ethods: We leveraged data from the ongoing Postpartum Mothers Mobile Study (PMOMS) which surveys participants in real-
time throughout the pregnancy and postpartum periods via ecological momentary assessment (EMA) and smartphone
technology. We analyzed data from a subset of PMOM S participants (n=85) who were either Black or White, and who submitted
EMA responses regarding stress between November 1, 2019 and August 31, 2020, the timeframe of this study. Data were
divided into four phases based on significant events during the COVID-19 pandemic: a pre-phase (baseline), early-phase (first
case of COVID-19 reported in U.S.), during-phase (stay-at-home orders), and post-phase (stay-at-home orders eased). We
assessed mean stress levels at each phase using mixed-effects models and post-hoc contrasts based on the models.

Results: Overall mean stress (min: 0, max: 4 as measured by a modified Cohen Perceived Stress Scale) during the pre-phase was
0.8 for Black and White participants [range for Black participants. 0-3.9, range for White participants. 0-2.8]. There was an
increase of 0.26 points (t=5.19, d.f.=5649, p<.0001) in the during-phase as compared with the pre-phase, and an increase of 0.19
points (t=3.09, d.f.=5649, p=0.002) in the post-phase compared with the pre-phase (n=85). No difference was found between
Black and White participants in the change in mean stress from the pre-phase to the during-phase (? ?= -0.016, p=0.867). There
was a significant difference between Black and White participants in the change in mean stress from the during-phase to the post-
phase (? ? =-0.39, p<0.0001).

Conclusions: There was an overal increase in mean stress levels in this subset of pregnant and postpartum participants during
the same time as the emergency declarations/stay-at-home orders in the US. Compared to baseline, mean stress levels remained
elevated when stay-at-home orders eased. We found no significant difference in the mean stress levels by race. Given that stress
is associated with adverse birth outcomes and postpartum health, stress induced by the ongoing COVID-19 pandemic may have
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adverse implications for birthing populationsin the U.S.
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Trends in stress among preghant and postpartum women during
the COVID-19 pandemic

Abstract

Background: Stress has been associated with adverse birth and postpartum health
outcomes. Few studies have explored racial differences in maternal stress in a birthing
population longitudinally in the United States (U.S.) during the ongoing COVID-19 pandemic.
Objective: This study aimed to: (1) assess changes in reported stress before, during, and after
initial emergency declarations (e.g., stay-at-home orders) were in place due to the COVID-19
pandemic and (2) assess Black-White differences in reported stress in a pregnant and
postpartum population from Southwestern Pennsylvania.

Methods: We leveraged data from the ongoing Postpartum Mothers Mobile Study (PMOMS)
which surveys participants in real-time throughout the pregnancy and postpartum periods via
ecological momentary assessment (EMA) and smartphone technology. We analyzed data from a
subset of PMOMS participants (n=85) who were either Black or White, and who submitted EMA
responses regarding stress between November 1, 2019 and August 31, 2020, the timeframe of
this study. Data were divided into four phases based on significant events during the COVID-19
pandemic: a pre-phase (baseline), early-phase (first case of COVID-19 reported in U.S.), during-
phase (stay-at-home orders), and post-phase (stay-at-home orders eased). We assessed mean
stress levels at each phase using mixed-effects models and post-hoc contrasts based on the
models.

Results: Overall mean stress (min: O, max: 4 as measured by a modified Cohen Perceived Stress
Scale) during the pre-phase was 0.8 for Black and White participants [range for Black
participants: 0-3.9, range for White participants: 0-2.8]. There was an increase of 0.26 points
(t=5.19, d.£=5649, p<.0001) in the during-phase as compared with the pre-phase, and an
increase of 0.19 points (t=3.09, d.f=5649, p=0.002) in the post-phase compared with the pre-
phase (n=85). No difference was found between Black and White participants in the change in
mean stress from the pre-phase to the during-phase (§= -0.016, p=0.867). There was a
significant difference between Black and White participants in the change in mean stress from
the during-phase to the post-phase (§ =-0.39, p<0.0001).

Conclusions: There was an overall increase in mean stress levels in this subset of pregnant and
postpartum participants during the same time as the emergency declarations/stay-at-home
orders in the US. Compared to baseline, mean stress levels remained elevated when stay-at-
home orders eased. We found no significant difference in the mean stress levels by race. Given
that stress is associated with adverse birth outcomes and postpartum health, stress induced by
the ongoing COVID-19 pandemic may have adverse implications for birthing populations in the
Us.

Keywords: COVID-19; Ecological Momentary Assessment; Health Status Disparities;
Pandemics; Postpartum; Pregnancy; Stress, Psychological
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Introduction

By late 2019, the world had become increasingly aware of the novel coronavirus, COVID-19 (the
disease caused by SARs-cov2). The first case of the coronavirus in the United States (U.S.) was
identified in the state of Washington on January 21, 2020[1]. Shortly thereafter, the U.S.
Secretary of Health and Human Services declared a public health emergency on January 31,
2020 [2]. On March 11, 2020, the World Health Organization (WHO) declared COVID-19 a
pandemic, signifying that cases of the virus had spread to more than one hundred countries [3].
Two days later, the U.S. federal government declared the pandemic a national emergency [2].
On March 16, 2020, the U.S. President and the White House Coronavirus Taskforce members
presented guidelines to slow the spread of the virus during a press conference targeted to the
U.S. public. These guidelines included listening to local authorities, staying at home if sick, and
isolating if someone in your household tested positive for the virus [4]. This was federal
guidance, but much of the public health intervention needed to address the outbreak was left to
local officials. Since there was limited federal intervention initially to address the outbreak, the
response to the coronavirus varied by parishes, counties, states, and regions across the country.

In the initial stages of the pandemic, local government officials had limited tools, knowledge,
and resources to address the public’s concern about the virus and to mediate risk to the public.
Furthermore, this was a new coronavirus, which impeded the U.S. development and scaling up
of diagnostic tests to confirm diagnoses of the virus [5]. Additionally, inconsistent health
communication to the public regarding how individuals contracted the virus as well as
symptoms, left the public vulnerable to contracting the virus [6]. Since local officials had
limited resources to test for the virus and isolate infected individuals, they used other methods
to reduce the risk of disease to the public. To slow the spread of the virus and to mitigate
overburdening the healthcare system, some government officials across the nation declared a
state of emergency and issued stay-at-home orders as a public health intervention to break the
chain of infection from person-to-person contact. These emergency declarations and policy
actions included temporary business closures [7], movement of education to online/remote
formats [8,9], and changes in healthcare system protocols [10]. Employment was affected
among the 20.4% of U.S. workers employed in industries impacted by some state and local
business restrictions aimed at reducing the spread of the virus [11]. In April 2020, employment
payrolls fell by 20.5 million people and the unemployment rate was 14.7% [12]. Moreover,
uncertainty about the virus and limited mechanisms to mediate the risk to the public greatly
disturbed the daily lives of U.S. residents.

Experts have seen a global increase in the incidence of anxiety, depression, post-traumatic
stress disorder (PTSD), and psychological distress in the general population during the
pandemic [13]. Czeisler et al. [14] used representative panel surveys (administered June 24-30,
2020) to assess mental health, substance use, and suicidal ideation among U.S. adults. Of their
respondent sample, 40.9% of adults reported at least one adverse mental health condition
(symptoms of anxiety or depressive disorder) and 30.9% reported symptoms of trauma or
stressors related to the pandemic. Moreover, young adults, Hispanic persons, Black persons,
essential workers (i.e., healthcare workers), unpaid caregivers for adults, and persons receiving
treatment for preexisting psychiatric disorders were disproportionately impacted by adverse
mental health due to the pandemic [14]. Park et al. [15] found common stressors related to
COVID-19 included media coverage of viral contagiousness, uncertainty about the length of
quarantine or social distancing measures, disruption to social and personal care routines, lack
of job security and financial strain, and perceived risk of infection among a sample of U.S.
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adults. This study also found that individuals with caregiver status, younger adults, sexual
minorities, and non-White participants were at greater risk for stressors related to the
pandemic [15]. Thus, several stressors related to uncertainty about the pandemic impacted
populations in the U.S., which was felt disproportionately among marginalized communities
(i.e., Black people, LGBTQ people), and individuals experiencing adverse mental health prior to
the pandemic.

Given that psychological stress is associated with adverse birth outcomes and maternal health,
stress induced by the COVID-19 pandemic may have implications for perinatal and birthing
populations in the US. Several international studies have reported an increase in psychological
stress and psychiatric symptoms during the COVID-19 pandemic among childbearing
populations; however, few studies are based in the U.S. [16-18]. Preis et al. [19] found that
pregnant people in the U.S. (recruited late April 2020) reported mild (35.6%), moderate
(21.6%), and severe (21.7%) anxiety. Using a pandemic-related stress (PREPS) scale, they
found that pandemic preparedness stress (OR=1.75,95% CI 1.35-2.26), and anxiety related to
perinatal COVID-19 infection stress (OR= 1.55, 95% CI 1.28-1.88) were associated with a
greater likelihood of moderate or severe anxiety symptoms after adjustment for
sociodemographic, medical, and obstetrical variables. In a follow-up study, (conducted April-
May, 2020) pandemic preparedness stress (30%) and perinatal infection stress (27.2%) were
associated with income loss, prenatal care disruption, and perceived COVID-19 infection among
pregnant people [20]. A mixed-methods study conducted March to April of 2020 found that
60% of surveyed pregnant participants (n=27) reported experiencing moderate or severe
anxiety symptoms and 68% reported moderate stress. In the qualitative results (n=31),
participants reported uncertainty related to prenatal care, stress related to the risk of COVID-
19 infection, disruption of birth plans, and lack of postpartum support [21]. One study also
found that over 50 percent of pregnant participants reported increased stress related to food
insecurity, loss of job or household income, and loss of childcare [22]. Another study found
COVID-19 health worries (e.g., fear of infection) and grief (e.g., loss of meaningful experiences)
was associated with clinically significant levels of depression, generalized anxiety, and PTSD
among pregnant and postpartum participants. This study also found that participants who
reported pre-existing mental illness diagnoses were more likely to report these symptoms [23].
These studies suggest that stress related to lack of support, income loss, uncertainty regarding
prenatal/postnatal care, perceived risk of COVID-19 infection, and inability to meet basic needs
(e.g., securing food) were associated with reports of increased stress and symptoms of mental
health illnesses among U.S. perinatal populations. Prior studies based in the U.S. have not
examined longitudinal changes in stress among perinatal populations by race, thus creating the
impetus to examine these experiences in this population.

Objective of Study

This study examined changes in reported stress during different phases of the pandemic in a
sample of U.S. pregnant and postpartum people. The aims of this manuscript are to: (1) assess
changes in reported stress before, during, and after initial emergency declarations/stay-at-
home orders were in place and (2) assess whether reported stress differed by race during these
time periods over the COVID-19 pandemic.

Hypotheses

We hypothesized that: (1) all participants would report higher mean stress levels in the during-
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phase compared with the pre-phase; (2) in the post-phase, reported mean stress levels would
return to pre-phase levels for all participants; and (3) reported mean stress levels would
increase for all participants from the pre-phase to the during-phase, but the change in reported
stress levels would be higher for Black participants than for White participants.

This study is a secondary analysis of data from the Postpartum Mothers Mobile Study
(PMOMS), a prospective longitudinal study examining factors associated with racial disparities
in postpartum weight retention and cardiometabolic health. PMOMS uses smartphone
technology to remotely collect survey data via ecological momentary assessment (EMA). EMA
allows for the assessment of study participants experiences, moods, and behaviors in the
context of their natural environment and in real time [24]. The EMA component of PMOMS
enabled the continuation of primary data collection during the COVID-19 pandemic, since
participants answered survey questions via the smartphone. Further details about the study
are published elsewhere [25,26].

Methods

Study Design

PMOMS is an ancillary study to GDM2 (Comparison of Two Screening Strategies for Gestational
Diabetes) [27,28], a randomized controlled trial conducted in a single Women’s hospital in
Southwestern Pennsylvania. In addition to the participants recruited to PMOMS from the GDM2
clinical trial (n=284), participants were also directly recruited into the PMOMS study (n=29).
The study participants are recruited during the second and third trimester (18 to 28 weeks’
gestation) and followed up to 1 year postpartum. Once participants consented to the study,
they completed baseline surveys, received smartphones, a smart scale, and downloaded a
companion app to weigh themselves. Participants completed EMA surveys throughout the
duration of the study. PMOMS was approved by the Human Research Protection Office at the
University of Pittsburgh.

Setting & Participants

A subset of participants from PMOMS contributing data from November 1, 2019-August 31,
2020 served as the analytic sample (n=85). We divided the study period into four phases based
on significant events in the COVID-19 pandemic timeline in the U.S. Pennsylvania, and
Allegheny County. Most of the study participants (n=81) lived in Allegheny County during the
study period. The “pre-phase” (Nov. 1, 2019-Jan. 20, 2020; 81 days) represents a reference
baseline period before the first case of COVID-19 in the U.S. The “early-phase” (Jan. 21, 2020-
March 12, 2020; 52 days) began on the first day a COVID-19 case was reported in the U.S. [1].
The “during-phase” (March 13, 2020-June 4, 2020; 84 days) began on the day COVID-19 was
declared a national emergency and Pennsylvania officials implemented state-wide stay-at-
home orders (closure of all businesses that were not life sustaining) [29]. This period also
included remote and online educational learning for public schools, business closures, and the
issue of stay-at-home orders specifically in Allegheny and surrounding counties [30]. The
“post-phase” of this study (June 5, 2020-Aug. 31, 2020; 88 days) covered the transition from
previous stay-at-home orders to the restricted opening of non-essential businesses (i.e., bars,
gyms) in Allegheny County (see Figure 1).
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Pre
Nov. 1, 2019 to
Jan. 20, 2020

Early

Jan. 21, 2020 to
Mar. 12,2020

During
Mar. 13, 2020 to
Jun. 4, 2020

Post

Jun. 5, 2020 to
Aug. 31, 2020

« Dec. 31, 2019 - WHO first
notified about outbreak of “viral
pneumonia of unknown cause” in
Wuhan, China

* Jan. 9, 2020 - Outbreak
determined to be caused by novel
coronavirus

» Jan. 21, 2020 - First confirmed
case of novel coronavirus in the
us

+ Feb. 11, 2020 - Novel
coronavirus named COVID-19;
395 confirmed cases in 24
countries outside of China

« Mar. 6, 2020 - First confirmed
COVID-19 case in PA; 148
confirmed cases in the US

* Mar. 11, 2020 - WHO declared
COVID-19 a global pandemic
given international spread

« Mar. 13, 2020 - US federal
government declared national
emergency due to COVID-19
spread

e Mar. 16, 2020 - Closure of K-12
schools for at least two weeks

* Mar. 19, 2020 - PA governor
announced closure of all “non-life
sustaining businesses”

« Mar. 23, 2020 - Shelter-in-place
in effect for Allegheny County, PA

« Apr. 1, 2020 - Shelter-in-place in
effect for all of PA

« Jun. 5, 2020 - Allegheny County,
PA transitioned to “green phase”,
which included lifting the stay-at-
home order; more than 2,100
cases confirmed in the county to-
date

« Jul. 3, 2020 - All counties in PA
transitioned to “green phase”;
more than 89,000 cases
confirmed in the state to-date

« As of August 31, 2020, PA had
over 135,000 confirmed cases to-
date and over 15,000 related

deaths; Allegheny County had
over 10,000 confirmed cases to-
date and 337 related deaths

« Apr. 9, 2020 - PA governor
announced that K-12 schools to
remain closed for remainder of
school year

PA: Pennsylvania; US: United States; WHO: World Health Organization

Sources: Allegheny County Health Department. (2020). “COVID-19.” Accessed on November 23, 2020. St
Pennsylvania Department of Health. (2020). “COVID-19 in Pennsylvania.” Accessed on November 23, 2020. gy i i g
Drgammtmn (ZOZU) Tlmnhnc WHO's COVID-19 response.” Accessed on November 23, 2020. Last updated on Snptnmbcr 10, 2020. https: wawu‘hn int/emergencies/di

; World Health

/novel-coronavirus-

Figure 1. Phases of COVID-19 response as applied in the present analysis, based on administrative actions at the national, state, and
county levels.

Measurements
Primary Outcome

The primary outcome of interest in this study was mean reported stress levels measured using
a modified Cohen Perceived Stress Scale collected via EMA [31]. EMA data were collected using
signal-contingent and time-contingent prompts on participant smartphones. The participants
chose the timing of beginning of day (BOD) and end of day (EOD) surveys, there were at least
nine hours between these time-contingent prompts. The BOD and EOD surveys included
questions about sleep, mood, and dietary intake. The signal-contingent prompt used a random
sampling design (described in detail elsewhere [25]) to administer random daily surveys that
included questions about mood, stress, self-efficacy, microaggressions, race, and gender
discrimination [26]. At the beginning of each random survey, participants were asked to “rate if
you are feeling nervous or stressed right now?” The response scale ranged from O (not at all) to
4 (alot), which was used for these analyses.

Main Predictors

The main predictors in the model were pregnancy or postpartum, race, and phase of the
COVID-19 pandemic timeline, the latter of which is described in detail above.

Participants self-reported race via self-administered electronic surveys at the baseline visit
(18-28 weeks’ gestation).

Covariates

We selected covariates based on the literature and our understanding of stress during
pregnancy [32,33]. Education level, employment status, household income, and marital status
were included as covariates. All covariates were dichotomized, with education dichotomized as
less than college vs. college degree or higher, employment status as unemployed vs. employed,

https://preprints.jmir.org/preprint/30422 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Omowale et a

household income as earning less than $50,000 per year vs. over $50,000 per year, and marital
status as unmarried vs. married.

Analytical Sample

The overall PMOMS population included 313 participants. Out of these, 197 completed PMOMS
prior to the timeframe of this study (November 1, 2019-August 31, 2020), leaving a total of 116
participants. Out of those, 24 did not complete EMA surveys with stress data, resulting in 92
participants with stress data. We excluded participants that identified as Asian (n=5) or more
than one race (n=2) since our primary aim was to examine Black-White differences in stress
levels during the study period, resulting in a total of 85 participants in the final analytic sample.
The analytical sample included participants that self-identified as White (n=53), Black or
African American (n=31), and African (n=1) who completed EMA surveys. The participants
included in the analytic sample were more likely to be White, married, college educated,
employed full-or- part-time, and had a household income $50,000 or higher compared to
participants that were excluded.

Statistical Methods

Participants were included in a phase if they contributed at least one survey during that phase.
Not all participants contributed surveys in every phase. Descriptive analyses included
estimates of frequencies of categorical demographic covariates including race, education level,
employment status, household income, and marital status; mean numbers of signal-contingent
survey responses contributed per participant in each of the four phases (overall and by race),
and unadjusted mean stress levels in each of the four phases (overall and by race). Variance
inflation factors (VIFs) were used to assess the multicollinearity among education, income,
employment, and marital status. Since all VIFs were less than 5, all covariates were included in
the model.

Mixed-effects models with random subject effects were used to describe the effect of COVID-19-
related emergency declarations/stay-at-home orders on repeated measured stress levels in
signal contingent assessments. All models included main effects for pregnancy stage, race, and
study phase, and an interaction between race and study phase. Since the literature shows that
marital status, employment, education, and income are important factors associated with
stress during pregnancy, we explored models including these covariates as fixed effects. F-tests
were used to determine the significance of fixed effects. Adjusted mean stress levels were
computed for each model, and post-hoc contrasts based on the models were used to address
the study aims. All analyses were conducted using SAS® version 9.4 (SAS Institute Inc. Cary,
NC).

Results

As participants completed the PMOMS study, the sample size declined across COVID-19 phases.
One African American participant withdrew from the study but contributed survey data to the
pre-phase prior to doing so. Baseline demographic characteristics of the study participants who
contributed EMA data in each phase are presented in Table 1. The study sample was mostly
White (62.4%), married (56.5%), had a college degree or higher (51.8%), was employed full- or
part-time (74.1%), and had an income greater than $50,000 (50.6%). The percentage of Black
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participants contributing to the data in each phase ranged between 34.3% and 41.7%, whereas
the percentage of White participants ranged between 58.3% and 65.7%.
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Table 1. Frequencies of participants contributing data in each phase by demographic variable®, and stratified by Black” and
White Race. Percentages (given in parentheses) are over all participants contributing data in a given phase.

All Pre Phase
(N=85) (n=66) Early Phase During Phase Post Phase
(n=52) (n=35) (n=24)
Black White Black White Black White Black White Black White
(n=32) (n=53) (n=23) (n=43) (n=19) (n=33) (n=12) (n=23) (n=10) (n=14)
(37.6%) | (62.4%) | (34.9%) (65.2%) | (36.5%) | (63.5%) | (34.3%) | (65.7%) | (41.7%) | (58.3%)
Hispanic
0 3 0 3 0 1 0 1 0 0
(0.0) (3.53) (0.0) (4.55) (0.0) (1.92) (0.0) (2.86) (0.0) (0.0)
Current
student
3 4 3 4 1 2 1 1 0 0
(3.53) (4.71) (4.55) (6.06) (1.92) (3.85) (2.86) (2.86) (0.0) (0.0)
College degree
or higher
6 38 5 31 2 26 (50.0) 2 18 (51.4) 1 11 (45.8)
(7.06) (44.7) (7.58) (47.0) (3.85) (5.71) (4.17)
https://preprints.,jmir.org/preprint/304p2 [unpublished, non-peer-reviewed preprint]
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Currently
employed
18 45 17 35 9 29 3 19 1 13
(21.2) (52.9) (25.8) (53.0) (17.3) (55.8) (8.57) (54.3) (4.17) (54.2)
Household
Income
$50,000
3 40 3 32 1 26 1 18 0 11
(3.53) (47.1) (4.55) (48.5) (1.92) (50.0) (2.86) (51.4) (0.0) (45.8)
Married
6 42 5 33 2 29 2 20 1 12
(7.06) (49.4) (7.58) (50.0) (3.85) (55.8) (5.71) (57.1) (4.17) (50.0)

2All covariates were measured at baseline.
"Black defined as Black/African American or African
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Table 2 displays the mean number of EMA surveys contributed by participants overall and
in each phase, stratified by race. White participants contributed a higher mean number of
surveys overall (mean=63.7) and in each phase (mean range: 25.2-57.9) compared with

Black participants (overall mean=43.9; mean range: 15.4-26.1).

Omowale et al

Table 2. Distribution of number of completed surveys per participant, by phase and race

(N=85).
Phase Race Mean Median Min Max
All
Black (n=32) 43.9 33 1 153
White (n=53) 63.7 55 1 199
Pre
Black (n=23) 26.1 25 1 74
White (n=43) 36.3 38 2 75
Early
Black (n=19) 15.4 13.0 1 34
White (n=33) 25.2 23.0 3 49
During
Black (n=12) 25.0 18.5 1 59
White (n=23) 47.7 58.0 2 73
Post
Black (n=10) 24.5 20.0 3 61
White (n=14) 57.9 62.5 1 87

The distribution of unadjusted mean stress levels for Black and White participants are
shown in Table 3. This includes the overall mean stress levels between Black and White
participants with no difference during the pre-phase but differences are observed at each of

the other phases.

Table 3. Distribution of unadjusted mean stress levels by phase and race (N=85).

Phase Race Mean Min Max
Pre
Black (n=23) 0.8 0 3.9
White (n=43) 0.8 0 2.8
Early
Black (n=19) 0.8 0 2.9
White (n=33) 0.9 0 2.7
During
Black (n=12) 14 0 4.0
White (n=23) 1.1 0 4.0
Post
Black (n=10) 0.5 0 1.8
White (n=14) 1.3 0.1 4.0

https://preprints.jmir.org/preprint/30422
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Stress Outcomes

In our first analysis of stress over the study period, we found a significant race and phase
interaction (F3=14.8,p<0.0001). Figure 2 shows the mean stress levels for Black and White
participants, adjusted for phase, race, the phase by race interaction, marital status, income,
education, and employment.

2.0

Race
O Black
O White
15
T
L]
o 1.18
= ________ﬁ——-—aa ~1__ﬁ1_|1_ i
w 1.04 — White
=~ 10 d_________—e—-" 0.88
2 Ll === /_ —__ 082
i — Black
= 072 072
i & =
=
05
0.0
Pre Early During Post

Phase

Figure 2. Mean Level of Stress for Each Phase by Race, Adjusted for marriage, education level, employment, and income level.

Post-hoc contrasts regarding all participants, based on the mixed-effects model, showed an
increase in mean stress-levels of 0.26 points (t=5.19, d.f.=5649, p<.0001) in the during-
phase as compared with the pre-phase, and an increase of 0.19 points (t=3.09, d.f.=5649,
p=0.002) in the post-phase compared with the pre-phase (Table 4).
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Table 4. Phase-to-phase comparison of mean stress, adjusted for covariates.
Phase Comparison Difference in Adjusted Mean SE tValue | Pr>|t|
Stress

During to Pre

0.26 0.05 0.21 <.0001

Post to Pre

0.19 0.06 3.10 0.0020
Model 2: Stage, Race, Phase, Race x Phase Interaction, married, education level, employed,
income level

d.f.=5649

Adjusted analyses showed that there was no difference between Black and White
participants in the change in mean stress from the pre-phase to the during-phase (5 =-
0.016, p=0.867). The results of the adjusted analyses were very similar to those of the
unadjusted model (S =-0.020, p=0.831).

Given the significant race and phase interaction and the mean-stress trajectories in Figure
2, which show that mean stress increased between the during- and post-phases for White
participants and decreased for Black participants between these phases, we conducted an
ancillary analysis focused on a final contrast between Black and White participants
regarding the change in reported stress levels between the during- and post-phases. There
was a significant difference between Black and White participants in the change in mean
stress from the during-phase to the post-phase (5 =-0.39, p<0.0001).

Discussion

Principal Results

We found there was an increase in mean reported perceived stress levels during initial
emergency declarations and stay-at-home orders in Allegheny County, Pennsylvania
compared to the baseline measure of stress (pre-phase) among study participants. This
finding supports our first hypothesis that participants would report increased stress levels
during the period of initial emergency declarations/stay-at-home orders (during-phase)
enacted to mitigate the risk of infection of COVID-19 to the public due to limited knowledge
and resources to address the outbreak. The second hypothesis indicated that reported
stress levels would return to baseline (pre-phase) during the post-phase (when stay-at-
home orders eased), and residence could resume some of their normal daily activities.
However, we found that stressed levels remained elevated during this period and did not
return to baseline. Our third hypothesis anticipated that Black participants would report
higher stress levels from the pre-phase to the during-phase than White participants based
on previous studies that indicate Black people report higher stress levels during pregnancy
than non-Black people [34,35]. We found no significant difference in mean stress level
between Black and White participants during the (pre-, early-, and during) phases of the
study. We also found that only Black participants’ mean levels of stress were near baseline
levels during the post-phase. In fact, mean stress levels among White participants increased
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in each phase of the study (pre-, early-, during-, and post), and did not return to baseline
levels. In our ancillary analysis we found a significant Black-White difference in mean stress
levels from the during to the post-phase, when mean stress levels decreased for Black
compared to White participants.

Previous studies found that Black birthing people experience more stress during pregnancy
than White birthing people. One prior study found that Black participants reported higher
levels of stress and had higher biomarkers of stress (i.e., corticotropin-releasing hormone,
adrenocorticotropic hormone) in late pregnancy than White participants [34]. Another
study found that Black primigravida participants experience a threefold increased risk for
PTSD symptoms compared with non-Black participants [35]. Maternal stress is a key factor
in understanding adverse pregnancy and birth outcomes. Therefore, understanding Black-
White differences in maternal stress in the context of the COVID-19 pandemic could have
implications for reproductive and infant health outcomes.

Existing literature may help explain why Black participants in our study did not experience
more stress than White participants. Two studies found that working from home, spending
more time with a new baby, saving money, managing expectations, access to outside spaces,
and healthy behaviors were all positive coping mechanisms among U.S. pregnant and
postpartum people during the pandemic [20,21]. Racial differences in protective factors
and coping mechanisms against stress may explain lower reports of stress among Black
participants in our study. The coping style and response to stressful events as “strong” or
with strength has been identified as a coping mechanism or cultural expectation among
Black women in several studies [36-39]. Moreover, this coping mechanism may persist in
this sample of Black participants during the pandemic. An alternative explanation is there
may be racial differences in completion rates of surveys. However, we do not know if this
was an effect of the pandemic or a true racial difference. Further work is necessary to
establish whether coping styles and practices contribute to racial differences in reported
stress in perinatal populations during the pandemic and what protective factors are most
beneficial to different populations.

The psychological, economic, and other short-term and long-term consequences of the
impact of COVID-19 are still emerging and provide a template for handling similar
circumstances in the future. During our study period, the U.S. public experienced different
risk levels-based on community spread of the virus and anticipated surges of cases without
a vaccine or treatment to sufficiently reduce risk of illness or death. Additionally,
unemployment—even briefly—may have longer-term financial consequences as families
recover from income loss, and the risk of housing insecurity due to lack of income. As noted
from the COVID-19 pandemic in the U.S., even as restrictions on non-essential businesses
eased, the easing of restrictions was not a panacea. The unemployment rate was 8.4% when
public health related restrictions eased in August 2020, which was still 4.9 percentage
points higher than it was in February 2020, prior to any implementation of stay-at-home
orders [40]. Additionally, parents who continued to work during stay-at-home orders,
returned to work, or telecommuted as a work option potentially experienced challenges to
childcare due to the uncertainty in reopening schools, remote learning for children, and
disruptions in other childcare options [9,41]. These factors as well as loss of household
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income, difficulty meeting basic needs (i.e., rent/mortgage), and other unmet needs (i.e.,
food insecurity) may contribute to experiences of stress. Moreover, the inability to cope
with these unmet needs among childbearing people due to COVID-19 has the potential to
exacerbate experiences of stress.

Limitations

We are aware that our study findings have some limitations. First, this study did not collect
data on changes in sociodemographic information overtime, but baseline measures
provided some indication of participants’ status. One of our key findings is that stress
increased among White participants during each study phase. Since sociodemographic
information was not collected longitudinally, we cannot state whether these factors
contributed directly to the increase in stress in this sample of participants. Second, our
overall sample size decreased over each phase of the study, especially for Black
participants. Also, Black participants contributed fewer surveys throughout the study
period, and their responses were the lowest in the post-phase. Qur findings indicated that
Black participants’ mean stress levels returned to baseline during the post-phase. Lower
survey responses among Black participants throughout the study period could bias
findings, especially if the reduction in response rates was due to experiences of stress
during the study period. Finally, since our sample was drawn from one county served by
one maternity hospital in Pennsylvania, our findings may not be generalizable to other
settings.

Strengths

Several strengths of this study should be noted. The participants were already enrolled in
an ongoing longitudinal study, which allowed for the examination of stress over significant
phases of the COVID-19 pandemic in the U.S, and in a diverse population in southwestern
Pennsylvania in particular. The use of EMA data collection methods and smartphone
technology provided survey responses in real-time and in the social context of the
participants. Additionally, random signal-contingent assessments use a random sampling
design to provide a representative sample of participants' survey responses over the study
interval. Moreover, survey responses collected in real time via smartphone technology
provided insight into participants’ experiences of stress during the initial emergency
declarations related to the pandemic and stay-at-home orders intended to reduce the risk
to the public.

Conclusions

In this paper we explored racial differences in stress over time among childbearing people
during the COVID-19 pandemic using EMA data collection methods via smartphone
technology. To our knowledge, this is the first study using these methods to examine stress
over time in a diverse U.S. sample of childbearing people. Evidence from this study suggests
there are racial differences in experiences of stress during the pandemic. Moreover,
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differences in socioeconomic status, and support systems such as marriage may influence
the degree of the impact of COVID-19. The impact of COVID-19 on U.S. residents is ongoing
and the risk of infection is still a public concern. Our research highlights the need for
medical and public health practitioners to understand stress among perinatal populations
during an ongoing pandemic and public health emergency, so they know how to intervene
to reduce adverse maternal health outcomes. Ongoing research is needed to understand the
enduring and long-term impact of COVID-19 on childbearing individuals in the U.S., and
how to address these concerns for different populations.

Acknowledgements

The PMOMS study is funded by the National Institutes of Health, National Heart Lung and
Blood Institute (RO1HL135218; Principal Investigator: DDM). The authors thank the study
participants who generously gave their time and effort. The authors would also like to
thank Terri Washington, study coordinator; Maura Dugan, Marquita Smalls, and Gabriella
Mendez for study recruitment and follow-up; Er Wang, Pedram Gharani, Meirman
Syzdykbayev, and Bradley Wheeler, and Dr. Hassan Karimi for technology and app
development and support; and John Gianakas for database development and management.
Finally, the authors thank all the staff and investigators of the GDM? trial.

Conflicts of Interest

Dr. Esa Davis is a member of the United States Preventive Services Task Force (USPSTF).
This article does not necessarily represent the views and policies of the USPSTE.

Abbreviations

BOD: Beginning of Day

EMA: Ecological momentary assessment

EOD: End of Day

GDM?* Comparison of Two Screening Strategies for Gestational Diabetes (GDM2) Trial
LGBTQ: Lesbian, Gay, Bisexual, Trans & Queer

PMOMS: Postpartum Mothers Mobile Study

PTSD: Post-Traumatic Stress Disorder

VIF: Variance Inflation Factors

https://preprints.jmir.org/preprint/30422 [unpublished, non-peer-reviewed preprint]



JMIR Preprints

Omowale et al

References

10.

11.

12.

13.

First Travel-related Case of 2019 Novel Coronavirus Detected in United States [press
release]. CDC Newsroom, January 21, 2020 2020.

Trump D. Proclamation on Declaring a National Emergency Concerning the Novel
Coronavirus Disease (COVID-19). The White House.
https://trumpwhitehouse.archives.gov/presidential-actions/proclamation-
declaring-national-emergency-concerning-novel-coronavirus-disease-covid-19-
outbreak/. Published 2020. Updated Archived. Accessed October 8, 2020.

WHO. Listings of WHO'’s response to COVID-19. 2020.
https://www.who.int/news/item/29-06-2020-covidtimeline. Published June 29,
2020. Accessed October 8, 2020.

15 Days to Slow the Spread. The White House.
https://trumpwhitehouse.archives.gov/articles/15-days-slow-spread/. = Published
2020. Updated Archived. Accessed February 16, 2021.

Jernigan DB, Team CC-R. Update: Public Health Response to the Coronavirus Disease
2019 Outbreak - United States, February 24, 2020. MMWR Morb Mortal Wkly Rep.
2020;69(8):216-219. DOI: 10.15585/mmwrmm6908e1.

Nagler RH, Vogel RI, Gollust SE, Rothman AJ, Fowler EF, Yzer MC. Public perceptions
of conflicting information surrounding COVID-19: Results from a nationally
representative survey of US. adults. PLoS One. 2020;15(10):e0240776. DOLI:
10.1371/journal.pone.0240776.

KFF. State COVID-19 Data and Policy Actions. Kaiser Family Foundation.
https://www.kff.org/coronavirus-covid-19/issue-brief/state-covid-19-data-and-
policy-actions/. Published 2021. Updated April 20, 2021. Accessed November 9,
2020.

Auger KA, Shah SS, Richardson T, et al. Association Between Statewide School
Closure and COVID-19 Incidence and Mortality in the US. JAMA. 2020;324(9):859-
870.DOI: 10.1001/jama.2020.14348.

Sharfstein JM, Morphew CC. The Urgency and Challenge of Opening K-12 Schools in
the Fall of 2020. JAMA. 2020;324(2):133-134. DOI: 10.1001/jama.2020.10175.
Shields AD, Wagner RK, Knutzen D, Deering S, Nielsen PE. Maintaining access to
maternal fetal medicine care by telemedicine during a global pandemic. | Telemed
Telecare. 2020:1357633X20957468. DOI: 10.1177/1357633X20957468.

The Employment Situation — April 2020. US Bureau of Labor Statistics.
https://www.bls.gov/news.release/archives/empsit_05082020.htm. Published
2020. Updated September 23, 2020. Accessed October 8, 2020.

Dey M, Loewenstein MA. How many works are employed in sectors directly affected
by COVID-19 shutdowns, where do they work, and how much do they earn? Monthly
Labor Review. 2020;April 2020.
https://www.bls.gov/opub/mlr/2020/article/covid-19-shutdowns.htm.

Xiong J, Lipsitz O, Nasri F, et al. Impact of COVID-19 pandemic on mental health in
the general population: A systematic review. | Affect Disord. 2020;277:55-64. DOLI:
10.1016/j.jad.2020.08.001.

https://preprints.jmir.org/preprint/30422 [unpublished, non-peer-reviewed preprint]



JMIR Preprints

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Omowale et al

Czeisler ME, Lane RI, Petrosky E, et al. Mental Health, Substance Use, and Suicidal
Ideation During the COVID-19 Pandemic - United States, June 24-30, 2020. MMWR
Morb Mortal Wkly Rep. 2020;69(32):1049-1057. DOI: 10.15585/mmwr.mm6932al.
Park CL, Russell BS, Fendrich M, Finkelstein-Fox L, Hutchison M, Becker J. Americans'
COVID-19 Stress, Coping, and Adherence to CDC Guidelines. | Gen Intern Med.
2020;35(8):2296-2303. DOI: 10.1007/s11606-020-05898-9.

Lebel C, MacKinnon A, Bagshawe M, Tomfohr-Madsen L, Giesbrecht G. Elevated
depression and anxiety symptoms among pregnant individuals during the COVID-19
pandemic. ] Affect Disord. 2020;277:5-13. DOI: 10.1016/j.jad.2020.07.126.

Berthelot N, Lemieux R, Garon-Bissonnette ], Drouin-Maziade C, Martel E, Maziade
M. Uptrend in distress and psychiatric symptomatology in pregnant women during
the coronavirus disease 2019 pandemic. Acta Obstet Gynecol Scand. 2020;99(7):848-
855.DO0I: 10.1111/a0gs.13925.

Wu Y, Zhang C, Liu H, et al. Perinatal depressive and anxiety symptoms of pregnant
women during the coronavirus disease 2019 outbreak in China. Am J Obstet Gynecol.
2020;223(2):240 e241-240 e249. DOI: 10.1016/j.2j0g.2020.05.009.

Preis H, Mahaffey B, Heiselman C, Lobel M. Pandemic-related pregnancy stress and
anxiety among women pregnant during the coronavirus disease 2019 pandemic. Am
J Obstet Gynecol MFM. 2020;2(3):100155. DOI: 10.1016/j.ajogmf.2020.100155.

Preis H, Mahaffey B, Heiselman C, Lobel M. Vulnerability and resilience to pandemic-
related stress among U.S. women pregnant at the start of the COVID-19 pandemic.
Soc Sci Med. 2020;266:113348. DOI: 10.1016/j.socscimed.2020.113348.

Farewell CV, Jewell ], Walls ], Leiferman JA. A Mixed-Methods Pilot Study of Perinatal
Risk and Resilience During COVID-19. ] Prim Care Community Health.
2020;11:2150132720944074. DOI: 10.1177/2150132720944074.

Moyer CA, Compton SD, Kaselitz E, Muzik M. Pregnancy-related anxiety during
COVID-19: a nationwide survey of 2740 pregnant women. Arch Womens Ment
Health. 2020;23(6):757-765. DOI: 10.1007/s00737-020-01073-5.

Liu CH, Erdei C, Mittal L. Risk factors for depression, anxiety, and PTSD symptoms in
perinatal women during the COVID-19 Pandemic. Psychiatry Res. 2021;295:113552.
DOI: 10.1016/j.psychres.2020.113552.

Burke LE, Shiffman S, Music E, et al. Ecological Momentary Assessment in Behavioral
Research: Addressing Technological and Human Participant Challenges. | Med
Internet Res. 2017;19(3):e77.DOI: 10.2196/jmir.7138.

Mendez DD, Sanders SA, Karimi HA, et al. Understanding Pregnancy and Postpartum
Health Using Ecological Momentary Assessment and Mobile Technology: Protocol
for the Postpartum Mothers Mobile Study. JMIR Res Protoc. 2019;8(6):e13569. DOI:
10.2196/13569.

Mendez DD, Sanders SA, Lai YH, et al. Ecological momentary assessment of stress,
racism and other forms of discrimination during pregnancy using smartphone
technology. Paediatr Perinat Epidemiol. 2020. DOI: 10.1111/ppe.12619.

Abebe KZ, Scifres C, Simhan HN, et al. Comparison of Two Screening Strategies for
Gestational Diabetes (GDM(2)) Trial: Design and rationale. Contemp Clin Trials.
2017;62:43-49. DOI: 10.1016/j.cct.2017.08.012.

Scifres CM, Abebe KZ, Jones KA, et al. Gestational diabetes diagnostic methods
(GD2M) pilot randomized trial. Matern Child Health J. 2015;19(7):1472-1480. DOL:

https://preprints.jmir.org/preprint/30422 [unpublished, non-peer-reviewed preprint]



JMIR Preprints

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Omowale et al

10.1007/s10995-014-1651-4.

Wolf T. ORDER OF THE GOVERNOR OF THE COMMONWEALTH OF PENNSYLVANIA
FOR INDIVIDUALS TO STAY AT HOME. In: Governor Oot, ed: Office of the Governor;
2020:2.

COVID-19. Allegheny County Health Department; 2020.
https://www.alleghenycounty.us/Health-Department/Resources/COVID-19/COVID-
19.aspx. Accessed November 23, 2020.

Cohen S, Kamarck T, Mermelstein R. A Global Measure of Perceived Stress. Journal of
Health and Social Behavior. 1983;24(4):385-385. DOI: 10.2307/2136404.

Mendez DD, Hogan VK, Culhane JF. Stress during pregnancy: The role of institutional
racism. Stress and Health. 2013;29(4):266-274. DOI: 10.1002/smi.2462.

Shah PS, Zao J, Ali S, Knowledge Synthesis Group of Determinants of preterm LBWb.
Maternal marital status and birth outcomes: a systematic review and meta-analyses.
Matern Child Health J. 2011;15(7):1097-1109. DOI: 10.1007/s10995-010-0654-z.
Borders AEB, Wolfe K, Qadir S, Kim KY, Holl J, Grobman W. Racial/ethnic differences
in self-reported and biologic measures of chronic stress in pregnancy. Journal of
Perinatology. 2015;35(8):580-584. DOI: 10.1038/jp.2015.18.

Seng JS, Kohn-Wood LP, McPherson MD, Sperlich M. Disparity in posttraumatic stress
disorder diagnosis among African American pregnant women. Archives of Women's
Mental Health. 2011;14(4):295-306. DOI: 10.1007/s00737-011-0218-2.

Abrams JA, Maxwell M, Pope M, Belgrave FZ. Carrying the World With the Grace of a
Lady and the Grit of a Warrior. Psychology of Women Quarterly. 2014;38(4):503-518.
DOI: 10.1177/0361684314541418.

Beauboeuf-Lafontant T. Strong And Large Black Women? Gender & Society.
2003;17(1):111-121. DOI: 10.1177/0891243202238981.

Beauboeuf-Lafontant T. Listening past the lies that make us sick: A voice-centered
analysis of strength and depression among black women. Qualitative Sociology.
2008;31(4):391-406. DOI: 10.1007/s11133-008-9113-1.

Woods-Giscombé CL. Superwoman Schema: African American Women’s Views on
Stress, Strength, and Health. Qualitative Health Research. 2010;20(5):668-683. DOLI:
10.1177/1049732310361892.

The Employment Situation — August 2020. US Bureau of Labor Statistics.
https://www.bls.gov/news.release/archives/empsit_09042020.htm. Published
2020. Updated September 23, 2020. Accessed October 14, 2020.

Patrick SW, Henkhaus LE, Zickafoose ]S, et al. Well-being of Parents and Children
During the COVID-19 Pandemic: A National Survey. Pediatrics. 2020;146(4). DOI:
10.1542 /peds.2020-016824.

https://preprints.jmir.org/preprint/30422 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Omowale et a

Supplementary Files

https://preprints.jmir.org/preprint/30422 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Omowale et a

Figures

https://preprints.jmir.org/preprint/30422 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Omowale et a

Phases of COVID-19 response as applied in the present analysis, based on administrative actions at the national, state, and
county levels.

Figune 1. Phases of COWID-19 response a5 appled im the present amalysis, based on administrative actions at the national, state, and county levels
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Mean Level of Stressfor Each Phase by Race, Adjusted for marriage, education level, employment, and income level.
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Figure 2. Mean Level of Stress for Each Ense by Roce, Adjusted for nmr;pe, educotion level, employment, and income level,
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