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For the Environmental Influences on Child Health Outcomes Program Collaborators

Abstract

IMPORTANCE The primary outcomes of the COVID-19 pandemic on the mental health of women
with children remain largely unknown.

OBJECTIVES To identify and describe clusters of mothers of children participating in the
Environmental influences on Child Health Outcomes (ECHO) Program that characterize pandemic-
associated hardships, coping mechanisms, and behaviors, and to evaluate associations between
pandemic-associated hardships, coping strategies, and behavior changes with pandemic-associated
traumatic stress symptoms.

DESIGN, SETTING, AND PARTICIPANTS This multicenter cohort study investigated experiences
during the COVID-19 pandemic between April 2020 and August 2021 among maternal caregivers of
children participating in the ECHO Program. Data from self-identified mothers of ECHO-enrolled
children from 62 US cohorts were included in analyses. Data were analyzed from November 2021 to
July 2022.

EXPOSURES The primary exposures were pandemic-associated changes in mothers’ health, health
care utilization, work and finances, coping strategies, and health-associated behaviors. Exposures
were assessed via a self-reported questionnaire designed by ECHO investigators.

MAIN OUTCOMES AND MEASURES The primary outcome was the total symptoms score of
pandemic-associated traumatic stress (PTS), defined as the number of items endorsed at least
sometimes or more frequently, from a 10-item self-report measure.

RESULTS The study surveyed 11 473 mothers (mean [SD] age, 37.8 [7.4] years; 342 American Indian
[2.98%], 378 Asian [3.29%], 1701 Black [14.83%], and 7195 White [62.71%]; 2184 with Hispanic/
Latina ethnicity [19.04%]) and identified 2 clusters that best characterized their COVID-19 pandemic
experiences—one characterized by higher life disruptions (eg, to work and health care), higher social
isolation, more coping behaviors to mitigate the outcomes of the pandemic, and more changes to
their health behavior routines (high change [1031 mothers]) and the other characterized by lower
changes (low change [3061 mothers]). The high change cluster was more socioeconomically
advantaged and reported higher PTS (mean [SD] number of symptoms, 3.72 [2.44] vs 2.51 [2.47]).
Across both clusters, higher pandemic-associated hardships, coping mechanisms, and behavior
changes were associated with higher PTS, and these associations were greater in the low
change cluster.
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Abstract (continued)

CONCLUSIONS AND RELEVANCE In this study of more than 11 000 US mothers, associations
between socioeconomic factors, stressful life events, and mental health sequelae were complex.
Accordingly, programs, policies, and practices targeting mental health during public health crises
such as the COVID-19 pandemic should consider the range and configuration of hardships in
designing the most effective interventions to mitigate long-term outcomes.

JAMA Network Open. 2022;5(12):e2247330. doi:10.1001/jamanetworkopen.2022.47330

Introduction

Mothers may be particularly susceptible to psychological stress effects from the COVID-19 pandemic.1-3

School closures impact working mothers, leading to loss of income and complimentary meals in school
settings, unexpected childcare expenses, and gaps in adequate technology and quiet space for remote
learning.4-13 One study14 found that mothers with a child younger than 18 years were among the most
likely to report that the COVID-19 pandemic has had an adverse impact on their mental health. It is criti-
cal to understand the associations between pandemic hardships and mental health of US mothers.

Studies15-18 have consistently documented the disproportionate impacts of COVID-19 morbidity
and mortality on US communities of color. Members of minoritized groups and individuals from
communities excluded from economic opportunities may also be at increased risk for adverse mental
health impacts from the pandemic.14,19-24 However, gaps remain in understanding how multiple
pandemic-associated hardships, health behavior changes, and coping strategies may co-occur by
levels of socioeconomic advantage and/or racial and ethnic group and how these factors are
associated with traumatic stress symptoms. The Environmental influences on Child Health Outcomes
(ECHO) Program25,26 follows a diverse multicohort sample and provides an opportunity to
understand associations between the COVID-19 pandemic and mothers’ psychological health. The
objectives of the current analysis were to (1) characterize clusters of mothers according to pandemic-
associated hardships, coping strategies, and behavior changes; (2) describe sociodemographic
characteristics of the clusters; and (3) evaluate the association between these pandemic experiences
and pandemic-associated traumatic stress (PTS) overall and within clusters. We hypothesized that
we would identify 2 or more clusters of mothers with similar pandemic experiences that vary by
sociodemographic characteristics such as income, education, and race and ethnicity. We further
hypothesized that mothers with greater pandemic hardships, coping strategies, and health behavior
changes would report higher PTS.

Methods

ECHO is a consortium of 69 longitudinal birth and pediatric cohort studies focusing on 5 broad child
health outcomes (eTable 1 in Supplement 1).26,27 Pregnant individuals and children from across the
US were enrolled into ECHO (Figure 1). Participants provided written informed consent for individual
cohort and ECHO Program enrollment. Central (Western Institutional Review Board) and/or cohort-
specific institutional review boards oversee ECHO’s human participants research. This study followed
the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting
guidelines for cohort studies.

Study Population
We included caregivers of ECHO child participants who indicated “mother” on the ECHO COVID-19
adult questionnaire between May 2020 and August 2021 (eFigure 1 in Supplement 1). The earliest
date of administration was selected when mothers completed more than 1 COVID-19 questionnaire
(21% participants completed more than one survey).
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Figure 1. Participant Residential Locations and Timing of COVID-19 Survey by US Census Regions
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Measures
COVID-19 Questionnaire
In March and April 2020, ECHO developed and released a COVID-19 questionnaire to assess
pandemic experiences including families’ health, health care utilization, parental work and finances,
health-associated behaviors, and coping strategies.28 A total of 13 pandemic experiences were
examined (mother or household member testing positive for COVID-19 [2 items]; changes to health
care [1 item]; increased social isolation [5 items]; and changes to the mother’s and/or partner’s work
[5 items]). A total of 11 coping strategies and 7 behavior and /or lifestyle changes were included. See
the eAppendix in Supplement 1 for a copy of the survey.

The ECHO COVID-19 questionnaire also includes the 10-item Pandemic-associated Traumatic
Stress Scale (PTSS), a novel measure of traumatic stress symptoms specific to the COVID-19
pandemic29 based on the Diagnostic and Statistical Manual of Mental Disorders (Fifth Edition)30

criteria for acute stress disorder. Acute stress disorder is characterized by the presence of symptoms
of traumatic stress following exposure to an event that threatens one’s life or the life of a loved one.
Items comprise 5 domains of acute stress reactions: intrusion, negative mood, disassociation,
avoidance, and difficulty regulating arousal. Responses to each item range from not at all (1) to very
often (5). The primary outcome of this study was the total symptoms score to signify frequently
occurring symptoms, in which each item was rescored as 1 if participants sometimes, often, or very
often reported the symptom or 0 if a symptom was rarely or not at all reported and then these were
summed (range, 0-10). We also included 2 secondary outcomes (eTable 2, eTable 3, and eTable 4 in
Supplement 1): (1) a total sum score (range, 5-50) that reflects general stress severity, and (2) a total
symptom categories score that reflects the number of symptom categories endorsed at a clinically
significant level (range, 0-5).

Sociodemographic Factors and Geographic Location
Education, household income within 5 years of survey administration, and cohabitation status were
collected by self-report. Maternal race and ethnicity were collected by self-report using predefined
categories (American Indian, Asian, Black, multiple race, other race [which includes Native Hawaiian/
Pacific Islander and other race], and White) and were included in analyses as a proxy for exposure to
structural racism, which places members of racial and ethnic minority groups at greater risk of
pandemic-associated hardships. To adjust for regional influences on the pandemic (eg, differences in
mitigation policies and infection rates), we included state of residence within 5 years of questionnaire
date; participants who did not report a residential address within this time frame were assigned the
state of their cohort recruitment site.

Statistical Analysis
Additional detail is provided in eMethods in Supplement 1. Briefly, we characterized clusters of
mothers according to their responses to 31 pandemic experiences. We used k-means clustering,31,32

an unsupervised machine learning method that groups individuals according to similarities in
patterns of responses to specified inputs. The optimal number of clusters was selected according to
a Silhouette analysis.33,34 We then described the sociodemographic characteristics of these clusters.

We conducted sparse partial least squares (SPLS) regression35 analysis of the cross-sectional
association between COVID-19 pandemic experiences with PTS, adjusting for cohort recruitment site
and state of residence. SPLS is a supervised machine learning approach that conducts variable
selection and shrinkage according to whether inputs are determined to be associated with the
outcome, relative to the other inputs in the model. Variables not retained in the model are described
as dropped in results tables. Bootstrapping was used to calculate 95% CIs. We determined whether
the association between responses to pandemic experiences and PTS differed by cluster
membership by running stratified, cluster-specific SPLS models.

Estimates of association from SPLS models are interpreted as the change in the number of PTS
symptoms among those responding yes to a COVID hardship or coping strategy compared with those
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responding no. We discuss differences between clusters if (1) hardship is retained in only 1 cluster and
its 95% CI does not include 0.00 or (2) if the 95% CI for the quantified difference in the estimates
between clusters does not include 0.00; the methods to calculate the latter are described in the
eMethods in Supplement 1.36 Finally, all data and statistical code necessary to replicate the results
presented are maintained by and available from the ECHO Data Analysis Center. Data were analyzed
in R, version 3.6.2 (R Project for Statistical Computing) from November 2021 to July 2022.

Results

COVID-19 questionnaires were completed by 14 419 adult caregivers. Participants were excluded if
they indicated “biological father,” “participant,” or “other” respondent (15 participants) or if they were
pregnant with the ECHO child participant (495 participants). The final study sample included 11 473
mothers of ECHO children from 62 cohorts. An additional 675 participants were missing all items in
the PTSS, and 123 were missing state of residence and therefore were excluded from the SPLS
regression (eFigure 1 in Supplement 1).

Among 11 473 mothers of ECHO children from 60 cohorts included in the cluster analysis, 342
(2.98%) were American Indian, 378 (3.29%) Asian, 1701 (14.83%) Black, and 7195 (62.71%) were
white race; 2184 (19.04%) mothers reported Hispanic ethnicity (Table 1). Most mothers attended at
least some college (8788 participants [76.60%]), and 1174 participants (10.23%) reported a
household income of less than $30 000 per year. The mean (SD) total significant symptoms was
3.40 (2.51). The mean (SD) total sum of PTS was 21.02 (6.95), and the mean (SD) total symptom
categories score was 2.06 (1.44) (eTable 2 in Supplement 1).

We found that 2 clusters best fit COVID-19 pandemic experiences (Figure 2 and eFigure 2 in
Supplement 1). There were differences between the 2 clusters with respect to social isolation, work-
associated outcomes, coping mechanisms, and behavior changes (eTable 5 in Supplement). Timing
of survey administration was similar between the 2 clusters.

Descriptive Characteristics by Cluster Membership
Sociodemographic characteristics are shown in Table 1, for the overall study sample and by cluster
membership. Cluster 1, labeled the “lower changes in health behaviors, fewer coping strategies, and
lower social isolation” (low change) cluster, contained 3061 mothers and was characterized by lower
educational attainment: 859 (28.06%) had a high school diploma or equivalent or lower level of
education vs 1031 (12.26%) in Cluster 2, labeled the “higher changes in health behaviors, more coping
strategies, and higher social isolation” (high change) cluster. The low change cluster also had lower
incomes (566 [18.49%] with <$30 000 per year vs 608 [7.23%] in the high change cluster) and a
higher proportion of single/noncohabitating mothers (831 participants [27.15%] vs 1177 participants
[13.99%] in the high change cluster). The low change cluster had a higher proportion of Black
mothers (709 participants [23.16%] vs 992 participants [11.79%]) and mothers from indigenous
communities (162 participants [5.29%] vs 180 participants [2.14%]).

The high change cluster contained 8412 mothers and was characterized by higher incomes,
higher education, and higher cohabitation. The high change cluster was more likely to report financial
concerns as a source of stress (3008 participants [35.76%] vs 925 participants [30.22%]) and had a
higher proportion of White mothers (5539 participants [65.85%] vs 1656 participants [54.10%]).
Both clusters had similar distributions of Latina and Hispanic participants.

Mothers in the high change cluster were more likely to report that the pandemic affected their
health care and to report greater social isolation (Figure 2). Mothers in the high change cluster also
were more likely to report the use of certain coping mechanisms. Both clusters reported similar rates
of COVID-19 infection in the household and similar work changes.

The mean (SD) number of total symptoms of PTS was higher among mothers in the high change
than the low change cluster (3.72 [2.44] vs 2.51 [2.47]) (Table 1). eFigure 3 in Supplement 1 shows the
number of total symptoms of PTS stratified by cluster. Both clusters contained mothers who
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frequently endorsed all 10 symptoms; however, the shape of distributions of total symptoms of PTS
differed by cluster. The distribution of PTS symptoms among the low change cluster was right-
skewed, whereas the distribution was more normal in the high change cluster.

Associations of PTS With Pandemic Experiences
Table 2 presents the results of associations of pandemic exposures with total significant (ie,
frequent) symptoms of PTS. Overall, several pandemic hardships were associated with increased
PTS, with social isolation, and COVID-19 impacting one’s health care having the largest positive
associations. In some cases, associations with hardships differed by cluster. Among the low change
cluster, COVID-19 infection was associated with higher PTS. Mothers who reported that the COVID-19

Table 1. Sociodemographic Characteristics of Mothers of Environmental influences on Child Health Outcomes
Children, Overall and By Cluster

Demographic characteristics

Participants, No. (%)
Overall
(N = 11 473)

Low change Cluster
(n = 3061)

High change Cluster
(n = 8412)

Maternal race

American Indian 342 (2.98) 162 (5.29) 180 (2.14)

Asian 378 (3.29) 55 (1.80) 323 (3.84)

Black 1701 (14.83) 709 (23.16) 992 (11.79)

Multiple race 1008 (8.79) 209 (6.83) 799 (9.50)

Other racea 279 (2.43) 52 (1.70) 227 (2.70)

White 7195 (62.71) 1656 (54.10) 5539 (65.85)

Missing 570 (4.97) 218 (7.12) 352 (4.18)

Maternal ethnicity

Not Hispanic 9086 (79.19) 2459 (80.33) 6627 (78.78)

Hispanic 2184 (19.04) 543 (17.74) 1641 (19.51)

Lifetime highest attained maternal education

Some college and above 8788 (76.60) 1946 (63.57) 6842 (81.34)

High School, GED, equivalent, or less than
high school

1890 (16.47) 859 (28.06) 1031 (12.26)

Missing 795 (6.93) 256 (8.36) 539 (6.41)

Annual household income, $

<30 000 1174 (10.23) 566 (18.49) 608 (7.23)

30 000-49 999 830 (7.23) 317 (10.36) 513 (6.1)

50 000-74 999 1012 (8.82) 317 (10.36) 695 (8.26)

75 000-99 999 899 (7.84) 223 (7.29) 676 (8.04)

≥100 000 3181 (27.73) 418 (13.66) 2763 (32.85)

Missing 4377 (38.15) 1220 (39.86) 3157 (37.53)

Maternal marital status

Married or living with partner 5929 (51.68) 1410 (46.06) 4519 (53.72)

Single 2008 (17.50) 831 (27.15) 1177 (13.99)

Missing 3536 (30.82) 820 (26.79) 2716 (32.29)

COVID-19 pandemic-associated financial
concerns caused stress

Yes 3933 (34.28) 925 (30.22) 3008 (35.76)

No 6769 (59.00) 2064 (67.43) 4705 (55.93)

Missing 771 (6.72) 72 (2.35) 699 (8.31)

US Census region

Northeast 4296 (37.85) 955 (31.46) 3341 (40.19)

South 1864 (16.42) 603 (19.86) 1261 (15.17)

Midwest 2675 (23.57) 972 (32.02) 1703 (20.48)

West 2515 (22.16) 506 (16.67) 2009 (24.16)

Missing 123 (1.07) 25 (<1) 98 (1.17)

Total Symptoms Scores, mean (SD)b 3.40 (2.51) 2.51 (2.47) 3.72 (2.44)

a Other race category includes Native Hawaiian/Pacific
Islander (less than 1% of sample) and those
respondents who selected the “other race”
category (2%).

b The COVID-19 Pandemic-Associated Traumatic Stress
Scale (PTSS) is a 10-item measure of pandemic-
associated symptoms. Total Symptoms score reflects
the number of symptoms reported at a clinically
relevant level (sometimes, often or very often; range
0 to 10) by the participant.
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pandemic affected their health care, job loss, or reduction of hours showed higher PTS in both
groups, but associations were greater within the low change cluster (eg, for COVID–affected health
care, β = 0.42 [95% CI, 0.32 to 0.54] for low change and β = 0.26 [95% CI, 0.21 to 0.32] for high
change). Reporting less contact with friends was associated with lower PTS among the low change
cluster (β = –0.11; 95% CI, –0.23 to–0.01). Social isolation from community events was not associated
with PTS in either cluster.

Overall, PTS was positively associated with engagement in coping strategies. The coping
mechanisms of more screen time, more eating, using marijuana or tobacco, meditating, and
increased contact with a health care practitioner showed associations with PTS of similar magnitude
across both clusters. Talking more with family and friends was associated with higher PTS in the low
change cluster (β = 0.42 [95% CI, 0.31 to 0.53]). Drinking alcohol to cope with the pandemic was
associated with higher PTS in both groups, but a larger association was observed among the high
change cluster (β = 0.26 [95% CI, 0.22 to 0.32] vs β = 0.16 [95% CI, 0.10 to 0.22] in the low change
cluster). Increased time reading books or doing puzzles and more family activities were associated
with higher PTS among the low change cluster (β = 0.09 [95% CI, 0.01 to 0.16] and β = 0.16 [95% CI,

Figure 2. Clusters of Pandemic-Associated Hardships, Coping Strategies, and Behavior Changes in Mothers of Environmental influences
on Child Health Outcomes Children

1.00

0.75

0.50

0.25

0

K-
m

ea
n

Hardships and daily life changesA

Affe
cte

d health
 ca

re

Quarantin
e fr

om household
Fa

mily

Frie
nds

Work co
lle

agues

Community
 events

Work re
motely

Jo
b lo

ss 
or r

educti
on

New jo
b or m

ore hours

High COVID
-1

9 ris
k

Laid off 
employe

es

In household Self

Greater social isolation Work related COVID-19 test
positivity

1.00

0.75

0.50

0.25

0

K-
m

ea
n

Coping mechanisms and behavior changesB

Medita
tio

n

Frie
nd and fa

mily
 co

mmunica
tio

n

Fa
mily

 acti
vitie

s

Reading and puzzl
es

Incre
ased health

 ca
re co

ntact

Volunteerin
g

More sc
reen tim

e

More eatin
g

Alco
hol

To
bacc

o

Mariju
ana

More home co
oking

More ta
keout

More exerci
se

Less 
exerci

se

More tim
e outdoors

Less 
tim

e outdoors

No ch
ange

Coping mechanisms Quarantine-related behavior changes

Low change
High change

Panel A shows hardships/daily life impacts. Panel B shows coping mechanisms and behavior changes.

JAMA Network Open | Psychiatry COVID-19 Pandemic Experiences and Pandemic-Associated Traumatic Stress Among Mothers in the US

JAMA Network Open. 2022;5(12):e2247330. doi:10.1001/jamanetworkopen.2022.47330 (Reprinted) December 16, 2022 7/14

Downloaded From: https://jamanetwork.com/ by a University of Massachusetts User  on 02/02/2023



0.07 to 0.25], respectively) but lower PTS in the high change cluster (β = –0.08 [95% CI, –0.13 to
–0.02] and β = –0.25 [95% CI, –0.30 to –0.20], respectively).

Changes in multiple health behaviors were associated with higher PTS across the full sample.
We found that changes in health behaviors, including less exercise, less time outdoors, and eating
more takeout food, showed similar associations with higher PTS in both clusters (ie, β = 0.32 [95%

Table 2. Associations Between Pandemic Hardships, Coping Strategies, and Behavior Changes and Total Symptoms Score of Pandemic-Associated Traumatic Stress
by Cluster and Overall in Mothers of Environmental influences on Child Health Outcomes Children

Pandemic hardships, coping strategies,
and behavior changes

Total Symptoms Score, β coefficient (95% CI)a,b

Overall
(n = 10 675)

Low change Cluster
(n = 2882)

High change Cluster
(n = 7793) Difference between clustersc

Hardships/daily life impacts

COVID affected health care 0.33 (0.30 to 0.37) 0.42 (0.32 to 0.54) 0.26 (0.21 to 0.32) 0.16 (0.04 to 0.17)

Social isolation

Quarantine from household 0.13 (0.10 to 0.16) 0.15 (0.07 to 0.23) 0.12 (0.06 to 0.16) 0.03 (–0.07 to 0.04)

Less contact with family 0.26 (0.24 to 0.29) 0.05 (–0.05 to 0.15) 0.07 (0.04 to 0.09) 0.02 (–0.09 to 0.13)

Less contact with friends 0.20 (0.18 to 0.23) –0.11 (–0.23 to –0.01) Dropped NA

Less contact with colleagues 0.27 (0.23 to 0.30) Dropped 0.05 (0.01 to 0.10) NA

Fewer community events 0.18 (0.16 to 0.21) Dropped Dropped NA

Work related

Work remotely 0.10 (0.07 to 0.14) Dropped –0.07 (–0.12 to –0.02) NA

Job loss or fewer hours 0.25 (0.21 to 0.28) 0.41 (0.31 to 0.54) 0.25 (0.20 to 0.31) 0.17 (0.04 to 0.29)

New job or fewer hours Dropped Dropped Dropped NA

High COVID risk 0.11 (0.08 to 0.14) 0.13 (0.04 to 0.22) 0.08 (0.03 to 0.14) 0.04 (–0.06 to 0.15)

Laying off employees Dropped Dropped Dropped NA

COVID infection

COVID in household 0.05 (0.03 to 0.08) 0.14 (0.07 to 0.22) Dropped NA

Adult COVID positive Dropped 0.10 (0.04 to 0.17) Dropped NA

Coping strategies

Meditation 0.15 (0.12 to 0.18) 0.19 (0.11 to 0.29) 0.13 (0.08 to 0.18) 0.06 (–0.04 to 0.16)

Talking with friends or family 0.22 (0.19 to 0.25) 0.42 (0.31 to 0.53) Dropped NA

More family activities Dropped 0.16 (0.07 to 0.25) –0.25 (–0.30 to –0.20) 0.40 (0.30 to 0.50)

Increased time reading books or doing puzzles 0.05 (0.02 to 0.09) 0.09 (0.01 to 0.16) –0.08 (–0.13 to –0.02) 0.17 (0.07 to 0.26)

Talking to health care practitioner 0.17 (0.14 to 0.19) 0.17 (0.11 to 0.24) 0.22 (0.18 to 0.26) 0.04 (–0.03 to 0.12)

Volunteering Dropped Dropped Dropped NA

Increased screen time 0.44 (0.40 to 0.47) 0.45 (0.35 to 0.55) 0.42 (0.37 to 0.49) 0.03 (–0.09 to 0.14)

Eating more often 0.41 (0.38 to 0.45) 0.43 (0.35 to 0.53) 0.46 (0.41 to 0.52) 0.03 (–0.08 to 0.14)

Drinking alcohol 0.22 (0.19 to 0.25) 0.16 (0.10 to 0.22) 0.26 (0.22 to 0.32) 0.10 (0.03 to 0.18)

Using tobacco 0.05 (0.04 to 0.06) 0.11 (0.06 to 0.16) 0.06 (0.04 to 0.08) 0.05, (0.00 to 0.10)

Using marijuana 0.07 (0.05 to 0.09) 0.07 (0.03 to 0.11) 0.09 (0.07 to 0.12) 0.03 (–0.02 to 0.08)

Behavior changes

More home-cooked meals 0.16 (0.13 to 0.19) 0.22 (0.12 to 0.32) Dropped NA

More takeout food 0.13 (0.10 to 0.16) 0.17 (0.11 to 0.25) 0.11 (0.06 to 0.16) 0.07 (–0.02 to 0.15)

More physical exercise Dropped Dropped –0.12 (–0.17 to –0.07) NA

Less physical exercise 0.33 (0.30 to 0.37) 0.26 (0.16 to 0.35) 0.34 (0.30 to 0.39) 0.08 (–0.02 to 0.19)

More time outdoors Dropped Dropped –0.17 (–0.21 to –0.12) NA

Less time outdoors 0.28 (0.24 to 0.31) 0.27 (0.19 to 0.36) 0.32 (0.29 to 0.37) 0.06 (–0.04 to 0.16)

No changes in behavior –0.19 (–0.21 to –0.16) –0.41 (–0.49 to –0.32) Dropped NA

Abbreviation: NA, not applicable.
a The COVID-19 Pandemic-Related Traumatic Stress Scale is a 10-item measure of

pandemic-related symptoms. Total Symptoms score reflects the number of symptoms
reported at a clinically relevant level by the participant (range 0 to 10).

b Sparse partial least squares (SPLS) models conduct variable selection and shrinkage for
variables that are determined to be relevant variables of the outcome, relative to the
other inputs in the model. This results in some variables being dropped from the

models, as noted in the table. Reporting a new job or more hours, laying off employees,
and volunteering were dropped in the overall SPLS model as well as cluster
specific models.

c The difference between clusters calculation is described in the eMethods in
Supplement 1. Differences cannot be calculated in situations where the variable is
dropped from either cluster-specific model, which is noted in the table as NA.
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CI, 0.29 to 0.37] in high change and β = 0.27 95% CI, 0.19 to 0.36] in low change for spending less
time outdoors). However, more physical exercise and more time outdoors were associated with
lower PTS only in the high change cluster (β = −0.12 [95% CI, −0.17 to −0.07] and β = −0.17 [−0.21 to
−0.12], respectively). Eating more home-cooked meals was associated with higher PTS only in the
low change cluster (β = 0.22 [95% CI, 0.12 to 0.32]). Notably, reporting no behavior changes was
associated with lower PTS only in the low change cluster (β = −0.41 [95% CI, −0.49 to −0.32]).
Results for the secondary outcomes of total sum and total categories scores are presented in
eTables 4 and 5 in Supplement 1 and are largely consistent with results for total symptoms.

Discussion

In a large diverse nationwide sample of more than 11 000 mothers, this cohort study found 2 distinct
patterns of pandemic experiences: 1 with greater changes and 1 with fewer changes compared with
prepandemic. These 2 clusters of experiences varied according to levels of socioeconomic
advantage. Mothers in the more advantaged high change cluster reported greater life disruptions,
social isolation, and coping behaviors to mitigate the effects of the pandemic and changes to their
health behavior routines compared with mothers in the less advantaged, low change cluster. Mothers
in the high change cluster also reported more PTS. Across both clusters, we found that higher
pandemic-associated hardships, coping mechanisms and behavior changes were associated with
higher PTS. However, we observed important differences in associations of pandemic hardships and
coping mechanisms with PTS between the 2 clusters.

Studies have shown that persons with higher socioeconomic advantage have had a different
pandemic experience from those with lower socioeconomic advantage.21 The ability to work
remotely and quarantine away from other household members is a privilege often not available to
persons in lower income households or essential workers. However, along with the privilege of
working remotely and being able to quarantine away from other household members, considerable
disruption in day-to-day life was also experienced in the high change cluster including greater social
isolation from family, friends, and colleagues, who are important sources of social support when
confronted with a major traumatic life event. A surprising result was that mothers in the low change
cluster reported higher PTS when they spent more time with family. However, spending greater time
with family might be stressful for mothers with lower socioeconomic advantage, especially if they
reside in smaller homes where they may be unable to quarantine away from family members.

Overall, we found that mothers who reported higher patterns of both adaptive and maladaptive
coping mechanisms also reported higher PTS. Our results are partially consistent with a study
investigating behavioral coping impacts on COVID-19-associated distress among 4412 pregnant and
postpartum mothers from 9 US states.37 This study showed that mothers with high levels of passive
coping strategies (eg, increased screen time) had elevated symptoms of distress, but women with
high levels of active coping strategies (eg, greater social support), showed greater resiliency. Our
results suggest that increased time engaging in quiet activities or in more family activities were
associated with lower PTS in the high change cluster. Another study conducted in 2020 among 524
expectant and new mothers found that resilience coping factors including using more technology to
maintain support networks, more exercise, and time spent outdoors were associated with lower
severity of mental health symptoms.38 In our study, we showed that more physical exercise and more
time spent outdoors were associated with lower PTS in the high change cluster. Importantly, these
activities were associated with higher PTS in the low change cluster. In the low change cluster, higher
PTS was associated with talking with friends or family and more home-cooked meals but lower PTS
was associated with mothers reporting no health behavior changes. These results suggest that
change itself may be a key factor associated with PTS, or, alternatively, that we may not have asked
the right questions about what coping mechanisms are effective in communities with lower
socioeconomic advantage.
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Strengths and Limitations
Our study has many unique strengths. To our knowledge, this is the largest study of diverse mothers
that investigated pandemic experiences from nearly all 50 US states and Puerto Rico. The study also
covered a broad temporal period of the pandemic from the early lockdown phase through the Delta
variant phase. In addition, we used both unsupervised (clustering) and supervised (SPLS) statistical
analytic approaches, which provided insight into similarities according to lived experiences and
allowed us to focus on variables with the strongest demonstrated associations with the outcome.

There are also several important limitations to consider. We limited our sample to mothers as they
were the largest caregiver respondent group; we were, therefore, unable to examine differences in PTS
experienced by fathers or other caregivers. Although all caregivers of children experienced pandemic-
associated changes, mothers have experienced well-documented childcare and job-associated impacts
from the pandemic.1-3,12,13 Other limitations include the lack of data about prior psychiatric diagnoses
that may influence PTS, the use of a novel PTS scale, and lack of pandemic experiences of other house-
hold members, as our questionnaires focus on the caregiver and ECHO child.

As this is a cross-sectional study nested in a prospective cohort study, were unable to address
the temporality of associations between traumatic stress and pandemic experiences. Similarly,
respondents concurrently reported PTS symptoms with pandemic experiences that may have
occurred more than a year before reporting, which could introduce recall bias. We were unable to
directly assess whether higher rates of regional COVID-19 infection or local health orders influenced
participation as cohorts administered the questionnaire according to their own visit schedules. We
examined the impact of analyzing the first or last survey among the approximately 20% of
participants who completed more than 1, and found that our results were largely unchanged (data
not shown). Therefore, we are confident that our wide temporal and geographic variation broadly
captured the pandemic experience of US mothers with children.

Conclusions

In this nationwide cohort study, we found that mothers who reported greater overall pandemic-
associated disruptions also reported more PTS symptoms. Our results suggest that the complex rela-
tionships between sociodemographic factors, stressful life events, and mental health sequelae should
be considered in future studies examining the long-term effects of the COVID-19 pandemic and other
traumatic life events. Similarly, programs, policies and practices targeting mental health during public
health crises, such as the COVID-19 pandemic, need to consider the range and configuration of hard-
ships in designing the most effective interventions to mitigate long-term effects.
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