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Abstract
The COVID-19 pandemic has been particularly difficult for mothers. Women with a history of peripartum depression (PPD) 
may be vulnerable to relapse. We sought to understand changes in depressive and anxious symptoms throughout the pandemic 
and which stressors increased symptoms in women with a history of PPD. In June 2020, all US participants with a history 
of PPD (n = 12,007) in the global MomGenes Fight PPD study were invited to the COVID-19 follow-up study. Respondents 
(n = 2163, 18%) were sent biweekly and then monthly surveys until January 31, 2022. We employed time-varying effects 
models to evaluate trajectories of depressive (patient health questionnaire, PHQ-9) and anxious (generalized anxiety dis-
order, GAD-7) symptoms and to estimate longitudinal associations between perceived stress, fears, COVID-19 case rates, 
and symptoms. Peaks of PHQ-9, GAD-7, PSS, and perceived COVID-19 risk scores corresponded with timing of national 
COVID-19 case surges. High perceived stress was the strongest predictor of PHQ-9 (beta = 7.27; P = 1.48e − 38) and GAD-7 
(beta = 7.73; P = 6.19e − 70). Feeling lack of control and unlikely to survive increased PHQ-9 and GAD-7 scores by 2 points. 
COVID-19 case rates, pandemic restrictions, and region were not independently associated with symptoms. This study sug-
gests that the collective trauma of the pandemic has significantly affected mothers with a history of PPD, exemplified by 
high levels of perceived stress and the strong association with depressive and anxious symptoms. The next pandemic phase 
is uncertain, but will continue to influence mental health collectively and dynamically. Interventions must be flexible and 
responsive and should address fear, trauma, and feelings of control, particularly for mothers with a history of PPD.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic has 
widely impacted society, causing health risks, economic 
vulnerability, food insecurity, school and business closures, 
and disruption of social support networks (Guo et al. 2021). 
Over one million people in the US have died of COVID-19 
(Centers for Disease Control and Prevention 2022b), and nine 
times that have lost a family member (Verdery et al. 2020). 

Adverse life events increase risk of mental illness and the 
collective stress and trauma of the COVID-19 pandemic has 
increased prevalence of mental illness (Kessler et al. 2022). 
Meta-analyses suggest depressive and anxious symptoms have 
increased two- to threefold worldwide (Arora et al. 2022; Ett-
man et al. 2020) resulting in 53.2 million additional cases of 
major depressive disorder and 76.2 million additional cases of 
anxiety disorders globally (Santomauro et al. 2021).

The lives of mothers have been notably disrupted by lack 
of childcare, supervising at-home learning, and caregiving of 
family members at risk of COVID-19 complications (Frank 
et al. 2021; MCGoron et al. 2021). In a meta-analysis of 18 
studies of 8981 mothers of children under 5 years old dur-
ing the first year of the pandemic, 26.9% (95% CI: 21.3–33.4) 
experienced clinically significant depressive symptoms and 
41.9% (95% CI: 26.7–58.8) experienced anxious symptoms 
(Racine et al. 2022). Several studies show large declines in 
mental health after the pandemic onset. In a cohort of low-
income mothers in Toronto, 83% reported decreases in at 

 * Anna E. Bauer 
 anna_bauer@med.unc.edu

1 Department of Psychiatry, University of North Carolina 
at Chapel Hill, CB #7160, 234 Medical Wing C, Chapel Hill, 
NC 27599, USA

2 Department of Genetics, University of North Carolina 
at Chapel Hill, Chapel Hill, NC, USA

3 Department of Medical Epidemiology and Biostatistics, 
Karolinska Institutet, Stockholm, Sweden

http://orcid.org/0000-0002-7771-930X
http://orcid.org/0000-0003-3541-1101
http://orcid.org/0000-0002-6442-3542
http://orcid.org/0000-0002-6619-873X
http://orcid.org/0000-0002-8509-408X
http://crossmark.crossref.org/dialog/?doi=10.1007/s00737-022-01265-1&domain=pdf


 A. E. Bauer et al.

1 3

least one indicator of mental health between the data col-
lection wave prior to the pandemic and during the pandemic 
(May–November 2020) (Saleem et al. 2022). A large study 
in the UK found clinically relevant depressive symptoms in 
mothers increased from 11% prior to the pandemic (January 
2016–March 2020) to 20% during the pandemic (March–June 
2020) and anxious symptoms increased from 10 to 16% (Dick-
erson et al. 2022). Postpartum women are particularly vulner-
able; pooled prevalence of postpartum depression in a meta-
analysis of pandemic studies was 34% (95% CI: 21–46) (Chen 
et al. 2022), though as many as 75% reported symptoms in a 
small US sample (Goyal et al. 2022). In the few studies of peri-
natal mental health during COVID-19, there were pandemic 
increases in depressive (Zhang et al. 2022) and anxious (Over-
beck et al. 2022; Zhang et al. 2022) symptoms for postpartum 
women, but not pregnant women. The diverse and pervasive 
effects of pandemic parenting-related stressors may pose 
particular risk for women with a past history of peripartum 
depression (PPD) and put them at significant risk of relapse.

Few large studies have focused on mental health of moth-
ers during the pandemic, and those that do are mostly cross-
sectional or have a brief length of follow-up. Although there 
have been many longitudinal COVID-19 mental health stud-
ies (COVID-Minds Network 2021; Unnarsdóttir et al. 2021), 
few focus on maternal mental health; all take place in Canada, 
Denmark, and the UK; and none specifically assess PPD his-
tory (Dickerson et al. 2022; Ladekarl et al. 2021; Overbeck 
et al. 2022; Racine et al. 2022; Saleem et al. 2022; Zhang et al. 
2022). Only one Danish cohort examines symptom trajecto-
ries at multiple timepoints throughout the pandemic, and they 
found no differences (Overbeck et al. 2022). Depressive and 
anxious symptoms can be dynamic, and understanding how 
symptoms and perceptions change over time in response to 
population-level events can help us predict and prepare for 
waves of distress.

Our study of mothers with a history PPD is the largest US 
national study of PPD to date. To our knowledge, it is also 
the only national longitudinal US sample following mothers 
throughout the COVID-19 pandemic. In this study, we aimed 
to (1) describe psychiatric and sociodemographic factors dur-
ing the COVID-19 pandemic among women with a history of 
PPD; (2) examine trajectories of depressive symptoms, anx-
ious symptoms, perceived stress, and pandemic-related fears; 
and (3) assess the extent to which COVID-19 prevalence and 
pandemic-related stressors are associated with depressive and 
anxious symptom trajectories.

Methods

Participants for this study were recruited from the 
MomGenes Fight PPD study (http:// momge nesfi ghtppd. 
org/), which is a global collaboration to understand the 

biological basis of PPD. MomGenes Fight PPD began 
recruitment in March 2016 and is ongoing. Women enroll 
in the study through a mobile app designed for Apple iOS 
and Android devices to screen for PPD and obtain informa-
tion about mood, childbirth, and demography. Participants 
are assessed at enrollment with the lifetime version of the 
Edinburgh Postnatal Depression Scale (EPDS), which has 
been validated in this cohort (Meltzer-Brody et al. 2013). 
The 10-item EPDS (Cox et al. 1987) is the most commonly 
used PPD instrument (Boyd et al. 2005; Hewitt & Gilbody 
2009; Hewitt et al. 2009) and is scored on a scale of 0–30 
with higher scores indicating greater symptom severity. PPD 
cases are defined as EPDS score ≥ 13 (a standard threshold 
for PPD) (Cox et al. 1987; Wisner et al. 2002), with symp-
tom onset during pregnancy or < 3 months postpartum, and 
symptom duration > 2 weeks. Participants are excluded if 
the child is > 6 weeks preterm, mother or child experienced 
a perinatal life-threating illness, or the child died. A descrip-
tion of the MomGenes Fight PPD study protocol and cohort 
description from the first year of recruitment has been previ-
ously published (Guintivano et al. 2018).

In June 2020, we contacted participants enrolled in the 
US-based arm of the MomGenes Fight PPD study. All 
12,007 participants with a history of PPD who had previ-
ously enrolled in the MomGenes Fight PPD study were 
invited to participate in the COVID-19 pandemic follow-
up study. Participants in the COVID-19 pandemic follow-
up study consented to participate and received question-
naires via email inquiring about mental health outcomes, 
sociodemographic characteristics, and pandemic-specific 
stressors. Surveys began June 30, 2020, and were com-
pleted biweekly for the first 3 months and then monthly 
thereafter. The MomGenes Fight PPD study is in concord-
ance with the Helsinki Declaration and was approved by 
the Institutional Review Board of the University of North 
Carolina at Chapel Hill (IRB Number: 15–2165). The 
study protocol was amended to include the COVID-19 fol-
low-up questionnaires, and the modification was approved 
by the IRB in May 2020.

Measures

Outcomes

Primary outcomes of interest were depressive and anxious 
symptoms. We measured depressive symptoms with the 
Patient Health Questionnaire-9 (PHQ-9) (Kroenke and 
Spitzer 2002). Scores range from 0 to 27 and standard 
symptom categories are defined as none (0–4), mild (5–9), 
moderate (10–14), moderately severe (15–19), and severe 
(≥ 20). Scores of ≥ 10 were considered clinically signifi-
cant for binary outcomes (Kroenke and Spitzer 2002). We 

http://momgenesfightppd.org/
http://momgenesfightppd.org/
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assessed anxious symptoms with the 7-item Generalized 
Anxiety Disorder Questionnaire (GAD-7) (Spitzer et al. 
2006). Scores range 0 to 21, and standard categories are 
defined as none (0–5), mild (6–10), moderate (11–15), 
and severe (> 15). GAD-7 scores of ≥ 10 were considered 
clinically significant (Spitzer et al. 2006). The PHQ-9 and 
GAD-7 are widely used and validated in peripartum popu-
lations (Simpson et al. 2014).

Demographic characteristics, environment, and health 
status

Baseline demographic information about maternal age, 
race/ethnicity, parity, age at worst PPD episode, time since 
worst PPD episode, EPDS score, and psychiatric history 
was obtained from survey responses at time of enrollment 
into the MomGenes Fight PPD study prior to the pandemic. 
Because participants may have moved or changed jobs due 
to pandemic-related factors, we asked about zip code, house-
hold membership, employment status, and occupation in the 
first COVID-19 survey. In each follow-up survey during the 
COVID-19 pandemic, we also asked about ongoing health 
status, including whether the participant was currently preg-
nant, smoking status, any current treatment for major depres-
sive disorder (MDD), COVID-19 risk factors (lung disease 
or asthma, heart condition, immunocompromise, diabetes, 
renal failure, liver disease, HIV/AIDS, high blood pressure), 
COVID-19 symptoms, and COVID-19 diagnosis.

Perceived stress, life events, and perceived risk of COVID‑19

We were interested in how perceived stress varied over the 
course of the pandemic, and the extent to which stressful life 
events and perceived risk of COVID-19 were associated with 
depressive and anxious symptoms. We used the Perceived 
Stress Scale (Sheldon Cohen et al. 1983) to quantify how 
unpredictable, uncontrollable, and overloaded respondents 
found their lives. Scores range from 0 to 40 and scores > 13 
indicate a high degree of perceived stress (S Cohen and Wil-
liamson 1988). We asked about major life events, includ-
ing change in employment, change in household member-
ship, and knowing someone who died of COVID and their 
relationship to the participant. We asked about COVID 
prevention measures occurring in their area that may have 
disrupted regular routines, including stay-at-home/shelter-
in-place ordinances, school closings, or remote work. To 
assess perceived risk of specific COVID-19 threats, we 
asked questions adapted from the Perceived SARS-Related 
Risk Scale (Wu et al. 2009) which inquires about fears, 
worries, and control about infection, transmission and sur-
vival of COVID-19. We aggregated these responses into a 
total COVID-19 risk perception score to enable us to assess 
change in risk perception continuously over time.

COVID‑19 metrics

We plotted national daily COVID-19 cases and 7-day rolling 
averages obtained from the CDC (Centers for Disease Con-
trol and Prevention 2022b). We then geographically linked 
participant data with covid metrics. Using Housing and 
Urban Development/US Postal Service zip code crosswalk 
files (US Department of Housing and Urban Development 
2010), we joined geographic Federal Information Processing 
System county code and date to obtain local case and vac-
cination rates for each individual at each time point. County 
level rolling averages of COVID-19 cases per 100,000 popu-
lation were obtained from the New York Times (The New 
York Times 2021) and county level vaccination data came 
from the CDC (Centers for Disease Control and Prevention 
2022a).

Statistical analysis

We described characteristics of participants who completed 
our baseline COVID-19 survey. To visualize changes in 
depressive symptoms, anxious symptoms, perceived stress, 
and perceived risk across time, we plotted smoothed mean 
PHQ-9, GAD-7, PSS, and COVID-19 risk perception scores 
from June 30, 2020, to January 31, 2022. We also plotted US 
national COVID-19 case numbers and smoothed mean local 
COVID-19 case rates for the same time period to observe 
how symptom trajectories corresponded to the trajectory 
of the pandemic. Based on peaks and troughs of COVID-
19 case trajectories, we selected five distinct timepoints to 
investigate in more detail: July 2020 (baseline), January 
2021 (winter peak of COVID-19 cases), June 2021 (low 
COVID-19 cases), August 2021 (rising COVID-19 cases 
due to Delta variant and school reopenings), and December 
2021 (rising COVID-19 cases due to initial Omicron vari-
ant). We calculated descriptive statistics at each timepoint 
to understand how depressive and anxious symptoms, stress, 
life events, and COVID-specific factors differed. To observe 
time trends, we plotted percentages of participants meeting 
clinically significant symptom thresholds, specific COVID-
19 fears and concerns, experiences with COVID-19 illness, 
and presence of local pandemic-related restrictions.

We were particularly interested in whether specific pan-
demic-related stressors increase depressive or anxiety symp-
toms, but both predictors and outcomes change significantly 
over time. To account for dynamic relationships and cor-
relation among individuals across time, we employed time-
varying effects models (TVEM) using the tvem package in 
R (https:// github. com/ dziak j1/ TvemP ackage_ devel opment) 
to estimate associations between predictors of interest and 
PHQ-9 and GAD-7 scores. TVEMs are particularly well-
suited for intensive longitudinal data and apply penalized 
B-spline models as an extension of generalized estimating 

https://github.com/dziakj1/TvemPackage_development
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equations with sandwich standard errors to allow flexibility 
across time and account for within-subject correlation (Tan 
et al. 2012). We selected predictors for our final adjusted 
multivariate model based on data visualization and known 
risk factors for MDD and GAD. Maternal age, race, time 
since worst PPD episode, EPDS at worst PPD episode, and 

history of suicidal ideation were included as time-invariant 
predictors. County-level COVID-19 case rates per 100,000, 
high stress (PSS ≥ 14), local COVID-19 restrictions (stay-
at-home/shelter-in-place ordinances, school closures, or 
work-from-home recommendations), feeling lack of control 
over getting infected, thinking survival unlikely if infected, 

Table 1  Characteristics of the 
study population at baseline 
(n = 2163)

US Census Region residence, urban residence, and current treatment for depression were obtained from the 
first COVID-19 survey sent in July 2020. All other characteristics were obtained from responses to the sur-
vey at enrollment into the larger MomGenes Fight PPD study prior to the COVID-19 pandemic
a Missing values: race (8), region (19), urbanicity (19), parity (729), age at worst episode (1), time since 
worst episode (1), history of professional help (1), history of medication (1), history of hospitalization (1), 
history of suicidal ideation (1323)

Characteristica

Maternal age (years)
  Mean (SD) 34.1 (6.3)
  Median (IQR) 33 (30–37)
  Range 18–82
  Race/ethnicity (n, %)
White 1973 91.5
  Black 14 0.6
  Hispanic 114 5.3
  Asian 32 1.5
  Native American, Pacific Islander, Other 22 1.0
US census region (n, %)
  Northeast 374 17.4
  Midwest 439 20.4
  South 745 34.7
  West 586 27.3
  Urban (n, %) 1941 90.5
Parity
  Mean (SD) 2.1 (0.9)
  Median (IQR) 2 (2–2)
  Range 1–8
Age at worst episode (years)
  Mean (SD) 30.1 (4.4)
  Median (IQR) 30 (27–33)
  Range 15–44
Time since worst episode (years)
  Mean (SD) 4.0 (5.5)
  Median (IQR) 2 (1–5)
  Range 0–52
  EPDS score
  Mean (SD) 22.5 (3.7)
  Median (IQR) 23 (20–25)
  Range 0–30
Current treatment for depression (n, %) 1331 61.5
History of professional help for depression/anxiety (n, %) 1638 75.7
History of medication for depression/anxiety (n, %) 1366 63.2
History of hospitalization for depression/anxiety (n, %) 131 6.1
History of suicidal ideation (n, %) 382 17.6
History of postpartum psychosis (n, %) 255 11.8



The longitudinal effects of stress and fear on psychiatric symptoms in mothers during the COVID‑19…

1 3

US census region, and parity were modeled as time-varying 
predictors. A stringent Bonferroni corrected significance 
threshold of p < 0.001 accounted for multiple comparisons.

To check for informative missingness, we applied Little’s 
test for missing completely at random (MCAR) data (Little 
1988). As expected, data were not MCAR, so we plotted pat-
terns of PHQ-9 and GAD-7 outcomes by completed visits to 
check for systematic variation. Because time-varying effect 
models use listwise deletion for missing data, we used ran-
dom forest imputation (missForest, R 4.1.2) for missing data.

Results

Of the 12,007 women with PPD who previously participated 
in MomGenes Fight PPD, 2163 (18%) individuals responded 
at least once. Responders were slightly older, less racially 
and ethnically diverse, older at age of worst PPD episode, 
and more often sought depression or anxiety treatment than 
non-responders (Supplementary Table S1). There was sig-
nificant loss to follow-up, and 24.8% of participants only 
completed the baseline survey (Supplementary Fig. S1a). 
Participants completed five surveys on average, but half 
of all surveys were completed within the first 6 months of 
the study (Supplementary Fig. S1b). Only 38 participants 
completed surveys through the end of the study period. We 
did not observe any strong evidence for differential loss to 
follow-up by outcome (Supplementary Figs. S1c, S1d).

Participant characteristics are described in Table 1. Mean 
age of participants was 34 years, and most were White (92%) 
and lived in urban environments (91%). Respondents resided 
throughout all 50 US states, the District of Columbia, and 
Guam. Participants were well-distributed throughout the 
USA, but most (34%) resided in the US South (US Census 
Bureau defined regions (US Census Bureau 2010)). Most 
participants (72%) had 2–3 children. Most women (55%) 
were within 2 years of their worst PPD episode, but nearly 
10% had PPD over 10  years ago. Sixty-two percent of 
women were being treated for depression at baseline.

Women in our study experienced relatively severe 
depression during their worst peripartum episode (EPDS 
mean = 22.5, SD = 3.7); mothers scoring 13 or greater are 
likely to be suffering from a depressive episode. Of these 
women, 76% had previously sought professional help for 
depression or anxiety, 63% had taken medication for depres-
sion or anxiety, 6% had a psychiatric hospitalization, and 
18% experienced peripartum suicidal ideation (Table 1).

PHQ-9, GAD-7, PSS, and perceived COVID-19 risk 
score trajectories all corresponded with COVID-19 case tra-
jectory. Scores for all instruments were high in July 2020, 
decreasing as COVID-19 cases waned in June 2021, and ris-
ing again as cases increased during the SARS-CoV-2 Delta 
variant wave in late summer 2021 and subsequent Omicron 

variant wave in winter 2021–2022 (Fig. 1). Table 2 describes 
participant responses in July 2020, January 2021, June 2021, 
August 2021, and December 2021. Over a third of partici-
pants met clinically significant thresholds for depressive and 
anxious symptoms during the first year of the pandemic. 
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Fig. 1  Trajectories of COVID-19 cases, depressive symptoms (PHQ-
9), anxious symptoms (GAD-7), and stress (PSS), and COVID-
related fears and concerns score, June 30, 2020 to January 31, 2022
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Those numbers decreased to a fifth of participants in June 
2021 but later rose again to early pandemic levels (Table 2).

Table 3 presents adjusted time-varying effects models of 
longitudinal associations with PHQ-9 and GAD-7 scores. 
High perceived stress was the strongest predictor of both 
PHQ-9 (beta = 7.27; 95% CI: 6.22, 8.31; P = 1.48e − 38) and 
GAD-7 (beta = 7.73; 95% CI: 6.92, 8.54; P = 6.19e − 70). 
Feeling a lack of control about getting infected and feeling 
unlikely to survive if infected were both associated with 
an approximately 2-point increase in PHQ-9 and GAD-7 
(Table 3). History of suicidal ideation and EPDS at worst 
PPD episode were time-invariant predictors associated with 
PHQ-9 and GAD-7. COVID-19 case rates, COVID-19 restric-
tions, and geographic region were not associated PHQ-9 or 
GAD-7. Parity was associated with PHQ-9 but not GAD-7 
scores. Coefficients for associations between time-varying 
predictors and symptoms remained fairly constant, though 

there were some slight variations across time (Supplemen-
tary Figure S2). Table 3 presents results for data with missing 
values imputed. Findings for the unimputed data were similar 
in magnitude and significance of association, but less precise, 
and are reported in Supplementary Table S2.

Participants experienced numerous external stressors. Aver-
age PSS scores were 19.2 (SD = 7.5) in July 2020 and after a 
slight decline in summer 2021 rose again (Table 2). In July 
2020, about a third of participants had stay-at-home or shelter-
in-place ordinances in place in their area. Approximately 50% 
of respondents were being advised to work from home and 
had school closings in effect in their area in January 2021. By 
August 2021, about 15% of participants were still advised to 
work from home by their workplace, but nearly all schools had 
reopened. A sizable proportion of participants experienced a 
change in people living in their household (27%) and a change 
in employment (25%). Most people were also directly affected 

Table 3  Time-varying effect models of predictors of PHQ-9 and GAD-7 scores (n = 2163). Multivariate models were mutually adjusted by all 
other covariates, and missing data were imputed

Beta SE 95% CI P-value

a. Associations with depressive symptoms (PHQ-9)
Time-invariant predictors
  Maternal age  − 0.07 0.023  − 0.11, − 0.02 2.39E − 03
  Race 0.28 0.123 0.04, 0.52 0.02
  Time since worst episode 0.07 0.029 0.01, 0.12 0.02
  EPDS at worst episode 0.18 0.026 0.13, 0.23 6.42E − 12
  History of suicidal ideation 2.86 0.271 2.33, 3.39 3.53E − 24

Time-varying predictors (averaged over all time points)
  County cases/100 k population  − 0.00 0.006  − 0.02, 0.01 0.99
  High stress (PSS ≥ 14) 7.27 0.533 6.22, 8.31 1.48E − 38
  COVID-19 restrictions in place 0.37 0.297  − 0.21, 0.95 0.22
  Felt lack of control over whether would get infected 1.53 0.255 1.03, 2.03 3.97E − 09
  Thought unlikely to survive if were to get COVID-19 2.10 0.450 1.21, 2.98 4.11E − 06
  Region  − 0.01 0.235  − 0.47, 0.45 0.97
  Parity 0.60 0.225 0.16, 1.04 7.63E − 03

b. Associations with anxious symptoms (GAD-7)
Time-invariant predictors
  Maternal age  − 0.07 0.021  − 0.11, − 0.03 9.01E − 04
  Race 0.05 0.109  − 0.17, 0.26 0.68
  Time since worst episode 0.02 0.028  − 0.03, 0.08 0.38
  EPDS at worst episode 0.14 0.026 0.09, 0.19 9.48E − 08
  History of suicidal ideation 2.11 0.276 1.57, 2.65 9.85E − 14
  Time-varying predictors (averaged over all time points)
  County cases/100 k population  − 0.00 0.003  − 0.01, 0.00 0.99
  High stress (PSS ≥ 14) 7.73 0.413 6.92, 8.54 6.19E − 70
  COVID-19 restrictions in place 0.29 0.156  − 0.02, 0.60 0.06
  Felt lack of control over whether would get infected 2.07 0.148 1.78, 2.36 3.21E − 40
  Thought unlikely to survive if were to get COVID-19 1.96 0.547 0.89, 3.03 3.73E − 04
  Region  − 0.05 0.166  − 0.38, 0.27 0.78
  Parity 0.10 0.240  − 0.37, 0.57 0.69
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by the consequences of COVID-19 illness. By January 2021, 
97% knew someone who had been diagnosed with COVID-
19. By December 2021, 63% knew someone who had died of 
COVID-19. Most people were afraid that they or a loved one 
would fall ill with COVID-19 and felt they had little control 
over getting infected. These fears particularly increased during 
times of COVID-19 case rates in December 2020, August 2021, 
and December 2021 (Fig. 2).

Discussion

In this large, national, longitudinal study of mothers with 
a history of PPD, we found that depressive symptoms, 
anxious symptoms, perceived stress, and pandemic-
related fears followed trends of COVID-19 caseload 
severity throughout the pandemic. Although population-
level symptom trajectories aligned with pandemic trajec-
tory, local COVID-19 prevalence was not associated with 
PHQ-9 or GAD-7 scores. Most participants experienced 
significant life stressors. High perceived stress was the 
factor most strongly associated with both depressive symp-
toms and anxious symptoms throughout the pandemic. 
History of suicidal ideation or high peripartum EPDS 
score also increased PHQ-9 and GAD-7 scores.

Our findings are comparable to global estimates of 
depressive and anxious symptoms. In a cross-sectional study 
of 64 countries in May–June 2020 (Basu et al. 2021), 31% of 
participants were experiencing significant symptoms, simi-
lar to the 20–40% of our sample meeting clinically signifi-
cant thresholds. In that multi-country study, 86% reported 
being worried or very worried about COVID-19. Similarly, 
70–80% of participants in our sample were worried about a 
loved one falling ill with COVID-19.

Surprisingly, local pandemic-related stressors such as 
working from home and school closings were not indepen-
dently associated with depression and anxiety symptoms. 
Likewise, although disruptions such as household and 
employment changes were common, they also were not 
directly associated with symptoms. Conversely, high per-
ceived stress, fear of not surviving, and lack of a sense of 
control were strongly associated with depressive and anxious 
symptoms. It is possible that response to the stressors rather 
than the specific stressors themselves most greatly influences 
symptoms (Puyané et al. 2022). We see evidence of this as 
COVID-19 case rate is not directly associated with depres-
sive symptoms, but case rate is associated with perceived 
COVID-19 risk score, which is subsequently associated 
with depressive symptoms. Thus, COVID risk perception 

in response to changing case rates may act as a mediator. 
Number of children in the home may also be a factor, as 
parity was strongly associated with depressive symptoms. 
Parity was not associated with anxiety symptoms, likely due 
to a more uniform distribution of GAD-7 scores and low 
variability of parity (i.e., most mothers had two children). 
The relationships between difficult life events, community 
resources, social support, family composition, and emotional 
wellbeing are complex and there are likely interactions that 
make mothers especially susceptible to depression or anxiety 
during the pandemic (Racine et al. 2022).

Mental health experts have been warning of a “men-
tal health tsunami” (American Psychological Association 
2021a; Roxby 2020), and we are just beginning to under-
stand its magnitude. Many studies showed an increase in 
psychiatric symptoms at the pandemic onset (American 
Physological Association 2020; Arora et al. 2022; Ettman 
et al. 2020; Kessler et al. 2022). Some longitudinal stud-
ies show consistent increases over time, though a few also 
suggest symptoms are stabilizing (Shevlin et al. 2021a, b; 
Sommerlad et al. 2021). Our study demonstrates psychi-
atric symptoms do not increase or decrease in a consistent 
manner. Symptoms broadly ebb and flow within the con-
text of the pandemic, consistent with results of a recent 
multi-national European study (Unnarsdóttir et al. 2021). 
These fluctuations may be particularly enhanced in women 
with a history of PPD.

This cohort of over 2000 women is drawn from the larg-
est study of women with PPD in the USA, which includes 
participants from all 50 states and Guam. Participants have 
been carefully phenotyped and validated for PPD. This study 
is unique as it contains longitudinal data at many timepoints 
across the past two years of the COVID-19 pandemic, ena-
bling us to employ TVEM to address time-varying ques-
tions and empirically observe that symptoms both increase 
and decrease at different points in time. Although TVEM is 
flexible and allows for non-uniform data structures such as 
unequal spacing of measurements (Lanza et al. 2016), low 
response rate and high loss to follow-up hinder our ability 
to make generalizable conclusions. Of invited participants, 
18% completed the baseline survey, and respondents were 
significantly different than non-respondents, indicating some 
selection bias is likely. Additionally, only 38 participants 
completed surveys through the end of the study period, and 
most surveys were completed in 2020, limiting interpretation 
of findings from the latter half of the study. Completion of 
regular questionnaires throughout a pandemic is challenging, 
and severe depressive or anxious symptoms likely reduce 
response. Like most longitudinal methods, TVEM assumes 
random entry and dropout. While we detected no differen-
tial dropout and used modern imputation methods to impute 
missing data, we did detect some non-random missingness, 
which may also bias results. TVEM can assess variability 

Fig. 2  Percentage of respondents (A) affected by COVID-19 illness, 
(B) experiencing local COVID-19 disruptions, and (C) expressing 
COVID-19-related fears and concerns

◂
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and associations across time, but these cannot be interpreted 
as causal associations (Lanza et al. 2016), and thus, findings 
must be interpreted with care.

MomGenes Fight PPD is an innovative study that 
recruited, phenotyped, and obtained genetic samples 
through an app-based platform. Digital health research, 
education, and interventions have the benefit of being adap-
tive and unconstrained by geographic barriers. All women 
in MomGenes Fight PPD remain eligible, and we are con-
tinuing surveys as we transition from the acute phase of the 
pandemic to COVID-19 endemicity. Digital interventions 
are particularly well-suited to the field of psychiatry, and 
the COVID-19 pandemic has already demonstrated success 
of a shift to virtual care for many outpatient psychiatric and 
psychotherapy visits (American Psychological Associa-
tion 2021b). As demand for psychiatric services increases 
(American Physological Association 2020; American Psy-
chological Association 2021a), digital approaches show 
great promise for delivering population based mental health 
interventions and improving access to care.

Conclusions

In our study of mothers with a history of PPD, we observed 
dynamic changes in depressive and anxious symptoms 
throughout the pandemic and, in particular, saw increases 
in stress and pandemic-related fear when COVID-19 cases 
increased. Psychiatric symptoms and national COVID-19 
cases followed similar trajectories, but local COVID-19 
case rates and restrictions were not independently associ-
ated with psychiatric symptoms. High perceived stress and 
more severe PPD (i.e., higher EPDS and suicidal ideation) 
had stronger associations with depressive and anxious 
symptoms. Although the low response rate and high loss 
to follow-up in this study reduce our ability to make strong 
recommendations, this study suggests that the collective 
trauma of the pandemic has significantly affected women 
with a history of PPD, exemplified by high levels of per-
ceived stress and its effect on depressive and anxious symp-
toms. Thus, pandemic-related fear must be contextualized 
to enable people to regain a feeling of control over their life 
circumstances. Interventions to mitigate stress and prevent 
worsening symptoms or relapse in this vulnerable group are 
needed. The COVID-19 pandemic has brought large-scale, 
community-level effects on mental health, which will require 
innovative, scalable interventions to reach large numbers 
of people (Van Lieshout et al. 2021). Although the exact 
trajectory of the next phase of the COVID-19 pandemic is 
unknown, it will certainly influence mental health collec-
tively and dynamically and will require flexible, responsive 
solutions, particularly for mothers with a history of PPD 
(Hermann et al. 2021).

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00737- 022- 01265-1.
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