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Abstract
We investigated how exogenous variation in exposure to the 
COVID-19 pandemic during the first year of life is related to 
infant development, maternal mental health, and perceived 
stress. Ninety-three socioeconomically diverse pregnant 
women were recruited before the pandemic to  participate in 
a longitudinal study. Infants ranged in age at the beginning 
of lockdown (0–9.5 months old), thus experiencing differ-
ent durations of pandemic exposure across the first year of 
life. The duration of pandemic exposure was not associ-
ated with family demographic characteristics, suggesting 
it captured exogenous variability. We tested associations 
between this exogenous variation in pandemic exposure 
and child and family outcomes. We also examined whether 
mother-reported disruptive life events were correlated 
with child and family outcomes. We found no association 
between duration of pandemic exposure in the first year of 
life and infant socioemotional problems, infant language 
development, or maternal mental health and perceived 
stress symptoms, at 12 or 24 months. However, we found 
that self-reported exposure to pandemic-related disruptive 
life events predicted greater maternal depression, anxiety, 
and perceived stress at 12  months, and greater depres-
sion and anxiety at 24 months. Socioeconomic status did 
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1  |  INTRODUCTION

The COVID-19 pandemic has wreaked devastation on a global scale. In addition to causing millions 
of deaths, the pandemic disrupted daily lives in countless ways. New York City (NYC), an early 
American epicenter, was particularly affected with high infection rates, deaths, lockdowns, and job 
loss. While the pandemic substantially impacted all New Yorkers' lives, mothers and infants may 
have been particularly affected. Indeed, access to childcare, healthcare, economic resources, and 
peer socialization were disrupted due to lockdowns. Masking requirements may have interfered with 
infants' abilities to learn and communicate (Kokkinaki & Hatzidaki, 2022), and correlational work has 
suggested that mothers reported a decline in mental health during the pandemic during both perinatal 
and postpartum periods (Morris & Saxbe, 2021; Perzow et al., 2021). These changes and others have 
raised concern about the impact of the pandemic on infant development and maternal mental health 
(e.g., Kokkinaki & Hatzidaki, 2022; Venta et al., 2021).

Masking, social isolation, fear of infection, and other environmental changes could affect infants 
and mothers in numerous ways. Pandemic-related disruptions may have led to changes in parent-child 
interactions in ways that could plausibly support or hinder language and socioemotional skill devel-
opment. Furthermore, accumulating evidence has indicated declines in maternal mental health due to 
pandemic-related stressors (e.g., Grumi et al., 2021). The effect of the pandemic on maternal mental 
health is an important public health concern in its own right and also has potential implications for 
infant development (Ierardi et al., 2019; Lam-Cassettari & Kohlhoff, 2020; Scheiber et al., 2022).

In order to assess the impact of the pandemic on infant development and maternal mental health, 
the present study leverages exogenous variations in months of exposure to the pandemic during 
infants' first years of life. We hypothesized that greater duration of pandemic exposure over the first 
year of life would be associated with lower infant language skills, more infant socioemotional prob-
lems, and greater maternal anxiety, depressive, and perceived stress symptoms when infants were 
12- and 24-months old.

1.1  |  Maternal mental health

Pandemic-related stressors are likely to exacerbate maternal mental health and perceived stress symp-
toms (Provenzi & Grumi, 2021), potentially leading to declines in mental health (Grumi et al., 2021). 
In the United Kingdom, Fallon et  al.  (2021) found clinically relevant cases of anxiety (61%) and 
depression (43%) in new mothers to be far higher than pre-pandemic rates (14.6% and 16%, respec-
tively). Similar findings have been reported across the globe (Davenport et  al.,  2020; Gustafsson 
et al., 2021; Wu et al., 2020; Zanardo et al., 2020).

Myriad pandemic-related experiences may contribute to these patterns, including social isola-
tion, fear of infection, financial strain, and caregiver fatigue. These experiences could impact one 
or more domains of mental health, including depression, anxiety, and perceived stress. McLaughlin 
et  al.  (2022) theorized that cumulative exposure to adverse experiences (e.g., an accumulation of 
stressful pandemic experiences) may be one mechanism driving pandemic-related upticks in psycho-
pathology. They also propose that specific stressor types (e.g., economic stressors and lifestyle related 
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disruptions) and stress sensitization (e.g., history of adverse early experiences) may put individuals at 
a greater risk (McLaughlin et al., 2022).

Some empirical work has found support for the cumulative exposure theory. One cross-sectional 
survey suggested that experiencing a single stressful life event due to the pandemic was a risk factor 
for poorer mental health (Rossi et  al.,  2020). Another study of low-income families found that 
caregivers who experienced both pandemic-related job and income loss reported significantly higher 
depressive symptoms and life stress (Kalil et  al.,  2020a). This aligns with pre-pandemic research 
reporting that negative life events predict higher levels of maternal depression and anxiety (Mitchell 
& Ronzio, 2011; Phillips et al., 2015).

While declines in maternal mental health are concerning in their own right, an abundance of 
research has also linked maternal mental health with infant language and behavior. Specifically, mater-
nal depression, anxiety, and perceived stress have each been associated with poorer socioemotional 
and language outcomes in the first years of life (Barnett et al., 1991; D'Souza, Crawford, et al., 2019; 
D'Souza, Waldie, et al., 2019; Harris & Santos, 2020; Pierce et al., 2021; Quevedo et al., 2011; Reck 
et al., 2018).

Maternal mental health and perceived stress symptoms may shape infant development through 
impacts on the home language environment and parent-child interaction, critical factors for scaf-
folding infant language, and socioemotional development. For example, depressed mothers tend to 
use less  infant-directed speech and engage in fewer conversational turns with infants (Brookman 
et al., 2020; Lam-Cassettari & Kohlhoff, 2020), which in turn are associated with a smaller vocabu-
lary size at 18 months (Brookman et al., 2020). Furthermore, depressed mothers tend to demonstrate 
more withdrawn and intrusive parenting behaviors (Field et  al.,  2006), which are associated with 
greater behavior problems, lower social competence, and lower language skills in offspring (Justice 
et al., 2019; Wang & Dix, 2013). Interventions that improve parent-child interactions for mothers expe-
riencing psychological distress have been shown to improve children's behavior problems (Timmer 
et al., 2011), highlighting the importance of parent-child interactions as a mechanism to explain the 
association between maternal mental health and socioemotional development.

Due to the unexpected nature of the pandemic's onset, pandemic-related studies have largely relied 
on cross-sectional, correlational designs to draw conclusions, which limit the ability to draw causal 
inferences. Two longitudinal studies have investigated these associations in the postnatal period. Over-
all, these studies detected increased levels of maternal anxiety and depressive symptoms since the 
onset of the pandemic (Perzow et al., 2021; Racine et al., 2021). Importantly, both studies found that 
experiencing more pandemic-related disruptions, such as job loss or loss of childcare, was a risk factor 
for poorer mental health (Perzow et al., 2021; Racine et al., 2021). To our knowledge, no studies have 
explored the impact of the pandemic on new mothers or infant development over time.

1.2  |  Infant development

1.2.1  |  Language development

Research to date has been mixed regarding the effects of the pandemic on early language development. 
Indeed, one can imagine various plausible mechanisms by which the pandemic may have facilitated 
or limited language development. Children's engagement in back-and-forth conversational interaction 
with adults (components of the “home language environment”) has been theorized (Ford et al., 2020; 
Pace et  al.,  2017) and empirically backed (Weisleder & Fernald,  2013) as critical processes that 
scaffold children's emerging language abilities. Social isolation, mask wearing, job loss, and other 
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ecological shifts that occurred during the pandemic may have changed the home language environ-
ment in important ways with potential implications for infant language development.

On one hand, it is possible that the pandemic may have led to declines in language development. 
A recent study observed slightly lower language scores among 6- and 12-month-olds born during the 
pandemic, compared with a pre-pandemic cohort (Imboden et al., 2021). Mask-wearing and social 
isolation may have hampered the extent to which children could pick up on language inputs in their 
environment, and pandemic-related stress may have reduced the quantity or quality of parent-child 
interactions. Indeed, increased perceived stress has been linked with the provision of less sensitive 
parent-child interaction (Ursache et al., 2017), though evidence for links between perceived stress and 
the measures of the home language environment has been mixed (Hart et al., 2022; Pierce et al., 2021). 
Nonetheless, greater parenting stress (Justice et al., 2019; Magill-Evans & Harrison, 2001), perceived 
stress (Pierce et al., 2021), and psychological appraisals of stress (Troller-Renfree et al., 2022) have 
each been associated with lower scores on measures of early language development. Some other 
studies, however, have found no relation between perceived stress and language development (Lehr 
et al., 2016; Lin et al., 2017).

Alternately, and perhaps counterintuitively, pandemic-related shifts may have provided increased 
opportunities for infant language development. For example, parents working remotely or spending 
more time at home due to job loss may have engaged in more frequent and responsive verbal interac-
tions with their infants. One study found evidence along these lines: Parents who reported both job 
and income loss during the pandemic were more likely to regularly read with their preschool-aged 
child, though this relation was not observed for the experience of either job or income loss alone (Kalil 
et  al.,  2020a). Similarly, a separate study found that young children (8- to 36-months-old) gained 
more words during the first COVID-19 lockdown when compared to pre-pandemic norms (Kartushina 
et al., 2021). Infant language development may be particularly sensitive to pandemic-related changes, 
making this an important area to research.

1.2.2  |  Socioemotional development

Healthy infant socioemotional development depends on interactions with adults and peers (Brownell 
& Brown, 1992). Indeed, one way in which adult interaction influences socioemotional development 
is through pro-social behavior modeling (Vandell & Wilson,  1987). Additionally, peer interaction 
during toddlerhood is considered an important aspect of healthy development: social coordination, 
communication, and engagement in peer play expand rapidly during the second year of life (Brownell 
& Brown, 1992). The extent to which reduction in peer interactions during this sensitive period may 
affect infant socioemotional development is unknown.

In many cases, lockdowns restricted social interaction outside of the immediate family unit, limit-
ing opportunities for children to practice these emerging social skills outside of the home. In one qual-
itative study, parents described the closure of early education programs as negatively impacting their 
children's socioemotional well-being and behavior (Egan et al., 2021). Alternatively, it is possible that 
more time spent at home with family members may have led to more opportunities to learn and prac-
tice pro-social behaviors, thus leading to improved socioemotional development. In the same study, 
parents also reported increased quality family time as a positive effect of lockdown (Egan et al., 2021).

Importantly, coordinated face-to-face interactions are considered essential for socioemotional 
development (Feldman, 2007), and mask use may reduce opportunities for infants to read faces for 
emotion. One experimental study found that masks inhibited preschool-aged children's ability to infer 
emotional cues via facial expressions (Gori et al., 2021), but no such effects were seen in school-aged 
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children (Ruba & Pollak, 2020). However, further evidence on how mask use affects infant socioemo-
tional development is limited.

Beyond social isolation and mask wearing, heightened stress and uncertainty during lockdown 
may have negatively impacted parent-child interaction quality. It is well-documented that exposure 
to early stress is associated with poorer socioemotional development. Indeed, several studies have 
found that increased postnatal perceived stress correlates with greater socioemotional problems at 
12 months (Olafsen et al., 2008; Pesonen et al., 2008; Troller-Renfree et al., 2022). Adverse childhood 
experiences (ACEs), such as the death of a family member, are one example of a stress exposure asso-
ciated with later behavior problems (Clarkson Freeman, 2014). An estimated 140,000 children under 
age 18 experienced the death of a caregiver due to COVID-19 (Hillis et al., 2021), raising concern 
about children's socioemotional trajectories during the pandemic.

One recent study found that infants born during the pandemic scored lower on a parent-reported 
measure of personal-social development at 6  months (Shuffrey et  al.,  2021), while another study 
with a similar design did not detect such effects (Imboden et al., 2021). Nonetheless, evidence has 
suggested that stress-related psychopathologies have increased in both children and adults since the 
onset of the pandemic (see McLaughlin et al., 2022 for a review). Though data available on infants to 
date is limited, it is important to study pandemic-related socioemotional differences, as these may be 
precursors to later psychopathology.

1.3  |  COVID-19 & socioeconomic status (SES)

Though the pandemic affected all New Yorkers, not all were equally impacted. Many families had the 
social and financial resources to move out of NYC (Marte, 2020), providing some respite from the 
stress of living in close quarters with the threat of high infection risk. Some could comfortably work 
from home and maintain sufficient income. Others experienced devastating losses, financial insecu-
rity, social isolation, and many other disruptive life events.

Importantly, low-income families were far more likely to experience job and/or income loss during 
lockdown (Parker et al., 2020). Thus, socioeconomic status (SES) may moderate the impact of the 
pandemic on infant development and maternal mental health. An analysis from Kalil et al. (2020a) 
found job and income loss during the pandemic to be associated with less positive parenting inter-
actions among a sample of low-income caregivers, indicating potential downstream effects of the 
pandemic for infants experiencing poverty. Similarly, postpartum women with income less than 
200% of the federal poverty line tended to report higher depressive and anxiety symptoms during the 
pandemic compared to high-income women (Perzow et al., 2021).

Although it is well-documented that job loss, infections, and deaths were significantly higher 
in socioeconomically disadvantaged communities (Finch & Hernández Finch,  2020; Hawkins 
et al., 2020; Karmakar et al., 2021; Parker et al., 2020), some mothers living in disadvantaged circum-
stances may have fared more favorably during the pandemic. For example, stay-at-home mandates 
and economic relief payments may have provided opportunities for greater quality time in the home. 
Therefore, it is also possible that mental health symptoms may decrease for low-income mothers 
in the context of COVID-19. Indeed, a recent study found that depressive and anxiety symptoms 
decreased during the pandemic in a sample of low-income mothers of 12-month old's compared with 
those assessed prior to the pandemic (Premo et al., 2022).
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1.4  |  Current study

The current study tested the effect of pandemic exposure on infant development and maternal mental 
health. The onset of the pandemic occurred in the midst of an ongoing longitudinal study of child 
development from pregnancy through age three. Data collection occurred such that all participants 
had completed a baseline prenatal assessment prior to the pandemic's onset, and all infants in the 
study reached their first birthday after the pandemic's onset. Thus, the enrolled infants ranged in age 
when the pandemic began in March 2020.

We leveraged this variation in the infant's age to create an arguably exogenous indicator of pandemic 
exposure. First, we tested whether the infant's age at pandemic onset was associated with potential 
confounding demographic characteristics. Theoretically, if the infant's age within our sample varied 
randomly, we would be well-positioned to estimate the causal effect of the duration of pandemic expo-
sure within our sample. We hypothesized that a greater duration of pandemic exposure over the first 
year of life would be associated with poorer infant language skills and greater socioemotional prob-
lems at infant ages of 12 and 24 months, as well as greater maternal self-reports of anxiety, depression, 
and perceived stress. Our study design did not allow us to identify mechanisms responsible for effects; 
rather, we sought to test if more time spent living under pandemic conditions was associated with 
developmental differences in the first 2 years of life.

After the pandemic's onset, when infants were 12-months old, we collected maternal reports 
of exposure to pandemic-related disruptive life events. We hypothesized that a greater number of 
pandemic-related disruptive life events would predict poorer infant language, more infant soci-
oemotional problems, and worse maternal mental health. Of note, the maternal report of disruptive 
life events was not an exogenous measure, and as such, was susceptible to bias due to unmeasured 
confounds. Finally, we also examined whether SES moderated the relation between both pandemic 
predictors (duration and disruption) and each of the maternal and infant outcomes. We did not have 
hypotheses about the directionality of these interactions, as there has been scant literature to date on 
pandemic-related SES moderation effects.

2  |  METHODS

2.1  |  Study design

Between June 2019 and March 2020, mothers were recruited from local prenatal clinics, parenting/
birthing classes, community events, and social media to participate in a longitudinal study examining 
associations among early experiences and child development. The study aimed to recruit and follow 
200 mother-infant dyads from the prenatal period through age three. However, only 93 mothers were 
enrolled in the study before recruitment efforts were paused due to the pandemic. Data collection 
procedures shifted to be remote in March 2020 for those already enrolled in the study for the 12- and 
24-month visits.

2.2  |  Participants

Mothers were recruited from the NYC metropolitan area before the onset of the pandemic. Participants 
were recruited to be intentionally socioeconomically diverse based on maternal education. Inclusion 
criteria for the expectant mothers included: being 18 years of age or older, at least 35 weeks pregnant, 
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carrying a singleton fetus with no known neurological or developmental issues, and being able to 
speak either English or Spanish. All visits were conducted in either English or Spanish according 
to maternal preference. This study was conducted in alignment with the ethical standards set by the 
Declaration of Helsinki, and informed consent was obtained from all parents before beginning study 
procedures. All procedures were approved by the Institutional Review Board of Teachers College, 
Columbia University.

2.3  |  Measures

2.3.1  |  Maternal mental health

Depression
Maternal depressive symptoms were evaluated using the Patient Health Questionnaire (PHQ-8; 
Kroenke et al., 2009) at the prenatal, 12-month, and 24-month visits. The PHQ-8 is a valid and reliable 
8-question self-report scale that assesses the frequency of depressive symptoms over the prior 2 weeks. 
Items are scored as 0 points for “Not at all,” 1 point for “Several days,” 2 points for “More than half the 
days,” or 3 points for “Nearly every day.” Scores were considered valid if mothers completed at least 
80% of items with higher scores indicating more frequent depressive symptoms 𝐴𝐴 (𝛼𝛼 = .77).

Anxiety
Maternal anxiety symptoms were evaluated using the Beck Anxiety Inventory (BAI; Beck et al., 1988) 
at the prenatal, 12-month, and 24-month visits. The BAI is a valid and reliable 21-question self-report 
scale that assesses the severity of anxiety symptoms over the prior month. For each item, participants 
report how much they were bothered by anxiety symptoms on a scale from 0 (not at all) to 3 (severely, 
I could barely stand it). Scores were considered valid if mothers completed at least 80% of items with 
higher scores indicating more severe anxiety symptoms 𝐴𝐴 (𝛼𝛼  = .88).

Perceived stress
Perceived stress was assessed using the Perceived Stress Scale (PSS-10; Cohen & Williamson, 1988), 
which was administered at the prenatal, 12-month, and 24-month visits. The 10-item scale assesses the 
degree to which the respondent has perceived situations as stressful within the last month. Participants 
responded to each item using a 5-point Likert scale (1 = never, 5 = very often). Four items were posi-
tively stated and thus were reverse scored before summing the items. Higher scores indicated greater 
perceived stress. Mothers needed to provide valid answers on at least 80% of the items for their score 
to be considered valid 𝐴𝐴 (𝛼𝛼  = .80).

2.3.2  |  Infant outcomes

Socioemotional problems
The Brief Infant-Toddler Social Emotional Assessment (BITSEA; Briggs-Gowan, 2004) is a clinical 
screener for socioemotional issues, behavioral problems, and delays in competency in young children. 
The BITSEA assesses the occurrence of problem behaviors, overall social competence, and parents' 
concerns about their child's development. The scale was previously validated in a clinical sample 
and is used to screen children of 12–36 months old (Briggs-Gowan, 2004). Mothers completed the 
BITSEA Problems subscale (31 items) at the 12- and 24-month visit, during which they rated the 
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frequency of 23 behaviors (0 = not true/rarely, 1 = sometimes true/often, 2 = very true/often; e.g., 
“My child seems nervous, tense, or fearful”). All items were summed to form a composite with higher 
scores indicating greater problem behaviors. At least 80% completion of the Problems subscale was 
required to calculate a valid score (𝐴𝐴 𝐴𝐴  = .82).

Language development
The LENA Developmental Snapshot estimates children's expressive and receptive language ability 
(LDS; Gilkerson et al., 2017). The LDS is a 52-item questionnaire that measures language develop-
ment through the parent's report. Items on the questionnaire progress in difficulty (e.g., “When you 
talk to your child, does he/she look in the direction of your voice?,” “Does your child produce two or 
more vowel sounds, such as/ah/or/ooh/?”). For each item, parents are instructed to indicate “yes” if 
their child consistently demonstrates each skill or behavior either currently or at an earlier develop-
mental stage and “no” if the child has not consistently demonstrated the skills. A developmental age 
estimate is then calculated based on the parent's report of child language ability. The LDS has been 
shown to be highly correlated with other performance-based language assessments and has been vali-
dated for children from ages 2–36 months (Gilkerson et al., 2017). Mothers completed the LDS at the 
12- and 24-month visits.

2.3.3  |  Pandemic impact measures

Duration of pandemic exposure
To evaluate the impact of pandemic exposure, it was necessary to select a cut-off date that established 
the pandemic's onset in NYC. March 22, 2020, was selected, as this was the date NYC enacted physical 
distancing requirements and required all nonessential workers to stay home (Thompson et al., 2020). 
The duration of pandemic exposure was calculated as the number of days that occurred between 
the pandemic onset date (March 22, 2020) and the infant's first birthday. This created a continuous 
variable that reflected the duration of pandemic exposure in the first year of life. As such, a lower 
value indicated that the infant had less pandemic exposure during their first year of life. For example, 
an infant born on February 22, 2020, would have been 1 month old at the start of the pandemic and 
experienced 11 months of pandemic exposure in their first year. In contrast, an infant born on June 22, 
2019 would have been 9 months old at the start of the pandemic and experienced only 3 months of 
pandemic exposure in the first year of life. This variable was then transformed into months using the 
average number of days in a month (i.e., 30.43). For confidentiality purposes, we represent months 
of pandemic exposure rounded to the second decimal in this manuscript. In analyses, we utilized a 
continuous variable based on the infant's exact age.

As seen in Figure 1, the onset of the pandemic occurred at various developmental points in our 
sample. Five women in our sample gave birth shortly after March 22, 2020, so their infants were 
assigned a value of 12  months of pandemic exposure in the first year. Two of the prenatal visits 
occurred on or after March 22, 2020, but we retained these cases as their inclusion did not affect the 
findings (and we assigned these infants a value of 12 months of exposure as well).

Disruptive life events
One method of assessing stress during a natural disaster is by measuring exposure to stressful life 
events (King et  al.,  2012). For example, Laplante et  al.  (2004) found that the number of stressful 
events experienced by pregnant mothers during the 1998 Quebec Ice Storm predicted infant language 
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and intellectual abilities at age two (e.g., “Were you injured?” and “How many days were you without 
power?”).

Here, we used a similar count of the number of disruptive life events experienced by families 
during the pandemic, using the Epidemic-Pandemic Impact Inventory (EPII; Grasso et al., 2020), a 
recently developed scale designed to measure the impact of the COVID-19 pandemic on personal 
and family life. The checklist consists of 92 items spread across 10 domains. Due to time constraints, 
only seven domains (71 items total) were administered at the 12-month visit: Work and Employment 
(e.g., “Laid off from job or had to close own business”), Education and Training (e.g., “Had a child 
in home who could not go to school”), Home Life (e.g., “Childcare and babysitting unavailable when 
needed”), Social Activities (e.g., “Separated from family or close friends”), Physical Health Problems 
(e.g., “Increase in health problems not related to this disease”), Infection History (e.g., “Hospital stay 
due to this disease”), and Positive Change (e.g., “More quality time with partner or spouse”). Partici-
pants responded to each item as to whether the event impacted them or a person in their home at any 
point during the pandemic. We created a cumulative risk index by summing endorsed items from 
the negative domains of the scale; the Positive Change subscale was excluded from the cumulative 
risk index. Affirmatively endorsed items (“Yes, impacted me” and/or “Yes, impacted a person in my 
home”) were collapsed and summed to create a cumulative COVID-19 Disruptive Life Events Score.

2.3.4  |  Socioeconomic status

Maternal educational attainment, annual income, and household size data were collected at the prena-
tal visit. An income-to-needs (ITN) ratio was calculated by dividing total household income by the 
poverty threshold for the respective family size for the year of data collection. As expected, ITN values 
were positively skewed. Therefore, we winsorized the highest values to 3 standard deviations above 
the mean and subsequently log-transformed ITN values for use in all analyses. Some participants 
reported an income of zero dollars. To enable log transformation, one dollar was added to all income 
values prior to calculating ITN. Maternal-reported years of formal education was used as a secondary 
measure of SES.
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spent alive prior to the pandemic, and the right half represents the amount of pandemic exposure in the first year of life.



2.4  |  Procedure

Participants were invited to complete surveys during their third trimester of pregnancy, at 12- and 
24-month postpartum. We modified procedures to allow for remote data collection during the 
pandemic; thus, all postpartum surveys were collected virtually.

2.5  |  Missing data

Of the initial sample (n = 93 mother-infant dyads; 49 female infants), one infant was excluded from 
analyses after receiving a diagnosis of autism. Nineteen mothers declined to participate at the 12-month 
follow-up, and another 18 participants declined to participate at the 24-month visit. Reasons for attri-
tion included relocation, loss of interest, or time constraints. Mothers who completed the 12-month 
assessment were more likely to be White (𝐴𝐴 𝐴𝐴  = .16, p = .07), less likely to be Hispanic (𝐴𝐴 𝐴𝐴  = −.22, 
p = .01), more highly educated (𝐴𝐴 𝐴𝐴  = .09, p = .03), and older (𝐴𝐴 𝐴𝐴  = .14, p < .001) compared to the 
prenatal sample. However, no demographic differences were observed between the prenatal sample 
and the 24-month sample. We used multiple imputation with 25 iterations for all regression analyses. 
Our final analytic sample was 92.

2.6  |  Covariates

Covariates for linear models included infant exact age at the 12- and 24-month assessments; prenatal 
levels of maternal depression, anxiety, and perceived stress; level of maternal education (continuous); 
maternal race (two dummy variables for whether the mother was Black or some other race; White was 
used as the reference group) and ethnicity (dummy variable for whether the mother was Hispanic; not 
Hispanic was used as the reference group); maternal age at delivery; and maternal age-adjusted scores 
from the NIH Toolbox Picture Vocabulary Test (NIH-TB PVT; Weintraub et al., 2013), a nationally 
standardized measure of language functioning that was collected at the prenatal visit.

2.7  |  Analytic Plan

All analyses were conducted in Stata v.16 (StataCorp, 2019). First, we regressed maternal baseline 
characteristics onto the duration of pandemic exposure to examine whether the duration correlated 
with pre-pandemic maternal characteristics. Next, we conducted a linear regression analysis to test 
whether the duration of pandemic exposure and pandemic-related disruptive life events predicted 
infant language skills, socioemotional problems, and maternal mental health and perceived stress 
symptoms at both 12- and 24-months postpartum. All outcome variables (i.e., maternal mental health, 
perceived stress, and infant development) were standardized for linear analyses, while the pandemic 
predictor variables (i.e., duration of exposure and disruptive life events) were unstandardized. Accord-
ing to a post-hoc power analysis, we were sufficiently powered to detect effect sizes of 0.28 or greater 
in our regression models with full covariates.

In all models, we controlled for infant exact age at the 12- and 24-month assessments to adjust for 
variations in the timing of the visit (i.e., to control for the fact that some children were, e.g., slightly 
older or younger than 12 months at the 12-month visit). We also tested whether the results changed 
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after the inclusion of additional controls for baseline maternal characteristics measured during the 
prenatal visit that could also influence our key outcomes. Finally, in our exploratory interaction 
models, we tested interactions between ITN and both the duration of exposure and disruptive life 
events in predicting maternal and infant functioning.

To reduce the influence of outliers, linear analyses were conducted using the “robust regression” 
command in Stata 16.0. One participant obtained the highest possible value on the disruptive life 
events scale as they selected many extreme and conflicting answer choices, reflective of an extreme 
and noncontingent response style (Van Vaerenbergh & Thomas, 2013). This response style has the 
potential to skew data and affect linear analyses (Van Vaerenbergh & Thomas, 2013). Consequently, 
we set this score to missing, though this participant was included in our analyses that relied on multi-
ple imputation (i.e., their score was imputed as if they had a missing survey response).

3  |  RESULTS

3.1  |  Examining baseline correlations with pandemic exposure

Baseline maternal characteristics for the sample at the time of recruitment are presented in Table 1. 
Here, we also present baseline characteristics regressed onto the duration of pandemic exposure vari-
able. None of the maternal characteristics were significantly associated with the duration of pandemic 
exposure in the first year of life, indicating that the duration of pandemic exposure was not system-
atically related to observed participant qualities. This increases our confidence that the duration of 
pandemic exposure is truly an exogenous variable that was outside of participants' control and is not 
conflated with other participant characteristics.

Although participant characteristics were not significantly associated with the duration of 
pandemic exposure, some of the magnitudes (e.g., whether Black, prenatal depression) were notable. 
It is possible we were not powered to detect small differences in baseline characteristics between 
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N Mean SD Min Max b p-Value

Prenatal depression 93 4.27 3.41 0.00 13.00 0.41 .09

Prenatal anxiety 93 8.74 7.59 0.00 31.00 0.06 .82

Prenatal perceived stress 92 11.60 6.36 0.00 30.00 0.24 .34

Maternal age at delivery 93 31.11 5.65 19.00 43.00 −0.26 .30

Maternal education (years) 93 14.70 3.67 8.00 22.00 0.01 .96

Income-to-needs ratio (ITN) 87 5.52 8.41 0.00 43.74 −0.01 .97

Age-adjusted vocabulary 88 95.08 18.35 65.00 146.00 0.26 .26

Black 93 0.20 0.00 1.00 0.42 .50

Other race 93 0.46 0.00 1.00 −0.65 .19

White 93 0.33 0.00 1.00 0.42 .43

Hispanic 93 0.58 0.00 1.00 0.08 .87

Note: N = 93. Maternal characteristics at the prenatal time point were regressed onto the duration of pandemic exposure to extract a 
beta coefficient and p-value. Continuous variables were standardized for regression analyses, while dichotomous variables remained 
unstandardized. ITN was log-transformed for regression analysis. Maternal racial groups (i.e., Black, White, or Other Race) are 
mutually exclusive.

T A B L E  1   Descriptive statistics of sample at recruitment and maternal characteristics at baseline regressed on 
duration of exposure



mothers who gave birth earlier in the sample versus those who gave birth later. To account for this, we 
ran models both with and without baseline controls to adjust for any possible differences in partici-
pants that were associated with infant ages and recruitment practices in the study.

3.2  |  Descriptive statistics

Table 2 details the descriptive statistics for the COVID-19 pandemic variables, measures of infant 
language and socioemotional outcomes, and measures of maternal mental health and perceived stress. 
Average maternal depression and anxiety scores fell within normal clinical ranges. Notably, mental 
health symptoms were higher at the prenatal visit—before the pandemic began—than they were at 
1-year (depression: t (72) = 2.19, p = .03; anxiety: t (73) = 4.31, p < .001) and 2-years postpartum 
(depression: t (67) = 3.27, p = .002; anxiety: t (66) = 4.06, p < .001). Average levels of perceived 
stress marginally increased from the prenatal to the 12-month assessment (t (72) = −1.97, p = .05), 
but no significant difference in perceived stress was detected between the prenatal and 24-month 
visit.

Average scores on maternally reported language development (M  =  106.68 and 101.23) and 
socioemotional problems (M  =  7.54 and 8.14) reflect national norms at 12 and 24  months (see 
Briggs-Gowan et al., 2004; Gilkerson et al., 2017). Table 3 presents the correlations between these 
variables. Notably, mothers with higher education tended to report greater pandemic-related disrup-
tive life events (r =  .40, p <  .05), and mothers with greater duration of child pandemic exposure 
reported higher anxiety at 12 months (r = .23, p < .05) and 24 months, r = .28, p < .05.
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Domain Variable
Time 
point N M SD Min Max

Maternal mental health symptoms Depression Prenatal 93 4.27 3.41 0.00 13.00

12 month 73 3.22 3.78 0.00 19.00

24 month 68 2.71 2.96 0.00 17.00

Anxiety Prenatal 93 8.74 7.59 0.00 31.00

12 month 74 4.97 6.13 0.00 38.00

24 month 67 4.93 6.35 0.00 32.00

Perceived stress Prenatal 92 11.60 6.36 0.00 30.00

12 month 73 13.14 6.84 0.00 32.00

24 month 69 12.23 6.31 1.00 32.00

Pandemic experience Duration of exposure (months) – 93 7.40 2.37 2.53 12.00

Disruptive life events (count) 12 month 71 10.70 6.18 0.00 25.00

Infant outcomes Socioemotional problems 12 month 74 7.54 6.00 1.00 32.00

24 month 66 8.14 7.07 0.00 45.00

Language development 12 month 73 106.68 14.79 78.00 136.00

24 month 59 101.23 17.29 64.00 136.00

Note: N = 93. All prenatal visits occurred before the pandemic exposure (i.e., March 22, 2020), and all postnatal measures were 
collected online after the pandemic began.

T A B L E  2   Descriptives of key predictor and outcome variables of analytic sample
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Of the pandemic-related disruptive life events reported at the 12-month visit, commonly endorsed 
items that impacted either the mothers themselves or someone in their household included: being 
more sedentary (n = 38), exercising less (n = 38), being unable to do enjoyable hobbies or activities 
(n = 42), and needing to cancel travel (n = 44) and family celebrations (n = 45). Some mothers were 
impacted by layoffs or needing to close a business (n = 18), and some were impacted by furloughs 
(n = 22). Ten mothers reported testing positive for COVID-19, and two additional mothers reported 
that someone in their household tested positive. There were no associations between self or house-
hold COVID-19 infection and duration of pandemic exposure, maternal mental health, or infant 
outcomes.

3.3  |  Effects of pandemic exposure on maternal mental health

The top row of Table 4 presents results from models that regressed pandemic exposure on our meas-
ures of maternal depression, anxiety, and perceived stress at the 12- and 24-month visits, while the 
second row presents results from separate regressions that examined associations between disrup-
tive life events and the same measures. For each outcome, we present results from models that only 
controlled for infant age at the time of the assessment, followed by models that controlled for baseline 
maternal characteristics (see Table 4 note).

3.3.1  |  Duration of pandemic exposure

We observed no statistically significant associations between the duration of pandemic exposure and 
maternal depression, anxiety, or perceived stress at 12- or 24-months postpartum. Effect sizes ranged 
from 0.01 to 0.08 with full controls added with the largest effects for maternal anxiety at 12 months 
(0.05, p = .32) and 24 months (0.08, p = .15).

It should be noted that, as reported above, we observed a statistically significant bivariate correla-
tion between the duration of exposure variation and maternal anxiety at 12 months (r = .23, p < .05) 
and 24 months (r = .28, p < .05), a finding seemingly at odds with the small and nonsignificant asso-
ciations observed in the regression models. The significance of this correlation is driven by a single 
extremely high outlier in maternal anxiety at both time points by the same participant. When this 
outlier is excluded, the correlation is no longer significant at 12 months (r = .15, p = .20) and margin-
ally significant at 24 months (r = .24, p = .06). Robust regression down-weights the influence of outli-
ers on the regression line (see UCLA Statistical Consulting Group, 2022), explaining the discrepancy 
between the original pairwise correlations and linear regression findings.

3.3.2  |  Disruptive life events

For the survey-based measure of disruptive life events, we observed some notable associations. At the 
12-month visit, each additional pandemic-related disruptive life event predicted an increase in mater-
nal depression of approximately 0.04 SDs (p = .02) with the inclusion of controls. Similar effects were 
observed for anxiety (𝐴𝐴 𝐴𝐴  = 0.04, p = .05) and perceived stress (𝐴𝐴 𝐴𝐴  = 0.04, p = .10). For each domain of 
mental health and perceived stress, the endorsement of five additional disruptive life events predicted 
an increase of approximately 0.20 SDs in symptoms at 12 months.
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At the 24-month visit, we once again observed significant associations with maternal mental 
health. Disruptive life events significantly predicted maternal depression (𝐴𝐴 𝐴𝐴   =  0.06, p  =  .02) and 
marginally predicted anxiety (𝐴𝐴 𝐴𝐴  = 0.04, p = .10) with the inclusion of controls. However, disruptive 
life events did not predict perceived stress (𝐴𝐴 𝐴𝐴  = 0.03, p =  .33) at 24 months with the inclusion of 
controls.

3.4  |  Effects of pandemic exposure on infant outcomes

3.4.1  |  Duration of pandemic exposure

Table 5 presents our key results from robust regressions that were used to predict infant outcomes. 
The duration of pandemic exposure did not predict infant socioemotional problems at 12 months or 
24 months. Though not statistically significant, we observed a notable coefficient for infant language 
at 12 months, such that each additional month of pandemic exposure predicted a 0.09 SD decrease in 
language development when full covariates were added (p = .23). However, there was no indication 
of an effect of pandemic exposure on the infant language at 24 months, with the coefficients falling 
between −0.01 and 0.01 in the two models.

3.4.2  |  Disruptive life events

As Table 5 reflects, we observed no associations between the disruptive life events' survey and soci-
oemotional problems or language development at either 12 or 24 months. Coefficients ranged between 
0.01 and 0.03 when full controls were added to the model.
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12 months 24 months

Socioemotional 
problems

Language 
development

Socioemotional 
problems

Language 
development

(1) (2) (3) (4) (5) (6) (7) (8)

Duration of pandemic exposure 0.01 −0.03 −0.11+ −0.09 0.02 0.01 −0.01 0.01

(0.05) (0.06) (0.06) (0.07) (0.05) (0.06) (0.07) (0.07)

Disruptive life events 0.02 0.02 0.02 0.03 0.01 0.01 0.02 0.01

(0.02) (0.02) (0.02) (0.03) (0.03) (0.03) (0.02) (0.02)

Controls for maternal characteristics 
included?

No Yes No Yes No Yes No Yes

Note: N = 92. All models control for infant age at the time of the assessment. Maternal mental health symptoms (i.e., outcomes) 
were standardized, while the duration of pandemic exposure and disruptive life events were not standardized. The duration variable 
was scaled in months, and the disruptive life event measure was a count of the number of pandemic-related disruptive events (see 
Table 2). Standard errors are in parentheses. Analyses were performed using multiple imputation. Maternal covariates include: prenatal 
depression, anxiety, and perceived stress; years of education (continuous); race and ethnicity (dummy variables for whether Black, 
other race, or Hispanic); age at delivery; and age-adjusted NIH-TB PVT scores. Socioemotional problems and language development 
are standardized, while the duration of pandemic exposure and disruptive life events are unstandardized. Standard errors are in 
parentheses.
+p < .10, *p < .05, **p < .01.
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3.5  |  Interactions with SES

Tables 6 and 7 detail the results from additional interaction models, testing whether SES (defined 
as ITN as measured at the prenatal visit) moderated the relation between each pandemic predictor 
variable and maternal and infant outcomes. With the inclusion of controls for maternal baseline char-
acteristics, the duration-of-pandemic-by-SES interaction did not predict maternal (Table 6) or infant 
outcomes (Table 7) at either 12 months or 24 months. Similarly, the disruptive-life-events-by-SES 
interaction did not predict any maternal or infant outcomes. As a robustness check, we tested these 
interactions with maternal education at both time points and found null results for those models as 
well (see Supporting Information S1).

4  |  DISCUSSION

This study presents evidence of the effects of the pandemic on maternal and infant functioning in 
a socioeconomically diverse sample of NYC mothers and infants. We leveraged variations in the 
infant's age from an ongoing longitudinal study of child development to assess the effect of pandemic 
exposure within the first year of life. The plausible exogeneity of our pandemic exposure measure is a 
notable strength of our design. Because the children in our study varied in age at the time of the start 
of the pandemic, we were able to leverage this variation to examine how the amount of exposure to 
the pandemic during the first year of life affected infant and maternal outcomes. Overall, we did not 
detect significant associations between the duration of pandemic exposure in the first year of life and 
either infant functioning or maternal mental health or perceived stress symptoms at 12  or 24 months.

We also investigated associations between pandemic-related disruptive life events experienced at 
12 months and mother-infant functioning at concurrent and future time points. We did not detect any 
associations between disruptive life events and infant outcomes at 12   or 24 months. However, we 
found that greater disruptive life events were associated with greater maternal anxiety, depression, and 
perceived stress at the 12-month visit and greater anxiety and depression at the 24-month visit. Finally, 
we found that SES did not moderate the relations between and either pandemic duration or disruptive 
life events and maternal or infant functioning.

4.1  |  Maternal mental health

We did not detect associations between the duration of pandemic exposure and mental health or 
perceived stress symptoms at either 12- or 24-months postpartum. This finding suggests that mothers 
who spent most of their infant's first year during the pandemic did not report statistically different 
mental health symptoms than those who spent most of that year prior to the pandemic. We can alter-
natively frame this finding in terms of timing: there was no effect of an infant's age at the start of the 
pandemic on maternal mental health and perceived stress.

This is particularly interesting, as one might expect poorer mental health for mothers with young 
infants at the pandemic's onset. Given that declines in mental health are quite common in the postpar-
tum period (Britton, 2008; Wang et al., 2011), it is encouraging that these mothers do not report higher 
symptomology at 1- or 2-years postpartum. This finding adds a new perspective to the available liter-
ature on maternal mental health and COVID-19, as past research compares pre- and post-pandemic 
cohorts of new and expectant mothers with no regard to the age of the infant (e.g., Davenport 
et al., 2020; Fallon et al., 2021; Gustafsson et al., 2021; Wu et al., 2020; Zanardo et al., 2020).
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It is important to note that some notable effect sizes were observed for maternal mental health at 
both time points. Specifically, the standardized coefficient for anxiety was 0.11 and 0.18 at 12 and 
24 months, respectively. Though statistically not significant, the consistency of this effect size  across 
time suggests there may be an effect of pandemic exposure on maternal anxiety that we are not 
powered to detect. However, our small sample also makes our estimates prone to error. The lack of 
significance combined with a small sample temper our confidence in these estimates. Regardless, we 
interpret these findings with optimism: exposure to the pandemic does not appear to have a large effect 
on maternal anxiety in the postpartum period, if any at all.

It is notable that, overall, we witnessed a decline in mental health symptoms between the 
pre-pandemic and post-pandemic onset measure. This is likely due to the timing of the baseline assess-
ment during pregnancy. Previous research indicates that anxiety and depressive symptoms peak before 
birth and decrease over the course of the postpartum year for many women (Ahmed et  al.,  2019; 
Britton, 2008; Liou et al., 2014; Wang et al., 2011), perhaps explaining the sharp decline in depression 
and anxiety seen in our sample.

We also found that reports of greater disruptive life events were associated with higher maternal 
anxiety, depression, and perceived stress at 12 months, but only anxiety and depression at 24 months. 
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12 months 24 months

Socioemotional 
problems

Language 
development

Socioemotional 
problems

Language 
development

(1) (2) (3) (4) (5) (6) (7) (8)

Duration of exposure 0.02 −0.02 −0.06 −0.05 0.02 0.01 −0.01 0.01

(0.05) (0.06) (0.06) (0.07) (0.05) (0.06) (0.07) (0.07)

ITN 0.02 0.03 0.10 0.10 −0.08 −0.06 0.06 0.03

(0.12) (0.14) (0.17) (0.17) (0.14) (0.14) (0.15) (0.15)

Duration of exposure × ITN −0.01 −0.01 −0.02 −0.02 0.01 0.01 −0.01 −0.01

(0.02) (0.02) (0.02) (0.02) (0.02) (0.02) (0.02) (0.02)

Disruptive life events 0.02 0.02 0.03 0.04 0.02 0.02 0.02 0.01

(0.02) (0.02) (0.02) (0.03) (0.03) (0.03) (0.02) (0.03)

ITN 0.01 −0.01 −0.05 −0.07 −0.07 −0.09 −0.04 −0.04

(0.05) (0.06) (0.06) (0.07) (0.07) (0.07) (0.06) (0.07)

Disruptive life events × ITN −0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)

Controls included for maternal 
baseline characteristics?

No Yes No Yes No Yes No Yes

Note: N = 92. ITN was winsorized for values +3 SDs above the mean, then log-transformed. All models control for infant age at 
the time of the assessment. Maternal mental health symptoms (i.e., outcomes) were standardized, while the duration of pandemic 
exposure and disruptive life events were not standardized. The duration variable was scaled in months, and the disruptive life event 
measure was a count of the number of pandemic-related disruptive events (see Table 2). Standard errors are in parentheses. Analyses 
were performed using multiple imputation. Maternal covariates include: prenatal depression, anxiety, and perceived stress; race 
and ethnicity (dummy variables for whether Black, other race, or Hispanic); age at delivery; and age-adjusted NIH-TB PVT scores. 
Standard errors are in parentheses.
Abbreviation: ITN, income-to-needs.
+p < .10, *p < .05, **p < .01.
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This aligns with previous literature that an accumulation of negative life events, including those 
related to the COVID-19 pandemic, is associated with worsening mental health and perceived stress 
symptoms (McLaughlin et al., 2022; Mitchell & Ronzio, 2011; Rossi et al., 2020). It is critical to 
address mental health and perceived stress in mothers, both for their own well-being and that of their 
children (West & Newman, 2003).

Of note, unlike the duration of pandemic exposure variable, the disruptive life event scale is not an 
exogenous indicator; this measure is therefore subject to reporter bias and the effects of unobserved 
confounding variables. Indeed, pandemic-related disruptive life event scores were significantly corre-
lated with prenatal levels of anxiety and depression (though not perceived stress)—measures obtained 
before the pandemic began. This suggests a possible confound: mothers with poorer mental health 
may have been more likely to report more pandemic-related disruptive life events. We therefore urge 
caution in interpreting the link between disruptive life events and maternal mental health.

Additionally, all maternal and infant outcomes in this study were assessed via maternal report due 
to remote data collection procedures; therefore, the findings reported here should be interpreted with 
caution. For example, we detected a sizable correlation between maternal education and disruptive life 
events, such that greater years of education were associated with more disruptive life events, r = .40. 
Associations such as these may bias interpretations of self-reported measures. Further research with 
more objective measurement techniques will be necessary to clarify these associations.

4.2  |  Language development

By and large, we did not detect associations between the duration of pandemic exposure during the 
first year of life and measures of infant development at 12- or 24-months of age. As above, we can 
also interpret this finding in terms of timing: There was no effect of an infant's age at the onset of the 
pandemic on language or socioemotional development at these time points. In conjunction with the 
emerging research on the pandemic, we interpret these results with some reassurance. Given the use 
of masks, social isolation, and other disruptions to infants' typical environments, we hypothesized 
that infant language and socioemotional development would be impacted. However, the present data 
suggest little evidence of that.

Increased time spent in the home may have buffered infants from the potential negative effects of 
the pandemic on their language development. Indeed, one study found that working class parents who 
were laid-off during lockdown engaged in more book reading with their children (Kalil et al., 2020b). 
It is possible that high-quality parent-child interactions and opportunities for increased back-and-forth 
conversational turns buffered infants from negative effects of social isolation on language develop-
ment. A recent experiment offers further reassurance for infant language: Singh et al. (2021) found no 
effect of opaque mask wearing on word recognition in a sample of infants. While further experimental 
and longitudinal research is needed, it is possible that pandemic-related effects on early childhood 
development will not be as dire as some have feared.

It is also possible that there was a true effect of the pandemic on infant language at 12 months 
that we were underpowered to detect, but that this effect further diminished as the infants aged and 
life resumed a bit more normalcy. As described in the Analytic Plan, we were sufficiently powered 
to detect effects of 0.28 or greater in linear models with full covariates. For context, the standardized 
coefficient for the duration of exposure predicting language at 12 months was −0.20 with controls, 
which could indicate a substantively meaningful effect of pandemic exposure on the infant language. 
Alternatively, this effect at 12 months may just be noise within the data: one-year-old infants have 
very few words and may use other methods to communicate beyond language, rendering this early 
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estimate prone to measurement errors. Overall, the 24-month estimate is a better representation of 
infants' current and future language skills, and there is no evidence of an effect of pandemic exposure 
on 24-month language development in our sample (standardized coefficient of 0.02).

4.3  |  Socioemotional development

The lack of association between pandemic exposure and socioemotional problems was also a prom-
ising finding. We were concerned that the greater duration of pandemic exposure (and, presumably, 
less opportunity to engage in un-masked social interaction with adults and peers) could have negative 
impacts on socioemotional development by limiting infants' opportunities to gather emotional informa-
tion from faces (Kokkinaki & Hatzidaki, 2022). Indeed, a recent experiment found that mask-wearing 
inhibits preschool-aged children's ability to infer emotions from pictures of facial expressions (Gori 
et al., 2021). However, there was no hint of an effect of pandemic exposure on infant socioemotional 
development.

Though concerns around masking and socioemotional development are valid, caregivers likely did 
not mask in their homes during lockdown, providing ample opportunity for unmasked interactions. 
Furthermore, infants pick up on a myriad of inputs from the social environment to infer emotions 
and develop social competencies. The generalizability of findings obtained in a controlled lab setting 
without the input of other social features, such as gestures, intonation, etc., likely do not translate into 
actual experiences.

Furthermore, an abundance of research has found that maternal depression, anxiety, and perceived 
stress are associated with poorer infant emotion regulation (D'Souza, Waldie, et al., 2019; Feldman 
et  al.,  2009; Troller-Renfree et  al.,  2022). However, the present sample of mothers did not report 
greater mental health symptoms due to the duration of pandemic exposure in the postpartum year. 
This may partially explain the lack of effect seen of the pandemic on infant socioemotional problems.

Nonetheless, there may be downstream effects of the pandemic on infant behavior that are too 
early to detect in this sample. For example, it is possible that effects of reduced interaction with those 
outside of the immediate family may not appear until later in development when children start inter-
acting socially with peers. Future studies should follow infants raised during the pandemic as they 
enter early education settings to evaluate their social adjustment.

We did not find significant associations between disruptive life events and infant outcomes. This 
was somewhat surprising, given that early life stress exposure often interacts with developing systems 
to influence behavior (Gee & Casey, 2015). One possible explanation for the lack of detectable asso-
ciations may be due to the timing of stressful events. For example, some work has reported declines in 
children's vocabulary when a natural disaster occurred in utero, but not for children who were in the 
first year of life at the time of the event (Rosales-Rueda, 2018). Though greater disruptive life events 
were associated with worse maternal mental health and perceived stress symptoms, it may be that 
maternal interactions with their children buffered the effects of these events, or that the effects of these 
events are not yet detectable in infants.

Stress exposure for infants may be particularly deleterious when it occurs prenatally. Indeed, an 
abundance of research finds significant associations between prenatal stress and both infant language 
and socioemotional problems (D'Souza, Crawford, et al., 2019; Keim et al., 2011; King et al., 2012; 
Lin et al., 2017; Madigan et al., 2018). Emerging research on the pandemic supports this hypothesis. 
One study detected links between pandemic-related stress in the prenatal period with dysregulated 
infant temperament at 3-months postpartum (Provenzi et al., 2021). Similarly, a recent study found that 
infants born to mothers who were in their first trimester of pregnancy during the peak of the pandemic 
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demonstrated lower scores on a socioemotional assessment at 6 months (Shuffrey et al., 2021). It is 
possible that prenatal exposure to pandemic-related stress and/or COVID-19 infection may operate 
through an inflammatory cascade to negatively impact infant neurodevelopment (e.g., Martins-Filho 
et al., 2020; Shuffrey et al., 2021).

4.4  |  Moderation by socioeconomic status

We did not observe any significant interactions for either the duration of exposure or disruptive life 
events and SES. As noted earlier, our small sample prevents us from detecting small associations—a 
problem that is further compounded by moderation analyses. It is possible that true interactions do 
indeed exist, but that we were not sufficiently powered to detect them. Future research should continue 
to test interactive effects by SES to paint a more complete picture of the pandemic's effects on mothers 
and infants, given very limited research on the potential differential impacts of the pandemic by SES.

4.5  |  Limitations and conclusion

Overall, the conclusions of this study warrant cautious optimism: the greater duration of the first year 
of life spent in the pandemic does not appear to be associated with reductions in language develop-
ment or increases in socioemotional problems at 12 or 24 months of age in our sample. Similarly, 
mothers who experienced most of the first-year postpartum during the COVID-19 pandemic did not 
report significantly higher mental health symptoms than those who experienced most of that first year 
prior to the pandemic.

This study is limited by its small sample, relatively high attrition, and reliance on maternal 
self-report. Additionally, it is possible there are unobserved differences in mothers who gave birth 
earlier in the study compared to those who gave birth later, which would threaten the exogeneity of 
our duration of pandemic exposure variable. Nonetheless, the nonsignificant associations between 
baseline controls and the duration of exposure measure lend confidence that this variable is truly exog-
enous. Finally, we cannot disentangle the effects of duration from the effects of timing of exposure, 
given that the pandemic was ongoing for all participants at the time of postpartum data collection.

Importantly, this study offers one of the first investigations with multiple assessment points and an 
exogenous indicator of pandemic exposure. This is one of the first studies to investigate the effect of 
the pandemic on mothers and infants in NYC, an early epicenter of the pandemic in the United States. 
More research is needed to clarify the effect of the pandemic for mothers and infants using larger 
samples, objective measurement techniques, and transdiagnostic approaches to aid in the early iden-
tification of developmental disorders (Finlay-Jones et al., 2019). We aim to continue to follow these 
families to evaluate the impact of early pandemic exposure on subsequent childhood development and 
physiology.
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