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ABSTRACT  The COVID-19 pandemic has taken a large toll on population health and 
well-being. We examine the consequences of prenatal exposure for infant health, 
through which the pandemic may have lasting intergenerational effects. We examine 
multiple pathways by which the pandemic shaped birth outcomes and socioeconomic 
disparities in these consequences. Analysis of more than 3.5 million birth records in 
California with universal information on COVID infection among persons giving birth 
at the time of delivery reveals deep inequalities in infection by education, race/ethnicity, 
and place-based socioeconomic disadvantage. COVID infection during pregnancy, in 
turn, predicts a large increase in the probability of preterm birth, by approximately one 
third. At the population level, a surprising reduction in preterm births during the first 
months of the pandemic was followed by an increase in preterm births during the surge 
in COVID infections in the winter of 2021. Whereas the early-pandemic reduction 
in preterm births benefited primarily highly educated mothers, the increase in pre­
term births during the winter infection surge was entirely concentrated among mothers 
with low levels of schooling. The COVID-19 pandemic is expected to exacerbate U.S. 
inequality in multiple ways. Our findings highlight a particularly enduring pathway: the 
long-term legacy of prenatal exposure to an unequal pandemic environment.

KEY WORDS  Infant health  •  COVID-19  •  Preterm birth  •  Socioeconomic 
inequality  •  Infectious diseases

Introduction

The COVID-19 pandemic has had an unprecedented impact on population health and 
well-being in the United States, where almost 100 million cases of the SARS-CoV-2 
virus that causes COVID disease have been recorded by October 2022 and 1.09 mil-
lion deaths have been attributed to the disease. The impact on health and well-being 
has not been equally distributed. Cases, hospitalizations, and deaths have been higher 
among socioeconomically disadvantaged populations (Hawkins et al. 2020; Karmakar 
et al. 2021) and racial/ethnic minorities—particularly Hispanics, American Indians, 
and African Americans (Centers for Disease Control and Prevention (CDC) 2021).

A less immediately visible consequence of the pandemic is its potential impact 
on the next generation: the cohorts exposed to COVID during gestation. The link 
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between in utero exposure to COVID and infant health could have direct implica
tions for inequality and the intergenerational transmission of disparities (Hayward 
and Gorman 2004). An unequal impact of the pandemic would exacerbate profound 
socioeconomic and racial/ethnic gaps in birth outcomes in the United States (Rauscher 
and Rangel 2020) and would contribute to already poor infant health relative to that 
of other wealthy countries (Chen et al. 2016).

Environmental exposures during the prenatal period have a lasting impact on 
health, cognition, education, and other determinants of economic well-being. Pio-
neered by the fetal origins approach (Barker 1990, 1995; Barker and Osmond 1986) 
and elaborated by theories of early human capital formation (Cunha and Heckman 
2007; Heckman 2006), research suggests that the prenatal period is among the critical 
developmental stages of the life course. Even mild shocks can have enduring effects 
(Almond and Currie 2011). Some of these effects are immediate and translate into 
infant mortality and health difficulties (Conley et al. 2003) and adversity in child
hood (Chatterji, Kim, and Lahiri 2014; Chatterji, Lahiri, and Kim 2014), whereas 
others are latent and emerge in adulthood (Barker 1990, 1995; Chen and Zhang 
2011). However, the impact of prenatal exposures is not deterministic, and later-life 
interventions and environments can mitigate the impact of early-life insults (Almond 
and Mazumder 2013). Because such interventions are more likely to be accessible 
to advantaged groups, compensatory processes could exacerbate intergenerational 
inequality (e.g., Bernardi 2014; Torche 2018).

Our analysis focuses on preterm birth as a measure of infant health for several rea
sons. First, preterm birth is the leading proximate determinant of low birth weight and 
the main predictor of infant morbidity and mortality in the United States (Behrman 
and Stith-Butler 2007; Lau et  al. 2013). Among surviving infants, preterm birth 
increases the risk of neurodevelopmental delay, chronic lung disease, and other health 
issues. It also shapes long-term outcomes, including educational attainment and earn
ings (Luu et al. 2017; Moster et al. 2008; Townley Flores et al. 2021).

Second, although the etiology of preterm birth is not fully understood, it is 
increasingly recognized as a syndrome with multiple determinants correlated with 
maternal sociodemographic and behavioral factors, as well as medical conditions and 
environmental exposures during pregnancy (Behrman and Stith-Butler 2007). The 
established proximate biological pathways leading to preterm birth include neuroen
docrine mechanisms triggered by stress exposure (Baibazarova et al. 2013; Dunkel 
Schetter 2011); infection (Whidbey et  al. 2015); amniotic inflammation (Combs 
et al. 2014); and pregnancy conditions, such as gestational diabetes and preeclampsia 
(Hedderson 2003). Given that the determinants of preterm birth are mostly found in 
conditions and exposures that occur during rather than before gestation (Goldenberg 
et al. 2008), we expect preterm birth to be sensitive to shocks experienced during 
pregnancy, such as COVID.

Third, preterm birth is common, affecting more than one in every 10 U.S. infants—
one of the highest rates among wealthy nations (Bronstein et al. 2018). Fourth, pre
term birth is sensitive to infectious disease exposure during pregnancy. Indeed, most 
viral epidemics in the recent past have had important implications for the health of 
cohorts exposed in utero, particularly for preterm birth. In some cases, pregnancy 
supports the risk of vertical transmission of infection to the fetus. In others, maternal 
immune responses to infection or infection expression in the placenta can hinder fetal 
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growth or contribute to early delivery. For example, in the context of the recent Zika 
epidemic in the Americas, maternal infection contributed to Brazilian birth cohorts 
with an increased prevalence of preterm birth, low birth weight, microcephaly, and 
stillbirth (Cooper et al. 2019; Rangel et al. 2020). Since the mid-1980s, intrauterine 
exposure to HIV has contributed to increases in preterm birth globally, especially in 
sub-Saharan Africa (Wedi et al. 2016).

The potentially uneven consequences of the COVID shock on preterm birth are 
still largely an open empirical question. Research examining population-level out
comes early in the pandemic documented an unexpected decline in preterm birth 
in many wealthy countries (Been et al. 2020; Chmielewska et al. 2021; De Curtis 
et al. 2020; Dench et al. 2022; Fieber 2020; Hedermann et al. 2021; Matheson et al. 
2021; Meyer et al. 2021; Philip et al. 2020). As compellingly stated in a New York 
Times article, “During the coronavirus lockdowns, some doctors wondered: Where 
are the preemies?” (Preston 2020). Researchers have speculated that this beneficial 
effect might have emerged from positive externalities of the pandemic, including 
lower exposure to pollution or to other infections, as well as increased time to rest or 
exercise among pregnant persons (Been et al. 2020; Philip et al. 2020). Other studies 
have similarly reported an early-pandemic decline in the proportion of U.S. infants 
born preterm in some areas and nationally (Berghella et al. 2020; Dench et al. 2022; 
Gemmill et al. 2022; Harvey et al. 2021), but this finding was not universal or persis­
tent over time. Further, some studies found little change in preterm birth in settings 
as diverse as Massachusetts, Philadelphia, and California (Handley et al. 2021; Main 
et al. 2021; Wood et al. 2021). Although the evidence is not conclusive because of 
the small size of many samples and the diversity of methodological approaches and 
periods considered, one potential explanation for the divergence in findings is the 
heterogeneity in the pandemic’s effects on pregnancy health.

This study addresses the unequal impact of the COVID pandemic on preterm 
birth using population-level data for California with universal information about 
maternal COVID infection. We combine an analysis of individual-level determi
nants and consequences of maternal COVID infection with a population-level anal
ysis of trends in preterm birth from January 2014 to November 2021. We consider 
different pathways of influence linking the COVID shock with birth outcomes—
including maternal infection, changes in the composition of births, and changes in 
labor and delivery practices—and the socioeconomic heterogeneity in the impact of 
pandemic exposure.

The COVID Shock and Preterm Birth: Pathways of Influence  
and Socioeconomic Stratification

The CDC began SARS-CoV-2 surveillance in the United States in early January 2020, 
declaring the developing epidemic a health emergency by the end of the month. By 
March 2020, state governments around the country began implementing mitigation 
efforts. California was one of the first states to respond to the COVID pandemic with 
a statewide shelter-in-place order on March 19, 2020. Although COVID emergency 
efforts were initially focused on high mortality risk for older adults, early evidence 
on COVID risk during pregnancy had emerged by fall 2020, suggesting that severe 
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maternal infection may carry health risks for mothers and infants (Pierce-Williams 
et al. 2020).

Exposure to the COVID pandemic likely shapes preterm birth through multiple 
mechanisms. First and most obviously, maternal infection during pregnancy could 
increase the risk of early delivery. Although vertical transmission to the fetus is rare, 
SARS-CoV-2 infection during pregnancy appears to induce placental abnormalities 
and may increase the risk of maternal conditions such as preeclampsia, all of which 
reduce gestation length (Golden and Simmons 2020; Kotlar et  al. 2021). Indeed, 
COVID infection has been shown to increase the probability of preterm birth in sev
eral U.S. populations (Allotey et al. 2020; Chamseddine et al. 2020; Conde-Agudelo 
and Romero 2021; Jafari et  al. 2021), especially when mothers experience severe 
compared with mild symptoms (Lassi et al. 2021; Vouga et al. 2021; Wei et al. 2021).

The direct impact of maternal infection is only one mechanism by which a pan
demic may affect population health and health inequality and, depending on the 
context, might affect only a small portion of pregnant persons. Another set of path
ways, then, operates through macro-level exposures. The pandemic shock altered 
most dimensions of everyday life among pregnant persons, their families, and com
munities. Economic decline and disruption, policies to curb the spread of infection 
and support economic well-being, and changes in hospital practices and procedures 
altered the contexts in which pregnancies took place. These factors, in turn, may have 
affected well-established proximate determinants of preterm birth, including mater
nal stress (Dunkel Schetter 2011; Goldenberg et  al. 2008; Torche 2011); prenatal 
care access and quality (Bhatt and Beck-Sagué 2018; Corman et al. 2019); immunity 
and infection (Goldenberg et al. 2000; Moffett et al. 2015); and parental behavioral 
responses, such as using prenatal care or smoking (Margerison-Zilko 2014; Strully 
et al. 2010). Additionally, changes in obstetric and delivery practices and procedures 
might have increased medically indicated preterm delivery (Villar et al. 2021).

Third, large-scale health and economic shocks might alter the number and com
position of persons giving birth through selective fetal loss, migration, or fertility 
adjustments. The experience of living through a pandemic may cause some groups 
to revise their fertility timing or face severe restrictions on contraception or abortion 
access (Lindberg et al. 2021; Marteleto et al. 2020; Rangel et al. 2020). If the COVID 
pandemic altered who gives birth, then any observed changes in infant health might 
be an artifact of the changing composition of live births. Beach et  al. (2022), for 
example, demonstrated that the reduced welfare of the 1919 U.S. birth cohort origi
nally attributed to intrauterine exposure to the 1918 flu pandemic was instead driven 
by changes to the composition of people giving birth in the pandemic’s aftermath. 
Any analysis of pandemic health effects must account for these potential composi
tional changes.

Socioeconomic Disparities in the Impact of the COVID Shock on Infant Health

The exposure to COVID and its corollaries is embedded within social structures that 
reflect established stratification patterns in American society. Evaluating the stratified 
impact of COVID in this context requires considering the kind of exposure COVID 
is: (1) a novel health threat that (2) may be at least partially prevented by behavioral 
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and local-level structural modifications to reduce risk, which (3) causes broader dis­
ruption to family arrangements and economic well-being and (4) poses disparate risks 
based on cumulated health disadvantage. We rely on two theoretical approaches—
fundamental cause theory and cumulative disadvantage approaches—to formulate 
testable hypotheses linking this type of exposure to unequal outcomes.

Fundamental cause theory suggests that socioeconomic inequality in health per
sists over time because socioeconomic advantage comprises multiple resources, such 
as money, prestige, power, and social connections (Clouston and Link 2021; Freese 
and Lutfey 2011; Link and Phelan 1995; Phelan et al. 2004). These resources can be 
mobilized to avoid disease risk and minimize consequences once disease occurs, no 
matter which mechanism is more relevant at any specific time.

The fundamental cause approach predicts that socioeconomic position will be 
more salient when the factors affecting health are, as in the case of COVID, pre
ventable and therefore allow for resources to be deployed (Clouston and Link 2021; 
Phelan et al. 2004). Even in the absence of inequalities in infection risk or severity, 
disparities in the impact of infection could emerge from differences in health care 
access and treatment. As the medical sociology literature has documented, advan
taged populations are more likely to benefit from health-enhancing innovations 
(Chang and Lauderdale 2009) and to receive more attention from health care provid
ers (Hernandez 2013; Lutfey and Freese 2005; van Ryn and Burke 2000). These fac
tors might result in different standards of care among pregnant persons from different 
socioeconomic backgrounds.

Observed stratification patterns of COVID infection for the general population 
are consistent with fundamental cause theory. Socioeconomically disadvantaged and 
racially minoritized persons were more likely to be exposed to COVID-related risk 
factors: they were more likely to live in crowded conditions, to hold jobs that could 
not be performed remotely, and to be concentrated in public-facing occupations, all 
of which make maintaining social distancing difficult to afford (Garcia et al. 2021; 
van Dorn et al. 2020; Webb Hooper et al. 2020). Risk-reduction strategies, such as 
working from home and wearing masks, were more likely to be adopted by socio
economically advantaged groups (Papageorge et  al. 2021; Wright et  al. 2020). As 
vaccines became available in the spring of 2021, stratification of uptake was also evi­
dent. Lower vaccination rates among African Americans, Hispanics, those with lower 
education, and rural residents (Rawal et al. 2022) were partly shaped by differences 
in access and by differences in exposure to disinformation, misinformation, racism, 
and abuse in medicine that, in turn, fostered distrust.

Not surprisingly, given the stratification of risk factors, research suggests socio­
economic disparities in COVID infection among pregnant populations. Pregnant per
sons with low educational attainment, racial/ethnic minorities, and those living in 
disadvantaged neighborhoods have been found to be more likely to be infected or 
have COVID symptoms during pregnancy (Ames et al. 2021; Goldfarb et al. 2020; 
Joseph et al. 2020; Karasek et al. 2021; Prasannan et al. 2021; Sakowicz et al. 2020).

Indirect pathways linking the COVID pandemic to infant health emerging from 
economic and family disruption also suggest marked socioeconomic stratifica­
tion. Early in the pandemic, risk factors such as employment loss, food insecurity, 
and heightened anxiety were much more likely to disrupt the lives of individuals 
in vulnerable communities, including those with low levels of education and racial/ 
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ethnic minorities (Adams-Prassl et al. 2020; Perry et al. 2021; Perzow et al. 2021). In 
contrast, potentially beneficial corollaries of the pandemic—such as the reduction in 
work- and commute-related strain, air pollution, and exposure to other infections dur
ing pregnancy—likely benefited advantaged populations that were able to transition 
to remote work without substantial cost (Clouston et al. 2021).

Supplementing fundamental cause theory, the cumulative disadvantage approach 
suggests that disparities in exposure to infection may be compounded by disparate 
vulnerability to its consequences for maternal and infant health. Diverse strands of 
this approach, including allostatic load (McEwen and Stellar 1993) and weathering 
(Geronimus 1992; Geronimus et  al. 2006), suggest that the deleterious effects of 
long-term economic hardship and social exclusion and discrimination over the life 
course may be a predisposing factor for the influence of a novel insult. For example, 
minoritized persons or persons living in poverty might be more vulnerable to infec
tion because of health deterioration and comorbidities from lifetime adversity (Lu 
and Halfon 2003). Indeed, these populations experience an unequal burden of comor-
bidities, including overweight, hypertension, diabetes, and depression, which might 
make them more vulnerable to the impact of COVID infection (Lorch et al. 2012; 
Nagahawatte and Goldenberg 2008). Departing from predictions suggested by the 
cumulative disadvantage approach, however, more recent evidence suggests limited 
socioeconomic variation in the severity of disease given COVID infection among 
pregnant persons (Galang et al. 2021; Ko et al. 2021; Metz et al. 2021), even if sub
stantial stratification has been found for the general population (Ebinger et al. 2021; 
Wiemers et al. 2020).

The fundamental cause and cumulative disadvantage approaches are theoretically 
distinct. However, they offer similar predictions about the unequal impact of the 
COVID pandemic on infant health: the same groups of people who faced dispropor­
tionate exposure to pandemic risks and fewer resources to manage those risks also 
began the pandemic with a larger burden of health risks accumulated over their lives.

On the basis of these theoretical approaches, we formulate the following 
hypotheses:

Hypothesis 1: Socioeconomically disadvantaged persons are more likely to be 
infected with COVID during pregnancy because of a higher prevalence of risk 
factors and reduced ability to reduce risk.

Hypothesis 2: Disadvantaged pregnant persons with a COVID infection during 
pregnancy are more likely to experience preterm birth because of a heavier burden 
of comorbidities and differential treatment by the health care system.

Hypothesis 3a: The population-level impact of COVID on infant health will be 
stratified by socioeconomic advantage as a result of both direct (infection among 
pregnant persons) and indirect (economic and family disruptions and policy 
responses to the pandemic) mechanisms.

Hypothesis 3b: The population-level impact of the pandemic might even vary in 
direction across groups defined by socioeconomic advantage, with direct and indi­
rect pathways potentially increasing preterm births among disadvantaged groups 
and the positive externalities of the pandemic potentially benefiting advantaged 
groups and reducing preterm births.
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Data and Analytic Plan

Data

We rely on detailed birth records for all infants born in California between January 
2014 and November 2021. We obtained early-release restricted-access natality 
microdata based on birth certificates from the California Department of Public 
Health. The natality data set contains information about the date of birth, infant 
characteristics (e.g., sex, gestational age), and mother’s characteristics (e.g., edu
cation, race/ethnicity, ZIP code of residence). The total sample size is 3,667,903. 
To the natality data, we merged sociodemographic information from the ZIP code 
tabulation area of the pregnant person’s residence obtained from the American Com-
munity Survey 2015–2019.

Measuring COVID Infection

Starting in June 2020, California birth certificates recorded both confirmed and 
presumptive cases of COVID infection among all persons giving birth. Confirmed 
cases are indicated by tests verified by the CDC laboratory, whereas presumptive 
cases result from tests conducted by a state or local laboratory but not yet con
firmed by the CDC at the time the birth certificate was recorded. Following CDC 
guidelines, both presumptive and confirmed cases are considered a diagnosis of 
COVID.1

Although testing could plausibly have occurred at any point during pregnancy, 
recording protocols at the hospital level indicate that COVID diagnoses are vir
tually always based on screening upon hospital admission. As a result, the birth 
records largely capture variation in infection at the time of delivery hospitaliza
tion. From the perspective of infant health, this is an important point in the preg
nancy at which maternal COVID infection operates (Glynn et  al. 2021; Narang 
et al. 2020). It is also the only moment in pregnancy when complete population 
information about COVID infection is possible in any setting. Nearly all analyses 
of COVID infection’s population health effects are thwarted by missing informa
tion on infected people who are not tested. To address this issue, we contacted 
the majority of the more than 420 hospitals and birthing units in California2 and 
ascertained whether universal testing on admission was administered and if so 
when it started for 75% of births occurring since June 2020, when birth certificates 
started including this information. Of these births, 72% occurred in a facility with 
confirmed universal testing. We use this data set to test the robustness of results by 
limiting the sample to births that occurred in a facility with confirmed universal 
testing (see Additional Analyses and Robustness Checks section). The absence of 
universal maternal infection data earlier in the pregnancy has implications for the 
interpretation of our findings—because of this feature of the data, it is possible that 

1  See https:​/​/www​.cdc​.gov​/nchs​/data​/icd​/COVID​-19​-guidelines​-final​.pdf.
2  More than 99% of California births take place in a hospital or midwifery facility.
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our results provide a lower bound on the burden of COVID infection on preterm 
birth. We discuss this issue in the final section.

Analytic Plan

We combine analyses at the individual and population levels to examine the implica
tions of the pandemic on infant health. We first consider individual-level determinants 
of COVID infection during pregnancy and the consequences of maternal COVID 
infection on preterm birth. Then, we scale up to the population level and examine 
changes in preterm birth since the onset of the COVID pandemic for all births; we 
also stratify the sample by maternal educational attainment as an indicator of socio
economic advantage.

Individual-Level Determinants and Consequences of Maternal COVID Infection

To characterize differences in COVID infection risk and the consequences of 
maternal infection on preterm birth across social groups, we estimate fixed-effects 
linear probability models predicting, respectively, the probability of maternal 
SARS-CoV-2 infection during labor and delivery hospitalization and the probabil
ity of preterm birth (i.e., <37 completed weeks of gestation based on the obstetric 
estimate of gestation at delivery). The analysis considers the period when COVID 
infection status among persons giving birth was first recorded on California 
birth certificates (June 22, 2020) to the most recent date available at this writing 
(November 28, 2021). We restrict the observations to singletons to limit the influ­
ence of other determinants of preterm birth that accompany multiple-birth preg
nancies. Fixed effects for birth facility account for differences in COVID testing 
protocols, labor and delivery protocols, and other institutional characteristics that 
might shape preterm birth. Fixed effects for calendar week account for trends in 
COVID infection and temporal changes in testing shared across facilities.

The sociodemographic predictors included in the models are mother’s race/ 
ethnicity (Hispanic, Black, White, Asian, and other race/ethnicity), educational attain
ment (less than high school, high school diploma, some college, bachelor’s degree, 
and graduate degree), and socioeconomic disadvantage of the ZIP code of mother’s 
residence. We construct this latter measure with information on the proportion of 
adult residents in the ZIP code with a high school diploma or less, median household 
income, the proportion Hispanic, the proportion Black, the Gini index, the proportion 
foreign-born, the proportion of households below the poverty line, and the proportion 
of individuals without health insurance. We used principal component analysis to cal
culate the ZIP code disadvantage index, extracting the first component and dividing 
it into quartiles.

Prior scholarship suggests that socioeconomic gradients in maternal and infant 
health vary across racial/ethnic groups (Acevedo-Garcia et  al. 2005; Green and 
Hamilton 2019). To examine potential socioeconomic stratification among minori-
tized populations, we test for interactions between race/ethnicity and educational 
attainment. All models adjust for age (19 or younger, 20–24, 25–29, 30–34, 35–39, 
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and 40 or older), parity (1, 2, and 3 or more), and foreign-born status. All models use 
robust standard errors clustered at the birthing facility level.

Population-Level Analysis

To assess population-level trends in preterm birth during COVID, we aggregate 
individual-level data into a weekly time series of preterm birth rates from January 
1, 2014, to November 28, 2021. We create time-series data sets for all singleton 
births and across levels of mother’s educational attainment. Time-series data contain 
sources of temporal autocorrelation, including trend, seasonality, and the tendency 
for high and low values to persist over several periods, which can confound the effect 
of exposure (Catalano et  al. 2008). We estimate autoregressive integrated moving 
average (ARIMA) models, which allow disturbances to follow a linear autoregressive 
moving average specification accounting for sources of temporal autocorrelation. 
ARIMA estimation uses prepandemic time-series data (January 2014–February 
2020) to predict counterfactual preterm birth rates expected during the pandemic 
(March 2020–November 2021). We evaluate differences between observed and 
predicted postpandemic preterm birth rates to capture changes in preterm birth attrib
utable to the pandemic environment. ARIMA model selection was based on visual 
inspection of correlation and autocorrelation plots (Pankratz 1983) and fit statis­
tics, including the Akaike information criterion (AIC) and the Bayesian information  
criterion (BIC).3 The preferred ARIMA specification for the entire population and 
education-specific groups is a seasonal multiplicative model with one first-difference 
term, one moving average term, and one seasonal 52-week difference parameter cap
turing annual seasonality (i.e., ARIMA[0,1,1] × [0,1,0,52]).

Results

The Unequal Risk of COVID Infection During Pregnancy

COVID cases in California exhibited a gradual increase through the summer of 2020, 
a reduction in the fall, and a large spike in the winter of 2021 (Figure 1). After a 
sharp reduction in cases in the spring of 2021, a comparatively minor rise in cases 
was observed in the fall of 2021 (our data do not yet document the Omicron-related 
infection surge). Figure 1 also displays infection trends among persons giving birth 
and for the entire California population. The substantial overlap in the two time series 
supports the claim that maternal COVID infection was measured at the time of deliv
ery for most birthing persons.

Between June 22, 2020, and November 28, 2021, 2.6% of pregnant persons 
tested positive for SARS-CoV-2 infection. Infection risk was highly stratified by  

3  ARIMA models arguably provide the most flexible approach to adjust for multiple forms of temporal 
autocorrelation. To test sensitivity, however, we also estimated Prais–Winsten regressions on time-series 
data purged from trend and seasonality (see Additional Analyses and Robustness Checks section). These 
regressions produced results similar to those presented here.
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socioeconomic resources. Our fixed-effects analysis shows a marked gradient by edu­
cational attainment and ZIP code socioeconomic disadvantage (Figure 2, panel a). The 
probability of COVID infection reached 3.3% among mothers with less than a high 
school diploma and dropped monotonically with increases in educational attainment, 
reaching 1.8% among mothers with a graduate degree. Net of educational attainment, 
mothers residing in the poorest 25% of ZIP codes had a 3.1% likelihood of COVID 
infection, compared with only 2.1% for those residing in the wealthiest ZIP codes. 
With these socioeconomic gradients held constant, Hispanic mothers exhibited the 
highest risk of infection, at 3.3%; differences across other groups were smaller and 
statistically insignificant (2.2% for Whites, 2.1% for Blacks, 1.6% for Asians, and 
2.3% for other racial/ethnic groups). We observe some differences in infection risk 
by age and foreign-born status: younger mothers and those born outside the United 
States were at higher risk of infection. However, these determinants of infection risk 
pale in comparison with disparities based on maternal educational attainment, ZIP 
code socioeconomic disadvantage, and Hispanic ethnicity (see parameter estimates 
and significance tests in Table A1; all tables and figures designated with an “A” are 
available in the online appendix).

Prior scholarship suggests that educational and other socioeconomic gradients in 
maternal and infant health may vary across racial/ethnic groups (Acevedo-Garcia 
et al. 2005; Green and Hamilton 2019). We therefore examine whether these dimen
sions of disadvantage interact in the configuration of risk. The effect modification 
analysis finds marked variation in the association between educational attainment 
and risk of infection across racial/ethnic groups (Figure 2, panel b). Although an 
educational gradient exists for all groups, the gaps are particularly pronounced for 
Hispanic mothers. Hispanic women with less than a high school diploma display the 
highest risk of infection, at approximately 4.4%—almost twice the risk of Hispanic 
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Fig. 1  Trends in COVID infection among persons giving birth and the general population, June 
2020–November 2021. Sources: Data for pregnant persons are from the California Department of Public 
Health; data for the general population are from The New York Times COVID data repository (https:​/​/
github​.com​/nytimes​/covid​-19​-data).

D
ow

nloaded from
 http://dup.silverchair.com

/dem
ography/article-pdf/59/6/2025/1682145/2025torche.pdf by guest on 10 April 2024

https://github.com/nytimes/covid-19-data
https://github.com/nytimes/covid-19-data


2035Unequal Impact of the COVID-19 Pandemic on Infant Health

coethnics with a graduate degree and comparable to that of low-education women of 
other races/ethnicities.

The Link Between Maternal COVID Infection and Preterm Birth

Maternal COVID infection at the time of labor and delivery predicts a large increase 
in the probability of a preterm birth (Figure 3, panel a; refer to Table A2 for param
eter estimates and significance tests). These associations are estimated from linear 
probability models adjusting for the week of birth, facility fixed effects, and the 
aforementioned covariates. In the model adjusting for mother’s socioeconomic 
characteristics, COVID infection during pregnancy is associated with a 2.5-percentage- 
point increase in the probability of preterm birth (from 7.3% to 9.8%)—a 34% 
increase. This increase is large compared with the impact of environmental stressors 
or policies intended to support infant health (Hoynes et al. 2015; Torche 2011).

The stratification of COVID infection risk during pregnancy might be com-
pounded by disparities in the association between maternal infection and preterm 
birth. As the fundamental cause and cumulative disadvantage approaches predict, 
the impact of infection on infant health might be more acute among disadvantaged 
populations because of a stronger burden of comorbidities, reduced access to medical 
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2037Unequal Impact of the COVID-19 Pandemic on Infant Health

technologies, and dissimilar standards of care. We do not find evidence supporting 
a stronger negative association between COVID infection and preterm births among 
disadvantaged groups defined by maternal race/ethnicity and educational attainment 
(panels b and c in Figure 3; Table A2). The link between maternal infection and pre
term birth is similar across all educational and racial/ethnic groups (p > .05 for all 
pairwise comparisons). In sum, our analysis shows that mothers with low levels of 
education, living in disadvantaged ZIP codes, and who are Hispanic experienced an 
elevated risk of preterm birth during the COVID pandemic. This excess risk is due to 
a higher probability of COVID infection rather than to a more detrimental impact of 
infection on preterm birth.

Population-Level Trends in Preterm Birth During the COVID Pandemic

We have documented a substantial and unequal impact of maternal COVID infection 
on preterm birth. Ceteris paribus, such an impact should result in a population- 
level increase in preterm birth that closely patterns infection trends if maternal 
infection were the only pathway linking the pandemic to birth outcomes. In such 
a case, we should observe an increase in the preterm birth rate during the summer 
of 2020 and, particularly, during the winter of 2021, when COVID infections 
peaked in California. Indirect behavioral and environmental pathways might, how
ever, offset the direct effect of infection, at least among some subgroups defined by 
socioeconomic advantage.

The population-level ARIMA analysis shows substantial changes in the preterm 
birth rate during the COVID pandemic compared with counterfactual expectations 
based on past trends. Consistent with prior findings of a decline in preterm births in 
some populations, we observe a reduction in preterm births during the first months 
of the pandemic. This reduction is statistically significant during April, May, July, 
and November 2020 (Figure 4, Model 1; Table A3). This change is reversed in the 
winter of 2021, and a significant increase in preterm births is observed in January 
2021 as COVID infections surged. The preterm birth rate then returned to levels  
expected based on prepandemic trends in February 2021 and remained stable thereafter.  
In terms of magnitude, these changes are substantial. For example, preterm births 
declined by 0.7 percentage points (from a baseline of 7.2% to 6.5%) in November 
2020 and increased by 0.5 percentage points in January 2021. Given the number of 
births in California during these periods, these figures translate to 195 fewer infants 
born preterm in November 2020 and 140 more infants born preterm in January 2021 
because of the pandemic.

The population-level decline in preterm birth during 2020, when the infection rate 
was relatively low, is consistent with arguments that policy and behavioral responses 
intended to reduce COVID risk had beneficial spillover effects on infant health. Alter-
natively, the composition of births observed after the onset of the pandemic might 
have been altered through fertility adjustments, fetal loss, or selective migration of 
the pregnant population, leading to positive selectivity among pregnancies resulting 
in live births. Fertility adjustments are particularly likely to account for the observed 
decline in preterm birth in November 2020, when the first cohort of infants conceived 
in a pandemic environment were born.
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2038 F. Torche and J. Nobles

To address the impact of compositional change on preterm birth trends, Model 
2 in Figure 4 adds covariates to the ARIMA model to account for the sociodemo-
graphic makeup of persons giving birth: mother’s age, age squared, birth parity, edu­
cation, race/ethnicity, foreign-born status, and ZIP code socioeconomic disadvantage. 
These results yield virtually identical trend estimates to those of Model 1, suggesting 
that compositional change based on observed sociodemographic attributes does not 
account for the observed 2020 decline in preterm births. Even if unmeasured maternal 
characteristics (e.g., risk aversion or fertility desires) could still induce unobserved 
positive selectivity, these factors would have to be orthogonal to observed covariates, 
which is unlikely.

An alternative explanation of the changes in preterm birth during the pandemic 
is changing obstetric practices or criteria for medically indicated preterm delivery to 
reduce the infection risk of pregnant persons and health care providers. Model 3 in 
Figure 4 adjusts for the mode of delivery, including controls for cesarean section and 
labor induction. Postpandemic trends in preterm birth remain unmodified, suggesting 
that changes in labor and delivery protocols are an unlikely explanation for COVID-
era changes in preterm birth.

Our population-level analysis demonstrates that the pandemic had a substantial 
impact on infant health and that this impact changed over time. We observe a benefi­
cial decline in preterm births during the first few months after COVID was declared 
a global pandemic, followed by an abrupt increase in the proportion of preterm births 
as infections peaked in the winter of 2021 and an equally abrupt return to values pre-
dicted based on prior trends. In what follows, we examine potential mechanisms as 
well as socioeconomic disparities in these trends.

To address the role of maternal COVID infections as a direct pathway to the pre
term birth increase during the surge of infections in the winter of 2021, we evaluate 
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Fig. 4  Time-series ARIMA analysis predicting changes in the preterm birth rate after the pandemic onset 
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2039Unequal Impact of the COVID-19 Pandemic on Infant Health

trends that exclude pregnant persons infected with COVID. A comparison of ARIMA 
estimates suggests that maternal COVID infection accounts for a substantial portion 
of the preterm birth increase in that period (Figure 5 and Table A3). When we restrict 
the sample to COVID-negative persons giving birth, the January 2021 increase in 
preterm births drops from 0.50 to 0.15 percentage points and is no longer statistically 
distinguishable from predicted values.4 This finding suggests that the rise in preterm 
births in the winter of 2021 was largely driven by maternal COVID infection.

Aggregate preterm birth trends might mask substantial variability by mater
nal socioeconomic status. As the fundamental cause and cumulative disadvantage 
approaches would predict, disadvantaged families might have been the most affected 
by the winter surge of COVID infections because of the direct toll of infection and 
the disruptions caused by the infection surge. In contrast, the beneficial spillovers of 
policy and behavioral responses intended to reduce risk early in the pandemic may 
have been confined to socioeconomically advantaged groups. To address inequalities 
in the pandemic’s population-level impacts, we stratify the sample by maternal edu
cational attainment, distinguishing mothers with a high school diploma or less, some 
college, and a bachelor’s degree or more.

Figure 6 shows a highly stratified overall impact of the pandemic on preterm births: 
mothers with a high school diploma or less were the only group that experienced an 
increase in preterm births during the winter 2021 infection surge (parameter estimates 
are shown in Table A3). The increase was substantial, reaching 1.1 percentage points 
in January and April 2021. (We also observe substantive increases in preterm birth in 
February and March for this group, although they are not statistically distinguishable 
from predicted trends.) Strikingly, preterm birth did not increase during the winter of 
2021 or at any point thereafter among pregnant persons with higher levels of school
ing, likely reflecting their reduced exposure to COVID infection.

4  The difference between the two estimates is not statistically significant (p = .40).

-0.010

-0.005

0.000

0.005

0.010

E
ff

ec
t 

E
st

im
at

e

Time of Birth

All births Excludes COVID infections
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Our analysis also suggests that the beneficial reduction in preterm birth in the 
early months of the pandemic was greater and more persistent among the most 
advantaged mothers—those with a bachelor’s degree or more. Mothers with a high 
school diploma or less experienced a reduction in preterm birth only in April 2020. In 
contrast, statistically significant declines in preterm birth benefited highly educated 
mothers in March, May, and July 2020 (note that the difference in parameter estima
tes across groups is not itself statistically significant at the 5% level, so these findings 
provide suggestive evidence; see, e.g., Gelman and Stern 2006).

Additional Analyses and Robustness Checks

We performed additional analyses to assess the robustness of our findings. We rep­
licated the analyses of COVID infection during pregnancy and the consequences of 
infection on preterm birth while restricting the sample to facilities with confirmed 
universal testing (Table A4) and using a binary logit instead of a linear probability 
specification (Table A5). Both replications yielded estimates substantively identical 
to those reported in the main analysis. Additionally, we estimated models for the 
association between maternal COVID infection and preterm birth controlling for a 
larger set of prepregnancy factors known to predict preterm birth (maternal hyperten
sion, diabetes, large fibroid tumors, asthma, and smoking) and measures of prenatal 
care (the trimester in which prenatal care started and the number of prenatal care 
visits). Although validation studies using medical records have shown that these 
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Fig. 6  Time-series ARIMA analysis predicting changes in the preterm birth rate after the pandemic onset 
among subgroups of persons giving birth, by educational attainment, in California from March 2020 to 
November 2021. Symbols indicate parameter estimates, and vertical lines depict 95% confidence inter-
vals. Parameter estimates represent risk differences between the observed preterm birth rate and the rate 
expected as a function of autocorrelation from January 2014 to February 2020 (the prepandemic period). 
HS = high school. BA = bachelor’s degree.
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measures have limited accuracy in birth certificates (in contrast to gestational age and 
sociodemographic information), these models provide a stronger safeguard against 
confounding and account for the mediating role of prenatal care use. These models 
yielded results similar to those reported in the main analysis (Table A6), reducing the 
risk of unobserved confounding on the estimated impact of maternal COVID infec
tion on preterm births.

We implemented several extensions of the population-level analysis of trends. 
First, we estimated ARIMA models organizing the time-series data by time of con
ception rather than time of birth (Figure A1). This reformulation evaluates poten
tial discrepancies between cohort and period consequences of the pandemic. Results 
were largely substantively identical to those reported in the main analysis; the excep
tion was an expected temporal lag in the cohort analysis, given that preterm births 
occur, by definition, earlier than term births. Second, we used an alternative strategy 
to remove autocorrelation in time-series data: we extracted trends with a Hodrick–
Prescott filter and seasonality with indicator variables for the week of the year and 
then implemented a Prais–Winsten regression approach to account for temporal auto
correlation (Figure A2). Finally, we conducted a placebo test considering preterm 
birth trends among births occurring 24 calendar months before the onset of the pan
demic, from March 2018 to November 2019 (Figure A3). These additional analyses 
produced results consistent with our reported findings on trends for the entire popula­
tion and by subpopulations defined by maternal educational attainment.

Discussion

Our findings show that the pandemic has had substantial, dynamic, and sharply strat­
ified consequences for preterm birth rates, a relevant indicator of early-life health. 
Several prior studies have pointed to the initial drop in preterm births across wealthy 
countries as a potential positive externality of the COVID shock—an unexpected 
population health benefit attributed to sheltering in place. Our analysis suggests that 
these findings are incomplete and could be misleading. Akin to findings for other 
countries, we observe a population-level decline in preterm births during the early 
stage of the pandemic. However, this decline was short-lived and was followed by 
an increase in preterm births during the surge of COVID infections in the winter of 
2021. Furthermore, when we consider socioeconomic variation in preterm births, it 
becomes clear that trends in population means conceal important heterogeneity.

As Hypothesis 3 predicted, the population-level reduction in preterm births early 
in the pandemic was larger and more persistent among socioeconomically advan
taged pregnant persons. In contrast, the increase in preterm births during the win
ter surge of COVID infections was entirely concentrated among pregnant persons 
with a high school diploma or less, with no observable consequences for those 
with higher levels of schooling. These findings are entirely consistent with predic­
tions from the fundamental cause approach and highlight the relevance of multiple 
and flexible resources that advantaged populations can mobilize to reduce infec­
tion risk and benefit from positive externalities of early-pandemic policy responses 
(Clouston and Link 2021; Clouston et al. 2021). Specifically, in terms of infection 
risk, as Hypothesis 1 predicted, pregnant persons with more schooling and living in 
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advantaged communities were much more likely to evade COVID infection during 
the first 18 months of the pandemic, likely because they were disparately able to 
engage in risk-reduction responses, such as working from home, avoiding public 
transit, testing regularly, and (for those giving birth after the spring of 2021) receiv
ing vaccines when available.

Our analysis also reveals an important instance in which predictions from the 
fundamental cause and the cumulative disadvantage approaches appear not to have 
materialized. Departing from Hypothesis 2, we do not find a stronger association 
between maternal COVID infection and preterm births among disadvantaged moth
ers relative to their more-resourced peers. The similarity of these associations across 
social groups was robust to the inclusion of a large set of covariates (Table A6). 
Despite well-established disparities in maternal comorbidities and standards of care 
in the United States, a COVID infection was not more detrimental for pregnant per
sons with low education or for racial/ethnic minorities during the period studied here.

Still, the potential for an unequal impact of maternal COVID infection on pre
term births deserves close monitoring as the pandemic evolves. Hospital case stud
ies suggest that COVID disease severity during pregnancy increases risks for infant 
health (Lassi et al. 2021; Vouga et al. 2021; Wei et al. 2021). The recent winter 2022 
infection peak driven by the Omicron variant (not yet captured in the data used here) 
occurred when access to vaccination and antiviral therapy may have induced inequal
ity in disease severity and may result in emergent socioeconomic gaps in the impact 
of COVID infection during pregnancy on preterm births. If so, it would provide 
further support for the fundamental cause and cumulative disadvantage theories of 
health stratification in populations: as tools to mitigate disease severity emerge, we 
might expect infection to have differential impacts on pregnant people that align with 
their ability to access vaccination and antiviral treatment.

Furthermore, we do not find evidence that preterm births were strongly patterned 
with economic decline and recovery. Previous research suggests that macroeconomic 
shocks increase preterm births for infants exposed in the first trimester and some­
times the second trimester (Margerison et al. 2019; Noelke et al. 2019). If the early- 
pandemic economic contraction had a systematic effect on preterm births, we would 
have expected to see increases in preterm births in August 2020 through November 
2020, corresponding with births occurring four to seven months after the unemploy
ment spike in April 2020. We would also have expected preterm births to be concen
trated among people with less schooling, who were disproportionately likely to lose 
jobs early in the pandemic. We do not see evidence that this pattern materialized in  
fall 2020.

Overall, our findings underscore the limits of restricting our understanding of pan­
demic effects to aggregate means and the need to examine socioeconomic inequal
ity. Although aggregate data are often the only evidence available early in emergent 
health crises, aggregate trends are potentially misleading when considered alone and 
provide little guidance for targeting scarce resources. Our findings also underscore the 
relevance of identifying the specific mechanisms driving unequal impacts of health 
shocks. A key insight of the fundamental cause theory is that socioeconomic gradients 
in health persist because the specific resources that advantaged populations mobilize 
change over time as specific risk factors evolve. We find that inequality in infant 
health early in the COVID pandemic emerged from the unequal ability to benefit 
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from positive externalities of sheltering in place. Later in the pandemic, inequalities 
emerged from the differential ability to avoid infection risk as cases peaked.

As intuitive as these findings might seem a posteriori, there is nothing self- 
evident about them. We could have found inequality to be driven by an uneven impact 
of COVID infection during pregnancy on preterm birth or by the uneven toll of the 
economic disruption during the pandemic. As the pandemic evolves, new sources of 
disparities will emerge. Because complete vaccination and use of booster vaccina
tions among pregnant populations appear to be sharply stratified by education and 
race/ethnicity (Kricorian et al. 2021; Rawal et al. 2022; Troiano and Nardi 2021), 
vaccine access and acceptability are likely to become a central axis of inequality.

Our findings have concerning implications for the longer term effects of the pan­
demic. Although our findings address preterm births and cannot be extended to other 
measures of infant health, preterm birth is a relevant predictor of health and attain
ment over the life course. Infants born preterm are more likely to incur complications 
at birth and are in greater need of health and developmental intervention in the first 
few years. Many of these sequelae have substantial financial costs, and the conse­
quences of preterm birth may even extend into adult health, education, and earnings. 
Our findings indicate that the pandemic exacerbated burdens on disadvantaged sub­
populations that may have fewer resources to manage it and has almost certainly 
contributed to intergenerational stratification.

Our results also emphasize the importance of ongoing attention to maternal and 
fetal health in the context of pandemics and health crises more generally. The COVID 
pandemic has appropriately brought attention to the management of elderly health. 
However, maternal and child health was disproportionately excluded from the early 
pandemic response: less than 1% of the National Institutes of Health 2020 COVID 
funding went to maternal health, and less than 3% went to pediatrics (Balaguru et al. 
2022). This exclusion, alongside early evidence of preterm birth reductions, may 
have resulted in overlooking significant population health costs.

Correctly interpreting the findings from this analysis requires attention to several 
limitations of our data. A relevant feature of infection data is that testing reflects  
hospital-administered tests at the time of admittance for delivery and may not cap
ture earlier-pregnancy infection. Research on COVID has been largely silent about 
the timing of infection as a prognostic factor—partly because no pregnant cohort has 
yet to be tested continuously over pregnancy. Some evidence and theoretical models 
about viral mechanisms suggest that early-pregnancy infection might also increase 
preterm births (Badr et al. 2021; Valdespino-Vázquez et al. 2021). If so, and given 
that repeated infection during pregnancy is extremely rare, early-pregnancy infec
tion would be a confounder in our analysis: it both reduces the odds of infection at 
the time of birth and increases the odds of preterm birth. The substantial increase 
in preterm births during the peak of infections in the winter of 2021 suggests that 
late-pregnancy infection is critical for infant health, but the strong association we 
document between maternal COVID infection and preterm birth could be an under
estimate of the true burden of COVID infection on infant health if early-pregnancy 
infection is also harmful. Only a cohort of pregnant persons with repeated testing 
over the pregnancy will provide adjudicative evidence.

In addition, we describe the impact of the pandemic on infant health in  
California, a large and socioeconomically diverse state comprising 12% of all U.S. 
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births. We see no reason to expect less inequality in the impact of COVID in 
other states. In fact, given that California’s policy responses to the pandemic were 
more comprehensive, durable, and arguably protective of vulnerable populations 
than those of other states, we might expect that the consequences of the pandemic 
on infant health are even more stratified by socioeconomic advantage elsewhere. 
We invite future research to examine this possibility as data become available. 
One salient finding in the California context warrants additional consideration: 
we cannot fully explain the much higher infection risk of Hispanics compared 
with other racial/ethnic groups, even if we account for sociodemographic covari-
ates. One relevant possibility is that the Hispanic population’s excess risk results 
from heightened occupational exposure to infection. In California, the Hispanic 
population includes a larger share of people working in settings with COVID out
breaks, such as residential care and food-processing facilities (California Depart-
ment of Public Health 2021). To address this possibility, we extended our analysis 
of determinants of COVID infection and preterm birth to include occupational 
sources of COVID infection risk of both parents, including occupational exposure 
to infection and proximity to others. Table A7 displays the results based on occu
pation data for both parents from California birth certificates. We found that such 
sources of risk shape the probability of maternal infection but only marginally 
account for the Hispanic population’s excess risk. We suspect that classifications 
of occupational exposure currently available are limited in their ability to capture 
exposures among disadvantaged populations with high rates of occupational infor
mality (Andrasfay et al. forthcoming; Pebley et al. 2021). Additional research in 
California and other settings is needed to better understand the multiple sources 
of racial/ethnic disparities in risks emerging from COVID beyond conventional 
markers of socioeconomic advantage.

Finally, we do not attempt to identify the causal effect of social distancing policies 
on infant health, given that the COVID pandemic involved multiple treatments (i.e., 
other large-scale exposures) that evolved alongside social distancing policies. Ear-
lier studies attributed postpandemic changes in birth outcomes to policy responses, 
but such responses cannot be considered exogenous. Evidence indicates that people 
adjusted their behavior and hospitals altered health care protocols to reduce the risk 
of COVID infection independent of social distancing policies (Berry et  al. 2021; 
Davis-Floyd et al. 2020; Yan et al. 2021).

The evidence here indicates key avenues for future research. Although the mor
tality costs of the COVID pandemic are unambiguously clustered among the elderly, 
pregnant populations—and, by extension, those of reproductive age—warrant serious 
public health attention. Further, the longer run outcomes for children born during the 
pandemic, particularly those born into low-resourced families with a higher risk of 
COVID exposure, require special attention and monitoring over time. Several safety- 
net programs have been tested during the pandemic, and attention to their inequality- 
mitigating effects will be important as the cohorts that were prenatally exposed 
age. Finally, the study underscores that attention to population heterogeneity during  
large-scale health crises is critical. Although aggregate data provide early surveil
lance, they likely mask substantial variation, ranging from harmful effects for some 
groups to neutral or even positive effects for others. As we have shown, early-release 
administrative data with key information on socioeconomic heterogeneity provide a 
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critical resource for developing strategies to support infant health in the context of 
health crises. ■

Acknowledgments   The authors thank the California Department of Public Health for providing access 
to restricted-access natality data; Alex Dahlan and Felix Elwert for statistical advice; and Mary Bundle, 
Sarah Farr, Amy Johnson, Merilys Huhn, Jane Liu, Tyler McDaniel, and Karl Vachuska for their outstanding 
research assistance. This manuscript benefited from helpful comments from the Demography editor and 
anonymous reviewers, Noreen Goldman, Jonathan Horowitz, Nancy Krieger, Nicole Marwell, and Yu Xie. 
Support from the National Science Foundation (grant NSF2049529) and the National Institutes of Health 
(grant R21 HD105361-01) is gratefully acknowledged.

References

Acevedo-Garcia, D., Soobader, M.-J., & Berkman, L. F. (2005). The differential effect of foreign-born 
status on low birth weight by race/ethnicity and education. Pediatrics, 115, e20–e30. https:​/​/doi​.org​
/10​.1542​/peds​.2004​-1306

Adams-Prassl, A., Boneva, T., Golin, M., & Rauh, C. (2020). Inequality in the impact of the coronavirus 
shock: Evidence from real time surveys. Journal of Public Economics, 189, 104245. https:​/​/doi​.org​/10​
.1016​/j​.jpubeco​.2020​.104245

Allotey, J., Fernandez, S., Bonet, M., Stallings, E., Yap, M., Kew, T., . . . ​Thangaratinam, S. (2020). Clin-
ical manifestations, risk factors, and maternal and perinatal outcomes of coronavirus disease 2019 in 
pregnancy: Living systematic review and meta-analysis. BMJ, 370, m3320. https:​/​/doi​.org​/10​.1136​/
bmj​.m3320

Almond, D., & Currie, J. (2011). Killing me softly: The fetal origins hypothesis. Journal of Economic 
Perspectives, 25(3), 153–172.

Almond, D., & Mazumder, B. (2013). Fetal origins and parental responses. Annual Review of Economics, 
5, 37–56.

Ames, J. L., Ferrara, A., Avalos, L. A., Badon, S. E., Greenberg, M. B., Hedderson, M. M., . . . ​Croen, L. 
A. (2021). COVID-19 prevalence, symptoms, and sociodemographic disparities in infection among 
insured pregnant women in northern California. PLoS One, 16, e0256891. https:​/​/doi​.org​/10​.1371​/
journal​.pone​.0256891

Andrasfay, T., Pebley, A. R., & Goldman, N. (forthcoming). Physical work exposures of older workers: 
Does measurement make a difference? Work, Aging and Retirement. Advance online publication. 
https:​/​/doi​.org​/10​.1093​/workar​/waab014

Badr, D. A., Picone, O., Bevilacqua, E., Carlin, A., Meli, F., Sibiude, J., . . . ​Vivanti, A. J. (2021). Severe 
acute respiratory syndrome coronavirus 2 and pregnancy outcomes according to gestational age at 
time of infection. Emerging Infectious Diseases, 27, 2535–2543.

Baibazarova, E., van de Beek, C., Cohen-Kettenis, P. T., Buitelaar, J., Shelton, K. H., & van Goozen, S. H. M.  
(2013). Influence of prenatal maternal stress, maternal plasma cortisol and cortisol in the amniotic 
fluid on birth outcomes and child temperament at 3 months. Psychoneuroendocrinology, 38,  
907–915.

Balaguru, L., Dun, C., Meyer, A., Hennayake, S., Walsh, C., Kung, C., . . . ​Makary, M. (2022). NIH fund-
ing of COVID-19 research in 2020: A cross-sectional study. BMJ Open, 12, e059041. https:​/​/doi​.org​
/10​.1136​/bmjopen​-2021​-059041

Barker, D. J. P. (1990). The fetal and infant origins of adult disease. BMJ, 301, 1111.
Barker, D. J. P. (1995). Fetal origins of coronary heart disease. BMJ, 311, 171–174.
Barker, D. J. P., & Osmond, C. (1986). Infant mortality, childhood nutrition, and ischaemic heart disease 

in England and Wales. Lancet, 327, 1077–1081.
Beach, B., Brown, R., Ferrie, J., Saavedra, M., & Thomas, D. (2022). Reevaluating the long-term  

impact of in utero exposure to the 1918 influenza pandemic. Journal of Political Economy, 130, 
1963–1990.

D
ow

nloaded from
 http://dup.silverchair.com

/dem
ography/article-pdf/59/6/2025/1682145/2025torche.pdf by guest on 10 April 2024

https://doi.org/10.1542/peds.2004-1306
https://doi.org/10.1542/peds.2004-1306
https://doi.org/10.1016/j.jpubeco.2020.104245
https://doi.org/10.1016/j.jpubeco.2020.104245
https://doi.org/10.1136/bmj.m3320
https://doi.org/10.1136/bmj.m3320
https://doi.org/10.1371/journal.pone.0256891
https://doi.org/10.1371/journal.pone.0256891
https://doi.org/10.1093/workar/waab014
https://doi.org/10.1136/bmjopen-2021-059041
https://doi.org/10.1136/bmjopen-2021-059041


2046 F. Torche and J. Nobles

Been, J. V., Burgos Ochoa, L., Bertens, L. C. M., Schoenmakers, S., Steegers, E. A. P., & Reiss, I. K. 
M. (2020). Impact of COVID-19 mitigation measures on the incidence of preterm birth: A national 
quasi-experimental study. Lancet Public Health, 5, e604–e611. https:​/​/doi​.org​/10​.1016​/S2468​
-2667(20)30223-1

Behrman, R., & Stith-Butler, A. (2007). Preterm birth. Washington, DC: National Academies Press.
Berghella, V., Boelig, R., Roman, A., Burd, J., & Anderson, K. (2020). Decreased incidence of preterm 

birth during coronavirus disease 2019 pandemic. American Journal of Obstetrics & Gynecology, 
Maternal-Fetal Medicine, 2(Suppl. 4), 100258. https:​/​/doi​.org​/10​.1016​/j​.ajogmf​.2020​.100258

Bernardi, F. (2014). Compensatory advantage as a mechanism of educational inequality: A regression dis­
continuity based on month of birth. Sociology of Education, 87, 74–88.

Berry, C. R., Fowler, A., Glazer, T., Handel-Meyer, S., & MacMillen, A. (2021). Evaluating the effects of 
shelter-in-place policies during the COVID-19 pandemic. Proceedings of the National Academy of 
Sciences, 118, e2019706118. https:​/​/doi​.org​/10​.1073​/pnas​.2019706118

Bhatt, C. B., & Beck-Sagué, C. M. (2018). Medicaid expansion and infant mortality in the United States. 
American Journal of Public Health, 108, 565–567.

Bronstein, J. M., Wingate, M. S., & Brisendine, A. E. (2018). Why is the U.S. preterm birth rate so much 
higher than the rates in Canada, Great Britain, and western Europe? International Journal of Health 
Services, 48, 622–640.

California Department of Public Health. (2021). COVID-19 outbreak data (California Health & Human 
Services Agency report). Retrieved from https:​/​/data​.chhs​.ca​.gov​/dataset​/covid​-19​-outbreak​-data

Catalano, R., Bruckner, T., & Smith, K. R. (2008). Ambient temperature predicts sex ratios and male lon
gevity. Proceedings of the National Academy of Sciences, 105, 2244–2247.

Centers for Disease Control and Prevention. (2021). COVID-19 weekly cases and deaths per 100,000 pop
ulation by age, race/ethnicity, and sex (Case & Death Demographic Trends report). Retrieved from  
https:​/​/covid​.cdc​.gov​/covid​-data​-tracker​/​?CDC_AA_refVal=https%3A%2F%2Fwww​.cdc​.gov% 
2Fcoronavirus%2F2019​-ncov%2Fcases​-updates%2Fcases​-in​-us​.html#demographicsovertime

Chamseddine, R. S., Wahbeh, F., Chervenak, F., Salomon, L. J., Ahmed, B., & Rafii, A. (2020). Pregnancy 
and neonatal outcomes in SARS-CoV-2 infection: A systematic review. Journal of Pregnancy, 2020, 
4592450. https:​/​/doi​.org​/10​.1155​/2020​/4592450

Chang, V. W., & Lauderdale, D. S. (2009). Fundamental cause theory, technological innovation, and health 
disparities: The case of cholesterol in the era of statins. Journal of Health and Social Behavior, 50, 
245–260.

Chatterji, P., Kim, D., & Lahiri, K. (2014). Birth weight and academic achievement in childhood. Health 
Economics, 29, 1013–1035.

Chatterji, P., Lahiri, K., & Kim, D. (2014). Fetal growth and neurobehavioral outcomes in childhood. 
Economics & Human Biology, 15, 187–200.

Chen, A., Oster, E., & Williams, H. (2016). Why is infant mortality higher in the United States than in 
Europe? American Economic Journal: Economic Policy, 8(2), 89–124.

Chen, M., & Zhang, L. (2011). Epigenetic mechanisms in developmental programming of adult disease. 
Drug Discovery Today, 16, 1007–1018.

Chmielewska, B., Barratt, I., Townsend, R., Kalafat, E., van der Meulen, J., Gurol-Urganci, I., . . . ​Khalil, 
A. (2021). Effects of the COVID-19 pandemic on maternal and perinatal outcomes: A systematic 
review and meta-analysis. Lancet Global Health, 9, E759–E772. https:​/​/doi​.org​/10​.1016​/S2214​
-109X(21)00079-6

Clouston, S. A. P., & Link, B. G. (2021). A retrospective on fundamental cause theory: State of the litera­
ture and goals for the future. Annual Review of Sociology, 47, 131–156.

Clouston, S. A. P., Natale, G., & Link, B. G. (2021). Socioeconomic inequalities in the spread of corona-
virus-19 in the United States: A examination of the emergence of social inequalities. Social Science & 
Medicine, 268, 113554. https:​/​/doi​.org​/10​.1016​/j​.socscimed​.2020​.113554

Combs, C. A., Gravett, M., Garite, T. J., Hickok, D. E., Lapidus, J., Porreco, R., . . . ​Heyborne, K. (2014). 
Amniotic fluid infection, inflammation, and colonization in preterm labor with intact membranes. 
American Journal of Obstetrics and Gynecology, 210, 125.e1–125.e15. https:​/​/doi​.org​/10​.1016​/j​.ajog​
.2013​.11​.032

Conde-Agudelo, A., & Romero, R. (2021). SARS-CoV-2 infection during pregnancy and risk of pre
eclampsia: A systematic review and meta-analysis. American Journal of Obstetrics and Gynecology, 
26, 68.E3–89.E3. https:​/​/doi​.org​/10​.1016​/j​.ajog​.2021​.07​.009

D
ow

nloaded from
 http://dup.silverchair.com

/dem
ography/article-pdf/59/6/2025/1682145/2025torche.pdf by guest on 10 April 2024

https://doi.org/10.1016/S2468-2667(20)30223-1
https://doi.org/10.1016/S2468-2667(20)30223-1
https://doi.org/10.1016/j.ajogmf.2020.100258
https://doi.org/10.1073/pnas.2019706118
https://data.chhs.ca.gov/dataset/covid-19-outbreak-data
https://covid.cdc.gov/covid-data-tracker/?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fcases-updates%2Fcases-in-us.html#demographicsovertime
https://covid.cdc.gov/covid-data-tracker/?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fcases-updates%2Fcases-in-us.html#demographicsovertime
https://doi.org/10.1155/2020/4592450
https://doi.org/10.1016/S2214-109X(21)00079-6
https://doi.org/10.1016/S2214-109X(21)00079-6
https://doi.org/10.1016/j.socscimed.2020.113554
https://doi.org/10.1016/j.ajog.2013.11.032
https://doi.org/10.1016/j.ajog.2013.11.032
https://doi.org/10.1016/j.ajog.2021.07.009


2047Unequal Impact of the COVID-19 Pandemic on Infant Health

Conley, D., Strully, K. W., & Bennett, N. G. (2003). The starting gate: Birth weight and life chances. 
Berkeley: University of California Press.

Cooper, H. J., Iwamoto, M., Lash, M., Conners, E. E., Paladini, M., Slavinski, S., . . . ​Lee, E. H. (2019). 
Maternal zika virus infection: Association with small-for-gestational-age neonates and preterm birth. 
Obstetrics & Gynecology, 134, 1197–1204.

Corman, H., Dave, D., & Reichman, N. E. (2019, April 26). The effects of prenatal care on birth outcomes: 
Reconciling a messy literature. Oxford Research Encyclopedia of Economics and Finance. https:​/​/doi​
.org​/10​.1093​/acrefore​/9780190625979​.013​.375

Cunha, F., & Heckman, J. (2007). The technology of skill formation. American Economic Review: Papers 
& Proceedings, 97, 31–47.

Davis-Floyd, R., Gutschow, K., & Schwartz, D. A. (2020). Pregnancy, birth and the COVID-19 pandemic 
in the United States. Medical Anthropology, 39, 413–427.

De Curtis, M., Villani, L., & Polo, A. (2020). Increase of stillbirth and decrease of late preterm infants 
during the COVID-19 pandemic lockdown. Archives of Disease in Childhood—Fetal & Neonatal 
Edition, 106, 456. http:​/​/dx​.doi​.org​/10​.1136​/archdischild​-2020​-320682

Dench, D., Joyce, T., & Minkoff, H. (2022). United States preterm birth rate and COVID-19. Pediatrics, 
149, 5. https:​/​/doi​.org​/10​.1542​/peds​.2021​-055495

Dunkel Schetter, C. (2011). Psychological science on pregnancy: Stress processes, biopsychosocial mod­
els, and emerging issues. Annual Review of Psychology, 62, 531–558.

Ebinger, J. E., Driver, M., Ji, H., Claggett, B., Wu, M., Luong, E., . . . ​Figueiredo, J. C. (2021). Temporal 
variations in the severity of COVID-19 illness by race and ethnicity. BMJ Nutrition, Prevention & 
Health, 4, e000253. https:​/​/doi​.org​/10​.1136​/bmjnph​-2021​-000253

Fieber, P. (2020, July 27). Calgary doctor says ‘dramatic’ 40% drop in preterm births during lockdown 
could be global trend. CBC News. Retrieved from https:​/​/tinyurl​.com​/zwaztvz7

Freese, J., & Lutfey, K. (2011). Fundamental causality: Challenges of an animating concept for medical 
sociology. In B. A. Pescosolido, J. K. Martin, J. D. McLeod, & A. Rogers (Eds.), Handbook of the 
sociology of health, illness, and healing: A blueprint for the 21st century (pp. 67–81). New York, NY: 
Springer Science+Business Media.

Galang, R. R., Newton, S. M., Woodworth, K. R., Griffin, I., Oduyebo, T., Sancken, C. L., . . . ​Gilboa, S. 
M. (2021). Risk factors for illness severity among pregnant women with confirmed severe acute respi­
ratory syndrome coronavirus 2 infection—Surveillance for emerging threats to mothers and babies 
network, 22 state, local, and territorial health departments, 29 March 2020–5 March 2021. Clinical 
Infectious Diseases, 73(Suppl. 1), S17–S23.

Garcia, M. A., Homan, P. A., García, C., & Brown, T. H. (2021). The color of COVID-19: Structural rac­
ism and the disproportionate impact of the pandemic on older Black and Latinx adults. Journals of 
Gerontology, Series B: Psychological Sciences and Social Sciences, 76, e75–e80. https:​/​/doi​.org​/10​
.1093​/geronb​/gbaa114

Gelman, A., & Stern, H. (2006). The difference between “significant” and “not significant” is not itself 
statistically significant. American Statistician, 60, 328–331.

Gemmill, A., Casey, J. A., Catalano, R., Karasek, D., Margerison, C. E., & Bruckner, T. (2022). Changes 
in preterm birth and cesarean deliveries in the United States during the SARS-CoV-2 pandemic. 
Paediatric and Perinatal Epidemiology, 36, 485–489.

Geronimus, A. T. (1992). The weathering hypothesis and the health of African-American women and 
infants: Evidence and speculations. Ethnicity & Disease, 2, 207–221.

Geronimus, A. T., Hicken, M., Keene, D., & Bound, J. (2006). “Weathering” and age patterns of allostatic load 
scores among Blacks and Whites in the United States. American Journal of Public Health, 96, 826–833.

Glynn, S. M., Yang, Y. J., Thomas, C., Friedlander, R. L., Cagino, K., Matthews, K., . . . ​Prabhu, M. 
(2021). Timing of COVID-19 during pregnancy and impact on placental pathology. American Journal 
of Obstetrics and Gynecology, 224(Suppl. 2), S357–S358.

Golden, T. N., & Simmons, R. A. (2020). Maternal and neonatal response to COVID-19. American Journal 
of Physiology: Endocrinology and Metabolism, 319, E315–E319.

Goldenberg, R. L, Culhane, J. F., & Romero, R. (2008). Epidemiology and causes of preterm birth. Lancet, 
371, 75–84.

Goldenberg, R. L., Hauth, J. C., & Andrews, W. W. (2000). Intrauterine infection and preterm delivery. 
New England Journal of Medicine, 342, 1500–1507.

D
ow

nloaded from
 http://dup.silverchair.com

/dem
ography/article-pdf/59/6/2025/1682145/2025torche.pdf by guest on 10 April 2024

https://doi.org/10.1093/acrefore/9780190625979.013.375
https://doi.org/10.1093/acrefore/9780190625979.013.375
http://dx.doi.org/10.1136/archdischild-2020-320682
https://doi.org/10.1542/peds.2021-055495
https://doi.org/10.1136/bmjnph-2021-000253
https://tinyurl.com/zwaztvz7
https://doi.org/10.1093/geronb/gbaa114
https://doi.org/10.1093/geronb/gbaa114


2048 F. Torche and J. Nobles

Goldfarb, I. T., Clapp, M. A., Soffer, M. D., Shook, L. L., Rushfirth, K., Edlow, A. G., . . . ​Bryant, A. S. 
(2020). Prevalence and severity of coronavirus disease 2019 (COVID-19) illness in symptomatic preg
nant and postpartum women stratified by Hispanic ethnicity. Obstetrics & Gynecology, 136, 300–302.

Green, T., & Hamilton, T. (2019). Maternal educational attainment and infant mortality in the United 
States: Does the gradient vary by race/ethnicity and nativity? Demographic Research, 41, 713–752. 
https:​/​/doi​.org​/10​.4054​/DemRes​.2019​.41​.25

Handley, S. C., Mullin, A. M., Elovitz, M. A., Gerson, K. D., Montoya-Williams, D., Lorch, S. A., &  
Burris, H. H. (2021). Changes in preterm birth phenotypes and stillbirth at 2 Philadelphia hospitals 
during the SARS-CoV-2 pandemic, March–June 2020. JAMA, 325, 87–89.

Harvey, E. M., McNeer, E., McDonald, M. F., Shapiro-Mendoza, C. K., Dupont, W. D., Barfield, W., & 
Patrick, S. W. (2021). Association of preterm birth rate with COVID-19 statewide stay-at-home orders 
in Tennessee. JAMA Pediatrics, 175, 635–637.

Hawkins, R. B., Charles, E. J., & Mehaffey, J. H. (2020). Socio-economic status and COVID-19–related 
cases and fatalities. Public Health, 189, 129–134.

Hayward, M. D., & Gorman, B. K. (2004). The long arm of childhood: The influence of early-life social 
conditions on men’s mortality. Demography, 41, 87–107.

Heckman, J. J. (2006). Skill formation and the economics of investing in disadvantaged children. Science, 
312, 1900–1902.

Hedderson, M. (2003). Gestational diabetes mellitus and lesser degrees of pregnancy hyperglycemia: Asso-
ciation with increased risk of spontaneous preterm birth. Obstetrics & Gynecology, 102, 850–856.

Hedermann, G., Hedley, P. L., Bækvad-Hansen, M., Hjalgrim, H., Rostgaard, K., Poorisrisak, P., . . . ​
Lausten-Thomsen, U. (2021). Danish premature birth rates during the COVID-19 lockdown. Archives 
of Disease in Childhood - Fetal and Neonatal Edition, 106, 93–95.

Hernandez, E. M. (2013). Provider and patient influences on the formation of socioeconomic health behav­
ior disparities among pregnant women. Social Science & Medicine, 82, 35–42.

Hoynes, H., Miller, D., & Simon, D. (2015). Income, the earned income tax credit, and infant health.  
American Economic Journal: Economic Policy, 7(1), 172–211.

Jafari, M., Pormohammad, A., Neshin, S. A. S., Ghorbani, S., Bose, D., Alimohammadi, S., . . . ​Zarei, M. 
(2021). Clinical characteristics and outcomes of pregnant women with COVID-19 and comparison 
with control patients: A systematic review and meta-analysis. Reviews in Medical Virology, 31(5), 
1–16.

Joseph, N. T., Stanhope, K. K., Badell, M. L., Horton, J. P., Boulet, S. L., & Jamieson, D. J. (2020). Socio-
demographic predictors of SARS-CoV-2 infection in obstetric patients, Georgia, USA. Emerging 
Infectious Diseases, 26, 2786–2788.

Karasek, D., Baer, R. J., McLemore, M. R., Bell, A. J., Blebu, B. E., Casey, J. A., & Jelliffe-Pawlowski, 
L. L. (2021). The association of COVID-19 infection in pregnancy with preterm birth: A retrospective 
cohort study in California. Lancet Regional Health: Americas, 2, 100027. https:​/​/doi​.org​/10​.1016​/j​
.lana​.2021​.100027

Karmakar, M., Lantz, P. M., & Tipirneni, R. (2021). Association of social and demographic factors with 
COVID-19 incidence and death rates in the U.S. JAMA Network Open, 4, e2036462. https:​/​/doi​.org​/10​
.1001​/jamanetworkopen​.2020​.36462

Ko, J. Y., DeSisto, C. L., Simeone, R. M., Ellington, S., Galang, R. R., Oduyebo, T., . . . ​Shapiro-Mendoza, 
C. K. (2021). Adverse pregnancy outcomes, maternal complications, and severe illness among U.S. 
delivery hospitalizations with and without a coronavirus disease 2019 (COVID-19) diagnosis. Clinical 
Infectious Diseases, 73(Suppl. 1), S24–S31.

Kotlar, B., Gerson, E., Petrillo, S., Langer, A., & Tiemeier, H. (2021). The impact of the COVID-19 pan
demic on maternal and perinatal health: A scoping review. Reproductive Health, 18, 10. https:​/​/doi​.org​
/10​.1186​/s12978​-021​-01070​-6

Kricorian, K., Civen, R., & Equils, O. (2021). COVID-19 vaccine hesitancy: Misinformation and percep­
tions of vaccine safety. Human Vaccines & Immunotherapeutics, 1950504. https:​/​/doi​.org​/10​.1080​
/21645515​.2021​.1950504

Lassi, Z. S., Ana, A., Das, J. K., Salam, R. A., Padhani, Z. A., Irfan, O., & Bhutta, Z. A. (2021). A sys
tematic review and meta-analysis of data on pregnant women with confirmed COVID-19: Clinical 
presentation, and pregnancy and perinatal outcomes based on COVID-19 severity. Journal of Global 
Health, 11, 05018. https:​/​/doi​.org​/10​.7189​/jogh​.11​.05018

Lau, C., Ambalavanan, N., Chakraborty, H., Wingate, M. S., & Carlo, W. A. (2013). Extremely low birth 
weight and infant mortality rates in the United States. Pediatrics, 131, 855–860.

D
ow

nloaded from
 http://dup.silverchair.com

/dem
ography/article-pdf/59/6/2025/1682145/2025torche.pdf by guest on 10 April 2024

https://doi.org/10.4054/DemRes.2019.41.25
https://doi.org/10.1016/j.lana.2021.100027
https://doi.org/10.1016/j.lana.2021.100027
https://doi.org/10.1001/jamanetworkopen.2020.36462
https://doi.org/10.1001/jamanetworkopen.2020.36462
https://doi.org/10.1186/s12978-021-01070-6
https://doi.org/10.1186/s12978-021-01070-6
https://doi.org/10.1080/21645515.2021.1950504
https://doi.org/10.1080/21645515.2021.1950504
https://doi.org/10.7189/jogh.11.05018


2049Unequal Impact of the COVID-19 Pandemic on Infant Health

Lindberg, L. D., Mueller, J., Kirstein, M., & VandeVusse, A. (2021). The continuing impacts of the 
COVID-19 pandemic in the United States: Findings from the 2021 Guttmacher Survey of Reproductive 
Health Experiences (Guttmacher Institute report). Retrieved from https:​/​/www​.guttmacher​.org​/report​/ 
continuing​-impacts​-covid​-19​-pandemic​-findings​-2021​-guttmacher​-survey​-reproductive​-health

Link, B. G., & Phelan, J. (1995). Social conditions as fundamental causes of disease. Journal of Health 
and Social Behavior, 35, 80–94.

Lorch, S. A., Kroelinger, C. D., Ahlberg, C., & Barfield, W. D. (2012). Factors that mediate racial/ethnic 
disparities in U.S. fetal death rates. American Journal of Public Health, 102, 1902–1910.

Lu, M. C, & Halfon, N. (2003). Racial and ethnic disparities in birth outcomes: A life-course perspective. 
Maternal and Child Health Journal, 7, 13–30.

Lutfey, K., & Freese, J. (2005). Toward some fundamentals of fundamental causality: Socioeconomic 
status and health in the routine clinic visit for diabetes. American Journal of Sociology, 110, 
1326–1372.

Luu, T. M., Rehman Mian, M. O., & Nuyt, A. M. (2017). Long-term impact of preterm birth. Clinics in 
Perinatology, 44, 305–314.

Main, E. K., Chang, S.-C., Carpenter, A. M., Wise, P. H., Stevenson, D. K., Shaw, G. M., & Gould, J. B. 
(2021). Singleton preterm birth rates for racial and ethnic groups during the coronavirus disease 2019 
pandemic in California. American Journal of Obstetrics and Gynecology, 224, 239–241.

Margerison, C. E., Luo, Z., & Li, Y. (2019). Economic conditions during pregnancy and preterm birth: A 
maternal fixed-effects analysis. Paediatric and Perinatal Epidemiology, 33, 154–161.

Margerison-Zilko, C. (2014). Economic contraction and maternal health behaviors during pregnancy in a 
national sample of U.S. women. Annals of Epidemiology, 24, 432–440.

Marteleto, L. J., Guedes, G., Coutinho, R., & Weitzman, A. (2020). Live births and fertility amid the zika 
epidemic in Brazil. Demography, 57, 843–872.

Matheson, A., McGannon, C. J., Malhotra, A., Palmer, K. R., Stewart, A. E., Wallace, E. M., . . . ​Rolnik, 
D. L. (2021). Prematurity rates during the coronavirus disease 2019 (COVID-19) pandemic lockdown 
in Melbourne, Australia. Obstetrics & Gynecology, 137, 405–407.

McEwen, B., & Stellar, E. (1993). Stress and the individual. Archives of Internal Medicine, 153, 
2093–2101.

Metz, T. D., Clifton, R. G., Hughes, B. L., Sandoval, G., Saade, G. R., Grobman, W. A., . . . ​Macones, G. 
A. (2021). Disease severity and perinatal outcomes of pregnant patients with coronavirus disease 2019 
(COVID-19). Obstetrics & Gynecology, 137, 571–580.

Meyer, R., Bart, Y., Tsur, A., Yinon, Y., Friedrich, L., Maixner, N., & Levin, G. (2021). A marked decrease 
in preterm deliveries during the coronavirus disease 2019 pandemic. American Journal of Obstetrics 
and Gynecology, 224, 234–237.

Moffett, A., Hiby, S. E., & Sharkey, A. M. (2015). The role of the maternal immune system in the regula
tion of human birthweight. Philosophical Transactions of the Royal Society B: Biological Sciences, 
370, 20140071. http:​/​/dx​.doi​.org​/10​.1098​/rstb​.2014​.0071

Moster, D., Lie, R. T., & Markestad, T. (2008). Long-term medical and social consequences of preterm 
birth. New England Journal of Medicine, 359, 262–273.

Nagahawatte, T., & Cg, R. L. (2008). Poverty, maternal health, and adverse pregnancy outcomes. Annals 
of the New York Academy of Sciences, 1136, 80–85.

Narang, K., Enninga, E. A. L., Gunaratne, M. D. S. K., Ibirogba, E. R., Trad, A. T. A., Elrefaei, A., . . . ​
Garovic, V. D. (2020). SARS-CoV-2 infection and COVID-19 during pregnancy: A multidisciplinary 
review. Mayo Clinic Proceedings, 95, 1750–1765.

Noelke, C., Chen, Y.-H., Osypuk, T. L., & Acevedo-Garcia, D. (2019). Economic downturns and inequities 
in birth outcomes: Evidence from 149 million U.S. births. American Journal of Epidemiology, 188, 
1092–1100.

Pankratz, A. (1983). Forecasting with univariate Box–Jenkins models. New York, NY: Wiley & Sons.
Papageorge, N. W., Zahn, M. V., Belot, M., van den Broek-Altenburg, E., Choi, S., Jamison, J. C., & 

Tripodi, E. (2021). Socio-demographic factors associated with self-protecting behavior during the 
COVID-19 pandemic. Journal of Population Economics, 34, 691–738.

Pebley, A. R., Goldman, N., Andrasfay, T., & Pratt, B. (2021). Trajectories of physical functioning among 
older adults in the U.S. by race, ethnicity and nativity: Examining the role of working conditions. 
PLoS One, 16, e0247804. https:​/​/doi​.org​/10​.1371​/journal​.pone​.0247804

D
ow

nloaded from
 http://dup.silverchair.com

/dem
ography/article-pdf/59/6/2025/1682145/2025torche.pdf by guest on 10 April 2024

https://www.guttmacher.org/report/continuing-impacts-covid-19-pandemic-findings-2021-guttmacher-survey-reproductive-health
https://www.guttmacher.org/report/continuing-impacts-covid-19-pandemic-findings-2021-guttmacher-survey-reproductive-health
http://dx.doi.org/10.1098/rstb.2014.0071
https://doi.org/10.1371/journal.pone.0247804


2050 F. Torche and J. Nobles

Perry, B. L., Aronson, B., & Pescosolido, B. A. (2021). Pandemic precarity: COVID-19 is exposing and 
exacerbating inequalities in the American heartland. Proceedings of the National Academy of Sciences, 
118, e2020685118. https:​/​/doi​.org​/10​.1073​/pnas​.2020685118

Perzow, S. E. D., Hennessey, E. M. P., Hoffman, M. C., Grotec, N. K., Davis, E. P., & Hankind, B. L. 
(2021). Mental health of pregnant and postpartum women in response to the COVID-19 pandemic. 
Journal of Affective Disorders Reports, 4, 100123. https:​/​/doi​.org​/10​.1016​/j​.jadr​.2021​.100123

Phelan, J. C., Link, B. G., Diez-Roux, A., Kawachi, I., & Levin, B. (2004). “Fundamental causes” of social 
inequalities in mortality: A test of the theory. Journal of Health and Social Behavior, 45, 265–285.

Philip, R. K., Purtill, H., Reidy, E., Daly, M., Imcha, M., McGrath, D., . . . ​Dunne, C. P. (2020). Unprece-
dented reduction in births of very low birthweight (VLBW) and extremely low birthweight (ELBW) 
infants during the COVID-19 lockdown in Ireland: A ‘natural experiment’ allowing analysis of data 
from the prior two decades. BMJ Global Health, 5, e003075. https:​/​/doi​.org​/10​.1136​/bmjgh​-2020​
-003075

Pierce-Williams, R. A. M., Burd, J., Felder, L., Khoury, R., Bernstein, P. S., Avila, K., & Penfield, C. A. 
(2020). Clinical course of severe and critical coronavirus disease 2019 in hospitalized pregnancies: A 
United States cohort study. American Journal of Obstetrics & Gynecology: Maternal-Fetal Medicine, 
2, 100134. https:​/​/doi​.org​/10​.1016​/j​.ajogmf​.2020​.100134

Prasannan, L., Rochelson, B., Shan, W., Nicholson, K., Solmonovich, R., Kulkarni, A., . . . ​Blitz, M. J. 
(2021). Social determinants of health and coronavirus disease 2019 in pregnancy. American Journal 
of Obstetrics & Gynecology: Maternal-Fetal Medicine, 3, 100349. https:​/​/doi​.org​/10​.1016​/j​.ajogmf​
.2021​.100349

Preston, E. (2020, July 19). During coronavirus lockdowns, some doctors wondered: Where are the pree­
mies? The New York Times. Retrieved from https:​/​/www​.nytimes​.com​/2020​/07​/19​/health​/coronavirus​
-premature​-birth​.html​?smid=url​-share

Rangel, M. A., Nobles, J., & Hamoudi, A. (2020). Brazil’s missing infants: Zika risk changes reproductive 
behavior. Demography, 57, 1647–1680.

Rauscher, E., & Rangel, D. E. (2020). Rising inequality of infant health in the U.S. SSM—Population 
Health, 12, 100698. https:​/​/doi​.org​/10​.1016​/j​.ssmph​.2020​.100698

Rawal, S., Tackett, R. L., Stone, R. H., & Young, H. N. (2022). COVID-19 vaccination among pregnant 
people in the United States: A systematic review. American Journal of Obstetrics & Gynecology: 
Maternal-Fetal Medicine, 4, 100616. https:​/​/doi​.org​/10​.1016​/j​.ajogmf​.2022​.100616

Sakowicz, A., Ayala, A. E., Ukeje, C. C., Witting, C. S., Grobman, W. A., & Miller, E. S. (2020). Risk 
factors for severe acute respiratory syndrome coronavirus 2 infection in pregnant women. American 
Journal of Obstetrics & Gynecology: Maternal-Fetal Medicine, 2, 100198. https:​/​/doi​.org​/10​.1016​/j​
.ajogmf​.2020​.100198

Strully, K. W., Rehkopf, D. H., & Xuan, Z. (2010). Effects of prenatal poverty on infant health: State 
earned income tax credits and birth weight. American Sociological Review, 75, 534–562.

Torche, F. (2011). The effect of maternal stress on birth outcomes: Exploiting a natural experiment. 
Demography, 48, 1473–1491.

Torche, F. (2018). Prenatal exposure to an acute stressor and children’s cognitive outcomes. Demography, 
55, 1611–1639.

Townley Flores, C., Gerstein, A., Phibbs, C. S., & Sanders, L. M. (2021). Short-term and long-term educa
tional outcomes of infants born moderately and late preterm. Journal of Pediatrics, 232, 31.e2–37.e2. 
https:​/​/doi​.org​/10​.1016​/j​.jpeds​.2020​.12​.070

Troiano, G., & Nardi, A. (2021). Vaccine hesitancy in the era of COVID-19. Public Health, 194, 245–251.
Valdespino-Vázquez, M. Y., Helguera-Repetto, C. A., León-Juárez, M., Villavicencio-Carrisoza, O., 

Flores-Pliego, A., Moreno-Verduzco, E. R., . . . ​Irles, C. (2021). Fetal and placental infection with 
SARS-CoV-2 in early pregnancy. Journal of Medical Virology, 93, 4480–4487.

van Dorn, A., Cooney, R. E., & Sabin, M. L. (2020). COVID-19 exacerbating inequalities in the U.S. 
Lancet, 395, 1243–1244.

van Ryn, M., & Burke, J. (2000). The effect of patient race and socio-economic status on physicians’ per
ceptions of patients. Social Science & Medicine, 50, 813–828.

Villar, J., Ariff, S., Gunier, R. B., Thiruvengadam, R., Rauch, S., Kholin, A., . . . ​Papageorghiou, A. T. 
(2021). Maternal and neonatal morbidity and mortality among pregnant women with and with
out COVID-19 infection: The INTERCOVID Multinational Cohort Study. JAMA Pediatrics, 175, 
817–826.

D
ow

nloaded from
 http://dup.silverchair.com

/dem
ography/article-pdf/59/6/2025/1682145/2025torche.pdf by guest on 10 April 2024

https://doi.org/10.1073/pnas.2020685118
https://doi.org/10.1016/j.jadr.2021.100123
https://doi.org/10.1136/bmjgh-2020-003075
https://doi.org/10.1136/bmjgh-2020-003075
https://doi.org/10.1016/j.ajogmf.2020.100134
https://doi.org/10.1016/j.ajogmf.2021.100349
https://doi.org/10.1016/j.ajogmf.2021.100349
https://www.nytimes.com/2020/07/19/health/coronavirus-premature-birth.html?smid=url-share
https://www.nytimes.com/2020/07/19/health/coronavirus-premature-birth.html?smid=url-share
https://doi.org/10.1016/j.ssmph.2020.100698
https://doi.org/10.1016/j.ajogmf.2022.100616
https://doi.org/10.1016/j.ajogmf.2020.100198
https://doi.org/10.1016/j.ajogmf.2020.100198
https://doi.org/10.1016/j.jpeds.2020.12.070


2051Unequal Impact of the COVID-19 Pandemic on Infant Health

Vouga, M., Favre, G., Martinez-Perez, O., Pomar, L., Forcen Acebal, L., Abascal-Saiz, A., . . . ​Panchaud, 
A. (2021). Maternal outcomes and risk factors for COVID-19 severity among pregnant women. 
Scientific Reports, 11, 13898. https:​/​/doi​.org​/10​.1038​/s41598​-021​-92357​-y

Webb Hooper, M., Nápoles, A. M., & Pérez-Stable, E. J. (2020). COVID-19 and racial/ethnic disparities. 
JAMA, 323, 2466–2467.

Wedi, C. O. O., Kirtley, S., Hopewell, S., Corrigan, R., Kennedy, S. H., & Hemelaar, J. (2016). Perinatal 
outcomes associated with maternal HIV infection: A systematic review and meta-analysis. Lancet HIV, 
3, e33–e48. https:​/​/doi​.org​/10​.1016​/S2352​-3018(15)00207-6

Wei, S. Q., Bilodeau-Bertrand, M., Liu, S., & Auger, N. (2021). The impact of COVID-19 on pregnancy 
outcomes: A systematic review and meta-analysis. Canadian Medical Association Journal, 193, 
E540–E548. https:​/​/doi​.org​/10​.1503​/cmaj​.202604

Whidbey, C., Vornhagen, J., Gendrin, C., Boldenow, E., Samson, J. M., Doering, K., . . . ​Rajagopal, L. 
(2015). A streptococcal lipid toxin induces membrane permeabilization and pyroptosis leading to fetal 
injury. EMBO Molecular Medicine, 7, 488–505.

Wiemers, E. E., Abrahams, S., AlFakhri, M., Hotz, J., Schoeni, R. F., & Seltzer, J. A. (2020). Disparities in 
vulnerability to severe complications from COVID-19 in the United States (MedRxiv preprint paper). 
https:​/​/doi​.org​/10​.1101​/2020​.05​.28​.20115899

Wood, R., Sinnott, C., Goldfarb, I., Clapp, M., McElrath, T., & Little, S. (2021). Preterm birth during 
the coronavirus disease 2019 (COVID-19) pandemic in a large hospital system in the United States. 
Obstetrics & Gynecology, 137, 403–404.

Wright, A. L., Sonin, K., Driscoll, J., & Wilson, J. (2020). Poverty and economic dislocation reduce com
pliance with COVID-19 shelter-in-place protocols. Journal of Economic Behavior & Organization, 
180, 544–554.

Yan, Y., Malik, A. A., Bayham, J., Fenichel, E. P., Couzens, C., & Omer, S. B. (2021). Measuring voluntary 
and policy-induced social distancing behavior during the COVID-19 pandemic. Proceedings of the 
National Academy of Sciences, 118, e2008814118. https:​/​/doi​.org​/10​.1073​/pnas​.2008814118

Florencia Torche (corresponding author)
torche@stanford​.edu

Torche  •  Department of Sociology, Stanford University, Stanford, CA, USA; https:​/​/orcid​.org​/0000​
-0002​-2801​-9227

Nobles  •  Department of Sociology, University of Wisconsin–Madison, Madison, WI, USA; https:​/​/orcid​
.org​/0000​-0001​-5175​-4265

D
ow

nloaded from
 http://dup.silverchair.com

/dem
ography/article-pdf/59/6/2025/1682145/2025torche.pdf by guest on 10 April 2024

https://doi.org/10.1038/s41598-021-92357-y
https://doi.org/10.1016/S2352-3018(15)00207-6
https://doi.org/10.1503/cmaj.202604
https://doi.org/10.1101/2020.05.28.20115899
https://doi.org/10.1073/pnas.2008814118
mailto:torche@stanford.edu
https://orcid.org/0000-0002-2801-9227
https://orcid.org/0000-0002-2801-9227
https://orcid.org/0000-0001-5175-4265
https://orcid.org/0000-0001-5175-4265

	The Unequal Impact of the COVID-19 Pandemic on Infant Health
	Florencia Torche and Jenna Nobles
	Introduction
	The COVID Shock and Preterm Birth: Pathways of Influence and Socioeconomic Stratification
	Socioeconomic Disparities in the Impact of the COVID Shock on Infant Health

	Data and Analytic Plan
	Data
	Measuring COVID Infection

	Analytic Plan
	Individual-Level Determinants and Consequences of Maternal COVID Infection
	Population-Level Analysis


	Results
	The Unequal Risk of COVID Infection During Pregnancy
	The Link Between Maternal COVID Infection and Preterm Birth
	Population-Level Trends in Preterm Birth During the COVID Pandemic
	Additional Analyses and Robustness Checks


	Discussion
	References


