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Abstract

Adverse environmental exposures—war and violence, natural disasters,
escalating heat, worsening air quality—experienced in pregnancy are con-
sequential for multiple domains of well-being over the life course, including
health, cognitive development, schooling, and earnings. Though these en-
vironmental exposures become embodied via biological processes, they are
fundamentally sociological phenomena: Their emergence, allocation, and
impact are structured by institutions and power. As a result, consequen-
tial early-life environmental exposures are a critical part of the sociological
understanding of social stratification, intergenerational mobility, and indi-
vidual and cohort life course trajectories.We review theory and evidence on
prenatal exposures, describe enduring methodological issues and potential
solutions for elucidating these effects, and discuss the importance of this ev-
idence for the stratification of opportunity and outcomes in contemporary
societies.
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1. INTRODUCTION

The past two decades have seen burgeoning attention to the early period of life as a determinant of
people’s health, cognition, and economic well-being. Biomedical scientists have established phys-
iological mechanisms through which prenatal exposures get under the skin and shape individual
trajectories. Social scientists have credibly identified the causal impact of specific environmen-
tal insults experienced early in life—weather events, economic downturns, pollution, violence,
income-support policies, among others—and have shown their consequences across the life
course. While warnings that “the womb might be more important than the home” (Barker 1990,
p. 1111) or that “a child who falls behind might never catch up” (Heckman 2006, p. 1900)
might be exaggerated, they reflect evidence that the early-life period—from conception to early
childhood—is both vulnerable to the environment and consequential for individual development,
attainment, and well-being.

These insights have been slow to permeate sociological research in general, and stratification
research in particular.We argue that considering the early-life period—and, specifically, exposure
to environmental insults before birth—is important to understand stratification processes and the
persistence of disadvantage across generations. In this review, we focus on the prenatal period
because it is the earliest stage of the life course that can be observed, and because it is both excep-
tionally sensitive to the environment and consequential for later development, thus influencing
outcomes from birth to older ages.1

We suggest that prenatal exposures are an important sociological concern for several rea-
sons. First, these exposures are common in contemporary societies, and in the case of many of
them, including heat, pollution, disasters, and accompanying physical and psychosocial stress, their
prevalence will likely increase in the future. Second, even if the mechanisms accounting for their
impact are biological, the experience and consequences of early-life exposures are social phenom-
ena rooted in stratification dynamics (Muller et al. 2018). As Kai Erikson [2012 (1976), p. vi])
wrote, “Earthquakes do not seek out the ill-housed; they strike evenly at all of the structures in
their way, but do the most damage to the frailest and most shoddily built of them, the ones in
which the needy have been invited to live.” In similar fashion, zoning regulations allocate expo-
sure to pollution, racial discrimination influences recovery after neighborhood disruption, and
policy decisions regulate access to insurance against risks. The claim that there is not such a thing
as a (purely) natural disaster (Squires & Hartman 2006) applies to virtually all environmental ex-
posures experienced in pregnancy: Their emergence, allocation, and impact depend on decisions
regulated by institutions and power. A third reason these exposures fall under the purview of soci-
ologists is that when they occur early in life, the causal impact of environmental exposures would
go undetected and could easily be mistaken for genetic inheritance or other innate factors.

These features render prenatal environmental exposures an important part of the understand-
ing of social stratification, intergenerational mobility, and life course trajectories. This review
examines the impact of adverse prenatal exposures on individual development and well-being,
and explores mechanisms and socioeconomic heterogeneity in these effects. The relevant liter-
ature is interdisciplinary; we therefore draw on work in sociology, demography, epidemiology,
economics, psychology, and the biomedical sciences. Section 2 integrates arguments from multi-
ple fields that theorize how and why the prenatal period has enduring consequences. Section 3
reviews evidence on the impact of four specific exposures that are of concern for sociologists,
and that are widespread and unequally distributed: violence, natural disasters and weather events,

1An emergent literature considers preconception exposures and circumstances of both mother and father (e.g.,
Blanc et al. 2023, Provençal & Binder 2015, Selevan et al. 2000).
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extreme temperatures, and air quality and pollution. Recent empirical work strives to identify the
causal effects of these exposures, a critical endeavor to advance knowledge and to inform policy
intervention. Section 4 examines a nascent literature on the socioeconomic heterogeneity in the
impact of adverse prenatal exposures and the mechanisms driving heterogeneity. Section 5 dis-
cusses analytical and methodological challenges and potential solutions, and Section 6 discusses
implications of this work for contemporary stratification research.

2. THE RELEVANCE OF THE PRENATAL PERIOD

The intuition that early-life circumstances shape people’s health, behavior, and well-being has
been present for centuries, permeating conventional wisdom and cultural representations. By the
early twentieth century, this intuition had found empirical support in population-level analyses,
when researchers concluded that mortality patterns of cohorts born in the late nineteenth and
early twentieth century behaved “as if the expectation of life was determined by the conditions
which existed during the child’s early years” (Kermack et al. 1934, p. 700).

In the 1970s, physician Anders Forsdahl (1977) demonstrated an association between infant
mortality rates of Norwegian cohorts and metabolic disease in middle age. Forsdahl hypothesized
that this effect emerged from permanent biological damage caused by nutritional deprivation in
utero, combined with high fat consumption during adulthood in the context of newfound afflu-
ence. A decade later, epidemiologist David Barker observed a geographic area–level association
between cohort birthweight (a proxy for nutritional deprivation in utero) and rates of coro-
nary disease in late adulthood in England (Barker & Osmond 1986). Barker also documented
individual-level correlations between birthweight and coronary heart disease, hypertension, and
type 2 diabetes in adulthood (Barker et al. 1993).

These correlations were replicated in many national contexts (Godfrey & Barker 2001) and
gave rise to the influential “fetal programming hypothesis.” This hypothesis suggests that devel-
opments that enable the fetus to adapt to an adverse uterine environment result in programming
via permanent changes to physiology and metabolism, leading to illness and early death (Barker
1998). A contribution of the fetal programming hypothesis is the notion of latency: the idea that
the effect of programming might remain latent for decades, emerging in adulthood, somewhat
irrespective of intervening experience and proximate risk factors (Almond & Currie 2011, Palloni
& Beltrán-Sánchez 2017).

The fetal programming hypothesis has been criticized onmultiple fronts: that it relies on rough
associations vulnerable to confounding, that it piles up evidence without any effort to falsify, and
that the notion of latency is extremely difficult to test empirically (Almond &Currie 2011, Paneth
& Susser 1995, Rasmussen 2001). Despite reasonable critique, the hypothesis provided enormous
impetus in the social sciences to elucidate the impact of the months spent in utero—until then
nearly invisible for social scientists—on a diverse set of outcomes, including health, education,
and socioeconomic attainment.

Complementary research in developmental psychology and neurobiology offers a conceptual
apparatus to explain why early exposures have long-term, and even permanent, consequences.
Sensitive and critical developmental periods act as “windows of opportunity” for essential devel-
opmental processes (Brown 2005).These windows open during gestation, peak in early childhood,
and decline thereafter (Hertzman & Boyce 2010). This approach explains why, for example, lead
exposure causes neurodevelopmental deficits if experienced in utero but is less harmful when
experienced later in life (Lynch& Smith 2005).There is now consensus that early life is highly sus-
ceptible to the environment and ripe with developmental opportunity given plasticity of immune,
neurological, and other biological systems (Gluckman et al. 2008).
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The biological embedding perspective (Hertzman & Boyce 2010, Russ et al. 2014) directly
links the developmental approach to the social environment, suggesting that early life provides
a roughly ordered sequence of windows of opportunity that allow early-life experiences to “get
under the skin” by altering neural, endocrine, and immunologic systems and even genetic expres-
sion, affecting the course of human development. The processes underlying biological embedding
involve several pathways, including fetal adaptive responses, the hypothalamic-pituitary-adrenal
axis and its regulation of cortisol, and social epigenetics.

Social epigenetics is the most novel and expansive pathway linking the environment to durable
changes in health and well-being (Landecker & Panofsky 2013). The field describes how envi-
ronmental factors alter gene expression and activity in ways that are persistent but which do not
involve changes in DNA sequence (Martin & Fry 2018). Prenatal exposures as diverse as nutri-
tional deprivation, pollutants, and maternal psychosocial stress have been linked to epigenetic
dysregulation (Bock et al. 2015, Perera & Herbstman 2011, Thayer & Kuzawa 2011), which in
turn could alter outcomes such as preterm birth and neurobehavioral development (Lapehn &
Paquette 2022).While the biological workings of epigenetic processes are not the domain of soci-
ologists, their consequences for individual well-being and for the transmission of inequality across
generations very much are.

Overlaying the biological mechanisms described by programming and embedding are socio-
economic mechanisms that link early-life circumstances to later well-being. The social sciences
describe the life course as a dynamic, hierarchical process in which prior experience shapes
outcomes over time, and therefore shapes individual trajectories from birth to late adulthood
(Ben-Shlomo & Kuh 2002, Cunha & Heckman 2007, Hertzman & Boyce 2010, Lynch & Smith
2005). These pathways involve cumulative effects—for instance, the toll that chronic poverty or
persistent discrimination takes on individual trajectories—and mediating processes—for instance,
when poor health in childhood hinders learning, which in turn reduces educational attainment.
These fields also provide support for circumstances in which early adverse effects can be mitigated
(Grossman 1972, Lynch & Smith 2005) partly by compensatory behaviors of parents (Bernardi
2014) and medical institutions (Bharadwaj et al. 2013).

Finally, selective survival helps understand the population-level links between prenatal expo-
sures and later-life well-being (Bruckner & Catalano 2018, Nobles & Hamoudi 2019). Exposure
to environmental insults could increase the risk of fetal loss, particularly among the frailest mem-
bers of a cohort—a mortality pattern often called “culling” in demography (Catalano & Bruckner
2006, Elo & Preston 1992, Vaupel et al. 1979). If only the hardiest members of the cohort sur-
vive an environmental insult, then researchers will obtain a downwardly biased assessment of its
impact: We could observe no effect—or, in the extreme, a positive impact—driven by the positive
selectivity of the survivors (Bozzoli et al. 2009, Triyana & Xia 2023). Selective survival in utero is
difficult to observe, so researchers rely on indirect measures such as changes in fertility rates and
in the sex ratio at birth ( James & Grech 2018).

Combined, these approaches suggest that harmful prenatal exposures could lead to adverse
outcomes over the entire life course, starting at birth (e.g., low weight or preterm birth), during
childhood (e.g., reduced cognitive function), and in adulthood (e.g., reduced earnings and early
mortality). These outcomes could express themselves later in life or can ensue as chains or risks
that cumulate over time. These theoretical approaches suggest that while the impact of early-life
shocks can fade out or be moderated by compensatory responses, they also have the potential
to persist and even magnify over the life course. Finally, the outcomes that researchers get to
observe depend on the selectivity of those surviving the early-life insult, which is usually positive
and unobserved.
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3. ENVIRONMENTAL EXPOSURES AND OUTCOMES OVER
THE LIFE COURSE

Insights from the fetal programming hypothesis permeated social science in the 1990s. In sociol-
ogy and demography, an initial literature incorporated the early life to the understanding of adult
health trajectories, with a primary focus on longevity (Blackwell et al. 2001, Elo & Preston 1992,
Hayward & Gorman 2004, Palloni 2006, Palloni et al. 2023, Preston et al. 1998). Related work in
economics documented associations between early circumstances and later health, education, and
economic attainment (Case et al. 2005, Case & Paxson 2009, Costa 2000). An interdisciplinary
body of work has since ballooned, broadening the scope of exposures studied: Natural disasters,
extreme temperatures, pollution, community violence, famine, family death, and safety net trans-
fers, among others, were all explored as prenatal exposures that shape developmental trajectories.
Instead of summarizing this vast, rapidly growing body of work, we focus on research in four
areas that are relevant to population well-being and inequality in contemporary societies: natu-
ral disasters and weather events, extreme temperatures, air quality and pollution, and contextual
violence.2

In each of these areas, early studies explored correlations between adverse exposures and health
and development. Many of the early studies faced multiple threats to inference, but they provide
rich background on which the field has built (see reviews of the descriptive scholarship focused on
each of these exposures by Chersich et al. 2020,Nyadanu et al. 2022, Saulnier & Brolin 2015, Syed
et al. 2022, Wright et al. 2017). More recent studies address inference challenges by combining
creative use of natural experiments and causal identification for observational data.We restrict our
discussion below to studies that exploit plausibly exogenous exposures or other quasi-experimental
designs, include a control group representing counterfactual outcomes absent the exposure, and
which use population-representative data.

Much of this scholarship focuses on short-term outcomes observed at birth: gestational age
and birthweight, deemed important because they provide rough indicators of endowments at the
“starting gate” of life (Conley et al. 2003). Indeed, birth outcomes are the main predictors of infant
morbidity and mortality (Behrman & Butler 2007, Lau et al. 2013). Among surviving infants, they
increase the risk of illness and neurodevelopmental delay, and they shape long-term socioeconomic
outcomes (Luu et al. 2017, Moster et al. 2008). In each of the four domains described below, a
smaller set of well-designed studies directly evaluates the effects of adverse exposures on later
outcomes including cognitive development, educational attainment, income, and later-life health.
We discuss a few exemplary studies in each section.

3.1. Natural Disasters and Weather Events

Floods, earthquakes, hurricanes, tornadoes, and winter storms are increasingly relevant due to
evidence linking climate change with extreme weather event severity (Arcaya et al. 2020). In the
United States alone, the annual number of federally designated disasters surged from about 200 in
the early 1980s to about 2,000 in the 2010s (Boustan et al. 2020); these events will almost certainly
continue to increase in frequency and devastation in the future.

2We exclude exposures abundantly studied in the literature, in particular nutritional deprivation in utero.
Much research uses the Dutch Hunger Winter of 1944–1945 in the Netherlands as a natural experiment to
examine the impact of prenatal nutritional deprivation on health outcomes and later-life mortality (Painter
et al. 2005, Roseboom et al. 2001), neurodevelopment (Susser et al. 1998), and reproductive outcomes (Lumey
1998). Other research exploits the 1941–1942 Greek famine (Neelsen & Stratmann 2011) and the 1959–1961
Chinese famine (Chen & Zhou 2007, Li & Lumey 2017, St Clair et al. 2005). Researchers have also used
Ramadan fasting among Muslims (Almond & Mazumder 2011, Greve et al. 2017) and twins (Conley et al.
2003, Royer 2009) as natural experiments to examine the impact of nutritional deprivation.
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3.1.1. Health at birth. Simeonova (2011) finds that exposure to natural disasters in the United
States between 1968 and 1988, including storms, winter weather, and floods, had a small impact
on infant health. Using year and county fixed effects, she reports a decline in gestational age
by less than one-tenth of a day and of birthweight by 1.5 g when the disaster is experienced in
mid-pregnancy (see Figure 1 for a depiction of effect estimates, confidence intervals, and timing
of exposure across studies reviewed in this article). Currie & Rossin-Slater (2013) find a harm-
ful impact of late-pregnancy hurricane exposure between 1996 and 2008 in Texas on abnormal
conditions of the newborn and complications of labor and delivery, but no impact on standard
measures of infant health such as birthweight and gestational age. This study is exemplary in its
careful assessment of identification bias. In addition to providing a comparison between exposed
and unexposed siblings, the authors account for the mechanical correlation between longer gesta-
tional length and increased probability of exposure, and for migration in response to the storms;
they also implement a placebo test examining the (implausible) impact of hurricanes 6 months
after birth.

A small literature examines the impact of earthquakes on birth outcomes. Earthquakes provide
a unique basis for identification because they come unannounced and typically last only a fewmin-
utes, reducing the scope for selective exposure. These studies consistently find negative impacts,
of varying magnitudes, of prenatal earthquake exposure. Torche (2011) examines the impact of
prenatal exposure to an earthquake in 2005 in Chile using a difference-in-differences approach.
She finds that infants who experienced the earthquake during early pregnancy had a 1.7 percent-
age point higher risk of low birthweight (from a baseline of 5.4%). Kim et al. (2017) find that
first- and third-trimester exposure to the 1994 Northridge earthquake in California resulted in a
much smaller 0.2 percentage point increase in the probability of low birthweight using a similar
methodology, and Menclova & Stillman (2020) report decreased gestational age associated with
first- and third-trimester exposure to an earthquake in 2010 in New Zealand.

3.1.2. Outcomes over the life course. A few studies have documented impacts of prenatal
disaster exposure on cognitive, educational, economic, and health outcomes. Torche (2018) finds
a markedly stratified impact of prenatal earthquake exposure on children’s cognitive ability, with
a strong negative effect on kids’ cognition among socioeconomically disadvantaged families and
no effect among advantaged ones. Several studies have found that in-utero earthquake exposure
reduces educational attainment (Caruso & Miller 2015, Paudel & Ryu 2018, Tian et al. 2022).
Frankenberg et al. (2017) use longitudinal survey data to demonstrate that 1–2 years after the
2004 Indonesian earthquake and tsunami, children in utero at the time of the disaster were one-
third of a standard deviation shorter than children not similarly exposed. Four years later, exposed
children had largely caught up in growth, except for those born to mothers exhibiting symptoms
of extreme post-traumatic stress. Karbownik & Wray (2019) reported a remarkable 5% decline
in adult income in the United States as a consequence of prenatal exposure to tropical cyclones.
In terms of health outcomes, Noghanibehambari (2022) finds a 1.8-month reduction in longevity
associated with exposure to earthquakes during the early twentieth century in the United States.
Interestingly,Hong et al. (2021) found children exposed to a 1974 tornado outbreak in the United
States experienced physical and cognitive delays but limited longer-term economic consequences,
suggesting parental compensatory responses.

3.2. Extreme Temperatures

In complement to scholarship on acute disaster events, scholars have also studied the effects of
enduring changes in weather. The most consistent evidence on harmful health effects emerges
from exposure to extreme heat during pregnancy (Kim et al. 2021, Randell et al. 2020), which
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operates through multiple mechanisms, including maternal heat stress and, in lower-income
contexts, nutritional deprivation and infectious disease exposure (Grace et al. 2021).

3.2.1. Health at birth. To study heat exposure in pregnancy,many researchers link vital records
to detailed climate data and address sources of confounding with place and time fixed effects. In
an early study, Deschênes et al. (2009) examined 1972–1988 US births and demonstrated a 0.003–
0.009% reduction in birthweight for every day above 85°F during gestation. Cil & Kim (2022)
study 2009–2018 US births and show that exposure each day to temperatures between 80 and
90°F increases the risk of low birthweight. They also find that each day of exposure above 90°F
increases very preterm birth risk by 0.24% and neonatal intensive care unit admissions by 0.2%.
Conte Keivabu & Cozzani (2022) find that each day of exposure to ≥90°F temperatures among
pregnancies in Spain is associated with a 0.016 percentage point increase in the probability of
preterm birth; the authors do not find an association with low birthweight. Barreca & Schaller
(2020) document an effect of daily temperature on birth rates in the United States, including
evidence of a spike in births on or after ≥90°F days. They show how this effect contributes to a
distributional shift in gestational timing: Each day above 90°F accounts for 9 lost days of gestation
per 100,000 reproductive-age women.

In lower-income settings, Chen et al. (2020) find that each day of exposure to ≥82.4°F tem-
peratures in rural China is associated with 1.66-g reduction in birthweight and a 0.035 percentage
point increase in the probability of low birthweight. Le & Nguyen (2021) find that extreme heat
exposure in Vietnam during in the first trimester reduces birthweight by 67 g, or 2.2%.

3.2.2. Outcomes over the life course. Isen et al. (2017) study how these exposures translate
into long-run effects on socioeconomic status in theUnited States.They demonstrate that an addi-
tional day of exposure to temperatures above 90°F in utero or in infancy reduces annual earnings
in the United States at age 30 by 0.1%. Fishman et al. (2019) find a relationship between in-
utero heat exposure and reductions in completed education and earnings in Ecuador.Wilde et al.
(2017) find a surprising positive effect of first-trimester heat exposure on educational attainment
in sub-Saharan Africa, suggesting that it might be driven by in-utero selection.

Several scholars offer excellent discussions of best practices when studying the relationship
between climate and health (Dorélien & Grace 2023, Randell 2022). Innovations in the study of
prenatal heat exposure include attention to (a) measurement, e.g., using information on humid-
ity and wet-bulb temperature, which may better capture maternal heat stress (Geruso & Spears
2018); (b) adaptive processes, e.g., measuring temperature deviations from expected values (Cil &
Kim 2022), or forms of adaptation, such as air conditioning access (Isen et al. 2017); and (c) the
likely nonlinear and nonuniform climate changes in the future (Barreca & Schaller 2020, Verdin
et al. 2021). Barreca & Schaller (2020), for example, use output from climate models to project
the effects on gestational age alongside expected temperature increases into the late twenty-first
century.

3.3. Air Quality and Pollution

Socioeconomic development, urbanization, and changes in transportation have increased global
population exposure to air pollution. Climate change and the growth in the frequency and scope
of wildfires have amplified exposure to reduced air quality. A large body of research now suggests
that exposure to air pollution in utero—particularly carbonized pollution, such as that created by
fire and automobiles—is consequential for later health and socioeconomic status (Bekkar et al.
2020, Currie et al. 2014, Goyal et al. 2019). Studies use a range of methodological approaches,
including leveraging changes in policies that regulate burning and pollution levels; variation in
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wind direction; and the legacy of acute events, such as the 1952 Great Smog event in London or
the 1997 wildfires in Indonesia.

3.3.1. Health at birth. A consistent finding is that late-pregnancy exposure to harmful levels of
particulatematter increases the risk of preterm birth and reduces average birthweight.Researchers
have merged vital records to area-level climate conditions and employed specifications with place
by time fixed effects. Rauscher & Cao (2024) demonstrate that third-trimester wildfire exposure
during gestation in the United States predicts a 0.18 percentage point increase in the probability
of preterm birth and a 0.2 percentage point increase in the probability of low birthweight. They
also find a 0.16 percentage point reduction in preterm birth associated with first-trimester wildfire
exposure, possibly because of fetal selection.

Rangel & Vogl (2019) examine the effects of exposure to controlled agricultural fires in Brazil.
They use shifts in wind direction as a source of exogenous variation in air quality and find that
a one-standard-deviation increase in fire exposure in the 12 weeks before delivery reduces birth-
weight by 97 g and increases low birthweight by 3.5 percentage points. Jayachandran (2009) linked
smoke exposure to census records to demonstrate that third-trimester exposure to the large 1997
forest fires in Indonesia resulted in the reduction in the size of child cohorts by 1.2%, amounting
to over 15,000 fetal, infant, and child deaths.

3.3.2. Outcomes over the life course. Turning to measures of socioeconomic status, studies
have found that particulate matter exposure during pregnancy in India and Indonesia predicts
shorter height and reduced lung function in childhood (Rosales-Rueda & Triyana 2019, Spears
et al. 2019). Using a sibling comparison, Bharadwaj et al. (2017) demonstrate that in-utero ex-
posure to particulate matter reduces fourth grade test scores in Chile. The authors control for
the frequency of public health alerts about air quality to adjust for potential variation in pollu-
tion avoidance behaviors. In the United States, Isen et al. (2017) compare cohorts born before
and after improvements in air quality driven by the 1970 Clean Air Act; they demonstrate that
the reduction in pollution exposure in pregnancy contributed to modest increases in labor force
participation and earnings at age 30. O’Brien et al. (2018) link measures of particulate matter to
area-level intergenerational income mobility. They find that a one-standard-deviation increase in
suspended particles during the birth year is associated with a 0.31 percentage point reduction in
the mean income percentile ranking at age 30—a small effect, roughly akin to $140 less annual
income.

Researchers developing this line of scholarship have argued the importance of addressing the
correlation between economic activity and pollution (Rangel & Tomé 2022) and addressing se-
lective migration behavior away from fire activity or polluted communities (Currie 2013). This
latter issue is particularly important when place of residence is not measured until birth or, in
some cases, until later in life.

3.4. Contextual Violence

A growing literature examines the impact of prenatal exposure to violence emerging from terrorist
attacks, homicides, war, and civil unrest. While fatal violence has declined dramatically since the
1990s in the United States and other wealthy nations (Sharkey 2018), violence associated with
crime, terrorism, and political strife is on the rise around the world, particularly in low-income
countries and disadvantaged communities in wealthier nations (United Nations 2020).

Several studies consider singular violent historical events. Cozzani et al. (2022) find that expo-
sure to a 2004 train bombing terrorist attack in Madrid during the second trimester of gestation
increased the risk of preterm birth by 1.4 percentage points using a difference-in-differences de-
sign. Torche & Shwed (2015) examine the impact of the 2006 Israel–Hezbollah war, a 33-day
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conflict, on infant health. By comparing siblings exposed to missiles in northern Israel with their
unexposed siblings, the authors demonstrate that exposure to war in early and mid-pregnancy
increased the probability of low birthweight about 0.7–0.9 percentage points. Lautharte (2021)
offers an unique analysis of a beneficial treatment: the decline in violence resulting from a “favela
pacification” program implemented between 2008 and 2014 in Brazil. He finds that women ex-
posed to a pacification intervention in the third trimester of pregnancy experienced increased
birthweight by 36 g and a reduced risk of low birthweight by 2.1 percentage points, compared
with pregnancies residing on the same street but occurring before the pacification intervention.

A related body of work examines impacts of changes in violence over time rather than sin-
gle historical events. In a pioneering study, Camacho (2008) examined the impact of land mine
explosions in the municipality maternal residence in Colombia and found that second-trimester
exposure reduced birthweight by 12 g, based on time and municipality fixed effects models. Sev-
eral studies examine the impact of local homicides.Torche &Villarreal (2014) found that exposure
to each drug-trafficking-related homicide at the local level in Mexico 2008–2010 increased aver-
age birthweight by approximately 42 g when experienced early in the pregnancy. This unexpected
positive finding is observed only among disadvantaged women and is at least partially accounted
for by increased prenatal care use, plausibly as a protective strategy by pregnant women (but for
divergent findings, see Brown 2018).

Mansour & Rees (2012) find that each fatality in the context of the 2000–2005 al-Aqsa Intifada
in the West Bank and Gaza results in a modest increase—about 0.3 percentage points—in the
probability of low birthweight. Foureaux Koppensteiner & Manacorda (2016) find that early-
pregnancy exposure to within-municipality homicide in Brazil increases risk of low birthweight
by around 0.6 percentage points, but only in small municipalities (probably because homicides are
rare and residents are more aware of their occurrence than in large municipalities), and Quintana-
Domeque & Ródenas-Serrano (2017) report a minimal increase in the risks of low birthweight, by
0.02 percentage points, and preterm births, by 0.1 percentage points, associated with each bomb
casualty from terrorism by the group ETA (BasqueHomeland and Liberty) in Spain between 1980
and 2003.

Most studies using plausibly exogenous sources of variation suggest detrimental effects on
health and birth as well as developmental, educational, and economic outcomes across broad
domains of natural disasters, extreme temperatures, air pollution, and contextual violence. A
few exceptions document positive effects, potentially driven by in-utero selection, behavioral re-
sponses to exposure, or other mechanisms not yet well understood by which biological systems
adapt to exposures in ways that increase infant survival (Kuzawa & Kim 2022). In what follows we
discuss the socioeconomic stratification of these consequences.

4. SOCIOECONOMIC STRATIFICATION IN THE IMPACT
OF PRENATAL EXPOSURES

Population-level effects couldmask substantial socioeconomic heterogeneity.The same eventmay
have profound negative consequences for some groups, minor or no impact for others, and even
provide a positive turning point for others. Researchers are starting to examine sources of socio-
economic variation and theorize its sources (Torche et al. 2024). Based on this emerging research,
we distinguish four sources of socioeconomic variation: exposure, sensitivity, behavioral responses,
and early-life survival.3

3Other relevant sources of heterogeneity in the impact of prenatal exposures, such as by trimester of exposure
and infant sex, are not reviewed here as they largely emerge from biological mechanisms.
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4.1. Stratified Exposure

Harmful prenatal exposures are patterned by socioeconomic advantage, ethnoracial privilege, and
place of residence. The theory of social conditions as fundamental causes of health suggests that
socioeconomic status provides multiple resources such as money, power, knowledge, and social
connections that can be mobilized to avoid harmful exposures (Clouston & Link 2021, Link
& Phelan 1995). Observed stratification of risk during early life is consistent with the funda-
mental cause approach: Advantaged families are less exposed to environmental insults such as
pollution and environmental toxicants (Currie 2011, Hajat 2015, Muller et al. 2018), violence
(Buggs et al. 2022, United Nations 2020), natural disasters (Tierney 2019) and extreme heat
(Gronlund 2014, Hoffman et al. 2020). They are more likely to benefit not only from finan-
cial resources but also from political influence (Elsässer & Schäfer 2023, Erikson 2015), social
networks, and technological innovations (Timmermans & Kaufman 2020) to secure safe and
nurturing environments.

Socioeconomic gradients in exposure invite scholars to at least consider the specific pathways
stratifying prenatal exposures across the settings studied and, ideally, to advance common and
comparable measures of stratification across settings (for example, short batteries of survey ques-
tions that would capture differential exposure). If stratification of exposure results in differential
dosages of the disruptive event, then assuming a homogeneous treatment across the population
will conflate treatment stratification with effect stratification, resulting in biased inference and
missed research opportunities.

4.2. Stratified Sensitivity

Disparities in early-life exposures may be compounded by disparate vulnerability to their conse-
quences: The effect of exposures could be stronger among disadvantaged populations if persistent
economic deprivation or discrimination acts as a predisposing factor for the influence of a novel
exposure. That is, a new stressor will cause more damage to individuals already debilitated
by chronic disadvantage. Several theoretical approaches, including allostatic load (McEwen &
McEwen 2017), weathering (Geronimus 1992), and cumulative risk factors (King et al. 2011) sug-
gest that the wear and tear emerging from disadvantage depletes copingmechanisms and increases
vulnerability to a novel exposure. It is important to note, however, that the opposite stratification
pattern is also possible: Given prior experiences of disruption, disadvantaged populations might be
less affected by novel environmental insults, a protective mechanism variedly termed habituation,
inoculation, and adaptation (Feder et al. 2009, Gump & Matthews 1999). It is also possible that
the harm caused by prenatal exposures is harder to detect among the most disadvantaged because
of multiple redundant adverse factors (Muller et al. 2018).

4.3. Stratified Parental Responses

Parental responses to early-life shocks could exacerbate or compensate for their harmful conse-
quences on children, contributing to socioeconomic gaps over the life course. Wealthier parents
are more likely to invest in children’s development and enrichment (Schneider et al. 2018), to
engage in health-increasing behaviors during pregnancy such as using prenatal care and abstain-
ing from smoking (Pampel et al. 2010), and to negotiate with educational and other institutions
to secure benefits for their children (Calarco 2018, Lareau 2011)—all of which may mitigate the
effect of adverse exposures. Evidence about intrafamily dynamics provides indirect support for
this claim, showing that advantaged parents are more likely to compensate for the negative con-
sequences of early-life shocks, while disadvantaged parents tend to reinforce differences between
siblings (Bernardi 2014, Hsin 2012).
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4.4. Stratified Early-Life Survival

Selective attrition in the form of fetal loss or early-life mortality may further contribute to the
stratification of observed effects. Attrition from prenatal and postnatal mortality will typically
narrow (and in some cases reverse) stratification effects, because socioeconomically disadvantaged
families are at higher risk both of adverse exposures and of fetal loss and infant mortality (Bozzoli
et al. 2009, Nobles & Hamoudi 2019).

These four sources of stratification—exposure, sensitivity, parental responses, and early-life
survival—could co-occur and even offset each other, for example, if both the sensitivity to prenatal
stressors and the ability to compensate aremore pronounced among advantaged populations, lead-
ing researchers to miss important socioeconomic heterogeneity that is hidden by these offsetting
patterns.

4.5. Stratification in the Impact of Early-Life Exposures: Empirical Assessments

Multiple studies have considered variation in the impact of early-life exposures, generally us-
ing maternal education to measure socioeconomic advantage (occasionally, researchers have used
racial minoritized status, occupation, marital status, and wealth). Most of these studies report a
stronger, or exclusive, impact among disadvantaged groups (Bozzoli & Quintana-Domeque 2014,
Brown 2018, Cil & Kim 2022, Conte Keivabu & Cozzani 2022, Cozzani et al. 2022, Foureaux
Koppensteiner & Manacorda 2016, Jayachandran 2009, Le & Nguyen 2021, Mark & Torrats-
Espinosa 2022, O’Brien et al. 2018, Torche 2018, Torche & Villarreal 2014), although some
report no significant socioeconomic variation (Currie & Rossin-Slater 2013, Guantai & Kijima
2020, Mansour & Rees 2012, Persson & Rossin-Slater 2018, Vyas 2023), and at least in one case,
a positive socioeconomic gradient is found, in which the effect of pollution is stronger among
advantaged mothers (Rauscher & Cao 2024).

This nascent body of work does not rise yet to a systematic assessment. Measures of socioeco-
nomic advantage are usually ad-hoc and rely on convention and data availability. In some studies,
it is not clear whether researchers did not report socioeconomic heterogeneity because they did
not consider it or because they did not find evidence for it. Furthermore, sample size constraints
might reduce the ability to detect variation. Largely, the literature documenting heterogeneity in
the impact of early-life exposures has not attempted to identify the mechanisms at play. When
it does, researchers tend to provide indirect evidence on a single mechanism at a time. For ex-
ample, Conte Keivabu & Cozzani (2022) rely on evidence of wide socioeconomic gaps in access
to air conditioning to suggest that the stronger impact of prenatal exposure to extreme heat on
disadvantaged children is driven by stratified exposure. Other research has found evidence of
stratified parental responses to prenatal stressors in the form of smoking (Quintana-Domeque
& Ródenas-Serrano 2017) and prenatal care use (Torche & Villarreal 2014), suggesting that a
socioeconomic gradient in parental responses drives stratification in effects. These are plausible
hypotheses, but adjudicating across different mechanisms requires simultaneous testing of all of
them.

Torche (2018) explicitly attempts to adjudicate between different mechanisms for stratification
in the impact of prenatal exposure to an earthquake on children’s cognitive ability. She empirically
rules out differential in-utero survival and directly measures exposure to the earthquake (using
multiple survey indicators, such as whether the dwelling suffered any damage, electric power was
lost, or the household suffered a drop in income) and sensitivity to the earthquake (using ques-
tions such as “everything brought back memories of the earthquake,” “I had difficulty sleeping,”
or “I felt irritable and edgy”). She documented minimal socioeconomic variation in these mecha-
nisms, arguing that the most likely stratification pathway was differential parental responses. This
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strategy is challenging, as it relies on primary data collection among the affected populations to
capture the experience and corollaries of prenatal exposures.

As a discipline, sociology has developed expertise in stratification processes, their embedded-
ness in institutions and power, and the social and cultural mechanisms driving them. Given this
expertise, sociologists are well positioned to examine the stratification in the impact of early-life
exposures, its mechanisms, and its contribution to the persistence of inequality across generations.

5. METHODOLOGICAL CONSIDERATIONS AND STRATEGIES

Providing high-quality evidence of the impact of early-life exposures is a challenging task. We
discuss several common issues of design and analysis and highlight how they have been navigated
by researchers advancing the field.

5.1. Mechanisms

A key challenge is understanding how exposures shape well-being across the life course. Most
scholarship studies environmental disruptions that are reasonably well-defined in time and place.
These events can be large in scale; they capture multiple, simultaneous “treatments.” Identify-
ing which factor(s) drive effects—for example, infrastructure damage, economic shocks, maternal
stress, decline in prenatal care access, or compositional changes via migration, mortality, and
fertility—is difficult. Maternal stress is arguably overused in the field as both a physiological re-
sponse in the pregnant person and a catch-all explanation for adverse effects. Consideration of
mechanisms is also often data driven rather than theory driven. For example, it is unlikely that ma-
ternal smoking and access to prenatal care are primary explanations for most of the US exposures
discussed here, but they are often used because they are available in vital statistics.

Attention to the bundled nature of treatments is critical given the use of specific prenatal ex-
posures to identify the effect of generalizable mechanisms. For example, some studies use natural
disasters and violent events as instruments to capture the effect of maternal stress. The goal is
worthwhile, but is it possible? Exposures such as natural disasters and violent crime are indu-
bitably stressful events (Schneiderman et al. 2005, Villarreal & Yu 2017), and there are plausible
physiological, endocrine, and immune pathways linking maternal stress with adverse outcomes at
birth and during childhood (Beijers et al. 2014, Dunkel Schetter 2011). In most cases, however,
it is unlikely that stress is the only, or primary, pathway linking exposure to outcomes—i.e., the
exclusion restriction that supports instrumental variable identification is unwarranted.

What is the applied researcher to do? Scholars have examined environmental exposures char-
acterized by minimal mortality, displacement, economic disruption, or changes to health care
provision, arguing that stress is the only plausible pathway of influence (Kim et al. 2017, Torche
2011). Others control away alternative pathways, such as changes in medical care (Currie &
Rossin-Slater 2013) or declines in economic activity (Tian et al. 2022). These strategies are pre-
sumed to leave stress as the only “residual explanation that remains when we have ruled out other
possibilities” (Currie & Rossin-Slater 2013, p. 499). This is a strong claim. Setting aside estima-
tion bias emerging from controlling for post-treatment factors such prenatal care use (Elwert &
Winship 2014), it is difficult to establish that nothing other than maternal stress changed after
events such as natural disasters or terrorist attacks.

This limitation probes our ability to identify mechanisms such as stress. If the events studied
have corollaries other than maternal stress, then the estimated effects are an upper bound. In the
extreme, maternal stress could have a null or substantively irrelevant impact, and it is difficult to
even assess effect overestimation, given the widely different characteristics of the events studied.
Researchers could abandon the hope of using environmental exposures as instruments for stress,

www.annualreviews.org • Early-Life Exposures and Social Stratification 29.13

Review in Advance. Changes may 
still occur before final publication.



SO50_Art29_Torche ARjats.cls April 25, 2024 12:52

restricting estimation to the impact of the exposures themselves. But if they did so, variation in
the magnitude and characteristics of each event would matter tremendously. We do not have a
conclusive answer to these questions, but they are relevant concerns as the causal literature on
prenatal exposures matures and attention shifts from celebrating clever identification strategies to
discussing the substantive and policy implications of the findings.

5.2. Effect Magnitude and Sources of Bias

The combination of natural experiments and causal inference with population-representative data
alleviates confounding in the association between the exposure and adverse outcomes. How-
ever, other sources of bias remain, as suggested by the enormous variation in effect magnitude
across studies with putatively similar exposures (see Figure 1). Bias arises in part because simi-
lar exposures bundle diverse treatments of varying geographic scope and duration. Additionally,
intent-to-treat designs, which are common in this research, capture population-level effects
including individuals that are minimally or not exposed at all and will usually provide an un-
derestimation of the effect of the treatment on the treated. Spillover effects—when the exposure
has implications for the control population, too—can bias effects in either direction, depending
on the nature of the spillover. Effect estimates will be downwardly biased when social networks
extend the reach of effects into control populations, for example, if resources are relocated to af-
fected areas from unaffected adjacent areas. By contrast, effect estimates will be upwardly biased
when adverse exposures incur benefits for the untreated population.

5.3. Population Composition Bias: Fertility, Migration, Survival

Environmental exposures often happen in the context of demographic change that alters pop-
ulation composition. Ignoring composition changes can introduce significant estimate bias. For
example, Beach et al. (2022) revisit the effects of in-utero exposure to the 1918 flu on later-life so-
cioeconomic status as described by Almond (2006), and they demonstrate that the exposed cohort
came from lower-socioeconomic-status families due to wartime deployment and potential selec-
tive fertility; this population composition change was sufficiently large to drive much of the long-
term effect previously attributed to prenatal influenza exposure.Understanding and characterizing
concurrent demographic change is an important and often achievable study design element.

In some cases, demographic processes mediate the effects of exposures—e.g., if conflict both
displaces people and subjects them to worse living conditions. In these cases, bias is introduced if
the processes selectively remove observations from study—e.g., via fetal death or outmigration—
and the attrition is ignored (see Sections 1 and 4). Approaches to detect and remedy this include
(a) tests for discontinuities in cohort composition on observed covariates with high-temporal-
resolution data (Isen et al. 2017, appendix table S8), (b) explicit measurement of attrition in panel
studies, (c) ancillary tests for migration or fetal death (Cozzani et al. 2022, Torche & Villarreal
2014), and (d) modeling of fetal loss or early mortality with simulations and/or distributional
assumptions (Bozzoli et al. 2009, Nobles & Hamoudi 2019).

5.4. Taking Insights from Different Disciplines Seriously

Currently, scholarship on early-life exposures proceeds largely in silos, with scholars in different
fields taking insights from their fields only. This leads to avoidable mistakes. A salient example is
outcome selection: Social scientists are usually unaware that some variables widely used as infant
health outcomes are measured poorly in vital records. While gestational age and birthweight are
measured well in US birth certificates, severe maternal morbidity and complications of pregnancy
and delivery are not (Gemmill & Leonard 2022). The same applies to maternal smoking and
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prenatal care, which are widely used to capture mechanisms ( Jurek & Greenland 2013, Penrod
& Lantz 2000). Furthermore, data quality varies depending on class, race, and place (Thoma
et al. 2019), compromising findings about stratification (Corman et al. 2019). Including facility or
enumerator fixed effects can alleviate some location-specific recording errors. A better approach
is to pursue linkages between administrative data and data sources with better measurement of
a wider variety of outcomes, such as electronic health records. At very least, outcome selection
should be informed by research on measurement validity in epidemiology.

Another common example is the use of birthweight as an outcome measure, given its ready
availability in vital statistics. It is now well established that birthweight results from two pro-
cesses with distinct etiologies and implications for child development: intrauterine growth and
gestational age (Hobel et al. 2008). Given this, biomedical research now actively discourages the
use of birthweight as a population health measure and encourages the separate study of distinct
outcomes such as preterm birth and intrauterine growth restriction. The social sciences would
benefit from closer (or any!) reading of expert literature on the variables used, be it the biomedical,
psychological, or other social sciences.

5.5. Tests of Symmetry

The most common approach to uncover effects of prenatal exposures is to leverage spatial-
temporal variation in the exposure and employ place-time fixed effects (or difference-in-
differences) in a regression framework. Methodological concerns of two-way fixed effect designs
are reviewed elsewhere (de Chaisemartin & D’Haultfoeuille 2023). Here, we note that these de-
signs assume symmetric effects of increases and decreases in the exposure—e.g., that the negative
effect of an increase in local homicides is the exact inverse of the positive effect of a decrease in
homicides. This assumption is never tested, despite strong theoretical support for effect asymme-
try. For example, to the extent that maternal stress is a function of the perception of worsening
conditions, social psychology demonstrates that the emergence of an adverse exposure is often
more salient than its decline (Montgomery 2000).

5.6. Publication Bias and (Pre-)Registration of Research

Publication bias is the failure to submit and publish results based on the findings—especially, the
preference for statistically significant effects over substantively relevant questions (Christensen
et al. 2019). As in all fields, this source of bias distorts our understanding of prenatal exposure
impacts, leading to many null findings going unreported (Franco et al. 2014, Nobles & Hamoudi
2019). Techniques to adjust for publication bias are widely available but are still ignored in the
field (Andrews & Kasy 2019). The slow trend toward preregistering research may reduce some of
these problems (Christensen et al. 2019); so far, sociology has been slower than other disciplines to
adopt this approach. Incentives from journals requiring preregistration and supporting publication
of null findings may be a way forward to improve the quality of research and reduce the risk of
selective publication (Christensen et al. 2019). The novel idea of registration takes preregistration
one step further, with studies being reviewed based on the scientific value of the question and
analysis rather than the results (Manago 2023). Because learning that a plausible adverse exposure
does not have an effect is as important as detecting effects (insofar as the null effect is precisely
identified), the field would benefit from a registered report approach.

6. CONCLUSIONS

Theoretical approaches and early descriptive research have suggested that environmental expo-
sures during pregnancy are consequential for multiple domains of well-being, starting at birth. A
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robust literature emerging over the past two decades supports this hypothesis. Figure 1 compiles
some evidence discussed in this review and shows statistically significant, and plausibly causal, ef-
fects of prenatal exposure to violence, natural disasters and weather events, extreme temperatures,
and pollution onmeasures of infant health such as preterm birth or low birthweight.Figure 1 also
shows that many of these effects appear modest in size. Two factors underscore the relevance of
these exposures, however. First, even amodest increase in preterm birth by, say, 1 percentage point,
will have vast implications if it affects large populations. If an exposure such as rising temperatures,
for example, affected the entire United States in 2022, it would result in more than 36,000 addi-
tional preterm births (3.66million births× 1%) that would have not occurred in the absence of the
harmful exposure, imposing enormous costs for families and society. Second, any impact of prena-
tal exposures on early-life health could persist over the affected cohorts’ life courses, shaping later
outcomes such as cognitive development, educational attainment, and earnings, with substantial
consequences over time.

Our argument does not diminish the relevance of exposures at later ages, e.g., in childhood
or adolescence. Though the impact of some environmental exposures may be particularly acute
in pregnancy, other exposures could be buffered by maternal biological systems (e.g., transient
nutrition shocks; Thayer et al. 2020) and may be more consequential when suffered in childhood.
Comparisons of the relativemagnitude of prenatal and childhood effects have not yet been pursued
with the kind of rigorous study design that characterizes the studies referenced above. Current
evidence unambiguously identifies the prenatal period as a sensitive developmental stage. Ignoring
this stage misses a moment in which intergenerational transfers occur and in which life trajectories
are patterned in ways that undergird all subsequent individual exposures.This pattern has relevant
policy implications, including the systematic underestimation of returns to investments in the
health of reproductive-age populations (Hoynes et al. 2016).

We have argued that the prenatal exposures we consider are fundamentally social phenomena:
their emergence, allocation, and impact are structured by institutions and power. As a result, early-
life environmental exposures are a critical part of the sociological understanding of stratification
and intergenerational mobility. We discuss several implications of the findings reviewed here.

The most striking implication is that life course trajectories are indeed initiated very early. The
processes of stratification that we study—even those that occur as early as young childhood—
are already undergirded by inequalities in exposures to toxicants, neurological development, and
epigenetic change, likely compounded by unequal behavioral responses to environmental insults.
This pattern has two immediate implications. First, early differences in endowments of infants are
in part the result of social phenomena, even when they manifest through biological mechanisms,
and should not be confused with genetic resources. Second, prenatal exposure effects documented
here underscore the potentially large (and previously underestimated) value of policies and inter-
ventions that improve the welfare of reproductive-age populations, particularly among the most
disadvantaged and marginalized groups. Note that the precise mechanisms to best support the
well-being of the next generation still require further clarification—i.e., how do these adverse
exposures render insults on developing pregnancies, and why are these impacts patterned by
socioeconomic advantage (Section 5)? This is an ongoing task for the field.

Critically, because the prenatal period provides the most basic of links across generations—
driven by the physiological dependence of the fetus on the pregnant person—any exposure and
its consequences are certain to have intergenerational effects. Prenatal exposures explicitly con-
cern the circumstances of parents, and therefore they provide another arm of scientific support
for a core premise in stratification research: that the life course has an inherent intergenerational
component (Duncan 1969). That a child born today is biologically endowed with unequal re-
sources connected to the adverse environments that parents experienced during pregnancy further
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supports forms of progressive social policy whose consequences might materialize only decades
later.

The legacy of prenatal exposures has general implications for scholars studying population
welfare. First, the study of cohorts, starting at birth and tracking them over the life course, has
much to contribute to the study of change in population well-being. This is an old idea (Elder
1994, Palloni & Beltrán-Sánchez 2017, Palloni et al. 2023, Ryder 1985). It bears repeating in
the contemporary data environment in which cross-sectional information is voluminous and in
which tracking cohorts over time is expensive and administratively challenging. Second, if effects
of early exposures are at least partially latent, it is easy to miss their origin in experiences occurring
decades earlier. The findings reviewed here suggest potential long temporal lags between expo-
sures and markers of individual and population welfare—e.g., the structure of wages among US
adults in the 2000s is in part a function of extreme temperature conditions in the 1970s (Isen et al.
2017). These temporal lags are often left unexplored in traditional assessments of population wel-
fare, in favor of a focus on more contemporaneous and proximate determinants of socioeconomic
outcomes.

We have reviewed the literature examining prenatal exposures to natural disasters and weather
events, extreme temperatures, pollution, and environmental violence. These exposures are, un-
fortunately, prevalent and stratified, and likely to become more so in the near future. This review
did not, however, consider other pregnancy exposures known to be harmful—especially exposures
to poverty and racism—because rigorous studies identifying the effects of these exposures during
pregnancy are still in development. For key exceptions, we point the reader to a small but growing,
well-designed scholarship on the legacy of antipoverty programs in the United States (East et al.
2023, Hoynes et al. 2016, Miller & Wherry 2019) and to studies that capture exposures to overt
periods of racism and xenophobia against specific groups in the United States (Gemmill et al.
2019, Lauderdale 2006, Samari et al. 2020, Vu et al. 2023).

An essential element of research that uncovers the impact of exposures in pregnancy is atten-
tion to how the work is used. We now have ample evidence of the ways that research findings
have been used to motivate the surveillance and criminalization of pregnant people, their bod-
ies, and their behaviors (Roberts 1998). This is not a fringe concern—framing and clarity around
the implications of research that uncovers effects of prenatal exposures are critical (Flavin 2008,
Hammer & Burton-Jeangros 2013). This issue is more relevant given evidence on differen-
tial effects of adverse exposures on low-income and racialized populations (Section 4), whose
reproduction is also differentially monitored and punished (Roberts 1998, Ross & Solinger 2017).

Finally, we have argued that the prenatal period is an important moment in the life course in
which social stratification manifests—a moment in which the parent and child’s generation are
linked and a moment in which the social patterning of environmental conditions becomes bi-
ologically embedded, with consequences that may proliferate over the life course. In an era of
rising economic and natural resource inequality, increasing climate hardship, and persistent dis-
crimination, adverse exposures in utero may well increase in frequency and severity, contributing
to socioeconomic inequality. By combining theoretical understanding of stratification processes
with diverse methodological approaches, sociologists can make these processes visible, elucidat-
ing how early-life exposures shape individual biographies, cohort trajectories, and population
well-being.
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