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Abstract

The idea that early-life circumstances shape people’s health, development, and
well-being over the life course has gained renewed centrality in the last two dec-
ades. This renewed interest has been informed by new approaches that emphasize
sensitive and critical periods during the first years of life, offer an understanding of
human development as a hierarchical and cross-fertilizing process, suggest plausible
mechanisms for the persistent effect of early exposures, and explore heterogeneity in
effects based on environmental and biological factors. The articles included in this
special issue of Population Research and Policy Review advance the field of early-
life circumstances in several important dimensions. They examine the determinants
and effects of noxious exposures at different developmental stages—ranging from
the prenatal period to adolescence—in a variety of national settings. They offer an
understanding of early-life circumstances that moves from discrete outcomes to a
dynamic life-course approach, and consider diverse sources of heterogeneity in the
effects of early exposures.
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The idea that early life circumstances shape people’s health, behavior, and well-being
over the entire life course is not new. It has been present for centuries, permeating
conventional wisdom, art, and literature. For example, in 1667, English poet John
Milton put it succinctly in his famous poem Paradise Lost: “The childhood shows
the man, As the morning shows the day.” (144a, lines 220-21). By the early twen-
tieth century, this intuition had already found empirical support in population-level
analyses—as when researchers concluded that mortality patterns of cohorts born in
the late nineteenth and early twentieth century in England and Sweden behaved “as
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if the expectation of life was determined by the conditions which existed during the
child’s early years” (Kermack et al. 1934)—and had become a central component
of public health in many European countries, shaping early reforms to improve the
health of mothers and children (Kuh and Smith 1993).

Over the course of the twentieth century, however, public health’s concern with
the early period of life declined as the leading causes of death transitioned from
infectious diseases to ischemic heart disease and cancer, and epidemiological mod-
els focused on proximate behavioral determinants of health, such as smoking, diet,
and exercise (Ben-Shlomo and Kuh 2002; Lynch and Smith 2005). But the turn of
the twenty-first century has brought a renewed emphasis on the initial years of life,
driven by a multidisciplinary approach that shows strong effects of early-life circum-
stances on health, cognition, and attainment, and elucidates biological and social
mechanisms for these effects. This renewed concern emerges from two basic tenets:
The early period of life—starting at conception—is highly vulnerable to the envi-
ronment, and it is highly consequential for individual outcomes over the entire life
course, and even across generations. As summarized by an interdisciplinary review
of the literature published in 2000, “virtually every aspect of early human devel-
opment, from the brain’s evolving circuitry to the child’s capacity for empathy, is
affected by the environments and experiences that are encountered in a cumulative
fashion, beginning early in the prenatal period and extending throughout the early
childhood years” (Shonkoff and Phillips 2000, p. 6).

Several disciplinary traditions have contributed to this renewed attention to the
early stage of life. In the 1970s, pioneering empirical work by physician Anders For-
sdahl showed an association between infant mortality rates of cohorts born early in
the twentieth century and metabolic disease and arteriosclerotic heart disease mor-
tality in middle age in Norway (1977, 1978). Forsdahl hypothesized that this effect
emerged from some permanent biological damage caused by nutritional deprivation
in utero, combined with high fat consumption during adulthood in the context of
newfound affluence. A similar finding was obtained in Britain, where epidemiolo-
gist David Barker observed a strong association between a cohort’s birth weight and
the risk of coronary disease in late adulthood (Barker and Osmond 1986). These
observations, further replicated in many national contexts (Godfrey and Barker
2001), gave rise to the “fetal programming hypothesis.” This hypothesis suggests
that developments that enable the fetus to adapt to an adverse uterine environment
characterized, for example, by nutritional deprivation, may result in permanent pro-
gramming of developmental patterns, leading to illness and early death due to coro-
nary and metabolic disease (Barker 1997, 1998). The effect of fetal programming
usually remains latent for years or even decades, expressing itself in late adulthood
irrespective of intervening experience.

Complementarily, research in neurobiology and developmental psychology
offered a new conceptual apparatus to explain why exposures at early stages of
development have long-term, and even permanent, consequences for individuals.
This approach is based on the notions of sensitive and critical developmental peri-
ods. Sensitive periods are limited developmental stages in which the effect of the
environment on a certain capability is stronger (Knudsen 2004). Critical periods
are particularly brief and discrete sensitive periods in which the environment may
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have irreversible effects on a certain capability, regardless of subsequent experience,
providing “windows of opportunity” for essential developmental processes (Brown
2005).

The notions of sensitive and critical periods originated in embryology and
extended to a wide array of developments of the central nervous system and the
brain during early life, with consequences for health, cognition, and behavior (Rice
and Barone 2000). Such sensitive and critical periods in brain development were
found to “emerge in the prenatal period, reach a peak in the first few years of life,
and continue at a declining rate throughout childhood and adolescence” (Hertzman
and Boyce 2010, p. 335). A classic example of a critical developmental period is the
acquisition of a second language (Hartshorne et al. 2018; Lenneberg 1967). If indi-
viduals do not learn a second language during a “window of opportunity” that closes
in adolescence, full linguistic mastery will never be achieved.

Even though an “opened and closed” view of the effects of experience on devel-
opment might be an oversimplification when applied to complex outcomes that
depend on multiple influences (Bateson 1979; Lynch and Smith 2005; Rutter 1989),
there is consensus that early life is highly susceptible to the environment and ripe
with developmental opportunity given the high plasticity of neurological and other
systems (Gluckman et al. 2008). Environmental influences during the first years
of life have persistent consequences at least partly due to epigenetic mechanisms,
whereby environmental factors alter gene expression and activity in ways that are
persistent and even heritable but which do not involve change in DNA sequence,
such as DNA methylation and histone modification. Epigenetic transformations
result in the literal embedding of early-life experience in the body (Hertzman and
Boyce 2010). For example, prenatal exposure to stress appears to induce low birth
weight because of the gene expression of so-called stress hormones in the placenta
(Hobel 2004; McLean et al. 1995).

The notion of sensitive and critical periods emphasizes that early experience, as
opposed to merely prior experience, has lasting impact on individual development
and well-being. However, the relevance of the early period of life is not exhausted by
the fact that sensitive and critical periods are more prevalent during the first years of
life. Rather, the relevance of early life is also predicated on a dynamic and hierarchi-
cal understanding of human development characterized by what economist James
Heckman and collaborators have called self-productivity and dynamic complemen-
tarity (e.g., Cunha and Heckman 2007).

Self-productivity refers to the idea that capabilities produced at one stage of
development augment the skills attained at later stages, and that capabilities are self-
reinforcing and cross-fertilizing. For example, good health fosters learning, which in
turn may promote emotional security. Dynamic complementarity means that capa-
bilities acquired at one stage of the life course raise the productivity of investment at
subsequent stages: for example, mastering basic math concepts makes learning more
complex concepts easier.

A life-course approach adds to this understanding of human development an
emphasis on the ways various social and biological factors exert their influence
over the life course independently, cumulatively, and interactively, linking early-life
exposures with developments throughout the life course and shaping trajectories of

@ Springer



774 F.Torche

health, well-being and attainment (Ben-Shlomo and Kuh 2002; Hertzman and Boyce
2010; Lynch and Smith 2005; Rutter 1989).

The renewed focus on early circumstances and their effects over the life course
has obvious implications for inequality and its persistence across generations. First,
noxious environmental exposures during early life are patterned by socioeconomic
advantage, racial and ethnic privilege, and country, region, and neighborhood of
residence. Disadvantaged and minority children living in poor areas are much more
likely to be exposed to a wide range of environmental insults such as violence (Har-
rell et al. 2014), lead poisoning (Muller et al. 2018), and pollution (Bell and Ebisu
2012), starting at birth. Even if the proximate mechanisms through which these
insults affect children’s bodies and brains are biological, their fundamental cause is
to be found in unequal social structures, usually maintained by institutional mecha-
nisms (Muller et al. 2018).

In addition to stratified exposures in the first years of life, it is also possible that
the sensitivity to environmental insults depends on socioeconomic advantage, such
that the same exposure has a more detrimental effect among poor children (Torche
2018; Wodtke et al. 2016). Several theoretical approaches support this hypothesis,
including allostatic load (Evans et al. 2013; McEwen and McEwen 2017; McEwen
and Stellar 1993), weathering (Geronimus 1992), and cumulative risk factors (Evans
et al. 2013; King et al. 2011). These approaches suggest that the “wear and tear”
emerging from economic hardship and social exclusion may act as a predisposing
factor for the influence of a novel insult; that is, a novel insult will cause more dam-
age to an individual already debilitated by persistent sources of disadvantage. Third,
behavioral mechanisms could also contribute to biological and psychological ones:
More advantaged families are more likely to identify and mobilize resources to com-
pensate for their children’s early disadvantages if they occur (Torche 2018).

To the extent that stratified exposure to environmental insults in early life is com-
pounded by stratified sensitivity and stratified compensatory responses, these pro-
cesses could result in disadvantage being “locked in” very early in the life course.
Unfortunately, because they occur so early, the effect of toxic exposures during the
first years of life remains invisible unless researchers explicitly look for it, and it is
easily, and mistakenly, attributable to genetic or other innate attributes rather than to
avoidable environmental factors (Torche 2015, 2018).

Even if there is good theoretical reason to be concerned about early-life circum-
stances, capturing the effect of specific exposures is a difficult task, posing both
methodological challenges and exacting data requirements. A critical methodologi-
cal challenge is unobserved selectivity. Noxious environmental exposures are usu-
ally correlated with unobserved characteristics of the people who experience them
as well as with other sources of disadvantage, challenging researchers’ ability to dis-
entangle the effect of any single specific factor.

For example, there is a well-established correlation between early-life poverty
and decreased cognitive performance (Farah et al. 2006; Johnson et al. 2016). This
finding is informative but it raises a critical question: What is it about poverty that
hurts children? Is it nutrient deficiencies, financial instability, exposure to pollution,
limited cognitive stimulation, exposure to stressors, or other factors? To what extent
are differences accounted for by the fact that people who are poor may have different

@ Springer



Early-Life Circumstances and Their Effects Over the Life Course 775

genetic endowments and so would have lower cognitive ability regardless of their
poverty status? Disentangling the effects of specific early-life factors associated with
poverty is critical to advance science and to craft effective policy interventions.

Researchers have made strides in disentangling these factors by using strategies
such as careful multivariate analysis, natural experiments, and neuro-imaging tech-
nology. In the case of the association between early-life poverty and cognitive per-
formance, for instance, researchers relying on neuro-imaging have shown that the
association between poverty and brain structure and function emerges very early in
childhood and is largely independent of genetic variation (Hair et al. 2015; Noble
et al. 2015). By relying on natural experiments, scholars have isolated several mech-
anisms that connect poverty with cognitive performance, including exposure to lead
(Aizer et al. 2017), acute stress (Torche 2018), local violence (Caudillo and Torche
2014; Sharkey 2010) and social policies such as economic assistance for disadvan-
taged parents and infants (Hoynes et al. 2011, 2015).

An additional challenge in the study of early-life exposures concerns data availa-
bility. The seminal analyses of the consequences of early-life conditions in the 1970s
and 1980s relied on administrative data aggregated at the local level, for example
connecting infant mortality at the county level to adult mortality decades later (e.g.,
Barker and Osmond 1986; Forsdahl 1977). Recent research relies on similar data
disaggregated at the individual level (birth and death records, for example), panel
surveys following cohorts starting at birth, and, less frequently, on merged datasets,
such as the combination of birth and educational records, or administrative and sur-
vey data. These hybrid datasets open new possibilities for following children from
conception into adulthood at relatively low cost and high population representativity.

The enormous progress in the understanding of the effect of early-life exposures
over the last two decades has led to a new consensus that “a child who falls behind
may never catch up” (Heckman 2006, p. 1900). While this claim might be over-
stated, it invites a research agenda that advances the field by posing questions such
as: What are the mechanisms for the effects of early-life circumstances on the health
and well-being of populations? How do early exposures shape children’s early life-
course trajectories as they transition into adolescence and early adulthood? How do
these trajectories vary across contexts defined by socioeconomic advantage, genetic
makeup, immigration status, gender, and national context, among other sources of
heterogeneity and vulnerability?

This special issue of Population Research and Policy Review addresses these
questions. The five contributions included in the issue examine early-life circum-
stances at different developmental stages —ranging from the prenatal period to ado-
lescence—in a variety of national settings. The contributions are firmly grounded in
the new understanding of early life development as a hierarchical process marked by
critical developmental windows, and extend this understanding by moving from dis-
crete outcomes to a dynamic life-course approach. This allows the authors to bring
issues of unobserved selectivity to the fore, and consider heterogeneity in effects of
exposures.

The article Detecting the Effects of Early-Life Exposures: Why Fecundity Mat-
ters by Nobles and Hamoudi engages the growing literature on the effect of prena-
tal exposures on individual outcomes. Nobles and Hamoudi address a critical but
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neglected issue: survival bias. Starting with the fundamental intuition that prenatal
exposures that shape post-birth outcomes could also shape the probability of fetal
survival, the authors reason that the individuals observed as exposed to a prenatal
shock could in fact be a selected sample of survivors, and thus any outcomes we
observe could be shaped by survival bias.

As a poignant example, the authors offer the case of lead-contaminated water
in Flint, Michigan. A report by the Michigan Department of Health and Human
Services (2017) found virtually no impact of lead-poisoned water on birth out-
comes in Flint. However, research has shown that exposure to contaminated water
increased fetal deaths by as much as 58% (Grossman and Slusky 2017). The lack
of an observed effect on birth outcomes could, then, be at least partly due to the
positive selectivity of pregnancies that survived and became live births in spite of
lead poisoning. In order to evaluate the magnitude of survival bias in actual empiri-
cal settings, the authors use simulation analysis with realistic parameters, and show
that underestimation of the detrimental effect of prenatal exposure among survivors
could reach 50% or more, a magnitude that could be as large as the widely appreci-
ated issue of confounding bias.

Nobles and Hamoudi’s contribution elegantly shows that selective survivorship
in utero is a potentially critical source of bias in any study of the effects of prenatal
exposures over the life course. While most researchers would agree with this theo-
retical possibility, few address it, leaving open the possibility of bias contamination
in everything we know about prenatal exposures. Finally, the authors offer sugges-
tions to applied researchers in order to evaluate the plausibility of prenatal survival
bias: In addition to assessing a decline in the birth rate and the secondary sex ratio
among the exposed population, researchers should examine the variance in the out-
come of interest. A substantial reduction of variance would suggest truncation due
to fetal loss, and raise a red flag that survival bias is present.

The contribution Birth Weight and Development: Bias or Heterogeneity by Poly-
genic Risk Factors? by Conley, Sotoudeh and Laidley examines the influence of
birth weight on several outcomes during midlife, including body mass index (BMI),
height, fluid intelligence test, smoking, and depression/anxiety. Birth weight is
shaped by both genetic factors and environmental circumstances in utero. Purging
birth weight from the influence of unobserved genetic factors in order to examine
the influence of prenatal environmental circumstances is, however, challenging. A
common way to do so compares the outcomes of individuals who share their genetic
background—such as siblings and, when possible, twins—by means of fixed effects
models. The use of monozygotic twins provides a particularly strong design because
these twins share all their genes, thus any difference in birth weight could be safely
attributed to environmental factors. Relying on twin comparisons, several stud-
ies have shown that birth weight is consequential for later outcomes net of genetic
factors (Black et al. 2007; Oreopoulos et al. 2012; Torche and Echevarria 2011).
Comparing twins is not an infallible strategy, however (Torche and Conley 2015).
First, it is possible that variation in birthweight between twins could still be due to
factors other than the uterine environment, such as differences in chorionic or pla-
cental architecture. Second, by definition twins have the same gestational age so the
only source of variation in birth weight emerges from intrauterine fetal growth. As a
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result, nothing could be inferred from twin studies about differences in birth weight
driven by gestational age, which is the main cause of low birthweight in advanced
industrial countries.

Conley and colleagues offer an alternative strategy to capture the effect of birth
weight net of genetic confounding: they directly control for genetic makeup of indi-
viduals by means of polygenic scores predicting each of the outcomes of interest.
Polygenic scores summarize millions of alleles and offer a measure of the aggre-
gated influence of a large number of genes with much greater explanatory power
than the single genes used by researchers in the past.

Controlling for polygenic scores, in combination with sibling fixed effects mod-
els, Conley and colleagues find that birth weight has virtually no effect on any of
the midlife outcomes examined. Furthermore, the effect of birth weight does not
vary across genetic propensity for each outcome. This double null finding about the
main effect of birth weight and its genetic heterogeneity has important implications,
because it questions the hypothesis that the effect of in utero environmental expo-
sures would depend on the genetic vulnerability to the outcome (“genetic hetero-
geneity”). These findings also suggest that in utero environmental factors—at least
those experienced in “normal times”—do not induce changes in birth weight with
long-term influences over the life course.

The contribution Testing the Only-Child Advantage in Cognitive Development
in the Context of China’s One-Child Policy by Song and Wang revisits the ques-
tion about the effect of number of siblings and birth order on children’s outcomes,
an important question about within-family inequality. Prior research has shown that
individuals with more siblings have worse educational and economic outcomes and
that, among those who have siblings, first-borns have advantages over their younger
siblings. Several theories explain these differences: The resource dilution approach
argues that more siblings will result in poorer parental investments in each child,
driven by a “quality-quantity tradeoff” (Becker and Tomes 1976; Blake 1981).
The confluence approach, in turn, suggests that the cognitive environment within
the household becomes less rich when there are more number of younger siblings
(Zajonc and Markus 1975). The confluence approach predicts that younger siblings
in larger s are more disadvantaged compared to only-children and to older siblings,
who benefit from teaching younger ones.

In spite of the relevance of this question, capturing the effect of number of sib-
lings is difficult because family size could be correlated with a number of unob-
served factors such as personality, ability, social networks, and normative orienta-
tions, which could have an independent effect on the outcome of interest. Song and
Wang address this question by using the case of China in the context of the one-child
policy in force between 1979 and 2015. This policy dramatically increased the num-
ber of only-child families regardless of parents’ preferences. It provides a unique
context to test the effect of being an only child because it induced many families
who would have otherwise had more than one child to have only one. The authors
cannot claim that having a single child is randomly allocated as it would be in an
experiment —after all, some of the families with one child under the policy would
have had only one child regardless of the policy, and many families did not comply
with the policy. The authors therefore match children who did and did not receive
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the “only child policy treatment” based on a number of potential confounders, and
compare matched single-children with first-born and later-born children with sib-
lings. Given the pronounced preference for boys over girls in China (Das Gupta
et al. 2003) they stratify their analysis by children’s gender.

The findings show that only-children have a cognitive advantage only compared
with later-born siblings (but not first-born siblings), and only among girls. This
result suggests that much of the only-child advantage detected in observational stud-
ies might be due to unobserved attributes of only-children and their families. Fur-
thermore, the advantage of only-children over later-born siblings among girls should
be interpreted in the context of the strong son preference prevalent in China. Under
the one-child policy, girls who are only-children do not have to compete with male
siblings for parental investments, while at least some of the later-born girls will have
brothers. Given the parental preference for sons, these later-born girls are likely to
receive less than their fair share of parental investments and support. In addition
to providing strong causal evidence that questions the universality of the only-child
advantage, this study highlights the relevance of the cultural and institutional con-
text to understand the consequences of family structure on the well-being of the next
generation.

The article The Educational Gradient in Health among Children in Immigrant
Families by Jackson and Kihara offers a longitudinal assessment of health trajec-
tories of 1-15-year-old children born to immigrant and native-born mothers in the
United States. The authors ask whether children’s early-life health trajectories vary
across levels of maternal education, and whether this variation is different for chil-
dren of immigrants versus children with native-born mothers.

Jackson and Kihara extend the extant literature in two important ways. By exam-
ining educational gradients in health over time rather than at a single point in time
they capture trajectories from birth to adolescence. By comparing children born to
immigrant and native-born mothers, they account for an important source of hetero-
geneity in the United States and other wealthy societies with potential consequences
for later well-being.

A well-established finding in the United States literature is that immigrants have
better health outcomes than their native-born co-ethnics, ranging from lower rates
of preterm birth to lower mortality in old age. This immigrant health advantage is
all the more impressive given that immigrants have, on average, lower levels of edu-
cation and economic resources than their native counterparts of the same ethnic/
racial background. This finding has been called the “immigrant paradox” and has
been attributed to the positive selectivity of immigrants, health-enhancing cultural
norms about diet and substance use, and stronger social networks of support and
assistance (Castafieda et al. 2015; Teruya and Bazargan-Hejazi 2013). The “immi-
grant paradox” would predict that children of immigrants have better health than
native children early in life, but that the immigrant advantage declines over time as
children experience “unhealthy acculturation,” for instance replacing healthy eating
habits with fast food, or losing their close-knit social networks.

Jackson and Kihara’s findings question both the “immigrant paradox” and the
“unhealthy acculturation” narrative. The authors find that immigrant children
have, on average, slightly poorer health than children of native-born mothers, and
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that health status slightly deteriorates over the early life course among all children,
regardless of immigration status. Furthermore, the authors find a pronounced and
persistent educational gradient in children’s health among both immigrant and
native-born families. These findings provide strong evidence questioning the per-
ception that being an immigrant provides a silver bullet against poor health, and
indicate that education is a paramount resource for both immigrants and native-born
children.

Last but not least, Aurino, Schott, Behrman and Penny’s contribution, Early-life
Nutrition and Adolescent Learning: Gender Parity at Birth, Boys’ Advantage by
Age 15, examines the association between infants’ nutrition status and their cogni-
tive achievement during adolescence in four developing countries —Ethiopia, India,
Peru, and Vietnam. This article adds to a growing body of research on the associa-
tion between nutrition in infancy and individual outcomes later in life (Hoddinott
et al. 2013; Nandi et al. 2018). While this literature has focused on outcomes either
in early childhood or late adulthood, the authors focus on children’s cognitive out-
comes during adolescence, a critical stage of the life course characterized by physi-
cal and brain maturation and rapid development of skills related to social engage-
ment and emotional control.

The authors examine boys and girls separately, and find that boys have worse
nutritional status than girls—measured by length—at age 1, consistent with the lit-
erature showing that boys’ nutrition in the early years is more vulnerable to food
insecurity than girls.” However, boys surpass girls in terms of cognitive ability by
age 15 in India and Peru, reach parity with girls in Ethiopia, and lag behind girls
only in Vietnam. This finding indicates that boys are able to catch up or even surpass
girls from age 1 to age 15. The authors explain that these patterns of persistence
or reversal of the gender gap over the early life course is consistent with gender
differences in educational investment and attainment across countries, suggesting
the role of families and institutions in altering gender gaps in early achievement. To
the extent that these patterns capture causal effects, the findings suggest that sup-
porting nutrition not only during the first year of life but also throughout childhood
may have significant payoffs in terms of overall cognitive performance and its parity
across genders.

The five articles included in this volume provide high-quality analyses address-
ing important questions about early-life circumstances, their determinants, and
their influence on health and wellbeing over the life course in different national con-
texts. We hope these contributions not only increase the scientific understanding
of circumstances and exposures during the first years of life but also inform decision
making oriented to improve the lives of infants, children, and adolescents around the
world.
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