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Abstract
This paper incorporates recent knowledge on brain development and toxic stress into
the literature on the detrimental effects of exposure to insult from the immediate childhood social environment on later outcomes. This is to improve our understanding of
how and to what extent age at insult exposure matters for the long-term consequences
of that exposure and to propose specific hypotheses on when during childhood insult exposure matters and why that is the case. The paper then empirically illustrates
the degree to which there is a correlation between exposure to known environmental
insults at specific points in childhood and later outcomes, by analyzing Danish administrative data using sibling fixed effects models. I find clear patterns of age at risk
exposure and subsequent outcomes, however, the patterns do not directly reflect the
predictions of the hypotheses. This suggests the need for, at least, further refinements
of the empirical models.
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Introduction
Thinking about life as comprising a number of stages reflects a long tradition in the
social sciences (e.g. Mead, 1934), as well as in developmental psychology of observing
and trying to grasp differences in human behavior – and reasons for and consequences of these differences – across the lifespan (e.g. Freud, 1991). Even the old Greeks,
the medieval thinkers and William Shakespeare talk about the different ages of man
(Mintz, 2004; 2015).
In sociology, this interest has spurred the development of the life course perspective, that is preoccupied not only with how positive and negative transitions, such as
marriage or divorce, birth and death affect the individual (e.g. Elder, 1974; Glueck &
Glueck, 1950, 1968; Sampson & Laub, 1993; Laub & Sampson, 2003), but also with
the importance of the interaction between age at exposure and the nature of the transition/trajectory (Elder, 1975; Elder & Rockwell, 1979). This latter interest has led to
the specification of a sequence of life course phases that differ with regards to acceptable transitions and trajectories, important risk factors and protective factors, which
includes infancy, childhood, adolescence and adulthood (Werner, 2000 in Hutchison,
2014).
Yet, with its strong roots in sociology the life course literature does however, seem
to put its main emphasis on the social or historical construct of age (Elder, 1975; Elder
& Rockwell, 1979), and pays less attention to age stages that are more closely linked
to the biological components of human development. Also, in the subfield of the life
course perspective that is mainly preoccupied with what we may term the sociology of
social risk exposure in childhood, the age perspective is almost non-existent. Here the
main focus is on the short- and long-term consequences of transitions and trajectories
that represent negative insults from the immediate social environment on the child –
henceforth denoted environmental insults. Examples include parental divorce (Lee &
McLanahan, 2015; Mitchell et al., 2015), parental stress (Conger et al., 1994), or parental crime and incarceration (Geller et al, 2011; 2012; Wakefield & Wildeman, 2013))
and low, negative or absent resources in childhood (such as growing up in poverty
(Elder, 1974; Conger et al., 1994). Go-to theories in this subfield are Uri Bronfenbrenner’s ecosystem model (Brofenbrenner, 1979; Bronfenbrenner, 1986; Bronfenbrenner
& Morris, 2007), cumulative risk theory (Rutter & Rutter, 1993; Rutter, 1979) and the
family stress model developed by Conger and coauthors (Conger et al., 1994). While
each of these theories provides a highly useful framework for studying transitions and
trajectories pertaining to low resources and environmental insults in childhood, none
of them explain the exact mechanism through which age of exposure matters, not
even with regards to the social or historical construct of age. This means that we are
left with a – possibly unintended – impression that it does not matter for later outcomes
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whether an environmental insult occurs at age 3 or at age 12.
The objective of this paper is to introduce a novel understanding into this literature
of why age of exposure matters for the effect of environmental insults, by relying on recent insights into toxic stress, the link between environmental insults and toxic stress,
and how such stress affects the developing brain. From these insights we learn that the
brain – and thus our cognitive and non-cognitive skills - develops in stages and that
toxic stress experienced at a given age may have more or less detrimental short- and
long-term consequences, not only overall, but also for specific skills, depending on
what brain areas are under development at that age.
The benefit of including this perspective in the literature on environmental insults
is twofold. First, understanding the differential effects of toxic stress across childhood
will help us understand, organize and motivate existing and future empirical findings on the predictive qualities of age at exposure to environmental insults. Second,
the improved understanding of why age of exposure matters, facilitated through the
toxic stress perspective, will help us prioritize scarce resources for the remedy of the
detrimental consequences of child exposure to environmental insults by taking age at
exposure into account when considering our target group (Shonkoff et al, 2012).
To reach my objective, this paper starts off by presenting existing theories on the
sociology of exposure to environmental insults and discussing their disregard for the
importance of age at exposure. Next it introduces recent insights into brain development and toxic stress and integrates these insights into the environmental insult
framework to produce a credible hypothesis on when insult exposure is most detrimental for child development. Last, the paper analyzes Danish administrative data to
empirically illustrate the degree to which exposure to known environmental insults at
specific points in childhood affect later outcomes, and to test whether this correlation
follows specific patterns that we may explain in lieu of knowledge on the developing
brain. This data covers the entire Danish population rather than just a representative
sample (as is the case in most surveys), and gives a solid ground for assessing the influence of exposure at particular ages also to relatively rare insults.
Existing theories on exposure to environmental insults
As already described in the introduction, there are a number of theories that explain
the short- and long-term consequences of exposure to environmental insults in childhood. Often, these theories are developed by psychologists or social psychologists,
however their focus on the importance of the context – the family, peer groups etc. and “the social” – such as culture and institutions – makes them highly relevant to and
often used in sociological inquiry on environmental insults.
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Ecological models of human development
The first set of models identifies the dimensions that act as sources of environmental
insults. A range of empirical studies and subsequent theoretical developments contribute to this type of models (e.g. Garmezy, 1985; Werner & Smith, 1982; 1992), however,
the most prominent example of this tradition is the Bioecological Model of Human
Development formulated and refined over several decades by Professor of social psychology Uri Bronfenbrenner (Bronfenbrenner & Morris, 2007). The driver behind the
development of this model has been the ambition to introduce the importance of the
social context into the psychological understanding of human development.
At an early stage this tradition pinpointed the community level, the family level and
the child level as important focus areas, with key potential risk factors such as the availability of social support, parenting skills, intelligence and social skills (e.g. Garmezy,
1985; Werner & Smith, 1982; 1992). Later on, with Bronfenbrenner’s ecosystem model, focus shifted towards interactions between individuals and links between social
settings, and this led to the identification of five important systems, the microsystem,
the mesosystem, the exosystem, the macrosystem and the chronosystem.
In Bronfenbrenner’s theory, the microsystem encompasses interpersonal relations
that take place in the immediate settings such as family, school, peer group and work
place. Childhood risk factors in this system could be poor parenting skills or delinquent peer group members. A key concept here is proximal processes which describe
the (quality of the) interaction between individuals (e.g. between mother and child) or
between individuals and objects in the microsystem.
The mesosystem is the linkage between two or more settings in which the individual takes part, such as e.g. school and family or peer group and work place, and
here, childhood risk factors would be a poor match between family values and values
in the peer group, such as e.g. attitudes towards delinquency. The exosystem is similar
to the mesosystem, but with the exception that the individual in focus does not have
to be part of all interacting settings – an exosystem interaction that could affect child
development occurs when parents’ work place issues, such as e.g. being laid off, interferes with family life by increasing parental stress and financial hardship. The theory
describes the macrosystem as our societal blueprint in the shape of culture, belief systems and material resources, and risk factors here could be cultural practices such as
the oppression of women that reduces girls’ educational attainment.
The last system is the chronosystem that captures the cumulative effect of interpersonal and system interactions over time, with particular emphasis on the importance
of stability. For instance, studies show that residential instability – i.e. frequent changes
in home address over time - is a stronger risk factor than low socioeconomic status
(Bronfenbrenner & Morris, 2007; Brofenbrenner, 1979, Sameroff & Chandler, 1975;
Cicchetti & Lynch, 1993).
While placing strong emphasis on the importance of the social context, the ecological model is not blind to the importance of initial individual predispositions – or more
5

specifically to the importance of biological factors such as genes (hence the addition
of the word bio- in the model name). This is particularly clear in his 2007-Handbook
of Child Psychology chapter, where Bronfenbrenner describes how the strength of the
proximal processes in which a child engages actualizes genes – or heritability – to different degrees (Bronfenbrenner & Morris, 2007).

Life course theory
Aside from being part of the ecosystem model, thoughts on the chronosystem has also
inspired a subset of theories focusing on the cumulative effect of exposure to specific
environmental insults (Rutter & Rutter, 1993; Rutter, 1979). This is the cumulative
risk theory that offers an almost canonized set of important insults – or risk factors which are identified through empirical analyses (Sameroff et al, 1987). Here, the Isle
of Wight-study identifies six risk factors – 1) parents’ severe marital discord, 2) parents’ low social status, 3) large family size, 4) paternal criminality, 5) maternal mental
disorder, and 6) foster placement. The Rochester Longitudinal study expands this list
and identifies 10 risk factors – 1) history of maternal mental disorder, 2) high maternal anxiety, 3) rigid parental attitudes, beliefs and values about child development, 4)
observations of few positive parent-child interactions, 5) unskilled occupational status, 6) low maternal occupational status, 7) disadvantaged minority status, 8) single
parenthood, 9) stressful life events and 10) large family size (Appleyard et al., 2005;
Nesmith, 2006, however, see also Flouri, 2008). In addition to specifying these risks, a
key proposition of the theory is that exposure to just one of each of the 6/10 risks may
not be that detrimental, rather it is the exposure to multiple risks that matters.

The Family Stress Model
The last theory on the consequences of exposure to environmental insults during
childhood and adolescence that I wish to present here is the family stress model developed by Conger and colleagues in 1994. In contrast to the other two theories/
theoretical traditions, this model focuses quite narrowly on one type of insult, namely
adverse economic conditions and how they affect child outcomes, however it has the
big advantage of being very specific about the mechanisms driving the effect. Building on previous empirical research, the model focuses on stress responses to economic
adversities and how this stress increases not only conflicts between parents, but also
the potential for financial conflicts between parents and child, while at the same time
reducing the quality of the parenting. These conflicts and the hostile environment
that they create are likely to, on the one hand reduce the sense-of-self among the affected children and adolescents and cause them to develop internalizing symptoms
such as depression and anxiety, or, on the other hand, increase levels of aggression,
6

and through this, externalizing problem behavior. This last outcome may result from
both children’s direct emotional response to the family stress, and from them imitating
the coercive behavior for controlling social relations that the parents develop to cope
with their own stress (Conger et al. 1994).

Moving forward
The three perspectives presented above all provide clear insights that significantly
improve our understanding of exposure to environmental insults and help design and
organize empirical analyses on the topic. The Bronfenbrenner model provides excellent guidance for the search of important insults, while at the same time sharpening
our eye for important sources of environmental insults. The cumulative risk theory is
highly useful for not only identifying specific types of insults, but for also for promoting
the cumulative nature of exposure (which is relevant also from a policy perspective).
Last, the family stress model has the clear advantage of being more specific about the
modes of transmission and it helps us understand the processes that generate adverse
outcomes among children and adolescents exposed to environmental insults.
These advantages aside, none of the perspectives explicitly incorporate the insight
from studies on human behavior, that human development takes place in stages, with
the take-home message that the consequences of specific environmental influences
vary across childhood. This insight is present in developmental psychology from its
early beginning (e.g. Freud, 1991; Montessori, 1966; 1967; 1992; 1994, Piaget, 1936)
and in some branches of classical sociology (e.g. Mead, 1936). And as mentioned in
the introduction, the broader literature within the life course perspective focuses on
age-stage dependency (e.g. Elder, 1974), even if it is less developed with regards to how
and why age matters. And accepting the insight that childhood is not just one long
uniformly impressionable phase implies that the impact of a specific insult is likely
to also vary across childhood, and that one must take into account age at exposure if
one wants to understand exactly how and when an environmental insult matters for
subsequent child outcomes.
In this paper I argue that combining these models with recent insights on toxic
stress and brain development will move the literature on environmental insults into a
new phase, by specifying why age at exposure matters – or put differently, why childhood is not just a homogenous, uniformly impressionable phase. By doing so I do not
aim to downplay or disregard the key role played by the social and historical context
in explaining the consequences of exposure to different kinds of risks, but to expand
the perspective to also – or more explicitly – incorporating the biological element in
these consequences. The resulting perspective offers more predictive power and an
improved understanding of the mechanisms behind the detrimental, but nevertheless
age-graded, consequences of exposure to these insults.

7

Bio-sociology and the developing brain

We are currently witnessing a slow, but steadily increasing acceptance among sociologists of the influence of biologically given pre-dispositions - with genes being the most
prominent example – on human behavior and on the individual life course (Raine,
2013; Walsh, 2014; Mitchell et al, 2015). Also sociologists have a dawning awareness of
how new knowledge on epigenetic processes might resolve the long-standing debate on
the relative importance of nature vs. nurture – genes vs. environment; we now know
that how the genome is expressed in any given cell is the result of DNA methylation, a
process that switches on or turns off specific genes. In some cases methylation happens
mechanically, but in others, it results from relevant environmental events, i.e. events
taking place outside the body. This implies that genes never control human behavior
deterministically, but rather, that observed individual behavior, skills and personality
is the result of genes, the environment and an ingenious interaction between these two
factors (Landecker & Panofsky, 2013).
With a very recent piece in Annual Review of Sociolog y, McEwen & McEwen (2017)
introduce sociologists to another biological phenomenon, toxic stress, that they believe
is an important mediator between exposure to environmental insults and subsequent
adverse short- and long-term outcomes. Departing from their article, my paper shows
how the toxic stress perspective contributes to the literature on environmental insults
and significantly improves our understanding of the mechanisms behind the detrimental consequences of insult exposure, by discussing the effect of toxic stress on the
developing brain. In combination these insights will strengthen our tools for intervening against adverse outcomes following environmental insult exposure. To understand
the importance of this perspective, we must first understand the brain and how it
develops in stages.

The brain
The brain consists of a large number of brain cells – or neurons with dendrites that
communicate through synapses. These neurons form a number of centers and layers
that each or in combination control different dimensions of human behavior. These
include the cerebellum – or little brain – associated with regulation and coordination
of movement, posture and balance, and the cerebrum that consists of the cerebral cortex, an underlying layer of white matter and several subcortical structures.
The cerebral cortex is the outer surface of the cerebrum and consists of four lobes
– of which the frontal lobe (where we also find the prefrontal cortex) is associated with
reasoning, planning, speech, movement, emotions and problem solving, the parietal
lobe associated with movement, orientation, recognition and perception of stimuli, the
occipital lobe, associated with visual processing and the temporal lobe, associated with perception and recognition of auditory stimuli, memory and speech. The cerebral cortex
is made up of grey matter, which is densely packed neurons (that is also found in the
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other major part of the central nervous system, the spinal cord).
Underneath the cerebral cortex is the white matter, which is the communications
line that passes messages between different areas of the brain. The important subcortical structures are the thalamus (associated with sensory and motor functions), the
hypothalamus (associated with emotions, thirst, hunger and control of the autonomic
nervous system), the amygdala (associated with memory, emotions and fear) and the
hippocampus (associated with learning and with spatial, short and long term memory).
The most primitive part of the brain is the brain stem, which is responsible for basic
life functions such as breathing, heart beat and blood pressure (Roberts & Hanaway,
1970).

The developing brain - sensitive periods
Precisely timed genetic mechanisms control the development of the brain (Shonkoff
& Marshall, 2000), and these mechanisms are highly susceptible to different environmental influences, especially during specific sensitive periods (Knudsen et al, 2006).
Three interlinked features define this sensitivity. First, at the sensitive periods, the
neural plasticity of the brain is high which means that environmental influences that
take place during such periods have the potential to massively affect brain architecture. And while we generally perceive the brain to be plastic, this is true to a lesser
extent outside of the sensitive periods. Second, we mainly find the sensitive periods at
early stages of human development where genetic codes as opposed to actual experiences are the main controllers of the establishment of brain circuits (Perry, 2002).
However, due to the plasticity of the brain these genetic codes do not determine brain
development deterministically as experiences from the environment gained during
the sensitive periods help strengthen and mature specific circuits and weaken others
(Knudsen et al, 2006; Zhang & Poo, 2001; Stiles & Jernigan, 2010). Third, at specific
developmental stages a process called synaptic pruning eliminates the weak and now
comparatively underdeveloped circuits. This pruning is also susceptible to influences
from the environment (Knudsen, 2004; Stiles & Jernigan, 2010). Table 1 lays out the
crucial elements of brain development by child age.
In the first three steps, that mainly cover the prenatal phase, the basic and crucial
elements of the brain are developed – the neurons, their connections and their position in the brain. Because this is where the foundation of the whole structure is laid,
the prenatal phase, and the first couple of years is a particularly sensitive phase (Qiu
et al., 2013)
Then, within the first 6 years after birth, there is a massive growth of the grey
matter of each of the brain areas (Thompson et al, 2000), even if they do not all reach
neither their peak volume nor their mature levels at this stage. Here e.g. the hippocampus is the first center associated with cognitive skills (and with memory in particular) to
reach its peak volume in grey matter at age 2. The frontal lobe (including the prefron9

Table 1: Crucial stages in brain development
When1

What

Function

Comments

Week 6-18 (pc)

The human cortical neurons
develop

The overall structure and functioning of the brain

Week 8-32 (pc)

Neurons migrate to their
appropriate spatial position in
the brain

Allows neurons of the same classes
to interact, which secures the overall functioning of the brain

Week 26- year
2-3 (ab)

Accelerated growth of the
pyramidal dendrites

Allows neurons to communicate
with other neurons through
synapses

Birth – 2 years

The occipital lobe develops,
The occipital lobe is associated with First finalization of domain
reaches its peak volume at birth visual processing
specific development
and adult level at age 2

8 months – 10
years

The parietal and the temporal
lobes develop, reach their peak
volume at 8 months and adult
level at age 10

Birth – 2/7 years
(ab)

The hippocampus develops,
The hippocampus is associated with
reaches its peak volume at age 2 learning and spatial memory and
and adult level at age 7
short and long memory.

10-18 months
(ab)

Prefrontal cortex and amygdala
connect

With the prefrontal cortex being as- This connection is not fully estabsociated with executive functioning, lished until early adulthood
the child may now start to reflect on
her emotions

Birth- year 6/11/
young adulthood (ab)

Fast outgrowth of frontal lobe
(including prefrontal cortex).
The growth rate peaks at age
6, grey matter volume peaks at
age 11, and adult levels of maturity at young adulthood (the
prefrontal cortex matures last)

The frontal lobe is associated with
reasoning, planning, speech,
movement, emotions and problem
solving. The parietal lobe associated with movement, orientation,
recognition and perception of
stimuli

Substantial inter-individual
variation in dendritic tree sizes
at age 5 – ascribed to combined
influence from genetic and
environmental factors

The parietal lobe is associated with
movement, orientation, recognition
and perception of stimuli, and the
temporal lobe is associated with
perception, and auditory stimuli

With the maturation of the
frontal lobe – in particular
the prefrontal cortex – comes
increased efficiency in executive
functioning and control

tal cortex, associated with cognitive skills such as memory and executive functioning)
reaches its maximum volume of grey matter around age 11 (Giedd et al, 1999), while
the grey matter of amygdala (associated with non-cognitive skills such as emotions and
fear) peaks around age 14.
Peaking in grey matter volume does, however, not mean that a brain area has
reached its full potential and is fully functional (for evidence on the link between maturation and functionality, see Shaw et al, 2007; Sowell et al, 2004). After the peak in grey
matter volume, a subsequent twofold maturation process takes place. First, the matura10

Table 1: Crucial stages in brain development (Continued)
When1

What

Function

Comments

Year 4-18 (ab)

The amygdala develops, reaches The amygdala is associated with
its peak volume at age 14 and
emotions (threat and fear, but also
adult level at age 18
social behavior and affiliation).

Puberty (ab)

The amygdala changes function The salience of some stimuli is
as a result of increased produc- enhanced (e.g. peer relations) and
tion of sex hormones
others are reduced (e.g. parental
separation)

Puberty (ab)

Discordance between maturation levels of motivational
systems (e.g. the amygdala and
the ventral striatum) and control
systems (e.g. prefrontal cortex)

The subcortical systems encourage risky behavior and due to the
arrested development of the control
system the inclination for risky
behavior wins

Year 4-21 (ab)

White matter increases

White matter represents the myelin The pace of the white matter
volume. Myelin isolates the lines
increase differs between brain
of communication (electric signals) areas
between neurons and synapses.
Better or more isolation is equal
to higher quality electric signals,
and thus to better communication
between brain cells/areas

The amygdala is connected to
most regions of the brain

This development fits well with
knowledge that sensation and
risk seeking behavior increases
between age 10 and 15

1: pc: post-conception, ab: after birth
2: there is less certainty about the development of the amygdala than about the hippocampus.
Table based on Scherf et al, 2013; Uylings, 2006; Purves et al., 2001; Shonkoff & Marshall, 2000; Lupien, et al., 2009; Nelson, 2000; Mergenthaler et al, 2013; Chugani, 1998; Casey et al., 2011.
Note: The empirical literature has yet to establish firm evidence of the direct link between the specific of
brain areas (structure) and behavioral outcomes (function) (see Pfeifer & Allen, 2012; Casey et al., 2011)

tion prunes away inefficient or unused synapses, and second, it streamlines communication between the brain area and other brain areas through the development of white
matter. Hence, the hippocampus is fully matured at age 7, prefrontal cortex reaches its
mature state in early adulthood, and the amygdala around age 18. Both maturation
processes significantly increase the functionality of the brain areas. However, given
that the end result of this maturation process relies on what “raw material” it departs
from in terms of grey matter volume, the period leading up to the peaks in grey matter
volume represents higher degrees of sensitivity than the period covering the subsequent
maturation process (Fox et al, 2010; Teicher et al, 2003; Knudsen et al, 2006).
Given the peak in grey matter volume at age 2 and 11 respectively in the two areas
associated with cognitive skills – the hippocampus and the prefrontal cortex – this
then suggests that the sensitive period for cognitive skill formation fades from around
age 11 – even if later environmental influences may also be relevant as they may inter11

fere with the subsequent maturation process. Importantly, the literature has had difficulties in establishing a clear discontinuity in when cognitive skills can no longer be
altered, so this is likely to be a conservative prediction (see Fox et al, 2010). Given the
development of the amygdala, and the link between this brain area and non-cognitive
skills, a conservative prediction of the end of the sensitive period for non-cognitive skill
formation would be age 14.
Last, puberty is characterized by two interesting developments. First, there is evidence that the function of the amygdala changes as a result of the increased production of sex hormones – and that the influence of hormones differs by gender (Teicher et
al., 2003). As a result, this brain area now responds differently to stimuli and becomes
sensitive to new types of stimuli. Second, the amygdala and other parts of the motivational system of the brain matures disproportionately to the prefrontal cortex, which
means that for this limited period the brain areas associated with sensation and risk
seeking behavior dominate the areas associated with control and rational thinking.
This is then the biological explanation of typical teenage behavior. Due to these developments, puberty then marks a new sensitive period for non-cognitive skill formation,
where the consequences of earlier experiences that have affected the amygdala, and
thus the non-cognitive skills at an earlier stage, may now be overridden by new environmental insults (Fuhrmann et al, 2015).
In sum, the brain is not “done” until the individual enters early adulthood – at approximately age 21 – and crucially, the long stretch from conception until this age, is
not a continuous and linear process where the brain structures develops gradually day
by day. Rather, the improvements take place in steps, and the different brain regions
develop and reach their adult level at different stages (Knudsen et al, 2006).

Environmental insults, toxic stress and sensitive periods
Table 1 describes how the brain develops under normal circumstances. However, the
objective of this paper is to discuss the importance of exposure to environmental insults during childhood and adolescence and how age at exposure matters. Key to
understanding why environmental insults matter is the knowledge that such exposure
causes stress (Evans & Kim, 2007). Stress is not only a metaphysical mental state,
but has a measurable physiological impact by initiating the production of the stress
hormone cortisol in the hypothalamic-pituitary-adrenal-axis (HPA-axis) (Scherf et al,
2013). When the brain detects a threat or danger the hypothalamus releases two hormones, corticotropin-releasing factors and arginine vasopressin into the blood vessels
that connect the hypothalamus to the pituitary gland. Exposure to these hormones
causes the gland to produce adrenocorticotropic hormones, that it secretes it into general circulation. This hormone then activates the adrenal glands and causes them to
produce glucocorticoid hormones, of which the main is the stress hormone cortisol
(Stephens, 2012).
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Because the human child relies extensively on parental care environmental insults
induced by (the sudden) absence or reduction in the quality of such care (either due
to mother’s mental absence caused by her mental health problems, due to a parent’s
death, family stress caused by a changed financial situation or parental breakup etc.)
are very likely to be detected by the child’s brain as a threat to normality or a dangerous and unpredictable situation, and thus be a factor that sets the HPA-axis in motion
(Fish et al, 2004; Gunnar et al., 2009). While occasional and manageable stress is
natural (Thompson, 2014), repeated or chronic stress has the potential to affect vital
brain regions (Stankiewicz et al, 2013; Keding & Herringa, 2014; Carrion et al, 2007;
Ruby et al, 2014; Hodel, 2014; Robinson et al., 2011). This is the toxic stress (McEwen
& McEwen, 2017). Various empirical studies show how children exposed to environmental insults such as maternal depression (e.g. Essex et al, 2002; Lupien et al., 2000;
Lupien, et al., 2009), parental divorce/family turmoil (Evans & Kim, 2007) and family
poverty (e.g. Affifi et al, 2015; Ursache et al, 2015; Lupien et al, 2000) have directly
measurable elevated levels of stress hormone.
The stress hormone may affect the brain through two channels. First, according
to the epigenetic perspective stress hormones have the ability to switch on or turn off
a gene through DNA methylation, thus altering its expression. And importantly, the
genes in control of the developing brain are particularly sensitive to positive as well as
negative influences such as stress hormones. In addition, the epigenetic explanation of
the sensitive periods in brain formation, is that the DNA methylation of genes responsible for brain structures is more likely at specific ages (Stankiewicz et al, 2013; Nagy &
Turecki, 2012; Roth & Sweatt, 2011; Knudsen et al, 2006; Bagot et al, 2012; Labonté
et al, 2012). This implies that if the environmental insult happens at a time where these
genes are more susceptible to DNA methylation, the stress hormone is more likely to
influence or even kick-start epigenetic processes affecting the brain. If, on the other
hand the insult happens outside such sensitive periods, it is less likely to affect brain
development. As additional twist to this, studies show that the DNA methylation that
occurs as a result of stress also causes the affected brain areas to become more susceptible to subsequent stress and that the reactivity of the HPA-axis itself may be altered
by exposure to stress hormones (Levine & Mody, 2003; Maccari et al, 2003; Anacker,
2014; Meaney, 2001; Zhang, 2013).
Second, cortisol is a neurotoxin, which means that excessive exposure of this hormone to the brain may cause cell death and affect the formation of synapses and dendrites in the developing brain. Scholars have observed this effect directly though scans
of brains of individuals who have been exposed to toxic levels of stress, which show
smaller than average size brains in these individuals. More importantly for my aim of
this paper, scholars have also been able to document how the timing of stress exposure
matters for what area of the brain gets most affected, reflecting that centers and lobes
not yet fully developed at the time of the stress exposure are most vulnerable to the
stress (Lupien et al., 2009; Andersen, 2003). Linking this knowledge to what we know
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about the developing brain, then suggests that stress exposure before age 11 is likely to
impair our cognitive skill formation (given that the centers associated with these skills
peak in neuron density and synapse volume around this age), and that stress exposure
before age 14 may impair our non-cognitive skill formation (given that this is when the
volume of the amygdala and the ventral strianum peaks).
Because of the mechanisms described earlier, of how the plasticity of the brain is
more pronounced during sensitive periods, stress exposure to the developing brain the altered gene expressions and the changes to the brain structures – may have lifelong consequences (Perry & Pollard, 1997; Corbo et al, 2014) and alter the structural
and functional properties of vital brain areas (for evidence on the effect of early childhood stress and adult hippocampal functioning, see Hasselt et al, 2012). Some studies
even show that the consequences of an early insult may not manifest until much later
(Andersen, 2003). This then explains not only why exposure to environmental insults
matter, but also how the timing of this exposure is important for children’s brain development – and thus their overall performance, their cognitive and non-cognitive
skills - not only during the exposure, but also long after. And in addition, there are
some suggestions that the impact of exposure to insults is cumulative, and if one sensitive period closes at a suboptimal level due to negative influences from toxic stress,
it impairs the possibilities of successfully finalizing subsequent stages (Knudsen et al,
2006). This also suggests that failure at a higher developmental stage is less problematic for children who have failed to complete a lower stage, compared to children with
no previous experiences of failure (Cicchetti & Rogosch, 2002).
In sum, with these insights on toxic stress and brain development we get a very
clear explanation of a) why exposure to environmental insults during childhood matters for child outcomes - it produces toxic stress that directly affects brain development,
b) why the timing of the exposure matters, also for different types of skills - this is because of the presence of sensitive and critical periods in brain formation and because
different brain areas are sensitive at different points in time, and c) why it has long
term consequences – this is because brain plasticity is limited outside the sensitive periods which makes it less likely that subsequent positive experiences can make up the
negative experiences taking place during the sensitive periods.
Linking these insights to the social-psychological theories presented earlier on environmental insults, this then implies that e.g. a micro-system interaction that causes
an environmental insult may have stronger detrimental impacts on cognitive skills
when it happens before age 11 than after, that experiencing yet another risk – or insult
– at age 9 is more significant for non-cognitive skills than experiencing the same additional insult after age 18. And that family stress released by father’s unemployment
during adolescence may have little impact on cognitive skills, but significant impact on
non-cognitive skills. This is all because environmental insults release stress hormones
that impact the brain to different extents during childhood.
And in fact, some of the core elements of the three theories make them indeed
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very suitable for making this link. Bronfenbrenner talks about proximal processes and
how they may activate genes – or heritages – which is exactly the point made by the
studies showing how absence of maternal care causes stress and through this, affects
child outcomes. Furthermore, the core component of the cumulative risk theory, that
it is not just exposure to one risk that matters, but rather repeated or chronic stress
that is correlated with adverse outcomes fits extremely well with the concept of toxic
stress. And last, the claim made in the family stress model of how the family stress
causes adolescents to develop externalizing or internalizing behavioral problems also
complies well with how the toxic stress literature expects stress exposure to affect the
functioning of the brain and areas responsible for problem behavior. In sum the integration of the toxic stress perspective and the sociological literature on environmental
insults is very straightforward, even if the sociological literature shows little regard for
the age perspective.

Hypotheses
On the basis of the presented knowledge on toxic stress and the developing brain I
suggest the following hypotheses:
1. Prenatal stress exposure and stress experienced during the first 2 to 3 years after
birth is likely to affect all brain areas – and thus all types of functioning. This
all-encompassing effect of stress exposure reflects that during this period, the foundation of the whole brain structure is laid down.
2. From birth and until age 11, stress exposure may affect cognitive skills in the long
term as this is the period during which most of the brain areas associated with
skills such as learning, rational reasoning etc. (i.e. the hippocampus and the frontal cortex) develop and their volumes peak (even if they first mature later on). We
may even speculate if exposure closer to age 11 than birth is more detrimental
than earlier exposure, as this leaves less time for subsequent positive experiences
to reverse the effects, while the important areas are still plastic.
3. From birth and until age 14, stress exposure may affect non-cognitive skills in
the long term, as this is the period during which brain areas associated with
skills such as emotions and social behavior (such as the amygdala) develop. Also
because the amygdala is reorganized in response to the increased production of
sex hormones during puberty we may expect exposure to environmental insults in
adolescence to matter for this area of the brain and thus the type of skills it is associated with.

Existing empirical evidence
There is plenty of evidence demonstrating how childhood exposure to resources and
environmental insults is correlated with or causally affects short- and long-term out15

comes (for a review on the importance of father’s unemployment, see Strom, 2003; on
father’s incarceration, see Murray & Farrington, 2008, for other studies on correlations, see Wildeman & Western, 2010; Geller et al, 2012; Mertz & Andersen forthcoming; Cabrera et al., 2007, for causal studies, see Steven & Schaller, 2011; Andersen,
2013; Wildeman & Andersen, 2016; Andersen & Wildeman, 2014).
But while – as I have argued above - we have substantial theoretical reasons to
expect timing of the exposure to environmental insults to matter, empirical evidence
on this hypothesis is less comprehensive. In particular there is only a limited empirical
literature on differential effects of insult exposure at different ages. Exceptions include
Brennan et al (2000), Halligan et al. (2007) and Strohschein (2005) who show that the
timing of maternal depression and parental divorce matters for child outcomes in that
later onsets have more detrimental consequences, and in a similar vein Kuramoto et
al (2013) show how parental suicide during adolescence and early adulthood is more
likely to increase the child’s own risk of attempting suicide than experiencing parental
suicide earlier in childhood. Furthermore, Hamman & Brennan (2003), Goodman &
Gotlib (1999) and Lyons-Ruth (1996) who all show that parental absence, either physical (e.g. due to death) or mental (due to mental illness that prevent parents from sufficiently caring for their child) is particularly detrimental during the early years. Also,
Robinson et al. (2011) and Qiu et al.(2013) all find evidence that prenatal stress matters
more than postnatal stress. While this suggests pronounced effects of both very early
and relatively late exposure to environmental insults, in general empirical evidence is
scarce. This could reflect problems pertaining to data limitations where only few data
sources allow for an exact pinpointing of child age of exposure. Alternatively, the lack
of empirical evidence may be a signal that even if we have theoretically sound reasons
to expect age-differentiated effects of insult exposure, the individual (and the human
biology) masters so many different compensatory strategies that the differences in effects are smoothed out through the workings of other mechanisms.
To help close the gap in empirical evidence and to test the predictive value of the
toxic stress perspective in understanding age-graded effects of exposure to environmental insults, the remainder of the paper explores the level of correlations between
insults exposure at specific ages and later adverse outcomes.

Empirical setup
In Denmark, all residents have a unique personal number that identifies the resident
in many different aspects; when a resident receives welfare benefits, is incarcerated,
enters foster care, is admitted to a mental health facility or divorces, it is recorded by
this number. Furthermore in most cases, such transitions are recorded by the date on
which it occurs. Statistics Denmark collects this data annually and makes it available
for statistical and research purposes. Using the personal number we may link registers
and connect families. Most of this data is available from 1980 onwards, but specific
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registers start earlier (e.g. the register on foster care starts in 1977), or later (e.g. the register on admissions to mental health facilities starts in 1995). Because of the long panel
and because of the possibility for linking members of families, this data is well-suited for
studying the correlation between childhood exposure to environmental insults (which
are often caused by transitions that parents make) and later outcomes. Also, given that
some environmental insults occur with low frequencies, having a population sample
increases the likelihood – compared to using a representative survey-based sample - of
actually observing individuals in the data that are exposed to the insult.
Importantly, the data have some limitations as they contain no subjective measures
(such as e.g. the quality of the parent-child interaction). Also, the timing of “objective”
transitions, such as admission to mental health facilities and the entry into foster care,
do most likely not mark the onset of an insult. Instead such admissions, foster care
entries etc. are likely to happen at a given number of days or months after the problem
a. has arisen, and b. has been discovered. Despite this fact, the richness of the data
both in terms of information and number of individuals contained in the data, makes
it superior to most other data sources for the purpose of my analysis.

Operationalization of exposure to environmental insults
As my framework for operationalizing environmental insults I primarily draw on cumulative risk theory and the family stress model. This is because of these theories’
very specific identification of important insults - as opposed to the more abstract insult
identification in Bronfenbrenner’s theory – but also because of the extensive empirical validation of the importance of these insults for later child outcomes (cited earlier),
and the ample reasons that that gives us for thinking about these insults as sources of
repeated or chronic stress.
This first of all means that I focus on the following insults:
1. Parents’ marital discord, which I identify as parental divorce/break-up (in case
the parents were never married), and time more specifically by the date they
move to separate addresses.
2. Parents’ low social status, which I identify as father’s unemployment (on which I
know the exact timing down to a weekly basis). I focus on father’s unemployment,
rather than mother’s since studies show that father’s labor market status matters
more for family well-being than mother’s (e.g. Andersen, 2013). While low social
status covers much more than unemployment, unemployment represents more
of an actual insult to both the financial situation in the household and to the
well-being in the family (see e.g. Andersen, 2013; 2009). I focus only on extensive
unemployment which I define as the family being affected by unemployment for
more than 6 month of a given year.
3. Paternal criminality, which I identify as father’s incarceration (on which I have
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exact starting and ending dates from the incarceration register).
4. Maternal mental disorder, which I identify as mother’s admission to a mental health facility (on which I have exact starting and ending dates from the register).
5. The child’s foster placement either in a group home or at a foster family (on which
I have exact starting and ending dates from the register).
In addition to these insults I also include information on parental death during childhood (again something on which the registers provide exact information), as many
empirical studies show the detrimental short- and long-term consequences of this type
of childhood experience (for a review, see Dowdney, 2000).1
I code the data such that for insults with a start and end date – such as father’s
incarceration, mother’s admittance to a mental health facility or foster care – it is the
entire duration of the insult that matters; while e.g. foster care or father’s incarceration
may no longer represent an insult in its 3rd year, it is highly likely that both situations
are sources of chronic stress throughout their duration. For insults without an ending
date – such as parental divorce or parental death – I code the data such that it is the
age at the time of the initiation of the insult that matters (age at parental divorce or
parental death). I acknowledge that experiencing parental death or divorce may be a
non-negligible source of stress for many years – especially when it occurs in childhood
– however, this is the only feasible coding of the data.
Second, relying on cumulative risk theory means that I consider the cumulative
effect of the number of insults experienced at a given age, rather than the separate
effects of each of a number of specific insults. This choice is guided by the current
knowledge on toxic stress that does not give us specific reasons to expect one type of
insult to produce a different type of stress than another type of insult (which is also
supported by stress studies showing relatively little variation in responses to different
stressors, for at review, see Gunnar et al, 2009). In addition, this coding fits nicely with
the insights from the toxic stress literature that it is repeated stress that matters (Robinson et al, 2001). I could also have coded my insult variable such that is represented
the cumulative exposure up till a certain age. I refrain from following this strategy, at
it would imply that my estimate of the effects of insults in puberty would also reflect
insults experienced in infancy, which would be particularly problematic in cases where
the child only experiences insults in infancy and not later.
1. Note that this list of risk factors primarily represents the risk factors promoted in the Isle of Wright
study (and the one promoted in the family stress model), which reflects that they are more easily identifiable in the registers than the ones promoted in the Rochester Longitudinal study (that includes more
subjective measures such as rigid parental attitudes, beliefs and values about child development and
negative parent-child interactions). Note in addition that I exclude the risk factor “large family size”
(from the Isle of Wright-study), because of its less dynamic nature. Other risks could have been just as
important to factor in, and the strategy chosen here, and the limited set of risk factors included in the
analysis merely reflects the illustrative nature of the empirical part of this paper.
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Operationalization of the three hypotheses
Table 1 specifies specific age range within which the different brain areas and thus
skills develop, and I have also implemented these age ranges into my hypotheses. One
way of operationalizing my hypotheses in the empirical analysis could then be to test
the effect of risk exposure within these age ranges on subsequent outcomes. However,
this may not be the most appropriate approach. First, empirical evidence on the specific timing of the development of each area is still limited, and we can be almost certain that the age delimitation is subjected to some degree of variability. Second, from
the current understanding of the developing brain it is clear that the period leading up
to the end of a sensitive period is not stable nor clearly defined by specific capacities,
simply because the brain areas are in the making throughout the period. This then
calls for a more flexible approach.
Given the nature of the data, with the very detailed information on when a specific
transition takes place, one strategy could be to specify risk exposure at a monthly level
and test how this exposure is correlated with the outcome in focus. However, there are
at least two reasons why this may not be a feasible strategy. First, as mentioned, the
date of a transition recorded in the registers may not be the day that the environmental insult occurs – for instance, the registers show us when divorcing parents move to
separate addresses, however the stress leading up to this transition is probably manifested in the child’s life several months before. Focusing very narrowly on the month of
the transition overstates the precision of the type of information that we get from the
registers. Second, even though the registers are rich in information and observations,
some of the environmental insults studied here are still relatively low in frequency
(such as e.g. parental death or father’s incarceration), and when specified at a monthly
level, this low frequency will lead to too much imprecision in the estimated effects leaving a blur of coefficients that reflects lack of data rather than lack of a clearly identifiable structure in the effects of exposure to environmental insults.
As a consequence, I code the data such that it allows for differences in effects of
insult exposure to by child age in years. This operationalization is flexible (though not
as flexible as the monthly specification), and at the same time, it accommodates the
imprecision of the registers in reflecting the exact age at exposure.

Sample
From the registers, I select a sample of all individuals born in the years 1991 to 1995
(N=357,113), who I may follow in the data until they turn 20. I conduct the analysis
separately for boys (N=183,185) and girls (N=173,928).
I use the registers to specify whether these cohorts have experienced 1) parental
divorce, 2) paternal unemployment, 3) paternal incarceration, 4) maternal admission
to mental health facilities, 5) foster care and 6) parental death prenatally in each of
the years until they turn 18 (i.e. at age 1, age 2, age 3, age 4 etc.). Table 2 shows the
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distribution of exposure to environmental insults by age and gender, and as shown
insult exposure is quite evenly distributed across ages. While being slightly lower at the
prenatal stage and slighter higher in the teenage years, the mean number of insults to
which the 5 birth cohorts are exposed lies at a very stable 0.1 regardless of the child’s
age. We also see almost identical insult exposure for boys and girls, which is unsurprising given that most insults are gender neutral as they reflect parental behavior rather
than child behavior (and as we do not expect parents of boys to behave differently than
parents of girls).
To provide a more comprehensive understanding of the nature of the stress that
the children experience – and to illustrate whether one or more types of insults are
more common - Figure 1 shows the measure by type of insult (by gender). As is evident
from panels A and B, father’s unemployment is by far the most commonly experienced
insult for both boys and girls. The exposure to the remaining types of insults is unclear
Table 2: Insult exposure by child age and gender.
Boys

Girls

Insult exposure

Mean (std.)

Min.

Max.

Mean (std.)

Min.

Max.

Prenatally

0.07 (0.26)

0

4

0.07 (0.27)

0

3

Age 1

0.10 (0.32)

0

5

0.10 (0.32)

0

5

Age 2

0.11 (0.34)

0

5

0.11 (0.34)

0

4

Age 3

0.10 (0.33)

0

5

0.10 (0.34)

0

4

Age 4

0.10 (0.33)

0

5

0.10 (0.33)

0

4

Age 5

0.10 (0.33)

0

4

0.10 (0.33)

0

4

Age 6

0.10 (0.33)

0

4

0.10 (0.33)

0

4

Age 7

0.10 (0.33)

0

4

0.10 (0.33)

0

4

Age 8

0.10 (0.33)

0

4

0.10 (0.33)

0

4

Age 9

0.11 (0.34)

0

5

0.11 (0.34)

0

5

Age 10

0.11 (0.35)

0

4

0.11 (0.34)

0

5

Age 11

0.11 (0.35)

0

4

0.11 (0.34)

0

4

Age 12

0.12 (0.35)

0

4

0.11 (0.34)

0

5

Age 13

0.12 (0.35)

0

4

0.11 (0.34)

0

4

Age 14

0.12 (0.36)

0

4

0.11 (0.35)

0

4

Age 15

0.12 (0.37)

0

4

0.12 (0.36)

0

4

Age 16

0.13 (0.38)

0

4

0.13 (0.38)

0

4

Age 17

0.14 (0.38)

0

4

0.14 (0.39)

0

4

Source: Own calculations based on data from Statistics Denmark
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from panels A and B due to their low frequencies relative to exposure to unemployment. Thus to illustrate the frequencies of these other insults, panels C and D are
identical to panels A and B except that unemployment is left out, which allows me to
change the scale of the y-axis. From these panels we learn that parental divorce is the
second most common type of insult experienced – and that it often occurs immediately
after birth. Next is father’s incarceration and foster care, of which the latter becomes
progressively more common as the child ages. This is also the only type of insult exposure that differs between boys and girls (boys are more likely to experience foster care,
which is consistent with previous findings). Least common is mother’s mental health
hospitalization and parental death.
Because of the massive dominance of unemployment in my insult measure, I test
the robustness of my results in a specification that leaves out father’s unemployment
from the measure of insult exposure.
Figure 1: Measure by type of insult
A: Boys

B: Girls

C: Boys, without unemployment

D: Girls, without unemployment

Source: Own calculations based on data from Statistics Denmark
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Outcome variables
With the rich information from the registers we are able to test the effect of exposure
to environmental insults on a range of domains, from cognitive to non-cognitive measures. This richness allows me to test how exposure to environmental insults affects
both the overall functioning of the brain (hypotheses 1) and functioning within the
two domains, cognitive (hypothesis 2) and non-cognitive functioning (hypothesis 3).
For this purpose, I focus on 6 outcome measures, that allow me to test the first
hypothesis that all brain areas - and thus all types of skills and functioning - may
be affected by stress exposure before age 3, hypothesis 2, that especially cognitive
skill formation is affected before age 11 and hypothesis 3 concerning the increased
vulnerability of non-cognitive skill formation up till and around puberty. For this purpose my set of outcome measures capture problems pertaining to overall functioning/
well-being (these are indicators of disconnectedness in early adulthood, of drug use
and mental well-being), to cognitive skills (indicators of school performance) and noncognitive skills or antisocial behavior (criminal activities – but also, to some extent,
drug abuse).
Table 3 shows the indicators and how I define the outcome measures in the analysis. Furthermore, the last two columns show descriptive statistics in my sample of these
six indicators, by child gender. All outcome variables are coded as binary indicators,
that take the value 1 if the child experiences a negative outcome (e.g. mental health
hospitalization, fails the math test). From the table we learn that girls are less likely to
be disconnected at age 18 to 19, but more likely to suffer from – or at least are more
likely to get hospitalized for - mental health problems at that age. Girls are also less
likely to use drugs. And as could be expected, boys are less likely to fail the math test
than girls, but more likely to do so on the language test. As shown, compared to girls,
boys are more likely to get sentenced to an unconditional prison sentence and to use
drugs.

Models
To study the correlation between the timing of exposure to the specified environmental insults and the outcomes presented in table 2, I rely on two types of statistical
models. The first model is a standard OLS that shows the mere correlation between
insult exposure at a given age and the later outcomes in focus. Coefficients produced
by this type of model will be unbiased under the assumption that insult exposure at
a given age is uncorrelated with child characteristics – i.e. if children exposed to an
insult at age 6 are no different from children exposed to an insult at age 7 or 5. This
assumption is not entirely unrealistic, as the insults that I study pertain to parental
transitions that may be more or less uncorrelated with child age. Still, from e.g. Figure 1 we learn that at least some insults such as parental divorce vary significantly by
child age, which is a signal that insult exposure does not always happen at random
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Table 3: Indicators, definition and descriptive statistics
Indicator

Definition

Overall functioning

Boys

Girls

Mean (std.)

Mean (std.)

Recorded status as a
disconnected youth

No labor market or educational activity at age
18 and 19 according to November measurements from the registers.

0.038 (0.192)

0.033 (0.177)

Mental wellbeing

Admission to a mental health facility at age 18
or 19

0.009 (0.103)

0.014 (0.135)

Drug use

Three sources: 1) a register on admission to
a drug treatment program, 2) information on
admittance to a mental health facility because
of mental health problems related to drug use,
3) information from the criminal registers on
being charged with a drug related crime. All
measured at age 18 or 19

0.038 (0.192)

0.008 (0.089)

Math skills

Failing math, final exams in elementary school
(age 15/16)

0.068 (0.252)

0.073 (0.261)

Language skills

Failing language test (Danish), final exams in
elementary school (age 15/16)

0.0417 (0.199)

0.014 (0.119)

Unconditional prison sentence at age 18 or 19

0.037 (0.211)

0.004 (0.072)

Cognitive skills

Antisocial behavior/noncognitive skills
Serious crime

Source: Own calculations based on data from Statistics Denmark

across ages and that some types of insults may be more likely at specific ages for specific children.
To address this concern, the second type of model that I use is the sibling fixed
effects model. This type of model allows me to control out unobservable indicators
of the shared environment of siblings as well as some degree of unobserved genetic
disposition for experiencing specific outcomes that is shared between siblings (siblings
share, on average, 50 percent of their genes). As specified earlier, genetic dispositions
affect brain development and genetic differences between individuals will then introduce noise into the estimates. The sibling model allows me to factor out – at least parts
of – the genome.
The sibling fixed effects model more specifically controls out the shared environment and the shared genes, by relying only on the variation that we observe between
siblings in outcomes and age of insult exposure – or put differently, by demeaning the
variables using the within-family transformation. Equation 1 shows how this is done
in families with two kids (and thus one sibling):
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exposure – or put differently, by demeaning the variables using the within-family transformation. Equation 1
shows how this is done in families with two kids (and thus one sibling):
𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑖𝑖𝑖𝑖 − 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑗𝑗𝑖𝑖 = 𝛽𝛽𝛽𝛽(𝐼𝐼𝐼𝐼𝐼𝐼𝑂𝑂𝐼𝐼𝑂𝑂 𝑂𝑂𝑒𝑒𝑒𝑒𝑂𝑂𝑂𝑂𝑂𝑂𝑒𝑒𝑂𝑂𝑡𝑡𝑡𝑡,𝑖𝑖,𝑖𝑖 − 𝑖𝑖𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑂𝑂𝑒𝑒𝑒𝑒𝑂𝑂𝑂𝑂𝑂𝑂𝑒𝑒𝑂𝑂𝑡𝑡𝑡𝑡,𝑗𝑗,𝑖𝑖 ) + (𝜇𝜇𝑖𝑖,𝑖𝑖 − 𝜇𝜇𝑗𝑗,𝑖𝑖 )

[1]

[1]

Here, outcomeif is one of the six outcomes in focus on this paper for child i (i=1,…., I )
in family f ( f= 1, …., F ) and outcomejf is the outcome for sibling j ( j=1,…., J) in that
Here, outcomeif is one of the six outcomes in focus on this paper for child i (i=1,…., I) in family f
family. Furthermore, Insult exposuretN,i,f is the count variable measuring the number
(f= 1, …., F) and outcomejf is the outcome for sibling j (j=1,…., J) in that family. Furthermore, Insult
of environmental insults
to which the child has been exposed at age t=N and Insult
exposure
variable
number
of sibling
environmental
insults
to which in
thethat
childtime
has been
tN,i,f is
exposuretN,j,f
is the
thecount
number
of measuring
insults tothe
which
the
has been
exposed
exposed atBy
agefocusing
t=N and Insult
exposure
theinsults
numbertoofwhich
insults to
which
theissibling
has been
tN,j,f isof
period.
on the
number
the
child
exposed
at aexposed
given in
age
– and
all By
siblings,
for twins,
have
different
ages
- the coefficients
that time
period.
focusingexcept
on the number
of insults
to which
the child
is exposed
at a given age that
– and Iall
estimate
in
the
model
will
show
the
effect
of
the
within-family
difference
in
age
at
siblings, except for twins, have different ages - the coefficients that I estimate in the model will show the
exposure
the outcome
in focus.
givesonme
credible
estimate
of the
of
effect of the on
within-family
difference
in age This
at exposure
theaoutcome
in focus.
This gives
meeffect
a credible
age at exposure.
estimate of the effect of age at exposure.
Moving on, μi,f is the unobserved family component measured at the individual level (and which we assume contains both shared family environment and shared
genes), and μ j,f is the unobserved family component for the sibling. Under the assumption that the family components are identical for the child and the sibling μ i,f and μ j,f
net out, which reduces bias in the estimate of exposure to environmental insults. As
indicated in equation 1, my empirical model is very simple and does not include individual level characteristics (which are available in the registers and may easily be
added) – this choice reflect the illustrative nature of my analysis, but may be changed
in future versions of the analysis.
Importantly though, also the sibling fixed effects model has some limitations; first,
by definition it relies only on children of families with more than one child, which
is likely to be a select sample. Second, if we aim to study the effect of age at insult
exposure by gender, the model can only rely on families with same-sex children –
which again may be a select sample. Third, it is debatable whether this type of model
delivers an actual causal estimate, as the variation between siblings that the model
relies on, may resort from for instance the remaining genetic differences between
the siblings, or differences in childhood environment caused by the age differences
between them (since e.g. the younger children grow up with older parents, that are
likely to have more resources, given the correlation between (parental) age and wage
level, labor market experience etc.). All limitations mean that when looking at the
results, we must bear in mind that they reflect processes observed in a select sample
and that they reflect causal estimates only under very specific assumptions and for
specific populations.

Results
This section presents the results from 24 empirical models – one for each of the 6 outcomes for boys and girls relying on the OLS or the sibling fixed effects models respectively. I present the results graphically, to facilitate a better overview of similarities (or
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differences) in effects of age at exposure across outcomes. Figure 2 and 3, and 4 and
5 show the results for boys and girls respectively across the three specified domains
(overall development, cognitive skills and non-cognitive skills). In the Figure, three
vertical, red lines demarcate the focus ages of the three hypotheses – as hypothesis 1
focuses on insults occurring until age 3 (marked by the red line at age 3.5), hypothesis
2 focuses on insults occurring until age 11 (marked by the red line at age 11.5), and
hypothesis 3 focuses on insults occurring in the period leading up to and at the time of
puberty (marked by the red line at age 14.5).
Each of the subfigures shows the point estimates of age at exposure (from prenatal
to age 17) to a given number of environmental insults and their confidence intervals,
derived from the OLS or sibling fixed effects models respectively. Given my ambition
of finding common patterns across models, my reading of the figures will primarily
rely on the point estimates, rather than focusing on confidence intervals and levels of
significance. As per construction, a positive coefficient marks a positive correlation
and a negative estimate marks a negative correlation, however also the relative differences between the different estimates of age at exposure are worth noting, and my
interpretation of the figures will focus on these relative differences.
As described in table 2, all outcome variables are binary indicators coded such
that 1 signifies a negative outcome (crime, disconnectedness, failing a test etc.), which
means that a less negative coefficient – or more positive coefficient estimated for a given age at exposure – marks an increased likelihood that exposure to an environmental
insult at that age has adverse effects. Notice that the subfigures presenting results for
math and language tests only show results until age 14 which reflects that students take
these tests at age 15 or 16.
I start with the results for boys relying on the OLS model.

Boys – OLS
Figure 2 shows these results, and from this we learn that age definitely seems to matter: The correlation between insult exposure and each of the later outcomes relies
strongly on age at exposure.
But more specifically, a first question is to what degree the figure supports hypothesis 1 on the correlation between the overall functioning of the brain and exposure to
environmental insults during the prenatal period and within the first 2-3 years of life.
Here the figure shows the interesting pattern of a positive correlation between insult
exposure during the first 3 years of life for 5 of 6 outcomes (though stronger in some
cases than others), and the same positive correlation between the 6th outcome – the
risk of failing the language test – and insult exposure at age 1. At the same time there
a negative – or in some cases insignificant - correlation between prenatal exposure
and the various outcomes. This relatively persistent pattern across outcomes provides
some validation of hypothesis 1, even if we may speculate why insults occurring at the
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Figure 2: Results for boys, OLS models

Source: Own calculations based on data from Statistics Denmark

middle of the period are most important, and why there is negative or no effects of
prenatal exposure.
The second question is if the evidence presented in Figure 2 supports hypothesis
2 on the correlation between negative cognitive outcomes and insult exposure before
age 11. From the discussion of the evidence of hypothesis 1, we learned that exposure
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before age 4 has some effect on cognitive outcome. Zooming in on the following age
range covered in hypothesis 2 (age 4-11) for the two cognitive outcome measures, we
learn that insult exposure at almost any age in this period is positively correlated with
failing either test. The finding should be viewed in lieu of how insult exposure affects
the other outcomes related to overall functioning and non-cognitive skills to a much
lesser degree, and in many cases not at all. This is evidence that the period from age
4 to 11 is indeed and primarily the sensitive period for the cognitive skill formation, as
suggested in hypotheses 2. We cannot, however, ignore the evidence from the figures
showing that also insults that occur after the period has ended increase the risk of failing the tests. This may however be an indication of the maturation of especially the
prefrontal cortex that follows after the peak in the volume and neuron density of this
brain area observed at age 11.
The last question is if the evidence presented in Figure 2 supports hypothesis 3 on
the increased effect of environmental insults on outcomes related to non-cognitive
skills as we move toward and into puberty. In the analysis I have operationalized
non-cognitive skills as the propensity to (not) engage in criminal behavior, but another
useful indicator is drug use. As shown, while there is no correlation between these
outcomes and insults occurring in the period leading up to puberty, we find a strong
positive correlation when puberty is in its high, after age 14. This could be a signal
of the importance of the maturation process that takes place after the amygdala has
reached its peak volume. Notice also the same correlation between insults occurring
after age 14 and the two outcomes reflecting overall wellbeing, disconnectedness at
age 18-19 and the risk of mental health hospitalization.
In sum, while Figure 2 shows some support for the 3 hypotheses – and we see
clear age dependent patterns – they do not fully predict the correlation between insult
exposure at subsequent outcomes. Still, while the combined insights that we get from
Figure 2 does not present a very clear and thoroughly convincing pattern of what are
the important ages, there is a pattern which makes sense in lieu of the theories.

Boys – sibling fixed effects models
The next figure, Figure 3, shows results relying on the sibling fixed effects specification. Again we see evidence of an age-dependent pattern, even if it is less clear than
what we saw in Figure 2. For instance, the limited effect of prenatal exposure is also
evident from results relying on this specification, just as the importance of insults taking place between birth and age 1 seem important. In contrast, we get less clear effects
of insult exposure between age 4 and 11 on the risk of failing the two cognitive tests.
However, also this type of model points to the importance for non-cognitive skills of
insults occurring when puberty is in its peak, and now, we also get noteworthy correlations between insults taking place in the early years of puberty and these outcomes.
Thus removing some of the possible bias from the estimates using the sibling fixed ef27

fects model facilitates stronger support of the third hypothesis, but weaker support of
the second hypothesis, suggesting that part of this finding was driven by specific types
of individuals’ higher probability of experiencing insults between age 4 and 11.
Figure 3: Results for boys, sibling fixed effects models

Source: Own calculations based on data from Statistics Denmark
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Girls – OLS

Figure 4 below shows results from the OLS for girls, and this figure has many similarities with Figure 2: there is little effect of prenatal insult exposure, but exposure during
the first three years after birth matters across outcomes. Again we see that insults ocFigure 4: Results for girls, OLS models

Source: Own calculations based on data from Statistics Denmark

29

curring before age 11 matter for cognitive outcomes even if insult exposure after this
age also matters – and in fact seems to be more strongly correlated with negative outcomes. But in contrast to what we saw for boys, insults taking place during this period
(from age 4 to age 11), or in particular during the first half, is also positively correlated
with the non-cognitive skills. Furthermore, we get the same pattern of the importance
of insult exposure after age 14 that we saw for boys, for both the outcomes related to
non-cognitive skills and for my overall measures of well-being or functioning (disconnectedness and mental health hospitalization).

Girls – sibling fixed effects models
Figure 5 shows the results for girls when I rely on the sibling fixed effects model. This
set of models supports the findings from Figures 2, 3 and 4 on the importance of age at
insult exposure, even if the pattern of the coefficients is slightly different.
As shown, there is only little support for the first hypothesis of the overall negative
impact of insult exposure before age 4, as many of the estimated correlations lie close
to zero. Yet, to the extent that exposure to insults matter during this period, it is at age
1 to 2. This is particularly pronounced for girls’ risk of engaging in crime and of failing
the two cognitive tests.
We also find some support for the second hypothesis of the negative impact of
insult exposure before age 11 on cognitive outcomes, as early insults (from age 4 to 7)
are correlated with failing the language test, and insults occurring at age 7 and 11 are
correlated with failing the math test. In addition, the findings from the OLS models,
that insults taking place during this age period also affect the non-cognitive measures,
crime and drug use reappear.
Last, the figure also shows some evidence of the 3rd hypothesis, on the correlation
between non-cognitive outcomes and insult exposure: insult exposure that happens at
age 14 and 15 is correlated with both later drug use and crime, and in fact this age also
seems important for the measures of overall functioning, disconnectedness and mental
health hospitalization.
In sum, the evidence for girls that relies on the sibling fixed effects model shows less
support for the three hypotheses. This could be expected given that this specification
produces more conservative but at the same time more reliable estimates (under certain
assumptions). Still, the pattern that we have observed, also in Figures 2, 3 and 4, where
early and late insult exposure seems to matter the most, reappears to a sufficient degree.
As is evident, girls and boys differ with regards to sensitivity, however, the introduction toxic stress and brain development that I have provided in this paper is not
comprehensive enough that it explains the origin of such gender differences, even if
scholars have observed gender differences in effects of the sex hormone exposure in
puberty (Teicher et al. 2003), and gender differences in the brain structures – and sizes
of specific areas – of children suffering from post-traumatic stress disorder (De Bellis &
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Figure 5: Results for girls, sibling fixed effects models

Source: Own calculations based on data from Statistics Denmark

Keshavan, 2003). Also, while the literature has identified gender differences in brain
volume and the size of the different areas of the brain at specific ages (e.g. Giedd et al
(1999) show that grey matter volumes of different brain areas peak at difference ages
for boys and girls), there is still limited evidence of an interaction effect between gender
and age on brain development (Ruigrok et al, 2014).
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Robustness check
As demonstrated in Figure 1, father’s unemployment is the primary source of environmental insult, and what Figures 2, 3, 4 and 5 show are then essentially – or at least
primarily – an effect of father’s unemployment on subsequent child outcomes. To test
the broader proposition that it is insult exposure in general – and not just father’s unFigure 6: Results for boys, sibling fixed effects models, father’s unemployment excluded from insult measure

Source: Own calculations based on data from Statistics Denmark
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employment in particular – which produces the toxic stress, and as a robustness check,
I rerun my models with a cumulative environmental insult measure that excludes this
dominating factor. Figures 6 and 7 show my results for boys and girls respectively.
The patterns observed in the robustness check for boys’ insult exposure are very
similar to what we saw in Figure 3. For instance, again we find a marked difference
Figure 7: Results for girls, sibling fixed effects models, father’s unemployment excluded from insult measure

Source: Own calculations based on data from Statistics Denmark
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between prenatal exposure and exposure during the first year, where the prenatal exposure matters little (or even reduces the risk of the negative outcome in focus) and exposure during the first year is strongly, positively correlated with a negative outcome.
But a striking difference between Figure 3 and Figure 6 is that in general, coefficients
presented in Figure 6 are larger and more precisely estimated (except for effects of
insult exposure on cognitive outcomes). This may be an indication that the extensive
exposure to the insult of father’s unemployment blurs the effects of rarer and potentially more detrimental and stressing insults.
For girls, we also get larger and more precisely estimated coefficients, which leads
to more clearly defined patterns (Figure 7). For instance, it now becomes clear how
especially insult exposure at the time of puberty increases the risk of both disconnectedness and mental health hospitalization – the two overall measures of functioning
that we expected to be most vulnerable to early insults. Also, there seem to be stronger
effects of insults occurring during the sensitive period for cognitive skill formation on
the math and language test – especially at the time where the growth of the prefrontal
cortex is most rapid (age 6/7), thus providing stronger support for the second hypotheses. Likewise it is now much clearer how the two indicators of antisocial behavior – or
non-cognitive skills, drug use and crime – get affected by early insult exposure as well
as by insult exposure occurring at the time of, but not before puberty. To some extent,
this finding complies with hypothesis 3, even if the hypothesis specifies the expectation
that the effect of insult exposure is also visible in the period leading up to puberty –
which is not the case. Last, we also see that excluding father’s unemployment from the
insult measure changes the relation between prenatal exposure and exposure during
the first year for the two outcomes mental health hospitalization and drug use, such
that they now follow the pattern observed among boys.
Overall this robustness check suggests that the pattern found in the original figures
does not just reflect the effect of father’s unemployment on the 6 outcomes in focus,
rather it is indicative of more overall effects of exposure to toxic stress in the form of
environmental insults. Also the finding that especially very early and relatively late
insult exposure is most consistently correlated with later adverse outcomes complies
with existing empirical evidence (discussed earlier) on the effects of the timing of insult
exposure.

Discussion and conclusion
The ambition of this paper has been to introduce the idea of differential effects of age
at exposure to environmental insult on subsequent adverse outcomes. It has done so
first by presenting the most commonly used theories in the literature on social risk/
environmental insult exposure and second, by giving a broad introduction to recent
insights on how the brain develops in stages from conception to early adulthood and
how exposure to toxic stress may interefere with development, and more so at specific
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stages. Key here is the knowledge that exposure to environmental insults produces
stress and that stress is a neurotoxin, that interferes with the “normal” brain development by both causing cell death, and impacting epigenetic processes. And just as
important, even though the brain is plastic, it is more so during sensitive periods.
This means a) that exposure to environmental insults during specific stages in brain
development may be more likely to impact brain cells and epigenetic processes, and b)
that exposure to the same insult after the closing of the sensitive periods is not only less
detrimental, but also that positive influences which occur here cannot just reverse the
negative impacts that occurred during the sensitive period simply because the brain
is less suseptible at these points in development. This then explains the negative long
term impact of environmental insults taking place at specific stages in human development.
The third contribution of the paper is the presentation of illustrative empirical
evidence of how exposure to known environmental insults affects different types of
later adverse outcomes, but with varying effects of age at exposure. This illustration
does not produce strong empirical validations of the theoretical developments made
in the paper, however, the strong correspondence between the estimated effects of
risk exposure at specific ages and the 6 outcomes in focus in the empirical analyses is
a non-ignorable indication that age of exposure matters – and that what I see is not
random noise. While needing much more work, the empirical contribution is a first
important step to working in a more stuctured manner with the hypothesis that age
at insult exposure matters, both empirically and theoretically, in the literature on the
short- and long-term consequences of exposure to negative insults from the immediate
childhood social environment.

Perspectives
We are currently witnessing an slowly increasing interest among sociologists in the
biological components of human behavior and social life, of which the toxic stress perspective is just one. And as I hope to have demonstrated in this paper, there is a lot to
gain if sociologists acknowledge and use these perspectives, in terms of understanding
some of the core processes in sociology. In my case, linking environmental insults –
which have long been one of sociology’s key interest – to later adverse outcomes using
the toxic stress perspective makes the clear contribution of providing a straightforward
explanation of the mechanisms that transfer childhood disadvantages into short- and
long-term child outcomes.
When combining these insights with the strong theories from the literature on environmental insults presented in the first part of this paper – Uri Bronfenbrenners
Bioecological model of human development, cumulative risk theory and the family
stress model – we get a powerful perspective for not only, as already covered by these
theories, understanding what the important enviromental insults are in lieu of a spe35

cific social and historical context, but also why they are important, why the timing of
the insult exposure matters and why insult exposure has long-term consequences. This
intergration allows for a more structured empirical analysis of insult exposure, and for
a deeper theoretical understanding of the mechanisms behind the empirical findings.
This advancement will not only benefit the academic literature on environmental
insults, but may provide a very useful point of departure for intervening against the
negative consequences of such insult exposure. First, the knowledge that exposure to
environmental insults may be more detrimental at some ages than others, may help
reduce statistical discrimination of children who have experienced such insults outside
of the sensitive periods. Second, and relatedly, it may help us to better target scarce
resources for leviating the negative consequences of insult exposure, by improving our
understanding of what subgroups of exposed children are most at need for intervention.

Limitations and future work
The theoretical points made in this paper – and the subsequent discussions and empirical applications – only scratches the surface of the aim that I pursue, of the importance of age at exposure to environmental insults. In particular, the description of the
brain’s development is sketchy, and could benefit from much more indepth insights
on exactly what goes on in the brain at specific stages. For instance I have left out the
description of neurotransmitters (the chemicals and chemical producing proterties in
the brain that transmit signals from one neuron to antoher by the use of synapses) and
their maturation level at specific ages, which is a component in the brain that may
potentially also mediate the effect of insult exposure. Also the crucial question of the
origin of the observed gender differences in my empirical illustration deserves much
more scrutiny (even if, as mentioned, the literature is not yet at a stage where that is
possible).
In addition, the empirical analysis could be much more elaborate and may, for
instance, benefit from being supplemented with insights from “softer” data sources,
that contain more detailed and precise accounts of the timing of risk exposure (cf. the
description of the more objective nature of the administrative data).
Last, the aim of this paper has been to increase the sociological awareness of the
biological component of the adverse consequences of exposure to an environmental
insult – not to downplay the importance of the social and historical contexts. A future
version of the paper will discuss more throughly how socially or historically contingent
variations in the perception of what an insult is may interact with the stress response
to exposure to that particular insult.
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