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ABSTRACT
This article reviews the evidence for theoretical models postulating that early
adversity can set in motion a deleterious developmental cascade, involving
changes in hypothalamic-pituitary-adrenal (HPA) axis activity that subsequently
affect the development of self-regulation in early childhood. Focusing on the first
five years of life, we describe studies showing that experiences of severe depriva-
tion ormaltreatmentmayboth lead to a hypoactiveHPAaxis in children. However,
it is too early yet to conclude what effects exposure to adverse conditions such as
poverty or family instability have on young children’s HPA axis, with both low and
high levels of cortisol having been observed under these circumstances. Both
patterns of HPA axis dysregulation have been associated with impairments in
executive functions, which are important for self-regulation. There is promising
evidence that interventions targeting parenting behaviour have the potential to
remediate adversity-related biological and behavioural alterations.
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Considerable research has related early adverse experiences to problematic
socio-emotional development, placing children at risk of developing beha-
vioural, physical, and mental health problems (Appleyard et al., 2005;
Kessler et al., 2010). In search of processes underlying this association, it
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has been suggested that alterations in neurobiological systems and impair-
ments in self-regulation act as mechanisms through which adversity
increases the risk for pathology (McCrory et al., 2010; Moffitt et al., 2011).
While extensive knowledge about neurobiological and behavioural conse-
quences of childhood adversity stems from investigations with school-aged
children, adolescents, and adults, less is known about the impact of adver-
sity in early childhood. However, in-depth knowledge on early develop-
mental pathways in the face of adversity is needed to inform intervention
efforts. Focusing on the first five years of life, we will review evidence for
theoretical models postulating that early adversity can set in motion
a deleterious developmental cascade, involving changes in hypothalamic-
pituitary-adrenal (HPA) axis activity that subsequently affect the develop-
ment of self-regulation.

During the first years of life, children make great strides in self-
regulation. While regulation success critically depends on the caregiver
in infancy, the child progresses to more internally regulated behaviours
from the second year of life on. In toddlerhood, a broad range of adaptive
skills like self-control, autonomy, and compliance emerge as a function of
increasing self-regulatory abilities which continue to develop during the
preschool years (Calkins, 2007). The first years of life are further marked by
maturational changes in one of the major stress systems which regulates
circulating levels of glucocorticoid hormones, the HPA axis (Watamura
et al., 2004). While studies indicate that both self-regulation and HPA axis
functioning can be disturbed by adversity (e.g., Sturge-Apple et al., 2017),
less is known about their interplay in shaping developmental pathways.

According to Koss and Gunnar (2018), experiences of early adversity
include ‘the absence of stimulation needed for typical development and the
presence of harmful or threatening stimulation’ (p. 327). In linewith this broad
definition, the construct of early adversity can take many forms. On the one
hand, it includes adverse experiences that affect the child directly, as when
caregivers engage in maladaptive parenting. On the other hand, it encom-
passes conditions which more indirectly impact the child, like growing up in
poverty (see Hughes et al., 2017). It is important to note that direct and
contextual (or indirect) adversities often co-occur which makes it difficult to
disentangle them. For instance, children exposed to maltreatment are more
likely to come from poor families (McGuinness & Schneider, 2007). However,
all forms of early adversity have in common that they challenge the child’s
coping resources, leading to chronic stress (Pechtel & Pizzagalli, 2011).
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Given that studies have commonly focused on either direct or con-
textual adversity, the first part of this review will examine adversity-
related alterations in children’s HPA axis functioning structured along
this distinction. The question will be addressed as to whether different
forms of early adversity have different stress signatures, impacting devel-
opment through differential effects on HPA axis functioning. Next, we will
discuss how these HPA axis alterations could affect the development of
self-regulation. The review will end with a brief perspective on current
interventions and limitations.

Early adversity disrupts functioning of the HPA axis

Although prior research clearly demonstrates that experiences of adver-
sity are important risk factors for psychopathology (Kessler et al., 2010),
we have only a limited understanding of the psychobiological processes
underlying this association. What is widely viewed as one important
mechanism through which early adversity ‘gets under the skin’ is disrup-
tion in the development of stress-response systems (Koss & Gunnar,
2018). Notably, the Allostatic Load Model (ALM; McEwen, 1998) has guided
research designed to understand how stress-response systems may serve
to mediate the effects of childhood adversity on psychopathology.
Central to this theory is the notion of allostasis, which denotes the
body’s ability to achieve stability through physiological changes in stress-
mediating systems (McEwen & Wingfield, 2003). Among others, physiolo-
gical changes comprise the secretion of glucocorticoids, catecholamines,
and inflammatory cytokines. In the short term, these adjustments are
adaptive and have protective effects because they prepare an individual
to meet the energy demands associated with a stressful event. However,
chronic environmental stressors can lead to a sustained allostatic state
reflected in altered activity of stress mediators. Over longer time intervals,
this results in wear and tear of the body, termed allostatic overload, and
pathologies are likely to develop (McEwen, 1998; McEwen & Wingfield,
2003).

Children growing up under adverse conditions are frequently or even
chronically exposed to environmental stressors, which requires frequent
responses of the stress systems (Koss & Gunnar, 2018). Researchers have
devoted much attention to the HPA axis, and a wealth of studies has been
published on salivary cortisol, an easy-to-assess and non-invasive mea-
sure of HPA activity. Under normal conditions, cortisol is released with
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a pronounced diurnal rhythm, characterized by high levels in the morning
followed by a decline over the day. Superimposed on this diurnal rhythm,
activity of the HPA axis results in cortisol increases when the organism is
confronted with a stressor (Kudielka & Kirschbaum, 2005; Spiga et al.,
2014).

Although mounting a stress response to an adverse event is critical
and adaptive, it is thought that multiple stressful events over time – as
in chronic stress – lead the HPA axis to become increasingly overactive
in providing metabolic resources to cope with threats. This may result
in an allostatic state characterized by elevated circulating levels of
cortisol (McEwen & Wingfield, 2003). In chronically stressed individuals,
however, reduced morning cortisol levels have repeatedly been
observed (Miller et al., 2007). This is why it has been suggested that
mechanisms have evolved to downregulate the HPA axis under condi-
tions of chronic activation in order to protect the body from damage
caused by the toxic effects of stress hormones (Fries et al., 2005). These
mechanisms include potent negative feedback circuits acting at differ-
ent levels in the HPA axis. Thus, both heightened and lowered cortisol
levels have been found in chronically stressed individuals. To explain
this, it has been hypothesized that chronic stress initially elevates
cortisol output, but as time passes, secretion can rebound to below
normal concentrations (Miller et al., 2007). However, another explana-
tion could be that different types of chronic stress, as in different forms
of early adversity, differentially affect HPA axis functioning. For the
purpose of this review, we will term high and low basal levels of
cortisol as indicative of a ‘hyperactive’ and ‘hypoactive’ HPA axis,
respectively.

Direct adversity

During the first years of life, caregivers provide a strong social regulator of
HPA axis activity (Gunnar & Donzella, 2002). Thus, disturbances in caregiv-
ing, as through engagement in harsh parenting or maltreatment, can
disrupt normal regulation of this neuroendocrine system (Gunnar &
Quevedo, 2007). While the construct of child maltreatment broadly indi-
cates adverse experiences with caregivers, a common distinction is made
between abuse and neglect (English, 1998). Abuse tends to involve
repeated exposures to threatening behaviours perpetrated towards the
child (Barnett et al., 1993), whereas neglect reflects lack of necessary care
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from the primary caregiver, including failure to adequately meet the
child’s physical and/or emotional needs (Hildyard & Wolfe, 2002).

In a sample of mothers identified during pregnancy as at risk for future
child maltreatment, Bugental et al. (2003) examined ‘subtle’ types of
maltreatment. They showed that in 18-month-old toddlers, those who
encountered frequent maternal emotional unavailability had elevated
midmorning levels of cortisol. This finding is consistent with a recent
investigation in which maternal unresponsiveness was a stable predictor
of children’s elevated cortisol levels, assessed at ages two, three, and four
(Suor et al., 2015).

Providing evidence for detrimental effects of more severe forms of
maltreatment, Cicchetti et al. (2011) showed that compared to non-
maltreated children, maltreated children whose families were involved
with the Child Protective Services (CPS) progressively evinced lower levels
of morning cortisol at assessments which took place at 19, 26, and
38 months of age. However, it should be noted that at the initial assess-
ment at 13 months, no significant differences in morning cortisol were
observed among groups. This could suggest that maltreatment-related
alterations in HPA axis activity were not yet present or not as pronounced
as from the second assessment on.

In order to study the impact of ongoing neglect, researchers have
focused on children from those institutions which provided a very low
quality of care. In these institutions, children experienced inadequate
nutrition, emotional deprivation, and a lack of cognitive stimulation
(Gunnar et al., 2001). Studies with institutionalized children are fairly
uniform in revealing patterns indicative of a hypoactive HPA axis in
toddlerhood. A first study (Carlson & Earls, 1997) reported that institutio-
nalized two-year-olds who experienced severe deprivation had lower
morning cortisol levels and blunted diurnal patterns compared to home-
reared children. The blunted diurnal pattern resulted from flatter slopes in
morning to bedtime values which were largely determined by the low
height of the morning cortisol value. Studying 7- to 30-month-old insti-
tutionalized children, Kroupina et al. (2012) found low wake-up cortisol
levels in 82% of the children.

As an alternative to institutional care, children may be placed in foster
care when the home environment is considered harmful for their devel-
opment. One study found lower waking cortisol levels and flatter slopes
from waking to bedtime in CPS-involved foster children up to 2.5 years of
age compared to non-foster children from low-risk environments
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(Bernard et al., 2010). Given that a third group of CPS-involved children
who continued to live with their birth parents exhibited the flattest slope
of diurnal cortisol production, the authors suggested that foster care may
have a regulating influence on cortisol levels among children with mal-
treatment experiences.

A study of Dozier, Manni, et al. (2006) revealed that low levels of
cortisol do not uniformly characterize diurnal HPA axis functioning in
foster children. In this study, salivary samples were obtained from 20- to
60-month-old foster children for whom the primary reason for removal
had been neglect (86%), and from a comparison group composed of
children from non-maltreating families. 38% and 18% of foster children
showed low and high patterns of cortisol production, respectively,
compared with only 14% and 11% of non-maltreated children. Thus,
foster children exhibited higher incidences of atypical cortisol patterns,
with patterns indicative of a hypoactive HPA axis being observed more
often than patterns indicative of a hyperactive HPA axis.

Testing the hypothesis that specific maltreatment experiences may
have differential effects on HPA axis functioning, Bruce et al. (2009)
examined morning cortisol levels of preschool-aged foster children.
Foster children who experienced more severe physical neglect demon-
strated low cortisol levels, whereas foster children who experienced more
severe emotional maltreatment had high cortisol levels. When compared
to a group of low-income, non-maltreated children, foster children were
more likely to have low morning cortisol levels.

In sum, the presented studies suggest that severe deprivation as
experienced by children in institutions with low quality of care, and
maltreatment as experienced by CPS-involved children, may both lead
to a hypoactive HPA axis in early childhood. This hypoactivity seems to be
characterized by low levels of cortisol in the morning, which determine
the flatter slopes observed throughout the day, resulting in a blunted
pattern of HPA axis activity. Although evidence more strongly relates
neglect rather than abuse to HPA hypoactivity (Bruce et al., 2009), it still
remains unclear whether both forms of maltreatment have different or
relatively similar effects on HPA axis functioning in early childhood.
Despite the fact that neglect is often the primary reason why children
are being removed from their homes, this question is particularly difficult
to solve given that these children likely have experienced a broad range
of adverse conditions simultaneously before their displacement,
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including abuse, poverty, and/or family instability (Grogan-Kaylor, 2000;
Jamora et al., 2009).

In contrast to severe neglect, studies have shown an association
between maternal unresponsiveness and high cortisol levels in early
childhood. Both neglect and maternal unresponsiveness seem to reflect
the absence of positive stimulation but to a different degree of severity.
Thus, it could be that parental behaviour which carries the potential for
stress (as maternal unresponsiveness) increases circulating levels of corti-
sol, while neglect as experienced by children during institutionalization or
in maltreating families is that severe that it leads to downregulation of the
HPA axis.

Contextual adversity

There are adverse conditions not as extreme as maltreatment, but still
challenging for the child, bearing the potential to impact typical devel-
opment. Examples of such adversities include growing up in poverty,
experiencing household chaos, or family instability – conditions which
are likely to indirectly challenge the child through a chain of mechanisms
encompassing distress among the caregiver, which in turn can impact the
quality of caregiver–child interactions (Grant et al., 2003). Further evi-
dence for the hypothesis that parental behaviour mediates the effects
of contextual adversity on child outcomes stems from a large literature
demonstrating that high-quality parenting serves as a powerful buffer of
stress for children (Gunnar, 2017). Within the context of adversity, sensi-
tive and responsive parenting may help children to cope with the stressful
events and interactions that regularly occur in their environments.

Given its broad meaning, researchers have studied different experi-
ences as representative of the construct of early adversity. For instance,
Ouellet-Morin et al. (2009) investigated the effects of family adversity on
six-month-old infants’ morning cortisol levels by creating a cumulative
index of seven perinatal and postnatal risk factors, including maternal
smoking during pregnancy, low birth weight, low family income, low
maternal education, single parenthood, young motherhood, and mater-
nal hostile behaviours. Although it is reasonable to assume that accumu-
lation of risk, rather than the experience of one risk factor alone, would be
related to disruptions in HPA axis functioning (see Zalewski, Lengua, Kiff
et al., 2012), this study did not observe differences in cortisol secretion
between twins exposed to low versus high family adversity. While it is
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possible that not enough time had elapsed for alterations in HPA axis
activity to emerge as a function of adversity, it could also be that the
individual adversity indicators, relating to different experiences for the
child, affected infants’ HPA activity in different ways.

Building on the work of Ouellet-Morin et al. (2009), Saridjan et al. (2010)
looked at each of the formerly investigated risk factors separately. Based
on collecting five saliva samples over the day from 12- to 20-month-old
toddlers, they reported that children of low-income families as well as
children of mothers experiencing high levels of parenting stress showed
a higher cortisol secretion over the day. The slope, a measure of the
diurnal cortisol decline, was not associated with any risk factor.

A different analytical approach was taken by Suor et al. (2015) to
consider that specific types of family adversity might differentially shape
trajectories of HPA axis functioning across early childhood. In their long-
itudinal study, morning cortisol levels of children from a low-income
family background were assessed at ages two, three, and four years.
Using growth-mixture modelling, three patterns (elevated, moderate,
and low) of basal HPA activity were identified. At age two, children
displayed categorically different homoeostatic ‘set points’ of basal cortisol
activity which remained relatively stable across the two years of the study.
Intriguingly, both elevated and low cortisol patterns were predicted by
exposure to greater levels of family instability, characterized by disruptive
and unstable caregiving conditions. In contrast, inter-partner violence
and socioeconomic status did not predict cortisol profiles.

Studies examining specifically the impact of poverty on HPA axis
functioning in preschoolers have yielded mixed results. Zalewski,
Lengua, Kiff et al. (2012) found lower income to be related to lower
morning but not evening cortisol levels or diurnal slope in 36-month-
old children. In contrast, another study found that families with a lower
income-to-needs ratio, indicating extreme poverty, had children with
higher levels of cortisol (Blair et al., 2005). This discrepant finding may
be explained by differences in the study population, as Blair et al. (2005)
investigated low-income families only. Rather than being contradictory,
findings could suggest that the consequences of different ‘degrees’ of
poverty may differentially affect the child’s HPA axis functioning.

Given that the presented studies are not entirely comparable due to
differences in study design, age groups, cortisol assessments, and specific
types of adversity, it is too early yet to conclude whether exposure to
contextual adversity is associated with high or low levels of cortisol in
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early childhood. Consistent with the hypothesis that chronic stress can
lead to hyper- and hypoactivation of the HPA axis, both cortisol patterns
were associated with family instability and poverty. As variations in the
association between contextual adversity and HPA axis activity likely
relate to other factors such as parental behaviour (Johnson et al., 2018),
more research on potential differential effects of positive parenting, such
as warmth and responsiveness, and negative parenting, such as harshness
and hostility, could shed light on the pattern the child’s HPA axis may
adopt.

Open questions and future directions

Taken together, there is no clear connection between specific types of
early adversity and HPA axis hyper- or hypoactivity in the first five years of
life. Based on the available evidence at this point, it seems possible that
conditions which comprise stressful experiences for the child like family
instability, parenting distress, and maternal unresponsiveness lead to HPA
axis hyperactivity. Certainly, this does not preclude the occurrence of
lowered cortisol levels at a later stage. Studies on children in low-quality
institutions, CPS-involved children who continued living with their
families, and CPS-involved children placed in foster care are fairly uniform
in demonstrating low levels of cortisol. Although it is still unclear how
experiences of neglect and abuse contribute to this pattern, one might
speculate that experiencing extreme developmental stressors more likely
leads to downregulation of the HPA axis.

It also seems possible that high cortisol levels appear under ongoing
adversity (as in studies on contextual adversity) and low levels after
cessation of adversity (as in studies on foster children). However, the
finding of HPA axis hypoactivity both in institutionalized children who
continued to suffer from deprivation (Carlson & Earls, 1997) and in CPS-
involved children who continued living with their maltreating birth par-
ents (Cicchetti et al., 2011), challenges this notion.

Intriguingly, both patterns indicative of a hyper- and hypoactive HPA
axis were detected among same-age and socioeconomically similar chil-
dren within the context of adversity. These findings raise multiple ques-
tions: For those children whose HPA axis is hypoactive, was this pattern
preceded by hyperactivation? And for those whose HPA axis is hyperac-
tive, will a transition to hypoactivation occur later on? Only a few long-
itudinal studies have investigated the direct link between adversity-
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related chronic hyperactivation of the HPA axis and a consequent down-
regulation, with a transition suggested to occur during childhood (Doom
et al., 2014) or adolescence (Kaess et al., 2017). However, given the
repeated finding of adversity-related HPA hypoactivity in the first years
of life (e.g., Carlson & Earls, 1997), downregulation of the HPA axis can
occur much earlier than previously proposed.

The literature does not provide a clear answer to these questions yet,
highlighting the need for studies on early adversity which span multiple
developmental periods. Such longitudinal studies should begin the first
assessment ideally in infancy and apply a pattern-based approach to
examine individual HPA axis functioning and its development in the
face of adversity. To develop a comprehensive picture of HPA axis func-
tioning, at least three assessments of cortisol from morning to bedtime
should be conducted, from which the diurnal slope and total diurnal
secretion can be calculated. Due to intra-individual cortisol variability in
the first years of life (De Weerth & van Geert, 2002), it is advisable to carry
out sampling for a period of two to three days. Beyond that, assessments
of cortisol stress reactivity provide insight into an individual’s reaction
upon confrontation with a stressor. In order to gain an objective measure
of chronic stress exposure during the past three months, researchers may
further opt for hair cortisol analysis (Russell et al., 2012). In addition,
specifying relevant factors related to the child (e.g., age/developmental
period, gender, temperament, genotype) and to adversity (e.g., type,
duration, severity, and recency) might shed light on HPA axis functioning
and potential transitions therein.

From HPA axis-dysregulation to impaired self-regulation

Although we do not know under what conditions early adversity leads to
hyper- or hypoactivity of the HPA axis, there is sufficient evidence to
conclude that the HPA axis runs the risk of becoming dysregulated in
early childhood. Changes in stress physiology, in turn, may have an
impact on many areas of children’s lives due to their impact on children’s
basic ability to self-regulate.

Self-regulation, broadly defined as the ability to control emotions and
behaviours (Calkins et al., 2016), critically depends on executive functions
(EFs), as this set of higher-order cognitive processes is involved in all top-
down aspects of self-regulation (Nigg, 2017). Previous research has shown
that adverse experiences are associated with deficits in self-regulation
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during childhood (Evans & Kim, 2013; Shields et al., 1994). An impaired
development of the ability to regulate emotions and behaviour in early
life is in a way detrimental in that it directly contributes to behaviours
such as expressed frustration, wilful non-compliance, and tantrums that
disrupt the child’s functioning in the situation in which they occur.
Ongoing failures to self-regulate contribute to behavioural problems
during childhood, as they limit opportunities to learn adaptive skills in
social interactions (Calkins, 2007). Over time, this has detrimental conse-
quences for the individual, as impairments in self-regulation during child-
hood have been shown to increase the risk for psychopathology later in
life (Moffitt et al., 2011).

While research points out the detrimental effects of adversity on
children’s cognitive functions supporting self-regulation (e.g., Hostinar
et al., 2012), little is known about the mechanisms underlying this asso-
ciation. Recently, theories have been proposed that describe how stress
physiology may act as a primary mechanism relating experiences of early
adversity to lowered cognitive abilities (Blair & Raver, 2012; Raymond
et al., 2018). The idea behind these theories is that early in life, glucocor-
ticoids as main actors of stress-response systems impact the development
of brain structures and neural activity that underlie self-regulation.
Adversity-related structural and functional alterations have been
observed in the hippocampus, the amygdala, and the prefrontal cortex
(PFC; for reviews, see McCrory et al., 2010; Raymond et al., 2018) – brain
regions which are dense in glucocorticoid receptors (Lupien et al., 2009).
The PFC plays a major role in the control of many aspects of behaviour,
cognition, and emotion (Miller & Cohen, 2001; Ochsner & Gross, 2005).
Given its involvement in response inhibition and selective attention, the
PFC supports effortful control (EC), a self-regulatory mechanism referring
to the ability to suppress a dominant response to perform a subdominant
response (Kochanska et al., 2000; Nigg, 2017; Rothbart & Bates, 1998).
Impairments in the development of the PFC may thus underlie deficits in
children´s capacity to self-regulate.

Building on previous work (Blair & Raver, 2012; Raymond et al., 2018),
we outline one possible pathway through which experiences of adversity
in early life can lead to psychopathology over time: Beginning throughout
the first years of life, experiences of adversity shape functioning of the
child’s developing HPA axis. Although we have described the effects of
direct and contextual adversity separately, it is likely that contextual
adversity exerts influence on HPA axis functioning through increasing
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experiences of direct adversity. To give an example, poverty as
a contextual adversity likely increases the caregiver’s distress which can
lead to insensitive parenting practices that directly affect the child (Grant
et al., 2003). Over time, alterations in HPA axis functioning impair devel-
opment and functioning of brain structures which are important for self-
regulation. Impairments in self-regulation, in turn, increase the risk for
psychopathology in the long term (see Figure 1).

Addressing the hypothesis that the HPA axis serves as a key mediator
between adversity and cognitive functioning in early childhood, Blair et al.
(2011) conducted a seminal study including a predominantly low-income
population-based sample of 1,292 children. They showed that a higher
level of cortisol was related to lower EF ability at age three. In addition,
cortisol levels partially mediated the association between parenting qual-
ity and later EFs: Highly supportive parenting apparently resulted in lower
levels of cortisol, which in turn accounted for improvements in children’s
EFs over time.

Similarly, Sturge-Apple et al. (2017) examined cortisol levels and cog-
nitive abilities in children living within economically impoverished envir-
onments. They focused on ‘hot’ EC, assessed at four years of age with
a task that called for suppressing an emotionally charged response in the
context of a potential reward. Results revealed that higher family instabil-
ity predicted elevated morning cortisol levels, as well as decreased hot EC.
Further, the association between family instability and children’s hot EC
was mediated by morning cortisol levels, revealing that higher basal
cortisol was associated with lower hot EC.

Based on the same participants as in the study of Sturge-Apple et al.
(2017), Suor et al. (2015) showed that cortisol deviations in both directions

Figure 1. Model of the developmental cascade discussed in this review, in which
experiences of early adversity increase risk for psychopathology.
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can be detrimental for cognitive functioning. The observed patterns of
elevated and lowered cortisol were both associated with lower child
global cognitive ability at age four. In support of the adverse effects of
low cortisol levels, Zalewski et al. (2012) found that a blunted cortisol
pattern, characterized by low morning and evening cortisol levels, was
related to lower EC in preschoolers. This also accords with a recent
investigation (Koss et al., 2016) in which hypocortisolism (indexed by
low early morning cortisol, a flat diurnal slope, and a blunted stress
response) mediated between early adversity and teacher-reported atten-
tion and externalizing problems during kindergarten.

While high levels of cortisol have frequently been viewed as exerting
neurotoxic effects on brain structures underlying cognitive functions, low
levels of cortisol may also be problematic, as they may be insufficient to
marshal metabolic resources necessary for optimal learning and memory
consolidation (Suor et al., 2015). Further, basal cortisol levels are required
for normal functioning of the sympathetic nervous system and the
immune system (Fries et al., 2005; Sorrells et al., 2009), implying that
deviations of cortisol in both directions may be detrimental to health.

Taken together, the presented findings provide support for the idea
that early adversity sets the stage for impairments in children’s cognitive
functions underlying self-regulation through calibration of the HPA axis.
While evidence points to impairments in behavioural aspects of self-
regulation such as EC (Sturge-Apple et al., 2017), it remains unclear
whether HPA axis functioning mediates the effect of early adversity on
emotion regulation. Unfortunately, no early childhood study to date has
combined trajectories of HPA axis activity and cognitive functioning with
neuroimaging to identify whether differences in cortisol levels are asso-
ciated with structural differences, for instance, in the PFC, which in turn
lead to reduced cognitive abilities. It thus remains an open question
whether HPA axis activity acts as a key biological mechanism in shaping
cognitive abilities that underlie self-regulation, or whether it serves as
a marker for other processes that lead to impairments.

Implications for interventions

As outlined throughout this review, adversity-related alterations in HPA axis
activity and self-regulatory capacity can already emerge in the first years of
life, underscoring the need for early intervention. The literature provides
promising evidence of the potential malleability of development through
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interventions targeting parenting behaviour. Considering that experiential
and biological influences on development are highly intertwined, support-
ing parents to maintain high levels of responsiveness and warmth can be
expected to improve the child’s regulation of stress physiologywith cascad-
ing influences on self-regulation (Blair & Raver, 2012).

Some research demonstrates that parenting interventions are success-
ful in ‘normalizing’ children’s cortisol levels, resulting in post-treatment
cortisol levels that approximate a low-risk comparison group. This has
been shown in foster children (Dozier, Peloso et al., 2006), children at risk
for neglect (Bernard et al., 2015), and maltreated children (Cicchetti et al.,
2011) younger than five years of age. Thus, there is initial support for
a process by which changes in caregiving behaviour lead to changes in
HPA axis functioning that should be conducive to self-regulation. Indeed,
studies on parenting training have provided evidence of positive effects
on aspects of child self-regulation, including attention and emotion reg-
ulation (Landry et al., 2006). Given that no early childhood study has
simultaneously assessed HPA axis activity and self-regulation skills post-
intervention, it remains a key question whether intervening in maladap-
tive caregiving yields linked improvements both in children’s stress phy-
siology and self-regulation abilities.

Limitations

Although the developmental cascade described in this review portrays an
important pathway through which experiences of early adversity increase
risk for psychopathology, other pathways are likely as well. Intriguingly,
recent theories have outlined a pathway associating adversity-related
HPA axis alterations to changes in brain development that predict cogni-
tive dysregulation underlying psychopathology (Raymond et al., 2018).
Given that this pathway gains importance in later development, our
model can be seen as complementary, providing an enhanced under-
standing of adversity-related processes in the first years of life.

While our review focuses on direct and indirect adversity in early child-
hood, prenatal factors like maternal stress, substance use, or malnutrition
during pregnancy have also been associated with altered HPA axis func-
tioning in children (Love et al., 2012). However, only few studies have
investigated how pre- and postnatal adversity interact to predict emerging
HPA axis alterations in the first years of life. Another important issue for
future research is to examine the role of (epi-)genetic factors in affecting an
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individual’s likelihood of developing impairments in HPA axis functioning
and self-regulation after exposure to childhood adversity.

Summary

In the present review, we outlined evidence for theoretical models pos-
tulating that early adversity can set in motion a deleterious developmen-
tal cascade leading to an increased risk for psychopathology. Studies
focusing on the first five years of life have pointed to both heightened
and lowered cortisol levels in children exposed to various forms of adver-
sity. Both types of atypical HPA axis functioning have been associated
with impairments in cognitive functions that underlie self-regulation.
However, intervention research points to the potential malleability of
developmental pathways in the face of adversity. In order to refine inter-
ventions, more research is needed to understand how environmental and
individual factors contribute to the child’s risk of developing HPA axis
alterations in the face of adversity.
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