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Introduction

Stress is a condition in which an individual experiences challenges to physical or emotional well-

being that overwhelm their coping capacity. While some experience with manageable stress is

important for healthy development, prolonged, uninterrupted, overwhelming stress can have

toxic effects. This type of toxic stress is often associated with childhood abuse and neglect.

In the early years of life when the brain is developing rapidly it is particularly sensitive to

environmental influences. Toxic early life stress (ELS) may induce persistent hyper-sensitivity to

stressors and sensitization of neural circuits and other neurotransmitter systems which process

threat information.  These neurobiological sequelae of ELS may promote the development of

short and long-term behavioural and emotional problems that may persist and increase the risk

for psychopathology and physical health disorders into adulthood.1,2

Subject

Research has begun to identify the neural circuits, brain structures, and endocrine systems

affected by ELS and their role in emergent psychopathology and medical problems.

©2009-2026 ABILIO | BRAIN 1



Multidisciplinary research in the areas of risk and resilience, developmental psychopathology,

psychoneuroendocrinology, neuroscience, and molecular and behavioural genetics has

elucidated factors that increase vulnerability to stressors and those which protect children from

their deleterious effects. Understanding the mechanisms through which ELS “gets under the

skin” should help us to identify intervention and prevention targets, thus having broad

implications for policy and practice.

Problems

The stress response system involves the sympathetic nervous system, the various

neurotransmitter systems, the immune system, and the hypothalamic-pituitary adrenocortical

(HPA) axis.

Figure 1. Hypothalamic-Pituitary Adrenocortical Axis or Stress Hormone Axis

The HPA axis maintains the organism’s capacity to respond to acute and prolonged stressors and

is a major focus of ELS research, as the brain is a major organ targeted by steroid hormones
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produced by this system. In response to a stressor, the HPA axis becomes activated and the

hypothalamus and other brain regions release corticotropin-releasing hormone (CRH).

CRH produced in the amygdala, a structure involved in orchestrating emotional responses,

activates behavioural stress responses such as fight/flight responses, heightened vigilance, and

defense-related learning and memory.3 CRH produced in the hypothalamus, a structure involved

in maintaining homeostasis, stimulates production of adrenocorticotropin hormone (ACTH) by

the pituitary gland, which then signals the cortex of the adrenal glands to produce and release 

cortisol (corticosterone in rodents). Cortisol facilitates adaptation and restores homeostasis

through changing internal dynamics.

One problem for researchers studying stress in children is that, although the chronic effects of

stress are often revealed by measures of ACTH and CRH,4 their measurement is invasive and not

feasible with children.5 Therefore, most researchers rely on samples of cortisol obtained in saliva,

which imposes certain limitations in explicating the regulation and dysregulation of this system.

Additionally, researchers must consider that other factors affect cortisol levels such as time of

day, child age, sleep/wake cycles, and social context. Nonetheless, research on this

neuroendocrine system has burgeoned because of the use of salivary cortisol measures.

Another critical challenge is the complex and multifaceted nature of stress in childhood.

Researchers must consider: (1) the type(s) of stressors the child faces, their chronicity and

severity, (2) the family environment, (3) psychological mechanisms of coping and defense, (4)

individual differences in reactivity, (5) and developmental status. The pathway from stress to

psychopathology and/or medical problems likely involves many environmental factors, which

continuously interact with an individual’s unique genetic code to shape HPA functioning and

brain development.

Research Context

Examining the relationship between stress and brain development in humans relies on

technology which has only recently become available, including imaging techniques to assess

brain development and activity (e.g., structural and functional MRI, MEG, and so on),

electrophysiological measures of brain activity, and more advanced and sophisticated techniques

for measuring HPA axis functioning. These procedures have been used mostly in studies of the

adult consequences of ELS. Only recently have researchers begun to examine the effects of ELS
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on child development. Here is where the scientific literature lags behind. Fortunately, animal

models have played a critical role in helping researchers understand phenomena which has not

yet been addressed or cannot be answered by studies of children. Findings in non-human

primates and rodents6-11 have provided a framework by which researchers can formulate testable

theories on the psychological and neurobiological impacts of stress in humans.

Key Research Questions

Recent Research Results

Research in humans increasingly suggests that severe early life stressors (e.g., trauma,

maltreatment, neglect) may result in decreased brain volumes, dysregulation of the

neuroendocrine stress response system, and limbic dysfunction involving regions such as the

hippocampus, medial prefrontal cortex, and amygdala.12-18 Consistent with these findings, animal

studies of severe ELS yield evidence of inhibition of neurogenesis, disruption of neuronal

plasticity, neurotoxicity, and abnormal synaptic connectivity. Sensitive periods and stages of

enhanced brain plasticity are particularly vulnerable to the long-term effects of stress hormones

and may result in altering the typical pathways and organization of the young brain. Research

also suggests that severe ELS may have mental and physical consequences that last into

adulthood, including increased risk of depression, anxiety, post-traumatic stress disorder,

metabolic syndrome, and cardiovascular disease.2,3,19-21

Notably, research has revealed that the child’s access to supportive, attentive, and sensitive

adult care plays a salient role in buffering the activity of the HPA system and protecting the

developing brain from potentially harmful effects of stressors.2,22-24 Children within secure parent-

child relationships learn that when faced with a stressor, they can experience distress,

communicate their negative emotions, and effectively elicit aid from caregivers. It is likely that

1. What sources promote individual differences in how children respond to stressors?

2. Which genetic and environmental factors protect children against the deleterious effects of
ELS thus promoting resilience?

3. What are the long-term consequences of ELS and are they reversible?

4. What is the role of ELS in the development of psychopathology and medical health
problems?
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this sense of safety prevents activation of the HPA axis and other critical stress-mediating

systems.22-26

A small body of emerging literature suggests that the negative effects of stress are not always

irreversible. Interventions which enhance the economic and emotional support of children

undergoing considerable stress have been shown to improve both behavioural and emotional

adjustment, and normative regulation of the HPA axis.27 Research has also found that behavioural

therapy as well as drug therapy may bring about neurobiological changes in individuals suffering

form the psychological effects of stress.28 Furthermore, there is increasing evidence that some

experience with stressors early in life, particularly experiences that enhance the child’s capacity

to cope effectively, may have stress inoculation effects. That is, they may decrease the reactivity

of stress responsive neurobiological and neuroendocrine systems to stressors experienced later

in life.29,30

Research Gaps

Most of the adult research on ELS relies on retrospective reports of ELS experiences.

Prospective studies are needed to elucidate how the types of stressors children experience at

different points in development impact the development of physiological and behavioural

responses to subsequent challenges. Additionally, stress research has yet to elucidate the

processes and mechanisms through which social support buffers against the harmful effects of

stress. It is also unclear how childhood stress, in combination with concurrent psychopathology,

differentially affects HPA axis regulation. Furthermore, neuroanatomical and neurophysiological

studies are needed to more fully explicate ELS effects on specific brain structures and processes.

Finally, although an active area of research, the field still lacks an adequate understanding of the

genetic variations among children that moderate the reactivity, regulation, and impact of stress

responses.  

Conclusion

As children grow into mature adults, they will inevitably be faced with challenges, both

predictable (e.g., beginning the first day of school) and unpredictable (e.g., the loss of a loved

one). These challenges provide children with the opportunity to learn how to effectively manage

stress, regulate emotions, and develop the social, behavioural, and cognitive coping resources

needed to overcome these obstacles. The presence of sensitive and responsive caregivers can
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help equip children with the tools needed to handle stress in a healthy manner.

The early years of life constitute a particularly sensitive period during which chronic stress may

lead to dysregulation of the stress system and may compromise brain development. Not all

individuals are equally at-risk for developing neurobiological, behaviour and health

consequences of ELS. It is likely that genetic factors, emotional and behavioural predispositions,

stress history, social support, mental health status, age, and sex all play a role in stress reactivity

and regulation.  Tracing the pathways through which early adversity impacts later development

is the key challenge for developmental stress research in the coming decade.

Implications

Although we do not yet have a full understanding of the neurobiological and neuroendocrine

processes through which ELS affects development, the present state of the science is sufficient

to draw implications for policy and practice. Many of these implications are outlined in a working

paper on stress and brain architecture produced by the National Scientific Council on the

Developing Child and available on the council’s website.a,31 These implications include: (1) The

need to strengthen a range of informal and formal services to support parents who are struggling

to provide care for their children; (2) The need to make affordable expert assistance available to

parents and early child care professionals to equip them with the knowledge and skills to help

children who have symptoms of abnormal stress responding before these problems produce

pathology; (3) The need to increase the availability of assessment and treatment for young

children with serious stress-related mental health problems; (4) And, because parental substance

abuse and mental illness are associated with increased risk of toxic stress exposures for young

children, these conditions and the economic circumstances associated with them are a major

public health problem needing significant public attention.
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