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S
PREFACE



“Internet searches for 
cortisol were spiking last 
week, with Google 
reporting that ‘how to 
reduce cortisol’ was the 
fourth most popular 
search in the last 90 days” 



Why study stress physiology?

1. Stress is not just a subjective experience; it is also 
a physiological process.

2. Cortisol is key regulator in the face of challenge

– upregulates systems involved in fight or flight 

– downregulates systems of no immediate use

3. Cortisol is one of two hormones we cannot live 
without.

4. Under conditions of repeated or chronic stress, 
cortisol damages the brain.

5. Cortisol is linked to almost every human disease 
process, physical and psychological.

6. Early stress experiences can have a lifelong impact, 
partly through endocrinological systems.



Cortisol is linked to most disease processes

Diabetes

■ Hypertension

■ Immune system malfunction

■ Abdominal Obesity

■ Impaired growth

■ Osteoporosis

■ Ischemic heart disease

■ Cancer

■ Alzheimer’s

■ Cushing syndrome

■ Anxiety

■ PTSD

■ Major Depression

■ Suicide

■ Aggression

■ ADHD

■ Impaired cognitive function



ALLOSTASIS



Allostasis is corefunction of the brain

Allostasis involves
– coordinating the body’s multiple, complex 

systems
– budgeting resources; using resources 

efficiently
– anticipatingbodily needs and preparing to 

meet them, rather than reacting to them
– all key to survival at the most basic level

Amphioxus



Allostasis is not the same as 
homeostasis

■ Homeostasis is designed to prevent 
systems from varying too much
■ Reactive
■ Reactionary
■ Corrective

■ Allostasis is designed to maintain 
stability through change





Flexibilility



ALLOSTATIC LOAD



Allostatic Load

■ Long-term wear and tear under 
repeated or chronic stress 
(McEwen, 1998)

■ Inevitable aspect of aging but 
rate of change over time is 
importantly dependent on 
experience of stress, past and 
present

■ Pace of aging 

From McEwen, 1998; Reproduced with permission 



Allostasis as  
Flexibility, 
Attunement,
Coordination



ALLOSTATIC FUNCTION 
AS FLEXIBILITY



Flexibility – ability to titrate response according to level of threat



How do we provoke stress experimentally?

■ Mild physical challenge 
■ medical examination, 

weighing, diaper change

■ Brief separation from 
caregiver

■ Anger induction 
■ deprivation of attractive 

toy 

■ Fear induction 
■ exposure to toy spider, 

mask, robot



Challenges are variably potent in provoking a cortisol 
stress response

■ With these data comes 
the potential to exploit 
different challenge 
combinations

■ To address flexibility, which 
we operationalized as 
response flexibility across 
challenges (Atkinson et al., 
2016, 2024)

■ Selected maternal 
separation and toy 
frustration as challenges

From Puhakka & Mikko, 2020



Challenges are differentially potent 
across individuals

● We assessed challenge 
impact across 
dimensions that would 
differentiate the 
children’s cortisol 
responsivity

From Puhakka & Mikko, 2020



From Atkinson, Gonzalez et al., 2013

Maternal Sensitivity and Infant and Mother Adrenocortical Function



Maternal Depressive Symptoms + Infant Genes = Cortisol Inflexibility

■ genotyped infants, specifically assessing two dopamine-related genes 
(SCL6A3, DRD2) that play a part in controlling cortisol secretion

■ assessed maternal depressive symptoms via self-report

■ Found that infants with susceptibility gene variant + depressed mother 
showed 
– blunted response to both challenges
– less flexibility of cortisol response across challenges

Ludmer et al., 2015



Allostatic Function as Flexibility: 
Conclusion

Toddlers with vulnerabilities (both environmental and genetic) 
show weaker increase after maternal separation, weaker decline 
after toy frustration

AND they show less flexibility across challenges



Allostatic 
Function as 

Attunement



What is attunement?

core tenet of developmental psychology: caregiver(s) and 
children influence one another in dynamically interactive 
tandem over time

attunement, synchrony, mutuality, reciprocity, rhythmicity, 
harmonious interaction

Mutual Gaze

Joint Attention Language

Affective Tone



Attunement

core tenet of developmental psychology: caregiver(s) and 
children influence one another in dynamically interactive 
tandem over time

attunement, synchrony, mutuality, reciprocity, rhythmicity, 
harmonious interaction, biobehavioural and biological 
synchrony

Mutual Gaze

Joint Attention

Language

Affective Tone



Affect/Cognition/
Biology

CaregiverInfant

Caregiver

- Process of 
mutual 
regulation, with 
caregiver 
sculpting

- Relationship is 
outer ring, 
protecting 
infant biological 
systems

Relation



Attunement
● Allostasis construct founded on 

the insight that morbidity and 
mortality rates are linked to the 
disruption of intimate social 
relations amongst all primates 
(Sterling, 2012; Sterling & Eyer, 1988)

● Human physiology must 
support the species' altricial 
nature, itself prerequisite to 
evolutionary success (Atkinson, 
2019). 



Attunement
● Attunement likely 

○ supports neurobehavioral maturation 
■ shapes the ability to handle stress 
■ organizes the child's lifetime capacity for social affiliation 
■ aids provision of  adequate parenting in the next generation (Feldman, 2012, p. 

155)

● Where dyadic systems go amiss, so too do 
○ emotional
○ behavioral
○ cognitive
○ physical development (Del Giudice et al., 2011). 

● "Health happens between people” (Maunder & Hunter, 2015, p. 5).



From Atkinson, Gonzalez et al., 2013

Maternal Sensitivity and Infant and Mother Adrenocortical Function

Baseline attunement was 

significant (.46, .59 for low, high-

sensitivity dyads)

Trajectory attunement was 

significant (.42, .69 for low, high-

sensitivity dyads)



Environment and cortisol attunement

Positive parenting

● 10 studies, preterm to 4 years
● holding, skin-to-skin, sensitivity
● low risk, low income, psychiatric 

Child emotion regulation difficulties

Troubled parenting

● disrupted communication, extreme
● intrusiveness, disorganised relationship
● parent with history of maltreatment

Extreme environment challenge

● Intimate partner violence
● extreme mood change pre- to post-natal

Atkinson et al., 2024

Negative Positive



Allostatic Function as 
Coordination



Allostasis involves the brain's agentic orchestration of numerous 
systems that are activated or suppressed to facilitate a common 
goal (Sterling, 2012)



HPA axis and Autonomic Nervous System

■ ANS regulates involuntary physiologic processes including heart 
rate, blood pressure, respiration, digestion



Several factors are linked to poor coordination of 
HPA-axis and ANS systems

■ Maternal sensitivity (Jamieson et al., 2016; Hibel et al., 2018)

■ Extreme shift from lower depression during pregnancy to higher 
postnatal depression (Laurent et al., 2012)

■ History of mother’s early care (Ali & Pruessner, 2012)

■ Mother’s maltreatment history (Gordis et al., 2008)

■ Maternal cortisol/sAA ratio (Laurent et al. 2012)

■ Cortisol-ANS coordination is under social control, with stress 
response system coordination highest in supportive social 
relationships (Hibel et al., 2018) 





THANK YOU!



CONTEXT: 
SIZE AND COST OF THE 

BRAIN



Brain size and cost

■ 1.5 kg of 
– water and fat ( 85%)
– proteins, 

carbohydrates, salts 
(15%)

■ Average weight of 
Canadian adult = 77.35 
kg

■ 1.5 /77.35 = 2% of total 
human body weight …



Brain size and cost

■ But it consumes 21% of 
all metabolic resources 
needed
■ to produce energy
■ maintain life

■ At its peak, @ age 5, it 
requires 45% of caloric 
resources

■ The brain is energetically 
expensive



Brain size and 
cost

■ Moreover, the brain costs go 
beyond the metabolic to 
include

– Increased length of 
gestation

– Reduced pre- and post-
natal growth rate
■ particularly during times of 

faster brain development 
(falling to minimum around 
age five), 

– Delayed and less frequent 
reproduction (compared 
to smaller-brain species)



Brain size and cost

■ There is relation between 
increasing head circumference 
and:

– prolonged labour
– foetal distress 
– maternal distress 

■ And the need for
– vacuum extraction 
– caesarean section

Elvander et al., 2012 



Brain size and cost

■ The brain is expensive from developmental and evolutionary 
perspectives.

■ What do we get from our investment?



Background:
What is the brain good for?

What evolutionary advantages does it bestow?



What is the brain good for? 
What evolutionary advantage does it bestow?

■ We’ve established that the 
brain is expensive

■ At the same time, the brain is 
not necessary to animal life

■ For a long time, the earth was 
ruled by organisms without 
brains (Barret, 2020)

amphioxus



What is is the brain good for? 
What evolutionary advantage does it bestow?

■ On the face of it, that seems a 
trivial question



What is it good for? 
What evolutionary advantage does the brain bestow?

■ On the face of it, that 
seems a trivial question

■ The brain controls

– thinking

– feeling

– learning

– remembering  

– talking

– …



What is it good for? 
What evolutionary advantage does the brain bestow?

■ But I would argue that all 
these functions are 
“exaptations”

– i.e., a feature that acquires a 
function for which it did not 
initially evolve; for which it 
was not originally adapted or 
selected

– An evolved element 
pressed into service for 
some other function or in 
some other context

T.Rex with feathers



What is it good for? 
What evolutionary advantage does the brain bestow?

What evolutionary advantage did the brain initially bestow?
What is its core function?
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