


Our vision is for everyone in the UK to be able to 
breathe clean air that promotes a healthy brain 
and cognitive life regardless of where they live.



Early Life Brian Development, Air Pollution and the 
Exposome: 
A Complexity Perspective





Headline News!



This was one of the landmark studies



A FEW EXAMPLES
• Attention
• Memory
• Global cognition
• Learning
• Motor coordination and psychomotor stability
• Some intelligence subscales, such as verbal intelligence
• Dose-dependent neurodevelopmental deficits
• Poorer performance – McCarthy Scales of Children’s Abilities



NOTE: These are preliminary studies. This research is in the early stages. Results 
should be considered but with a degree of doubt and the need for more research.



Overview of talk
• The purpose of this presentation is to explore the intersection between social 

determinants and the exposome and their impact on brain health development as a 
function of place.

• The theoretical frame for our exploration is complex systems theory. 

• The case study is air pollution and brain health in early life and adolescence.



Overview of talk
• OUTLINE
• What is the exposome?

• Where does air pollution fit into the mix?
• What are the strengths and limits of an exposome framework?

• The importance of place-based social determinants
• How social determinants improve our understanding of exposome
• Complexities of place approach

• Allostatic load as life-course pathways to brain health
• What is allostatic load?
• Linking allostatic load across the life-course to brain health

• Why a case-based complex systems approach?
• What is a complex systems approach?
• What makes it case-based?

• Throughout, we will apply our framing to early childhood brain health!



What is the exposome?

• Success in mapping the human genome has fostered the complementary 
concept of the “exposome”. 

• The exposome is the measure of all the exposures of an individual (or 
community) in a lifetime and how those exposures relate to health. 



What is the exposome?

• An individual’s exposure begins before birth and includes insults from 
environmental and occupational sources. 

• Understanding how exposures from our environment, diet, lifestyle, etc. 
interact with our own unique characteristics such as genetics, physiology, 
and epigenetics impact our health is how the exposome will be 
articulated.





What is expsomics?
• Exposomics is the study of the exposome and relies on the 

application of internal and external exposure assessment methods. 

• Internal exposure relies on such fields as genomics, metabonomics, 
lipidomics, transcriptomics and proteomics. 

• External exposure assessment relies on measuring environmental 
stressors.

http://www.genome.gov/glossary/index.cfm?id=90
http://medical-dictionary.thefreedictionary.com/Metabonomics
https://pubmed.ncbi.nlm.nih.gov/30058036/
http://www.genome.gov/13014330
https://www.ebi.ac.uk/training/online/courses/proteomics-an-introduction/what-is-proteomics/


What is expsomics?
• Commonalities include:

• use of biomarkers to determine internal exposure, effect of exposure, disease 
progression, and susceptibility factors.

• use of technologies that result in large amounts of data.

• use of data mining techniques to find complex, nonobvious patterns. 

• The need for interdisciplinary teams working together.

https://www.niehs.nih.gov/health/topics/science/biomarkers/index.cfm


Exposome and air pollution

• The focus is on thinking about air pollution and its more 
immediate links with other forms of exposure, which 
can vary by disease and location and social factors.



Exposome and air pollution

• Example publications:
• Annesi-Maesano, et al (2021). Call to action: air pollution, asthma, and allergy in the 

exposome era. Journal of Allergy and Clinical Immunology, 148(1), 70-72.

• QUOTE: To fully explain the increase in the prevalence of asthma and 
allergy observed worldwide, however, air pollution has to be considered as 
a part of the exposome, namely, the set of all exposures to the external 
environment to which a given individual is subjected from preconception 
onward and the consequences of these exposures at the cellular and 
organ levels (the internal exposome).



Fig 1 

Journal of Allergy and Clinical Immunology 2021 14870-72DOI: (10.1016/j.jaci.2021.05.026) 
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Limits of the exposome
• An individual’s exposome is highly variable and dynamic 

throughout their lifetime. 
• The impact of exposures can also vary with the 

individual’s stage of life. 
• Exposures during early years may also predispose an 

individual to certain chronic diseases later in life.
• The impact of environmental or occupational exposures 

can be different for each individual because of differences 
in genetic and other personal factors. 

• Some people will develop a disease while another person 
with the same or greater exposure will not. 



Limits of the exposome

• Mapping an entire exposome for an individual will be 
difficult, if not impossible because of the complexity of 
a life-time of exposure. 

• Specific exposures can be difficult to measure due to 
lack of sensitive methods or not knowing that an 
exposure has even occurred. 

• The research is very biologically focused and has yet 
to really engage the brain and psychology.

• There is also an absence of engagement with 
external exposures based on social determinants.



Overcoming the limits of the exposome
• There are solutions to some of these 

problems.

• Integrating the exposome with place-based 
social determinants

• Using allostatic load as life-course 
pathways to brain health

• Employing a case-based complex systems 
approach to modelling.



Overcoming the limits of the exposome



Place-based social determinants



• Switching from attributes and behaviours to social context/social 
determinants

• Attributes: Age, gender, ethnicity, education, occupation.
• Behaviours: smoking, diet, and alcohol consumption, the picture that 

emerges from recent research5 is more complex than the traditional one 
cause–one effect paradigm, where “extraneous” variables—such as 
SES—were dealt with as confounders. 

• Social determinants: inequalities, places, deprivation, job setting, 
housing.
• Michael Marmot has written that only 50% of social inequalities in 

health can be explained by classical risk factors, whereas the rest 
can be due to “status syndrome”—or social standing—in its manifold 
manifestations and via multiple mechanisms.

• This thesis has been partially supported by empirical evidence 
showing associations between social inequalities and mechanistic 
pathways investigated with biomarkers.

Place-based social determinants

https://ehp.niehs.nih.gov/doi/full/10.1289/EHP12030


Where people live matters, particularly for those in 
deprived places with high health inequalities

PLACE =  Social Determinants
Health Inequalities

First Step in Our Innovative Equation

Cognitive/Brain 
Health Outcomes 

<=> Exposome (air quality) =>



Allostatic load and 
the life-course

• The concept of allostatic load was introduced by McEwen and 
Stellar in 1993

• It refers to the cost of chronic exposure or intense short-term 
exposure that an individual reacts to as being particularly 
stressful. 



Allostatic load and the life-course

• It derives from the definition of allostasis as the ability of the organism to 
achieve stability through change, and the view that healthy functioning 
requires continual adjustments of the internal physiological milieu.

• When environmental challenges exceed the individual ability to cope, then 
allostatic overload ensues as a transition to an extreme state where stress 
response systems are repeatedly activated and buffering factors are not 
adequate.



Allostatic load and the life-course

• Situations that may lead to the development of allostatic 
load/overload are: 

• (a) exposure to frequent stressors that may determine a 
status of chronic stress and repeated physiological 
arousal; 

• (b) lack of adaptation to repeated stressors; 
• (c) inability to shut off the stress response after a stressor 

is terminated; 
• (d) allostatic response not sufficient to deal with the 

stressor



Starting point
Birth     •     Infancy and Early Years     • 

Memory Impairment
Dementia
Alzheimer’s Disease

Depression
Learning Disabilities
ADHD

Related Cardiopulmonary
Neurodegenerative Disorders

Childhood and Adolescence    •    Adulthood and Later Life





Results: We found detrimental associations between all TRAPs (traffic 
related air pollution) and annual change in 3-back d′ (working memory) (i.e. 
slower development of working memory in children attending schools with 
higher levels of air pollution). 

The associations (per one interquartile range increase in exposure) were 
strongest for outdoor NO2 (Coefficient (Coef) = − 4.22, 95% confidence 
interval (CI), − 6.22, − 2.22) and indoor UFP (Coef = − 4.12, 95%CI, − 5.68, 
− 1.83). These reductions were equivalent to − 20% (95%CI, − 30.1, − 
10.7) and − 19.9% (95%CI,−31.5,−8.4) change in annual working memory 
development associated with one interquartile range increase in outdoor 
NO2 and indoor UFP, respectively.

Conclusion: Our findings suggest the persistence of the negative 
association between TRAPs exposure at school and cognitive trajectory 
measured by n-back test over a period of 3.5 years.





Chronic exposure to particulate matter air pollution is known to cause inflammation
leading to respiratory and cardiovascular related sickness and death.

Mexico City Metropolitan Area children exhibit an early brain imbalance in genes
involved in oxidative stress, inflammation, and innate and adaptive immune responses.
Early dysregulated neuroinflammation, brain microvascular damage, production of
potent vasoconstrictors, and perturbations in the integrity of the neurovascular unit
likely contribute to progressive neurodegenerative processes.

The accumulation of misfolded proteins coincides with the anatomical distribution
observed in the early stages of both Alzheimer’s and Parkinson’s diseases.

We contend misfolding of hyperphosphorylated tau (HP𝜋), alpha-synuclein, and beta-
amyloid could represent a compensatory early protective response to the sustained
systemic and brain inflammation.

However, we favour the view that the chronic systemic and brain dysregulated
inflammation and the diffuse vascular damage contribute to the establishment of
neurodegenerative processes with childhood clinical manifestations.



Allostatic load and 
the life-course

Here, we focus on the results of early life exposure and adverse experiences



Putting the next step into the equation

PLACE =  Social Determinants
Health Inequalities

Cognitive/Brain 
Health Outcomes 

<=> Exposome (air quality) =>
<=> Allostatic Load =>





Allostatic load and the life-course

The stress pathway posits that those in disadvantaged circumstances are exposed to a 
higher degree of stressful experiences over time resulting in an accumulated biological 
burden which subsequently relates to poorer health. 

Trajectories of disadvantage, in the form of neighbourhood deprivation and structural 
social capital, are evaluated in their relation to allostatic load representing the 
cumulative “wear and tear” of chronic stress. 

This paper uses data from the British Household Panel Survey and Understanding 
Society in a latent class growth analysis. We identify groups of  exposure trajectories 
over time using these classes to predict allostatic load at the final wave. 



Allostatic load and the life-course

The results show that persistent exposure to higher deprivation 
is related to worse allostatic load. 

By demonstrating a gradient in allostatic load by histories of 
deprivation, this analysis supports a biological embedding of 
disadvantage through chronic exposure to stressful 
environments as an explanation for social health inequalities.



Case-Based 
Complexity
A new approach to 

computational modelling





Thinking about complex systems



Thinking about complex systems
Approaches to research that aim to understand single 
components within systems, or attempt to factor out the 
system context using randomisation and control, are of 
limited use for identifying how to influence complex 
systems.
Research funding, research activity, and the published 
evidence base are all heavily skewed towards studies that 
attempt to identify simple, often short term, individual-
level health outcomes, rather than complex, multiple, 
upstream, population-level actions and outcomes. 
This skew echoes the prioritisation by policy makers of 
individual-level interventions over system-level responses.





Types of 
Case-Based 
Complexity



• PRIMARY TEXT: Castellani and Rajaram (2019). 
Data Mining Big Data: A Complex and Critical 
Perspective. SAGE Quantitative Methods Kit. 
READ: Chapters 6 and 7.

• Jain, A. K. (2010). Data clustering: 50 years 
beyond K-means. Pattern recognition letters, 
31(8), 651-666. 



Basic Tenets



Basic Tenets









Putting the next step into the equation

PLACE =  Social Determinants
Health Inequalities

Cognitive/Brain 
Health Outcomes 

<=> Exposome (air quality) =>
<=> Allostatic Load =>

Complex system of factors 
(exposome, allostatic load) at 
multiple levels (biological, 
psychological, sociological) 
situated in particular places =>

Clusters and 
trajectories of 
different outcomes





Case-Based Complexity Modeling






