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The exposome

• First conceptualized by
Chris Wild in 2005 as
the totality of human
environmental (non
genetic) exposure from
conception onwards

• Requires accurate and 
reliable exposure 
assessment of many 
exposures over 
decades

Vrijheid et al. Thorax, 2014; 69:876-878
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Internal vs external exposome

Internal
• Can integrate information on the impact 

of multiple sources of exposure 
• Can be conducted on archived samples to 

give information on historical exposures
• Gives insights into biological processes 

impacted by exposures
• Can’t provide information on sources 

responsible for effects
• Can’t provide much information on 

timing of exposures

External
• Provides specific information on potential 

sources and source patterns
• Allows for assessment of interactions of 

sources or exposures on biological 
mechanisms and health outcomes

• Provides information that is more readily 
incorporated into current policy 
frameworks

• Requires information on each exposure 
source separately

• Is more challenging to do historically



The external exposome in practice



An example of this in practice



The Nurses’ Health Study II (NHSII)

• Prospective cohort study
• Started in 1989
• 116,429 female nurses (RNs) aged 

25-42 at baseline
• Receive biennial questionnaires to 

collect information on health and 
lifestyle factors

• Questionnaire are mailed, 
providing a residential address 
history
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Environmental exposures and anti-Müllerian 
hormone: a mixture analysis in NHSII

Li H et al. Epidemiology 2023; 34(1): 150-161



Environmental exposures and anti-Müllerian 
hormone: a mixture analysis in NHSII
• AMH measured from blood samples of 2,447 women

• Measure of ovarian reserve
• Data available from a series of case-control studies

• All samples collected pre-disease
• 39.8 years of age on average at blood draw
• All participants premenopausal

• Cumulative average exposures until time of blood draw appended for
• Greenness (NDVI)
• Air pollution (PM2.5 & PM2.5-10)
• Noise (daytime L50 dB & Nighttime L50 dB)
• Light at night 
• UV
• Hazardous air pollutants (HAPs)

• 1,3-butadine, benzene, diesel particulate matter, formaldehyde, methylene chloride, and tetrachloroethylene



Environmental exposures and anti-Müllerian 
hormone: a mixture analysis in NHSII
• Statistical Methods

• Single exposure linear regression models
• Multi-exposure linear regression models
• Principle component analysis (PCA)
• Hierarchical Bayesian kernel machine regression (BKMR)

• Potential confounders
• age (in natural cubic spline with 3 degrees of freedom), body mass index, 

Census tract median income, batches, and smoking



Correlations 
between 

exposures



Exposure IQR Single exposure a Multi-exposure a

NDVI 0.14 2.8 (-3.1, 9.0) -5.2 (-15, 5.7)
PM10-2.5 (μg/m3) 5.2 -3.2 (-8.0, 1.8) -5.6 (-12, 1.6)
PM2.5 (μg/m3) 4.2 1.4 (-4.9, 8.1) 9.6 (0.66, 19)

Daytime L50 (dB) 4.6 -2.2 (-7.2, 3.0) -0.90 (-12, 12)
Nighttime L50 (dB) 3.5 -1.7 (-6.4, 3.3) -0.8 (-9.8, 9.1)
LAN (nW/cm2/sr) 34 -2.9 (-8.2, 2.6) 4.1 (-6.0, 15)

UV (nW/m2) 33 -1.8 (-7.0, 3.6) 3.4 (-5.3, 12)
1,3-Butadine (μg/m3) 0.10 -2.4 (-5.5, 0.92) 0.95 (-4.0, 6.2)

Benzene (μg/m3) 0.67 -5.5 (-9.8, -1.0) -1.0 (-14, 14)
Diesel PM (μg/m3) 0.61 -2.6 (-5.4, 0.33) -0.85 (-5.4, 3.9)

Formaldehyde (μg/m3) 0.77 -6.1 (-10, -1.6) -16 (-27, -2.1)
Methylene chloride (μg/m3) 0.33 -0.85 (-3.7, 2.1) 1.7 (-2.0, 5.6)
Tetrachloroethylene(μg/m3) 0.20 -1.4 (-3.6, 0.94) 2.5 (-2.1, 7.4)
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Component High loading exposures % change (95%CI) a

1

LAN, 1,3-butadine, benzene, diesel 
particulate matter, formaldehyde, 

methylene chloride, 
and tetrachloroethylene

-4.6 (-9.0, -0.08)

2 NDVI (negative), PM10-2.5, and UV -1.9 (-6.2, 2.6)

3 Daytime and nighttime L50 -0.76 (-5.1, 3.8)

4 PM2.5 1.3 (-3.1, 5.8)





Ongoing 
work using 
a similar 
framework

• Intergenerational exposures and birth outcomes
• Multiple environmental exposures and untargeted 

metabolomics as a mediator of the effects of the 
environment on mental health

• Multiple exposures assigned by 
day/week/month/year long GPS locations with 
physical activity and sleep

• Multiple environmental exposures and risk of 
death after MI or stroke

• Multiple environmental exposures and prostate 
tumor histochemical markers



Conclusions

• The exposome is a useful framework for examining the impacts of multiple 
environmental exposures across decades on a myriad of health outcomes

• Building on decades of single-exposure and single-outcome environmental 
epidemiology work

• Technological advances in many areas have been required to operationalize 
these studies

• GIS and remote sensing
• GPS and smartphone sensors and applications
• Personal exposure methodologies
• Data science and computing
• Statistical methods

• More work is needed to make these studies useful for cumulative impact 
assessment
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Happy to answer 
questions during the Q&A 

and in the chat

jhart@hsph.harvard.edu
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