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Quantitative exposure assessment

Why do we want quantitative exposure assessment?

Better proxy of delivered dose

Exposure-response relationships

Quantitative risk assessment (for legislation, health promotion)



Quantitative exposure assessment

Crystalline Silica

1986/87 Probable carcinogen (IARC Group 2a)

- limited evidence humans

http://monographs.iarc.fr/index.php


Quantitative exposure assessment

Crystalline Silica

1986/87 Probable carcinogen (IARC Group 2a)

- limited evidence humans

1997 & 2009 Human carcinogen (IARC Group 1)

- sufficient evidence humans

Primary focus on studies that employed quantitative data

Strongest evidence from pooled-analysis, supported by 
meta-analyses 

Straif et al, Oncology 2009;10:453-4
Steenland et al, Cancer Causes Control 2001;12:773-84



Quantitative exposure assessment

March 2017: Welding

- Quantitative exposure assessment one of quality criteria 
epidemiological studies

November 2018: Update preamble

- Importance of evaluating exposure assessment quality in 
human studies

http://monographs.iarc.fr/index.php


Peters S. Quantitative exposure assessment in community-based studies (2012)



Quantitative EA in the general population

Teschke et al, 2002:

“Incorporation of quantitative exposure measurements into 
case-control studies has always seemed a quixotic goal”

But there are opportunities:

availability large national exposure databases  exposure modelling

Teschke et al. Occup Environ Med 2002;59:575-93



Quantitative EA in the general population

Challenges:

Availability of (good quality) data

- Coverage time periods and jobs

- Bias in measurement data

Assumptions inevitable

Absence of gold standard



Quantitative EA in the general population

Quantitative exposure assessment in community-based 
studies had not been published about till 2011/2012

Shanghai Women’s Health Study

Friesen, et al. (2012): Benzene exposure in Chinese population

SYNERGY project

Peters, et al. (2011): Silica exposure in Europe/Canada

 Using a combination of measurements and JEMs



SYNERGY project
Pooled analyses of 14 lung 
cancer case-control studies 
from Europe/Canada

~18 000 cases

~22 000 controls

Job histories 1920s to 2010



SYNERGY
~360,000 measurements

Selection: 

- personal measurements 

- sampling duration 60-600min

Non 

Low

High



SYNERGY – Exposure modelling

Exposure modelling is a working process rather than a standard 
procedure

Testing if and how to include each variable:

- Univariate testing

- Check correlations and consistency with literature  

- Multivariate testing (random or fixed effect, grouping)

- Model fit

And also using expert knowledge!



SYNERGY – Exposure modelling

Mixed-effects model

Random effects: job

region

Fixed effects: year of measurement 

sampling duration (minutes)

prior exposure ranking (DOM-JEM)

measurement strategy



Exposure modelling – silica example 



Exposure modelling – silica example 



Example 3 – Silica in general population



Exposure modelling – silica example 

Job-exposure matrices

Low cost (once developed!)

Standardized assessment within and between studies

Avoiding recall bias 

Assumes homogeneity of exposure within groups

http://icons.mysitemyway.com/wp-content/gallery/simple-red-square-icons-alphanumeric/128206-simple-red-square-icon-alphanumeric-minus-sign-simple.png
http://www.clker.com/clipart-3586.html


Exposure modelling – silica example 



Exposure modelling – silica example 

In addition to the statistical model, there is a prediction model:

SYN-JEM consists of three axes: job – region - year

Exposure levels are standardised to 8-hour shifts and a 
representative work situation 

Ln(Y) = ß0+ ßprior+ Randomjob+ Randomregion+ ßyear+(ßsampling duration*480 min)



Exposure modelling – silica example 

WORKERS ≠ MEASUREMENTS



Exposure modelling – silica example 

Key decisions:

1. Override jobs considered non-exposed

2. Job estimates only applied when based on ≥5 data points; if not 
enough, estimate based on calibrated prior ranking

3. Overall time trend for period with measurement data (1960 
onwards); exposure ceiling for earlier years

Peters S, et al. Sensitivity analyses of exposure estimates from a quantitative job-exposure matrix (SYN-JEM) 

for use in community-based studies. Annals of Occupational Hygiene (2013) 57(1):98-106



Silica in general population

Peters S, et al. Annals of Occupational Hygiene (2013) 57(1):98-106



Exposure modelling – silica example 

Peters S. Quantitative exposure assessment in community-based studies (2012)



Exposure modelling

Many issues to deal with during modelling process:

- Imputation of values <LOD (and test its effect)

- Model industry: 4-, 3-, 2-digit or in categories?

- Use a prior? E.g. non – low – high exposed

- Country effect: in multivariate model significant, but no clear trend. Regions might 
be better? Interactions?

- What time trend? 

- Check correlations

- Distribution sampling time: difference task based / full shift measurements?

- Personal vs stationary measurements

- What reference categories to use?

… many more will show up during the modelling process



Exposure modelling

Random effect: Mean predicted exposure for variable X with few 
measurements gets “shrunk” towards the (country- and job-specific 
etc..) “common” mean

Lower mean squared error (MSE) a.k.a. borrowing strength

Results in biased estimation if this “common” mean does not

exist

http://www.clker.com/clipart-3586.html
http://icons.mysitemyway.com/wp-content/gallery/simple-red-square-icons-alphanumeric/128206-simple-red-square-icon-alphanumeric-minus-sign-simple.png


Exposure modelling

Using mixed-effects models, we combined measurement data with 
prior exposure ranking (non-low-high)

If limited number of measurements available:

 Calibrated prior + time trend



Exposure modelling

Are measurements really objective?

Situations/workplaces with higher-intensity exposure more likely to be 
monitored

- probably more prominent in low-exposed jobs

- contrast in estimated GM for prior ranking was lower than expected 
and probably underestimated in our model



Exposure modelling

“SYN-JEM” enabled quantitative estimation of lifetime exposure to 
occupational carcinogens for individual subjects in a large community-
based study 

 derivation quantitative exposure-response relations between 

occupational exposures and health effects



Silica exposure in general population

Risk for each twofold increase in 
cumulative RCS exposure:

SYN-JEM: 1.034
(95%CI 1.027-1.041) 

Steenland: 1.048 
(95%CI 1.025-1.071)

Peters S. Quantitative exposure assessment in community-based studies (2012)

Steenland et al, Cancer Causes Control 2001;12:773-84



Silica exposure in general population
Asbestos

Developed 
framework can 
be adapted to 
other exposures



Exposure modelling

The strength of exposure modelling is that one can create an 
objective quantitative measure of exposure.

Not all jobs, countries and time periods are covered by 
exposure data: 

- algorithm (based on these data) can assign estimates to 
all possible combinations

- estimates in all countries/studies are comparable



SYNERGY project
Proof of concept

Opportunities for:

- Studying interactions

- Subgroups analyses    

(e.g. lung cancer subtypes, 

women, non-smokers)

But also:

- to study potential associations 
with other diseases using case-
control studies



Take home messages

Good quality and quantitative exposure assessment highly important in epi studies

Exposure modelling enables quantitative exposure assessment at individual level, 
without measuring each subject 

An algorithm (or quantitative JEM) can assign estimates to all possible combinations 
(job title*region*year) in the general population

But also keep in mind:

- Large amounts of data are needed to develop such a JEM

- A quantitative JEM will still have the same limitation of assuming homogeneity within jobs

- Exposure modelling requires many assumptions

- Measurement data are not fully objective either



Thank you!


