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Time-series studies

• Time-series studies are commonly used to investigate the association 
between air pollution and mortality.

• These studies relate daily time-series data of weather variables and 
pollutants to time-series of daily mortality.

• Adjusting for weather variables helps avoids spurious results.  

• Example: Days of high temperature may be positively correlated with both 
air pollution and mortality.



Example data – Cook County
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Typical time-series study

• Poisson log-linear models of the following basic form are often used:

• Xt is the air pollutant time-series.

• β quantifies the association between the air pollutant and mortality.
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Samoli et al. (2008) EHP, 116:1480-1486 

Kan et al. (2008) EHP, 116:1183-1188 



Interpreting results of time-series studies

• Is a difficult problem: measurement error, confounder adjustment, model 
selection etc. 

• Who is being harmed by exposure to ambient air pollution?

• The public health burden of air pollution will be different if “frail” rather 
than “healthy” individuals are being harmed by exposure to ambient air 
pollution.

• Mortality displacement refers to the situation where air pollution exposure 
affects a frail subset of the population with a relatively short expected 
future lifetime.

• Important to know whether the association between air pollution and 
mortality is mortality displacement only.

Mortality Displacement – three-state model
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Mortality displacement – three-state model

• In three-state model mortality displacement is the situation where air 
pollution only impacts movement from frail state to death [β=0; α>0]

• The important quantity for public health assessment may be the effect of air 
pollution on the healthy population β.

• β represents the effect of air pollution on mortality that is more than just the 
displacement of mortality by a few days to weeks.

• Is it possible to estimate β, the effect of air pollution net of mortality 
displacement?

• Problem: Only daily deaths are observable.

Example 1 – Mortality displacement only
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Example 2 – No Mortality displacement
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Mortality displacement – three-state model

• These two examples clearly illustrate the problems of interpretation that 
can arise if mortality displacement and frail populations exist.

• A number of different methods have been proposed to adjust for mortality 
displacement in time-series studies.

• How effective are these methods?



Decomposition of air pollution effects

• These methods decompose the mortality effects of air pollution into long 
and short time scales.

• Rely on the supposition that that mortality displacement alone will create 
associations only at short time scales.

Zeger et al. (1999) Epidemiology, 10:171-175

Estimating the size of the frail population

• These methods explicitly estimate the expected longevity in the frail 
population.

• Develop models where the observed daily mortality depends on the size of 
the frail population and some measure of air pollution.

Results of Smith et al. (1999) Human health effects of environmental pollution
in the atmosphere, pp 91-115



Distributed lag models (DLMs) of air pollution

• DLMs of air pollution extend “standard” time-series analysis by including 
up to 40 lags of the air pollutant.

• The rationale for DLMs is that they are able to capture the replenishment 
and/or depletion of the frail population.

Zanobetti et al. (2002) Epidemiology, 13:87-93 

Example: DLMs Roberts + Switzer (2004), IT
16:879-888.



Concentration response relation

• The shape of the concentration-response relation is critical for the public 
health assessment of exposure to air pollution.

• Numerous studies have concluded that the relation is approximately linear.

• Example: Threshold versus linear relation.

Threshold versus Linear relation



Bell et al. (2006) EHP, 114:532-536

Samoli et al. (2005) EHP, 113:88-95



Samoli et al. (2005) EHP, 113:88-95

Mortality displacement and the concentration
response relation between PM and mortality

• What is the shape of concentration-response relation between PM and 
mortality, as “estimatable” from time-series data, in the presence of 

mortality displacement and/or a frail population.

• Study is conducted in the context of the three-state population model.

• Illustrate that thresholds in the concentration-response relation can be 
masked.



Mortality simulation model
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Example of simulated mortality 



Description of simulations

• Generated sets of 3000 mortality time-series where the shape of the 
concentration-response relation on both the healthy and frail populations 
was known.

• Investigated the shape of the concentration-response relation that was 
observable in the simulated mortality time-series.

• The observed concentration-response relation is a function of the frail 
population sizes and the effect of PM on the healthy and frail populations.

Some results 1



Some results 2

Some results 3

• The presence of, even a very small, frail population can mask the shape of 
the concentration-response relation between PM and mortality that is not 
simply short-term mortality displacement 

• The reason for this masking is due to the deaths of the individuals moved 
into the frail population, as a result of PM exposure, not being observed 
immediately but rather being spread out (or diluted) over a period of time.

• If a frail population exists it may only be possible to determine the shape of 
the relation between PM and exit from this frail population and not the 

more important relation between PM and entry into this frail population.



“Dilution”
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Other options

• Investigate whether there are populations vulnerable to ambient air 
pollution. 

• Investigate other endpoints such as hospital admissions (common).



Goldberg et al. (2001) EHP, 109:487-494

Future work

• Extension of three-state model

• Other methods for adjusting for mortality displacement

• Thank you for your time


