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Deadly smog in London, 1952



Major air pollutants
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Pyramid of health outcomes
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Assessing health effects and impacts

• Short-term effects account for acute impact on health after an  
immediate exposure (time-series studies)

• Long-term effects involve chronic health effect after a 
cumulative exposure (cohort studies)

• Health impact assessment evaluates potential health effects of 
proposed actions relative to an exposure, to provide advice for 
decision-making process that will protect health

• Health effects refers to changes in health status caused by an exposure
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Introduction

• Research question – “Is there an association between day-to-day variation in 
the environmental exposure and daily risk of health outcome”?

• Health outcomes and environmental exposures are characterized by similar 
time-trends

• Measures of individual predictors are usually not available

• Need of a study design relaying on between-day comparison within the 
same population and able to control for time-trends to disentangle short-
term health effects of air pollution
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Time-series data

• A time-series is a sequence of 
measurements equally spaced through 
time 

• The unit of analysis is the day, not the 
individual person

• The health outcome is a count (e.g., 
number of deaths)

• First week of time-series data in London      
(Jan 2002 – Dec 2006)

obs         date   deaths     temp      pm10  

  1.   01jan2002      199     -0.2      71.7  
  2.   02jan2002      231      0.1      40.2  

  3.   03jan2002      210      0.9      41.8  

  4.   04jan2002      203      0.5      50.4  

  5.   05jan2002      224      4.2      49.4  

  6.   06jan2002      198      7.1      31.1  

  7.   07jan2002      180      5.2      48.6  



Time-series design

• Strengths

◦ Use of administratively collected data
◦ Same population is compared with 

itself, focus is day-to-day variation

◦ Time-invariant or slowly varying 
individual risk factors controlled by 
design (e.g., sex, age, smoking)

• Limitations

◦ Ecological design based on aggregated, 
not individual data

◦ Not applicable to estimate chronic 
effects (long-term)

◦ Sensitive to choices for statistical 
modelling



Confounding

• It must be associated with the exposure (X) 
being investigated

• It must be independently associated with 
the outcome (Y) being investigated

• It must not be on the causal pathway 
between exposure (X) and outcome (Y)

Exposure (Xt) Outcome (Xt)

Time (t)



Yule GU. Why do we sometimes get nonsense correlations between time 
series? J Royal Stat Soc Sci. 1926;89:1-64.
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Confounding

• It must be associated with the exposure (X) 
being investigated

• It must be independently associated with 
the outcome (Y) being investigated

• It must not be on the causal pathway 
between exposure (X) and outcome (Y)

Air pollution Mortality 

Temporal variations
Weather conditions



Modelling framework

• Similar in principle to any regression 
analysis but with some specific features

• Poisson regression
𝑙𝑜𝑔 𝑌! = 𝛽" + 𝛽#𝑃𝑀10! + 𝑛𝑠 𝑡 + 𝑛𝑠 𝑡𝑒𝑚𝑝

𝑌|𝑥~𝑃𝑜𝑖𝑠𝑠𝑜𝑛(𝜇)
with		𝐸 𝑌|𝑥 = 𝜇 𝑎𝑛𝑑 𝑉 𝑌|𝑥 = 𝜇

◦ 𝑒𝑥𝑝 𝛽# is the relative risk (RR) for 1 unit 
increase of the 𝑃𝑀10 exposure

◦ 𝑅𝑅 − 1 ×100% is the percentage risk 
increase
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Lag effects

• Cumulative effect for an exposure at day t 
experienced in the next t+L days

• Cumulative effect at time t for an exposure in 
the previous t-L days



Lag variables

• In practice, time-series data is usually 
analysed with a forward perspective 

• It requires generating lagged exposure 
variables to be fitted in the time-series 
regression model

• Poisson regression

𝑙𝑜𝑔 𝑌# = 𝛽$ + (𝛽% 𝑃𝑀10#&% + 𝑛𝑠 𝑡 + 𝑛𝑠 𝑡𝑒𝑚𝑝

𝑌|𝑥~𝑃𝑜𝑖𝑠𝑠𝑜𝑛(𝜇)
with		𝐸 𝑌|𝑥 = 𝜇 𝑎𝑛𝑑 𝑉 𝑌|𝑥 = 𝜇

￮ 𝑒𝑥𝑝 𝛽7 is the relative risk (RR) for 1 unit 
increase of the 𝑃𝑀10 exposure at 𝑙𝑎𝑔 𝑗

• First week of time-series data in London      
(Jan 2002 – Dec 2006)

                                      lag1.    lag2. 
obs         date   deaths     pm10     pm10     pm10  

  1.   01jan2002      199     71.7        .        .  

  2.   02jan2002      231     40.2     71.7        .  

  3.   03jan2002      210     41.8     40.2     71.7  

  4.   04jan2002      203     50.4     41.8     40.2  

  5.   05jan2002      224     49.4     50.4     41.8  

  6.   06jan2002      198     31.1     49.4     50.4  

  7.   07jan2002      180     48.6     31.1     49.4 



Distributed lags
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Multi-location studies



Literature review



Summary

• The time-series design is useful to provide evidence on short-term 
associations between air pollution and health outcomes

• Time-series regression is similar in principle to any regression analysis but 
with some specific features 

• The design accounts for temporal variations (e.g., seasonal changes, day-of-
week effects) and weather conditions (e.g., temperature) that may influence 
both air pollution and health outcome

• Time-series studies can investigate lagged effects, identifying whether 
health outcomes occur immediately or with some delay following exposure 
to air pollution


