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Causal pathways of toxicity may depend on the duration of exposure
High energy physics experiments attempt to re-create conditions immediately after the big bang, by searching back in time for evidence of elusive short lived particles. The linked study by Bhaskaran and colleagues (doi:10.1136/bmj.d5531) reports findings from a case crossover analysis of very short term effects of air pollution on myocardial infarction in England and Wales. This state of the art analysis tests the epidemiological (as opposed to physical) limits of detection. GOTOBUTTON endnote1 (1) 
The effects of air pollution on death and morbidity from cardiorespiratory disease on daily and longer time scales are now well established. GOTOBUTTON endnote2 (2)  The largest effects are seen after years or decades of chronic exposure, as shown by cohort studies. GOTOBUTTON endnote3 (3)  However, such studies are logistically demanding, requiring high quality data on spatial patterns of exposure and long follow-up of large populations or linkage of routinely collected datasets. GOTOBUTTON endnote4 (4)  For this reason, most epidemiological studies have analysed the acute effects of air pollution, using daily time series of exposure to air pollution and health outcomes available from routinely collected data. These studies have confirmed that even at the relatively low levels of exposure typically seen in high income countries, urban air pollution has subtle but measurable and consistent effects on mortality and morbidity in the subsequent days. GOTOBUTTON endnote5 (5) 
Time series approaches to studying the effects of air pollution at daily time scales have important limitations. Until recently, technical and data limitations have prevented the extension of these methods to shorter (such as hourly) or longer (weekly) effects. Because the effects of short term exposure are typically subtle, large populations must be studied to achieve sufficient statistical power, particularly if the focus is on specific health outcomes. The potential confounding effects of factors that vary with time, such as ambient temperature, need to be allowed for. Estimates of exposure that are based on measurements at urban monitoring stations may not be representative of exposures experienced indoors, while travelling, or while exercising.
Urban air pollution consists of a complex (and often dynamically changing) mixture of pollutants; daily average concentrations of individual pollutants tend to be correlated, and it can be difficult to separate out the effects of individual pollutants. Particulate matter is thought to have important effects on health, but the impact of particle size and other characteristics on toxicity is unclear. GOTOBUTTON endnote6 (6)   GOTOBUTTON endnote7 (7) 
Bhaskaran and colleagues tackle many of the limitations described above. GOTOBUTTON endnote1 (1)  They assembled data on nearly 80<thin>000 diagnoses of myocardial infarction from 15 cities and assessed the effect of changes in exposure to air pollution from several hours to several days before onset. Exposure to air pollution was higher one to six hours before the event than in matched control periods. There was, however, no overall increase in risk associated with exposure over the three days before admission to hospital. As the authors state, this suggests that ischaemic events that would have occurred soon were merely brought forward by a few hours.
Epidemiological evidence of the effects of hourly exposure to air pollution on cardiovascular events is mixed. In a recent review, four of five studies reported significant associations between hourly exposure and myocardial infarction. GOTOBUTTON endnote8 (8)  However, only one of these studies analysed data over sufficiently long periods to exclude short term temporal displacement as the main explanation for the results. GOTOBUTTON endnote9 (9)  Several daily time series studies suggest that exposure to air pollution increases the risk of myocardial infarction over longer exposure periods (typically, the day of admission and the previous day). GOTOBUTTON endnote10 (10)   GOTOBUTTON endnote11 (11)  In those studies and in a multi-city study of mortality, GOTOBUTTON endnote12 (12)  the effects were not primarily the result of short term displacement of health events.
How should Bhaskaran and colleagues’ results be interpreted? The prevalence or severity of cardiovascular disease might be lower in England and Wales than elsewhere. Alternatively, the estimates of exposure to air pollution might be less representative than in other settings. Either of these factors would reduce the power of the study to detect a true effect, although neither would explain the temporal pattern of the results. Despite the strengths of the study, it is possible that a true effect was missed because of imprecise measurements and inadequate statistical power.
In general, low levels of acute exposure to air pollutants can have minor effects in healthy people and trigger more serious events only in sensitive subpopulations. However, as shown by cohort studies, over several years even low levels of exposure to air pollution can reduce life expectancy substantially. An increase in the prevalence of chronic cardiorespiratory conditions is probably the most important mechanism for the reduction in life expectancy associated with exposure to air pollution over years or decades. Studies of very short term exposure may improve understanding of the early physiological mechanisms of the effects of air pollution, but they are not the best basis for developing policy on the control of air pollution. Given other evidence that exposure to air pollution increases overall mortality and morbidity, the case for stringent controls on pollutant levels remains strong.
Competing interests: All authors have completed the ICMJE uniform disclosure form at www.icmje.org/coi_disclosure.pdf (available on request from the corresponding author) and declare: no support from any organisation for the submitted work; no financial relationships with any organisations that might have an interest in the submitted work in the previous three years; no other relationships or activities that could appear to have influenced the submitted work.

Provenance and peer review: Commissioned; not externally peer reviewed.

1 Bhaskaran K, Hajat S, Armstrong B, Haines A, Herrett E, Wilkinson P, et al. The effects of hourly differences in air pollution on the risk of myocardial infarction: case crossover analysis of the MINAP database. BMJ 2011;343:d5531.
2 WHO. Air quality guidelines for particulate matter, ozone, nitrogen dioxide and sulphur dioxide: global update 2005. 2006. www.who.int/phe/health_topics/outdoorair_aqg/en/.
3 Krewski D, Jerrett M, Burnett RT, Ma R, Hughes E, Shi Y, et al. Extended follow-up and spatial analysis of the American Cancer Society study linking particulate air pollution and mortality. Res Rep Health Eff Inst 2009;140:5-114.
4 Hales S, Blakely T, Woodward A. Air pollution and mortality in New Zealand: cohort study. J Epidemiol Community Health 2010; online 21 October.
5 Katsouyanni K, Samet J, Anderson HR, Atkinson R, Le Tertre A, Medina S, et al. Air pollution and health: a European and North American approach (APHENA). Res Rep Health Eff Inst 2009;142:5-90.

6 Mallone S, Stafoggia M, Faustini A, Gobbi GP, Marconi A, Forastiere F. Saharan dust and associations between particulate matter and daily mortality in Rome, Italy. Environ Health Perspect 2011; online 17 June.
7 Perez L, Tobias A, Querol X, Künzli N, Pey J, Alastuey A, et al. Coarse particles from Saharan dust and daily mortality. Epidemiology 2008;19:800-7.

8 Burgan O, Smargiassi A, Perron S, Kosatsky T. Cardiovascular effects of sub-daily levels of ambient fine particles: a systematic review. Environ Health 2010;9:26.

9 Peters A, Dockery DW, Muller JE, Mittleman MA. Increased particulate air pollution and the triggering of myocardial infarction. Circulation 2001;103:2810-5.

10 Zanobetti A, Schwartz J. The effect of particulate air pollution on emergency admissions for myocardial infarction: a multi-city case-crossover analysis. Environ Health Perspect 2005;113:978-82.

11 Pope CA, Muhlestein J, May H, Renlund D, Anderson J, Horne B. Ischemic heart disease events triggered by short-term exposure to fine particulate air pollution. Circulation 2006;114:2443-8.

12 Zanobetti A, Schwartz J, Samoli E, Gryparis A, Touloumi G, Atkinson R, et al. The temporal pattern of mortality responses to air pollution: a multicity assessment of mortality displacement. Epidemiology 2002;13:87-93.

Cite this as: BMJ 2011;343:d5814
PAGE  
4

