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Air pollution has become a major cause for concern to the public. Since the 1980s when interest in the topic was at a low ebb there has been a massive investment in research and a major improvement in our knowledge of the subject. Nevertheless in some important areas the quality of evidence remains poor and some major assumptions remain largely unchallenged, and therefore under-researched. One fundamental weakness of the research in this area is a lack of precisely formulated questions. The common practice of measuring many pollutants and many outcomes but reporting these selectively compounds this problem.
Does ambient air pollution cause exacerbations of asthma?
Many headlines have associated exacerbations of asthma and even deaths from asthma to increases in particulate air pollution. The evidence that particulate pollution in general leads to such increases is weak. In December 1952 there was a major air pollution episode in London that has been estimated to have caused an excess of 12,000 deaths.1 The article that followed the highly influential report on this episode in the Lancet in 19532 was by John Fry, a general practitioner working in South London, who noted that “there was a remarkable increase in the work of the practice during the period of the fog and the following two weeks. ……..It is remarkable that although there are quite a number of asthmatic children in this practice none of them was affected; in fact there was less illness than usual in children during this period”.3 The pollution at that time in London was predominantly from coal burning. Reporting on the last major smog episode in Western Europe, Wichman also reported an increase in admissions with cardiac disease and with chronic bronchitis, but a relative reduction in admissions with asthma in the affected parts of Germany.4
In the early 1980s there were some dramatic epidemics of severe acute asthma in the city of Barcelona. These also occurred at times of increased air pollution and the initial assumption was that general air pollution was the cause of the epidemics. A letter to the Lancet showed the strong parallel between admissions into casualty and an increase in ambient nitrogen oxides.5 This however was just a coincidence; the episodes were caused by release of soya bean allergen in the port at times of particularly still air leading to high concentrations of both traffic fumes and soya allergen in the city.6 There are many other instances in which known allergens have been implicated in dramatic effects on asthma patients.7-10 In spite of this and evidence that exposure to allergen is many times more toxic to patients with asthma than exposure to non-allergenic particles, papers continue to appear relating changes in ambient particles to small changes in asthma events with no plausible  attempt to take account of any confounding by allergen levels. This is partly because there is no generic measure of allergen in the air.11 Even so, meta-analyses of the acute effects of air pollution on hospital admissions do not show convincing associations with childhood asthma,12 or show very high levels of variation in the reported effects,13 a finding compatible with the measured pollutants not being the true cause, as in the Barcelona epidemic. Asthmatic patients will continue to be short-changed by the research community until these issues are adequately addressed.
Does biomass burning cause COPD?
It seems obvious to some that if cigarette smoking causes chronic airflow limitation, then so must all other particulate pollution and particularly the intense exposure to smoke from biomass in low income countries.14 One of the earliest papers to test this idea showed no evidence that it was true in spite of exposures to particulate measured in milligrams rather than micrograms per metre cubed.15 This paper, in spite of its appearance in an easily accessible indexed journal, has rarely if ever been cited in reviews and, while several of these have demonstrated the presence of publication bias they have rarely acknowledged the problem with using overall estimates of effects from such biased analyses.16
There are now four large published studies that have used objective measures of lung function to define obstruction and these have found no evidence of an association.17-20 Taken together they show an effect (odds of disease given exposure) of 0.96 and a very narrow confidence interval of between 0.91 and 1.02 (Figure). In this analysis also there is substantial variation between the studies but the I2 statistic, which is just over 50%, is not conventionally significant. Even the more conservative random effects estimate which reduces the influence of the large study by Smith et al. provides a small and insignificant result with an odds ratio of 1.06 and a confidence interval between 0.93 and 1.20. Where the effects on the two sexes have been identified separately, it is notable that the least evidence of a harmful effect is seen among the women, the group expected to have the greatest exposure. There is no consistent evidence from these large studies for an association between household use of biomass fuel and airflow obstruction. In spite of this editors continue to publish small studies claiming that household air pollution in low income countries is causing chronic airway obstruction (COPD). A likely contributor to this paradox is the practice of measuring multiple pollutants and multiple outcomes and selectively publishing the “significant” results. Both researchers and editors have a role in supressing this practice.
Part of the current orthodoxy supporting the view that wood smoke must be highly toxic is the view that all particles of a given size are similarly toxic and that composition and source is unimportant.14 This is unlikely. Exposure to diesel particles induces inflammation in the airway21 but the same experiment repeated using wood smoke shows a reduction in inflammatory cells.22
How important are ambient particles as a cause of COPD?
An association between urban air pollution and both symptoms of bronchitis and lower lung function was established in the 1960s23 at a time when the main source of air pollution in towns was from coal burning. Analyses still show associations between mortality and hospitalisations and increases in ambient levels of both Nitrogen Dioxide (NO2) and fine particles (PM2.5), two different pollutants that are nevertheless highly correlated and associated with traffic pollution.24 Interpretation is complicated by the observation that when both pollutants are analysed together the estimated effects of each are reduced and the effects of particulate pollution often become insignificant.25 Analysis from the global burden of disease programme has suggested that ambient air pollution is the second most common cause of death and disability due to COPD.26 This may be true, but is based on estimates of the acute effects of particulate (mainly traffic related) air pollution on COPD taken largely from North American studies which are then applied to mean particle concentrations in different parts of the world. These regional particle levels do not all have the same composition and the highest concentrations are in regions where there is relatively little traffic. So annual mean PM2.5 levels are 6.7g.m-3 in urban Canada and 5.3 g.m-3 in rural Canada but 86.7 g.m-3 in urban Saudi Arabia and 75.1 g.m-3 in rural Saudi Arabia. [www.who.int/airpollution/ambient/AAP_exposure_Apr2018_final.pdf] Although the models used are highly sophisticated, without a better understanding of the toxicity of different components of air pollution, the accuracy of the derived estimates of how many COPD deaths are attributable to ambient particulate pollution must be questionable.27 In addition it would be wrong to assume that what precipitates death or hospitalisation is also responsible for the underlying disease. A link between air pollution and the prevalence of COPD is even more tenuous. 

Why does it matter?
[bookmark: _GoBack]For some people any pollution is bad in and of itself and should be abated. That is not an irrational position to hold, but a better understanding of the relation between air pollution and lung health is nevertheless important.  If the increase in asthma morbidity during air pollution episodes is due to allergens no amount of reduction in traffic pollution is going to reduce the risk to patients with asthma. An assumption that pollution has to explain either asthma or COPD or their exacerbations also reduces the incentive to identify alternative and possibly more important causes of these highly prevalent problems. This is not an argument that air pollution is harmless. There are other conditions where the evidence is much stronger, if less intuitive, and there are components of air pollution that are likely to cause respiratory problems. We do plead, however, for a more nuanced and critical approach to the problems that air pollution poses and for focusing more effort on the real unknowns and not simply accumulating more observations from studies that are easy to do but hard to interpret. A modest start might be made by stopping the use of the term “air pollution” without any qualification in the titles and summaries of research articles. We acknowledge that this is a difficult topic to study but there are plenty of examples of good practice and the issues raised here are not insuperable. 
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FIGURE: Analysis of four large studies of the effects of domestic biomass and wood burning on the prevalence of chronic airflow limitation
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