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Air pollution, including ambient and household air pollution, is considered one of the world’s largest
environmental health threats and was estimated to account for 4.9 million deaths and 147 million years of
healthy life lost around the world in 2017 [1]. Compelling evidence for adverse effects of air pollution on a
vast array of health outcomes, in particular cardiovascular and respiratory health, has been established [2, 3].

Ambient air pollution has been shown to adversely affect lung function throughout the course of life.
Many cross-sectional studies and several longitudinal studies have reported lower lung function and slower
lung function growth as a result of exposure to air pollution in children [4–6] and adolescents [7–9].
Fewer studies have assessed associations of air pollution with lung function in adults, but increasing
evidence from individual cohort studies from Europe [10–12], the USA [13] and Asia [14], as well as a
recent multi-cohort study of five European cohorts within the European Study of Cohorts for Air
Pollution Effects (ESCAPE) project [15], suggest adverse effects on adult lung function, too. Studies of
effects of air pollution on lung function decline in adulthood are scarce and findings are mixed. An
accelerated age-related decline in lung function among persons with higher exposure to air pollution was
reported by a large study in Asia [14], but not in an ESCAPE multi-cohort study [15]. Additional evidence
comes from cohort studies that reported slower declines in lung function in relation to reductions in air
pollution exposure [13, 16].

Although our understanding of the long-term effects of air pollution on lung function has improved in
recent years, the role of air pollution in chronic obstructive pulmonary disease (COPD) development is
still unclear. COPD is an inflammatory airway disease that affects the small airways [17] and is
characterised by progressive and not fully reversible airflow limitation [18]. It is the fourth leading cause of
death worldwide, and has been predicted to become the third leading cause by 2030 [19], making it a
major public health concern. Since COPD risk is jointly determined by lung growth during childhood and
adolescence leading to the maximally attained level of lung function in early adulthood as well as the
timing and rate of decline of lung function later in life [20], and these have been shown to be associated
with air pollution, a link between air pollution exposure and COPD development seems plausible, but is
not well investigated [21]. Evidence from the few studies that investigated this link directly across Europe
as well as other geographical settings [14, 21–23] is suggestive, but not conclusive.

In this issue of the European Respiratory Journal, DOIRON et al. [24] explored associations of long-term air
pollution exposure with lung function and COPD in adults aged 40–69 years. The study is unique, with a
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sample size of 303887 participants, largely from urban areas of England, Wales and Scotland, within the
UK Biobank National Cohort Study. In this study, higher levels of land use regression (LUR)-based
estimates of air pollutants (nitrogen dioxide (NO2), particulate matter with aerodynamic diameters
<10 µm (PM10) and <2.5 µm (PM2.5), and between 2.5 µm and 10 µm (PMcoarse)) at participants’ baseline
(2006–2010) home address, were associated with lower pre-bronchodilation spirometry metrices of forced
expiratory volume in 1 s (FEV1) and forced vital capacity (FVC), a lower FEV1/FVC ratio and a higher
risk of COPD (defined as FEV1/FVC less than the lower limit of normal). Findings of this study
corroborate findings of previous research suggesting that adults exposed to higher concentrations of air
pollution experience significant reductions in lung function and have a higher risk of COPD.

Placing the findings by DOIRON et al. [24] into perspective by comparing absolute changes in lung function
for standardised exposure increments of the ESCAPE study, the observed association estimates are larger
than those reported from studies that used similar exposure assessment methods, i.e. LUR models from
the ESCAPE project. For example, for a 10 µg·m−3 increase in NO2, ADAM et al. [15] reported a 13.9 mL
(95% CI −25.8 to −2.1 mL) reduction in FEV1, and DE JONG et al. [11] reported a 18 mL (95% CI −30 to
−7 mL) reduction in FEV1, whereas DOIRON et al. [24] reported a 33 mL (95% CI −36.3 to −31.3 mL)
reduction in FEV1, although air pollution levels were generally lower than those in the two
aforementioned studies. The authors attribute the stronger estimates to the large sample size, harmonised
spirometer use and protocols, and reduced air pollution exposure misclassification [24]. Estimates for NO2

reported by DOIRON et al. [24], however, are comparable to those reported by FORBES et al. [12] (−32 mL,
95% CI −39 to −24 mL, per 10 µg·m−3 increase in NO2) from another British study that did not use
ESCAPE LUR models, but air dispersion models for air pollution exposure assessment.

Determining susceptible subgroups within the population is important for developing targeted
interventions to reduce the respiratory disease burden. Therefore, the assessment of potential subgroups
with increased susceptibility to the adverse effects of air pollution on lung function and COPD by DOIRON

et al. [24] presents an interesting perspective. The extraordinary large sample size, ensuring sufficient
statistical power to conduct subgroup analyses, is a major strength of this study over previous studies. The
stronger associations of air pollution exposure with lower lung function in subjects with a lower income
and obese individuals were in line with findings of previous studies [15, 25]. Associations between air
pollution and lung function were found to be stronger in males, while associations between air pollution
and COPD were stronger in females [24]. Current evidence on sex as a modifier of the association
between air pollution and lung function is mixed. A review of the role of sex in air pollution epidemiology
concluded that in later childhood, adolescence and adulthood, effects tended to be stronger for females
than for males, while effects tended to be stronger for boys in early life [26]. However, a more recent
review reported uncertainty around evidence for sex effect modification of air pollution effects on lung
function in childhood [4].

Of particular interest are also the subgroup analyses by occupation presented by DOIRON et al. [24], as not
many studies have the statistical power to reliably assess this effect modification. Significant associations
with lower lung function, but not with risk of COPD were found for participants with current employment
in one out of 14 jobs with an increased risk of COPD, compared to participants with other occupations.
The authors argue that the lack of effect modification by occupation for COPD might be attributable to a
healthy worker effect, i.e. participants with COPD being less likely to work in high risk occupations. The
lack of data on occupational history hinders further considerations regarding duration of occupation and
past occupations. However, supportive evidence comes from another study that has investigated a similar
effect modification in relation to mortality and has reported a higher relative risk of death in relation to air
pollution exposure among participants exposed to dust or fumes in the workplace [27]. More studies with
adequate data are required to explore and contribute to these findings.

Despite the impressive sample size, objective spirometry measurements, and standardised exposure
assessment, there are some limitations to the work by DOIRON et al. [24]. Firstly, the cross-sectional nature
of the study limits the ability to establish temporal causal links of air pollution exposure with lung
function and COPD in this study. Also, it is uncertain whether the lower adult lung function and higher
risk of COPD are the result of changes in lung development during childhood that resulted in lower
maximum achieved lung function in early adulthood and persisted into adulthood [28], or the result of an
accelerated age-related decline in lung function during adulthood, as suggested by some studies [13, 14, 16].
Continued follow-up of spirometry measurements from the UK Biobank cohort could provide important
contributions to the knowledge gap regarding age-related decline.

The assessment of the consequences of air pollution effects on children’s lungs for later COPD
development remains challenging. Not many birth and child cohorts currently have sufficiently long
follow-ups to assess life-course associations of air pollution with lung function and COPD from childhood
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through adolescence into adulthood. However, several cohort studies with detailed lung function data and
exposure histories from childhood are well on their way but will need few more decades to assess the
impact of air pollution on lung function and COPD through the course of life. Another potential
limitation of the study by DOIRON et al. [24] concerns air pollution exposure assessment. LUR models
developed for the Thames Valley region were transferred to the UK Biobank study areas to predict air
pollution concentrations. Transferability of the LUR models may be a source of measurement error as it has
been shown that models tend to perform less well outside the Thames Valley region and prior to 2007 [29],
and therefore bias cannot be ruled out. Furthermore, DOIRON et al. [24] did not account for spatial
autocorrelation of observations, which may have introduced additional bias.

The Air Quality Pollutant Inventories report for England, Scotland, Wales and Northern Ireland recently
reported that, as of 2017, UK air quality was much better than at any time since the industrial revolution [30].
However, this study by DOIRON et al. [24], one of the largest to date to examine associations of air
pollution exposure and lung function and COPD in adults, still demonstrates adverse effects even at
declining air pollution levels. This presents important evidence that can inform policy making,
highlighting the necessity for more comprehensive efforts in reducing air pollution and the need to
mitigate the burden of air pollution on respiratory health.

Conflict of interest: E.B. Milanzi has nothing to disclose. U. Gehring has nothing to disclose.
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