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The higher susceptibility to air pollution of asthmatic children with a higher BMI can (partly) be
explained by differences in breathing patterns that result in a higher (alveolar) lung deposition of
PM2.5 https://bit.ly/3FuNpxM
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Decades of research have clearly shown that higher levels of air pollution have deleterious effects on
respiratory and cardiovascular health [1, 2]. In addition, more recent studies have shown that air pollution
is also associated with health outcomes that seem less obvious candidates, such as higher systemic
inflammation [3], worse kidney function [4], worse cognitive abilities [5] and, very recently, higher
incidence and mortality of COVID-19 [6, 7]. Importantly, these health effects of air pollution are also seen
in regions with relatively low levels of air pollution, indicating that the current WHO air quality guidelines
[8] are insufficient to prevent the negative health effects of air pollution.

Interestingly, the health effects of air pollution differ between individuals. This indicates that people are
not equally susceptible to these health effects. For example, older and younger age, the presence of
specific diseases, such as asthma or COPD, smoking [9] and specific genetic markers [10] have been
associated with larger air pollution health effects. Another susceptibility-increasing factor is a higher body
mass index (BMI). For example, a Chinese study in children has shown that higher levels of air pollution
are associated with worse lung function and these effects are significantly larger in overweight and obese
children [11]. Also, in children with asthma, air pollution effects on respiratory symptoms are larger in
overweight and obese asthmatic children [12]. In addition, higher air pollution exposure is also associated
with a higher obesity risk in children [13], resulting in a vicious circle and risk accumulation for negative
health effects of air pollution.

Obesity has been widely recognised as both a risk factor and disease modifier in children and adults with
asthma. The prevalence of asthma and obesity has increased significantly over the past decades. With an
estimated prevalence of 10% in the paediatric population, asthma is the most prevalent chronic disease
among children globally. The prevalence rate of obesity among children increased by about 50% between
1980 and 2013 in both developed and developing countries [14]. Asthma and obesity have a known
intimate relationship and distinct phenotypes of overweight asthmatic subjects are distinguished: the “obese
asthmatic” with prevalent (typically allergic) asthma with obesity-worsening asthma complaints (i.e. more
frequent and more severe exacerbations), and the “asthmatic obese” in which asthma seems to have
developed as a consequence of obesity [15]. Up to 23% to 27% of new asthma cases in children with
obesity seem to be directly attributable to obesity [16]. Regardless of the asthma phenotype, obesity leads
to more frequent and severe exacerbations, lung function changes, reduced response to asthma medication
and lower quality of life [17–20]. Importantly, obesity also makes these asthmatic patients more susceptible
to environmental exposures such as air pollution.
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To date, it is not clear why subjects with a higher BMI are more susceptible to the health effects of air
pollution. One of the hypothesised mechanisms is that both air pollution and obesity are associated with an
increase in inflammation and oxidative stress. The cumulative effects of these will lead to larger air
pollution effects in obese subjects. Indeed, the study by DUBOWSKY et al. [21] shows that subjects with
diabetes, obesity and hypertension have larger increases in markers of systemic inflammation after air
pollution exposure. Another hypothesis focuses on differences in lung volumes and breathing patterns
between normal weight and overweight/obese subjects. These differences may lead to higher lung
deposition of air pollutants. Evidence for this mechanism has been shown in healthy children [22].

In this issue of the European Respiratory Journal, AFSHAR-MOHAJER et al. [23] have tried to shed more
light on the possible mechanism to explain the greater susceptibility to air pollution in subjects with
obesity. They focused on asthmatic children, since this is a group that already experiences a larger impact
of air pollution exposure. They used data from a cohort of 174 asthmatic children to investigate the
association of BMI with differences in breathing patterns and deposition of inhaled particles with a 50%
cut-off aerodynamic diameter of 2.5 µm (PM2.5). They show that children with a higher BMI have higher
tidal volumes and minute ventilation than children with a lower BMI. By using a computational particle
dosimetry model for PM2.5, they show that higher tidal volumes caused a higher fractional deposition of
PM2.5 in the lungs, and especially in the alveolar region. A 20% decrease of functional residual capacity
(FRC) in obese children was taken into account in a sensitivity analysis showing that the higher fractional
deposition was independent of the FRC. The authors conclude that the higher tidal volumes in children
with a higher BMI lead to higher susceptibility to air pollution.

The strength of this paper is that the authors used a combination of investigational methods to assess their
hypothesis that higher tidal volumes in obese children will lead to higher PM2.5 deposition in the
respiratory system. Breathing pattern data were collected in a rather large group of asthmatic children with
about equal numbers of obese and non-obese children. Breathing patterns were measured using a full-face
mask, preventing the alterations in breathing patterns due to wearing a nose clip and the use of a
mouthpiece. These breathing patterns were the input for the multi-path particle dosimetry model, which is
an often used dosimetry model in children. A novel aspect of the study was that not only total fractional
deposition of PM2.5 was estimated but also regional deposition. These analyses showed that the deposition
in the upper respiratory tract and the tracheobronchial tract (up to the 16th airway generation) was not
dependent on the tidal volume, and thus was not dependent on BMI. However, deposition in the alveolar
region was higher with higher tidal volumes, indicating that PM2.5 penetrates deeper into the lung. Since a
deeper penetration of particles probably leads to higher oxidative stress and pro-inflammatory responses
[3], this suggest that children with a higher BMI are more at risk for these effects.

A limitation of the paper is that although the authors showed that, in this model, a set 20% reduction of
the FRC in obese patients did not significantly influence deposition, the FRC was still estimated and not
measured in individual study participants, which is feasible nowadays. Furthermore, as discussed by the
authors, the evidence is indirect and future studies are needed with direct measurement of regional particle
deposition. This will be challenging for both practical and ethical reasons.

The higher deposition of PM2.5 in subjects with obesity is a very important observation and, especially in
children with asthma, this may have clinical consequences. Children with asthma carry already two risk
factors that make them more susceptible to air pollution, i.e. their younger age and their asthma. This study
shows that if they are also obese, a third susceptibility factor is present. Undoubtedly, efforts to lower air
pollution levels to control the negative health effects should continue and be enforced. But in addition, the
health effects could be diminished if we can prevent or treat physical determinants, such as a high BMI,
that increase susceptibility to air pollution. This study underlines the importance of primary prevention of
overweight in children, and also indicates that secondary prevention may be beneficial for the course of
disease in children with asthma.
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