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14 Żurawia St., 15-540, Białystok, Poland
cLiverpool Centre for Cardiovascular Science at University of Liverpool, Liverpool John Moores University and Liverpool Heart & Chest
Hospital, Liverpool, United Kingdom
dDanish Center for Health Services Research, Department of Clinical Medicine, Aalborg University, Aalborg, Denmark
The Lancet Regional
Health - Europe
2024;43: 100982

Published Online 22 June

2024

https://doi.org/10.
1016/j.lanepe.2024.
100982
We appreciate the commentary by Mark R. Miller on
our analysis.1,2 As a research group focused on investi-
gating, gathering, and spreading scientific evidence on
detrimental effects of air pollution on human health, we
strongly support the author’s viewpoint.

In the comment, the issue of potentially negative
impact of ozone (O3) was raised. Although initially this
gaseous pollutant was omitted due to our focus on con-
stituents of Polish Smog, we have been able to supple-
ment our recent paper regarding the impact of O3 on
myocardial infarction (MI) incidence, using the previ-
ously described methodology.2 This is particularly rele-
vant given recent data demonstrating the adverse effects
of O3 on the incidence of cardiovascular disease (CVD).S1

In our study, the median concentration of O3 was
47.9 μg/m3 (IQR 34.3–60.9) with great seasonal and
geographical variability. The exposure to O3 increased
the risk of ST-elevation MI incidence on the day of
exposure (RR 1.007, 95% CI 1.001–1.013, P = 0.026),
especially in the rural areas (RR 1.009 95% CI
1.002–1.016, P = 0.009), with no effect on non-ST-
elevation MI (Fig. 1).

In Polish smog, the main pollutants are particulate
matter (PM) and polyaromatic hydrocarbons, mainly
from burning low-quality fuels in residential furnaces.
In rural areas, much of the air pollution comes from
agriculture, emitting ammonia and NOₓ, which can
convert into PM. Tropospheric O3 forms from photo-
chemical reactions between NOₓ and volatile organic
compounds. However, in areas with high NOₓ concen-
trations, O3 reacts with NO, forming NO2 and O2,
reducing O3 levels. This dynamic balance means areas
with high NOx concentrations typically have lower O3

levels, which is common in many urban areas.S2,S3

There are a limited number of studies assessing the
differences arising from the influence of individual air
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pollution on the incidence of CVD comparing rural and
urban areas.3 However, larger associations between
mean air pollution concentrations and the incidence of
CVD were observed in rural communities.3 Another
study by Su et al. examining the impact of O3 demon-
strated that female and rural residents face a heightened
risk.4 O3 may be especially harmful in patients who have
at least one cardiovascular risk factor, including ather-
omatous lesions, which may explain differences in its
impact between various populations—as seen in our
results.5 On the contrary, there are studies of O3 and MI
that did not find any significant influence or even a
protective effect.S4,S5

We believe that a new era of shifting the paradigm in
CVD prevention is upon us, signaling the necessity to
integrate environmental risk factors into established risk
assessment scales, alongside extending mitigation
strategies to encompass less urbanized area.
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Fig. 1: Impact of ozone on myocardial infarction incidence in the analyzed region. Panel a, O3 concentrations in individual counties within
the analyzed area. Panel b, O3 concentrations over the analyzed period. Panel c, association between exposure to O3 and STEMI incidence. Panel
d, association between exposure to O3 and NSTEMI incidence. In two pollutant models, the effects were adjusted for pollutants other than O3.
Abbreviations: BaP, benzoalphapyrene; O3, ozone; NO2, nitrogen dioxide; PM2.5, particulate matter with an aerodynamic diameter less than
2.5 microns; RR, relative risk; SO2, sulfur dioxide.
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