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Abstract

Aims: To analyse the relationship among air pollutants, markers of inflammation and infarct size in patients with acute coronary syndrome (ACS).
Methods: This was a prospective analysis of consecutive patients admitted to hospital because of ACS. Cardiac biomarkers were drawn. The daily
mean values of the air pollutants from the day before until 7 days before admission were analysed. The study population was stratified according to
infarct size, based on median peak troponin value. Results: Patients were divided into two groups of 108 subjects each, according to median peak
troponin value. Patients with extensive MIs had a higher neutrophil:lymphocyte ratio and leukocyte and neutrophil counts than patients with smaller
Mls. In addition, they were exposed to higher concentrations of sulphur dioxide (9.7 + 4.1 versus 8.4 + 31 pg/m*; p=0.009) and lower concentrations
of ozone (33.8 + 137 versus 38.6 + 14.5 pg/m*; p=0.014). Multivariate analysis showed that sulphur dioxide levels (OR 112; 95% CI [1.031-1.21];
p=0.007) and neutrophil/lymphocyte ratio (OR 1.08; 95% CI [1.011-1.17]; p=0.024) were independent predictors of infarct size. Conclusion: Patients
with extensive MIs had higher white cell inflammatory levels and had been exposed to higher sulphur dioxide concentrations in the ambient air.
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Cardiovascular diseases are the leading cause of mortality throughout the
world including Spain, mainly in the form of ischaemic heart disease.
Acute coronary syndrome (ACS) is one of the most severe forms of
presentation of ischaemic heart disease. Coronary atherosclerosis is the
most frequent pathophysiological process underlying ACS, which is
complicated by atherosclerotic plaque rupture or erosion.*

A range of factors have been reported to contribute to the development
of ACS.® The classic risk factors related to the development of
cardiovascular diseases are smoking, arterial hypertension, dyslipidaemia

and diabetes. In addition, many epidemiological studies have found an
association between environmental pollution exposure and harmful
health effects, with an important increase in morbidity and mortality. The
existing evidence indicates that most deaths caused by environmental
pollution are attributable to cardiovascular diseases.’ This has led to the
suggestion that environmental pollution constitutes a new modifiable
cardiovascular risk factor.®

Air pollution consists of a complex mixture of compounds in the form of
gases and particulate matter (PM), with evidence supporting PM as the
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Air Pollution, Inflammatory Biomarkers and Infarct Size In STEMI Patients

Figure 1: Pollution in Study Area

Distribution of sulphur dioxide over western Europe detected from satellite (sensor OMI) according to Fioletov et al. shown in Dobson units (DU). The black arrow indicates the location of Asturias, the
study region. Source: Fioletov et al. 2016." Adapted from Copernicus Publications under a Creative Commons (CC BY 3.0) licence.

main cause of cardiovascular morbidity and mortality.® The precise
mechanisms whereby the inhaled particles produce their adverse effects
upon the cardiovascular system are not fully clear? After entering the
body through the respiratory system, inhaled PM may trigger an
inflammatory response at pulmonary level, with a secondary systemic
inflammatory response that in turn exerts its cardiovascular effects

This study was carried out in Asturias in northern Spain, a region where
coal burning and heavy industry have regularly been sources of sulphur
dioxide and other pollutants. Satellites often detect high loads of sulphur
dioxide over this region (Figure 1)."

Considering the pollution levels in the Asturias region, we hypothesise
that exposure to ambient air pollution days before an acute Ml could
influence the observed white cell inflammatory response and the infarct
size”

Therefore, this study analyses the influence of exposure to environmental
pollutants on the white cell inflammatory markers in patients with acute
MI, evaluates whether such exposure influences infarct size and reviews
current data in the literature.

Methods

Study Population

A prospective study was carried out involving 236 patients consecutively
admitted to Hospital Universitario Central de Asturias (HUCA) from
1 January 2014 to 31 December 2015 with a diagnosis of ST-segment
elevation acute coronary syndrome (STEACS), with successful (final TIMI
flow 3) primary angioplasty/percutaneous coronary intervention (PCI).
STEACS was defined according to the European Society of Cardiology
clinical practice guidelines as persistent chest pain or other symptoms
indicating ischaemia and ST-segment elevation on at least two contiguous
electrocardiographic leads”

Twenty patients were excluded due to sepsis, surgery or trauma in the

previous 3 months, neoplasms, cirrhosis, chronic inflammatory or
autoimmune diseases, active corticosteroid treatment, a life expectancy
of less than one year or unsuccessful angioplasty (final TIMI flow O, 1 or 2).
The final cohort consisted of 216 patients.

Primary Angioplasty

Conventional coronary angiography was performed using radial or
femoral artery access. The angiograms were evaluated based on the
modified 17-segment model proposed by the American Heart Association,
which includes the major coronary artery trunks and their main branches
An obstructive lesion was defined as a reduction of >70% in vessel
diameter, except in the case of the left common trunk, where the
percentage was defined as >50%. PCl was performed as established in
the clinical practice guidelines.”

Study Variables

With regard to air pollutants and meteorological variables, we analysed
daily mean values (24 hours) from the day before (lag 1) until 7 days before
admission (lag 7) of each of the 216 patients admitted with ACS in the
period 2014-2015. These mean values were calculated based on the data
recorded in one of the four air quality monitoring stations in the
municipality of Oviedo. Data were supplied by the local authorities
(Consejerfa de Fomento, Ordenacion del Territorio y Medio Ambiente).
The selected station was Palacio de Deportes (43°22'03.1"N;
5°49'54 4" W), which is in an urban area. A nearby highway with heavy
traffic clearly influenced the recordings. The access to the city through
this highway was shut down for several days in December 2015 because
of high concentrations of PM, (particles <10 um diameter that can be
inhaled).

For the air pollutants, we analysed the data for sulphur dioxide (SO.), nitric
oxide (NO), nitrogen dioxide (NO,), carbon monoxide (CQ), ozone (0,),
benzene (CH,), toluene (C H,), xylene (C.H, ) and PM. For meteorological
variables, we recorded precipitation (in mm), temperature, pressure,

relative humidity and wind speed.
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A number of clinical variables were compiled for the patients, including
cardiovascular risk factors (age, smoking, arterial hypertension,
hypercholesterolaemia and diabetes), sex, kidney disease and previous
MI. For the laboratory test parameters, we recorded haemoglobin,
leukocytes, neutrophils, lymphocytes and platelet counts from the first
blood count made after symptom onset (generally upon patient arrival in
hospital), as well as ultra-sensitive troponin T peak concentration.

The following coronary angiographic data were recorded: culprit artery;
number of diseased vessels; treatment of some vessel apart from the
culprit artery; stent placement (or not); the number of stents placed; and
final TIMI flow.

Primary Endpoint

The primary endpoint of this study was to investigate the impact of the
exposure to ambient air pollutants on white cell inflammatory markers in
patients with acute MI, and evaluate whether such exposure influences
infarct size.

White cell inflammatory activity was assessed based on the
neutrophil:lymphocyte ratio (NLR; absolute counts). Infarct size was
analysed based on the median peak troponin value. For the purpose of the
analysis, a large enzymatic infarct size was defined as infarction with peak
troponin values above the median, while a small enzymatic infarct size was
defined as infarction with peak troponin values below the median.

Statistical Analysis

The relationship between air pollutants an myocardial infarct size was
studied by an analysis of time series. Continuous variables were reported
as the mean = SD or as the median and interquartile range (IQR) in the
absence of normal data distribution. Qualitative variables were reported
as absolute values and percentages. Ambient air pollution values for each
patient were calculated as 24-hour averages from the previous day up to
7 days before admission.

For the purpose of the analysis, patients were divided into two groups of
108 according to infarct size, based on the median peak troponin value
(2,991.5 ng/ml). The baseline characteristics of the two groups of patients
were compared using the x-squared test for categorical variables.
Continuous quantitative variables with a normal distribution were
compared using the Student’s t-test, while the nonparametric Mann—
Whitney U-test or Kruskal-Wallis test was used in the absence of a normal
distribution.

A multivariate analysis was performed based on a regression model in
which the dependent variable was infarct size and the independent
variables were the parameters found to be significant (p<0.05) in the
univariate analysis. The results were expressed using the OR and 95% ClI.
Statistical significance was considered for p<0.05 in all cases. The SPSS
statistical package was used throughout.

Results

A total of 236 patients were recruited, of whom 216 had data finally
analysed after applying the exclusion criteria. The baseline characteristics
of the two groups are shown in Table 1.

There were significant differences between the two groups in terms of
age and ventricular function at discharge. The patients with extensive
infarcts were comparatively older and exhibited poorer ventricular
function. There were no statistically significant differences between the

Table 1: Patient Characteristics by Infarct Size

Small Large p-value

Enzymatic  Enzymatic

Infarct Size Infarct Size

(n=108) (n=108)
Age, years 62+12.8 66.2 £13.9 0.023
Male sex, n (%) 89 (82.4%) 87(80.6%) 0.86
Previous M1, n (%) 20 (18.5%) 16 (15%) 0.6
PAD, n (%) 2 (1.9%) 6 (5.6%) 0.28
Renal failure, n (%) 2 (1.9%) 5 (4.6%) 0.44
Stroke, n (%) 2 (1.9%) 2 (1.9%)

Cardiovascular Risk Factors

Hypertension, n (%) 42 (38.9%) 56 (51.9%) 0.07
Smoking, n (%) 68 (63%) 67 (62%) 1

Dyslipidaemia, n (%) 36 (33.3%) 46 (42.6%) 0.21
Diabetes, n (%) 22 (20.4%) 32 (29.6%) 016

STEACS Presentation

Time from FMC to PCI, minutes 69 [101-54] 75 [59-111] 0.29
Successful reperfusion, n (%) 108 (100%) 108 (100%) 1
Predischarge LVEF, % 55.4+10.4 50.8+12.8 0.005

Culprit Lesion

Left main coronary artery, n (%) 6 (%) 9 (%)
LAD artery, n (%) 42 (%) 47 (%)
Circumflex artery, n (%) 11(%) 12 (%)
Right coronary artery, n (%) 48 (%) 40 (%)
Vein graft, n (%) 1(%) 0 (%)

Coronary Artery Disease Extension

One vessel disease, n (%) 61(56.5%) 57 (52.8%)
Two vessel disease, n (%) 34 (31.5%) 34 (31.5%)
Three vessel disease, n (%) 23 (12%) 17 (15.7%)

Patients were classified into two groups by enzymatic infarct size. FMC = first medical contact.
LAD = left anterior descending, LVEF = left ventricle ejection fraction; PAD = peripheral arterial
disease; PCI: percutaneous coronary intervention; STEACS = ST-elevation acute coronary syndrome.

Table 2: Biochemical Results by Enzymatic Infarct Size

Small Enzymatic Large Enzymatic p-value

Infarct Size Infarct Size

(n=108) (n=108)
Haemoglobin, mg/dl  14.8 £1.6 142+22 0.019
Leukocytes, 1071 10.8+3.4 125+4.9 0.04
Neutrophils, 10 6.9+32 89+45 <0.001
Lymphocytes, 10%/ 29+16 24+15 0.029
Platelets, 10%/I 230727 236+ 691 0.5
Troponin T, ng/ml 1,391+ 888 7,767 + 4,886 <0.001
NLR 38+42 52+4 0.015

NLR = neutrophil:lymphocyte ratio.

two groups in terms of the prevalence of cardiovascular risk factors,
culprit lesion or the extent of coronary disease.

The laboratory test parameters are reported in Table 2. Patients with
larger Mls presented higher neutrophil:lymphocyte ratios, leukocyte
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Table 3: Meteorological Variables: Particulate
and Gaseous Pollutant Levels

Small Enzymatic Large Enzymatic p-value
Infarct Size Infarct Size
(n=108)

(n=108)

Meteorological Variables

Wind speed (m/s) 22+07 21+06

Temperature (°C) 129+4.2 13.4+41 0.42
Relative humidity (%) 81+7 81.5+6.9 0.6
Pressure (hPa) 979.3+59 9791£6.9 0.78
Precipitation (mm) 34+36 2.8+28

aseous Pollutants

50, (ug/m’) 84431 97+41 0.009
NO, (ug/m’) 323191 342182 o
NO (ug/m?) 2814244 322244 0.21
€O (mg/m) 03401 04+01 0.25
0, (ug/m’) 38.6+14.5 338+137 0.014
CH, (ng/m’) 06+03 07+03 0.57
C H, (ug/m’) 2414 26+14 0.4

gm(ug/m) 14408 15408 038
PM,, (ug/m’) 28.6+8.8 3128

Data on atmospheric pollution in ambient air and meteorological variables between the previous
day and the 7 days before admission. CO = carbon monoxide; C,H, = benzene; C H, = toluene;
C,H., = xylene; NO = nitric oxide; NO, = nitrogen dioxide; O,= ozone; SO, = sulphur dioxide; PM,,
= particulate matter with an aerodynamic diameter smaller than 10 um.

Table 4: Multivariate Predictors of Enzymatic Infarct Size

(0] 95% Cl p-value
Hypertension 1.85 [1.05-3.27] 0.032
SO, levels 112 [1.031-1.21] 0.007
NLR 1.08 [1.011-117) 0.024

Multivariate predictors of large enzymatic infarct size in 216 patients with acute coronary
syndrome and ST-elevation MI. After adjustment for age (p=0.1), sex (p=0.73), diabetes (p=0.27),
smoking (p=0.61), dyslipidaemia (p=0.3), time from first medical contact to percutaneous
coronary intervention (p=0.33), haemoglobin (p=0.3) and levels and ozone levels (p=0.27).

NLR = neutrophil:lymphocyte ratio; SO, = sulphur dioxide.

and neutrophil counts but lower lymphocyte counts than patients with
smaller Mls.

The meteorological variables and the levels of particulate and gaseous
pollutants are shown in Table 3. No statistically significant differences
were observed with regard to the meteorological variables or airborne
particles. However, patients with larger Mls had been exposed to higher
levels of sulphur dioxide and to lower levels of ozone in the 7 days
before to admission. In the multivariate model, arterial hypertension,
the sulphur dioxide levels, and the neutrophil:lymphocyte ratio were
identified as independent predictors of infarct size in patients with
STEACS (Table 4).

Discussion
The main finding of our study is the association found between sulphur
dioxide, white cell inflammatory markers and infarct size in patients

admitted due to STEACS treated with successful PCI. Patients with large
enzymatic Mls presented with higher neutrophil:lymphocyte ratios.

Epidemiological Data

Air pollution is the single largest environmental health risk worldwide,
with air pollution alone causing a significant number of deaths per year
(one in eight of all deaths). In 2016, air pollution was the second most
important risk factor for non-communicable diseases worldwide and 91%
of the world’s population was exposed to harmful levels of air pollution.
This mortality effect of air pollution is mainly due to heart disease and
stroke, which are also the leading causes of mortality and morbidity
worldwide. Therefore, by reducing air pollution, we could reduce
morbidity and mortality from cardiovascular diseases.®

Air Pollution Particles

Air pollutants include gaseous pollutants (such as carbon monoxide, nitrogen
oxides, ozone and sulphur dioxide) and PM. PM has been linked to a number
of cardiovascular diseases; in particular, it seems that PM, . (particles <2.5
um diameter), which comes from traffic and industry, and ultrafine particles
(UFPs) are the most closely linked, as both can more easily reach the smaller
airways and alveoli, and UFPs can even cross the alveolar-capillary
membrane and spread through the systemic circulation to distant organs.

Air Pollution and Cardiovascular Disease

Several pathways have been proposed by which PM cause cardiovascular
disease. One of them is the direct pathway, i.e. when PM_ _ and especially
UFP move into the bloodstream and reach remote organs.

Due to the size, charge and chemical composition of UFP, it is much easier
for them to pass through the lung epithelium and the alveolar-capillary
barrier than larger particles. This exposure, even at low concentrations,
can lead to particulates entering the bloodstream to reach a remote
organ and potentially cause cumulative toxicity.

This translocation of UFPs to the bloodstream has detrimental effects on
the cardiovascular system. After deposition on the vascular endothelium,
UFPs can aggravate local oxidative stress and inflammation, resulting in
atherosclerotic plaque instability, and may eventually lead to thrombus
formation, leading to ACS.

Indirect pathways include oxidative stress at the pulmonary level and the
inflammatory response, as well as specific pulmonary receptors that
would activate the autonomic nervous system. Systemic inflammation is
a risk factor for the progression of atherosclerosis, and pro-inflammatory
mediators are strongly associated with increased blood coagulability and
endothelial dysfunction, which may exacerbate myocardial ischaemia.

Several studies in the US and Europe have indicated high numbers of
hospital admissions due to ischaemic heart disease related to higher PM
levels, and a meta-analysis in 11 European cohorts of the ESCAPE project
confirmed that long-term exposure to PM is associated with the incidence
of coronary events, and this association persists at exposure levels even
below the current European limit.”-"

When ambient particles interact with atmospheric gases (ozone, sulphur,
nitric oxide and carbon monoxide), they generate secondary particles that
are also associated with cardiovascular disease. For example, in a study
by Li et al., a 10 pg/m® increase in 2-day mean concentrations of PM,, SO,
and NO, was significantly associated with increases in daily coronary

heart disease mortality.®
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Relation of Air Pollution and Ml
In the present study, patients with larger Mis had been exposed to higher
sulphur dioxide levels and to lower ozone concentrations. Sulphur dioxide
emissions are linked to the combustion of coal and other heavy fuels for
power generation and in industrial activities.

Dominguez-Rodriguez et al. found that patients admitted because of ACS
and obstructive lesions had higher sulphur dioxide levels.?" Sulphur
dioxide is a gas that at high concentrations can give rise to an inflammatory
response at lung level, followed by proinflammatory cytokine release into
the systemic circulation, causing endothelial damage and increasing the
risk of atherosclerotic plagque rupture and consequent thrombosis.??
Likewise, other studies have reported a direct relationship between
environmental sulphur dioxide levels and blood concentrations of
proinflammatory and proatherogenic parameters.?

Infarct size is of great prognostic relevance in patients with STEACS.
High-sensitivity cardiac troponin T (hs-cTnT) has become the biomarker
of choice in assessing myocardial damage in the context of ACS. Its
peak concentration has been shown to be a robust indicator of infarct
size; as a result, it is widely used in clinical practice. Other biomarkers,
such as N-terminal pro-brain natriuretic peptide (NT-pro-BNP) and the
NTR (used in our study) are also independent predictors of infarct size in
the same way as troponin.?* The NLR relates neutrophils (which reflect
the immune response) and lymphocytes (which reflect the adaptive
immune response). This parameter has been shown to have greater
prognostic relevance than absolute leukocyte count in terms of patient
mortality following STEACS.”? In our study, the patients with more

extensive infarcts had higher NLRs, in concordance with the
aforementioned studies.

Limitations

Our study has several limitations that must be considered. This is a non-
randomised, observational study and our results must be considered
hypothesis generating, which can potentially constitute the basis of
broader investigations.

An inherent problem common in studies that analyse the effects of air
pollution is that we cannot exclude the existence of errors in the
measurement of exposure due to differences between what is measured
by the sampling stations and the actual exposure of each person in a
population (interindividual variability).

The climate of a region depends on various geographical factors such as
latitude, relief and environment; therefore, the results of our study should
be verified with those obtained in other geographical areas with different
climates from those analysed in this study.

Finally, infarct size was not measured by cardiac MRI, which is considered
the gold standard for the assessment of myocardial damage and
ventricular volumes.

Conclusion

Patients with extensive MIs presented higher levels of white cell
inflammatory biomarkers and had previously been exposed to higher
sulphur dioxide concentrations than patients with smaller Mls. L)

WHO. The top 10 causes of death. 9 December 2020.
https://www.who.int/en/news-room/fact-sheets/detail/the-
top-10-causes-of-death (accessed 15 September 2021).

the Ozone Monitoring Instrument. Atmos Chem Phys
2016;16:11497-519. https://doi.org/10.5194/acp-16-11497-
2016.

exposure to ambient air pollution and incidence of acute
coronary events: prospective cohort study and meta-
analysis in 11 European cohorts from the ESCAPE project.

2. Joseph P, Leong D, McKee M, et al. Reducing the global 12. Negral L, Sudrez-Pefia B, Zapico E, et al. Anthropogenic and BMJ 2014;348:f7412. https://doi.org/10.1136/bm.f7412;
burden of cardiovascular disease, part 1: the epidemiology meteorological influences on PM10 metal/semi-metal PMID: 24452269.
and risk factors. Circ Res 2017;121:677-94. https://doi. concentrations: implications for human health. Chemosphere ~ 20. Li H, Chen R, Meng X, et al. Short-term exposure to ambient
org/10.1161/CIRCRESAHA117.308903; PMID: 28860318. 2020;243:125347. https://doi.org/10.1016/. air pollution and coronary heart disease mortality in 8

3. Instituto Nacional de Estadistica. Death Statistic According to chemosphere.2019.125347; PMID: 31765904. Chinese cities. Int J Cardiol 2015;197:265-70. https://doi.
Cause of Death. January-May 2019 and 2020. 2020. https:// 13. Ibanez B, James S, Agewall S, et al. 2017 ESC guidelines for 0rg/10.1016/}.ijcard.2015.06.050; PMID: 26142971.
www.ine.es/dyngs/INEbase/en/operacion.htm?c=Estadistica_ the management of acute myocardial infarction in patients 21. Dominguez-Rodriguez A, Abreu-Afonso J, Gonzalez Y, et al.
C&cid=1254736176780&menu=ultiDatos&idp=1254735573175 presenting with ST-segment elevation: the Task Force for Relationship between short-term exposure to atmospheric
(accessed 15 September 2021). the management of acute myocardial infarction in patients sulfur dioxide and obstructive lesions in acute coronary

4. Santos-Gallego CG, Picatoste B, Badimon JJ. presenting with ST-segment elevation of the European syndrome. Med Clin (Barc) 2013;140:537-41. https://doi.
Pathophysiology of acute coronary syndrome. Curr Society of Cardiology (ESC). Eur Heart J 2018;39:119-77. 0rg/10.1016/j.medcli.2012.05.040; PMID: 23122610.
Atheroscler Rep 2014;16:401. https://doi.org/10.1007/s11883- https://doi.org/10.1093/eurheartj/ehx393; PMID: 28886621. 22. Araujo JA, Nel AE. Particulate matter and atherosclerosis:
014-0401-9; PMID: 24504549. 14. Austen WG, Edwards JE, Frye RL, et al. A reporting system role of particle size, composition and oxidative stress. Part

5. Arbab-Zadeh A, Nakano M, Virmani R, Fuster V. Acute on patients evaluated for coronary artery disease. Report of Fibre Toxicol 2009;6:24. https://doi.org/10.1186/1743-8977-6-
coronary events. Circulation 2012;125:1147-56. https:/doi. the Ad Hoc Committee for Grading of Coronary Artery 24; PMID: 19761620.
org/10.1161/CIRCULATIONAHA111.047431; PMID: 22392862. Disease, Council on Cardiovascular Surgery, American Heart ~ 23. Thompson AMS, Zanobetti A, Silverman F, et al. Baseline

6. Brook RD, Rajagopalan S, Pope CA, et al. Particulate matter Association. Circulation 1975;51:5-40. https://doi. repeated measures from controlled human exposure
air pollution and cardiovascular disease: an update to the 0rg/10.1161/01.cir.51.4.5; PMID: 1116248. studies: associations between ambient air pollution
scientific statement from the American Heart Association. 15. Tribunal de Cuentas Europeo. Air pollution: our health still exposure and the systemic inflammatory biomarkers IL-6
Circulation 2010;121:2331-78. https://doi.org/10.1161/ does not have enough protection. 2018 [in Spanish]. https:/ and fibrinogen. Environ Health Perspect 2010;118:120—4.
CIR.0b013e3181dbeceT; PMID: 20458016. www.eca.europa.eu/Lists/ECADocuments/SR18_23/SR_AIR_ https://doi.org/10.1289/ehp.0900550; PMID: 20056584.

7. Sunyer J. Atmospheric pollution and mortality. Med Clin (Barc) QUALITY_ES.pdf (accessed 15 September 2021). 24. Tiller C, Reindl M, Holzknecht M, et al. Biomarker
2002;119:453—4. https://doi.org/10.1016/S0025- 16. DuY, Xu X, Chu M, et al. Air particulate matter and assessment for early infarct size estimation in ST-elevation
7753(02)73453-2; PMID: 12385653. cardiovascular disease: the epidemiological, biomedical and myocardial infarction. Eur J Intern Med 2019;64:57-62.

8. Araujo JA. Are ultrafine particles a risk factor for clinical evidence. J Thorac Dis 2016;8:e8-19. https://doi. https://doi.org/10.1016/}.ejim.2019.03.001; PMID: 30878297.
cardiovascular diseases? Rev Esp Cardiol 2011;,64:642-5. 0rg/10.3978/j.issn.2072-1439.2015.11.37; PMID: 26904258. 25. Sawant AC, Adhikari P, Narra SR, et al. Neutrophil to
https://doi.org/10.1016/j.rec.2011.05.006; PMID: 21723025. 17. Dominici F, Peng RD, Bell ML, et al. Fine particulate air lymphocyte ratio predicts short- and long-term mortality

9. Miller MR, Newby DE. Air pollution and cardiovascular pollution and hospital admission for cardiovascular and following revascularization therapy for ST elevation
disease: car sick. Cardiovasc Res 2020;116:279-94. https:// respiratory diseases. JAMA 2006;295:1127-34. https://doi. myocardial infarction. Cardiol J 2014;21:500-8. https://doi.
doi.org/10.1093/cvr/cvz228; PMID: 31583404. 0rg/10.1001/jama.295.10.1127; PMID: 16522832. 0rg/10.5603/CJ.a2013.0148; PMID: 24142685.

10. Miller MR, Shaw CA, Langrish JP. From particles to patients: ~ 18. von Klot S, Peters A, Aalto P, et al. Ambient air pollution is 26. Park JS, Seo KW, Choi BJ, et al. Importance of prognostic
oxidative stress and the cardiovascular effects of air associated with increased risk of hospital cardiac value of neutrophil to lymphocyte ratio in patients with
pollution. Future Cardiol 2012;8:577-602. https://doi. readmissions of myocardial infarction survivors in five ST-elevation myocardial infarction. Medicine (Baltimore)
0rg/10.2217/fca12.43; PMID: 22871197. European cities. Circulation 2005;112:3073-9. https://doi. 2018;97:e13471. https://doi.org/10.1097/

1. Fioletov VE, McLinden CA, Krotkov N, et al. A global 0rg/10.1161/CIRCULATIONAHA.105.548743; PMID: 16286602. MD.0000000000013471; PMID: 30508975.
catalogue of large SO2 sources and emissions derived from ~ 19. Cesaroni G, Forastiere F, Stafoggia M, et al. Long term

EUROPEAN CARDIOLOGY REVIEW
Access at: www.ECRjournal.com


https://www.who.int/en/news-room/fact-sheets/detail/the-top-10-causes-of-death
https://www.who.int/en/news-room/fact-sheets/detail/the-top-10-causes-of-death
https://doi.org/10.1161/CIRCRESAHA.117.308903
https://doi.org/10.1161/CIRCRESAHA.117.308903
https://www.ine.es/dyngs/INEbase/en/operacion.htm?c=Estadistica_C&cid=1254736176780&menu=ultiDatos&idp=1254735573175
https://www.ine.es/dyngs/INEbase/en/operacion.htm?c=Estadistica_C&cid=1254736176780&menu=ultiDatos&idp=1254735573175
https://www.ine.es/dyngs/INEbase/en/operacion.htm?c=Estadistica_C&cid=1254736176780&menu=ultiDatos&idp=1254735573175
https://doi.org/10.1007/s11883-014-0401-9
https://doi.org/10.1007/s11883-014-0401-9
https://doi.org/10.1161/CIRCULATIONAHA.111.047431
https://doi.org/10.1161/CIRCULATIONAHA.111.047431
https://doi.org/10.1161/CIR.0b013e3181dbece1
https://doi.org/10.1161/CIR.0b013e3181dbece1
https://doi.org/10.1016/S0025-7753(02)73453-2
https://doi.org/10.1016/S0025-7753(02)73453-2
https://doi.org/10.1016/j.rec.2011.05.006
https://doi.org/10.1093/cvr/cvz228
https://doi.org/10.1093/cvr/cvz228
https://doi.org/10.2217/fca.12.43
https://doi.org/10.2217/fca.12.43
https://doi.org/10.5194/acp-16-11497-2016
https://doi.org/10.5194/acp-16-11497-2016
https://doi.org/10.1016/j.chemosphere.2019.125347
https://doi.org/10.1016/j.chemosphere.2019.125347
https://doi.org/10.1093/eurheartj/ehx393
https://www.eca.europa.eu/Lists/ECADocuments/SR18_23/SR_AIR_QUALITY_ES.pdf
https://www.eca.europa.eu/Lists/ECADocuments/SR18_23/SR_AIR_QUALITY_ES.pdf
https://www.eca.europa.eu/Lists/ECADocuments/SR18_23/SR_AIR_QUALITY_ES.pdf
https://doi.org/10.3978/j.issn.2072-1439.2015.11.37
https://doi.org/10.3978/j.issn.2072-1439.2015.11.37
https://doi.org/10.1001/jama.295.10.1127
https://doi.org/10.1001/jama.295.10.1127
https://doi.org/10.1161/CIRCULATIONAHA.105.548743
https://doi.org/10.1161/CIRCULATIONAHA.105.548743
https://doi.org/10.1136/bmj.f7412
https://doi.org/10.1016/j.ijcard.2015.06.050
https://doi.org/10.1016/j.ijcard.2015.06.050
https://doi.org/10.1016/j.medcli.2012.05.040
https://doi.org/10.1016/j.medcli.2012.05.040
https://doi.org/10.1186/1743-8977-6-24
https://doi.org/10.1186/1743-8977-6-24
https://doi.org/10.1289/ehp.0900550
https://doi.org/10.1016/j.ejim.2019.03.001
https://doi.org/10.5603/CJ.a2013.0148
https://doi.org/10.5603/CJ.a2013.0148
https://doi.org/10.1097/MD.0000000000013471
https://doi.org/10.1097/MD.0000000000013471

