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Background: Coronavirus disease 2019 (COVID-19) has caused an unprecedented change in the 

apparent epidemiology of acute coronary syndromes (ACS). However, the interplay between this 

disease, changes in pollution, climate, and aversion to activation of emergency medical services 

represents a challenging conundrum. We aimed at appraising the impact of COVID-19, weather, 

and environment features on the occurrence of ST-elevation myocardial infarction (STEMI) and 

non-ST-elevation myocardial infarction (NSTEMI) in a large Italian region and metropolitan area. 

Methods and Results: Italy was hit early on by COVID-19, such that state of emergency was 

declared on January 31, 2020, and national lockdown implemented on March 9, 2020, mainly 

because the accrual of cases in Northern Italy. In order to appraise the independent contribution 

on changes in STEMI and NSTEMI daily rates of COVID-19, climate and pollution, we collected data 

on these clinical events from tertiary care cardiovascular centers in the Lazio region and Rome 

metropolitan area. Multilevel Poisson modeling was used to appraise unadjusted and adjusted 

effect estimates for the daily incidence of STEMI and NSTEMI. 

The sample included 1448 STEMI and 2040 NSTEMI, with a total of 2882 PCI spanning 6 months. 

Significant reductions in STEMI and NSTEMI were evident already in early February 2020 (all 

p<0.05), concomitantly with COVID-19 spread and institution of national countermeasures. 

Changes in STEMI and NSTEMI were inversely associated with daily COVID-19 tests, cases, and/or 

death (p<0.05). In addition, STEMI and NSTEMI incidences were associated with daily NO2, PM10, 

and O3 concentrations, as well as temperature (p<0.05). Multi-stage and multiply adjusted models 
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highlighted that reductions in STEMI were significantly associated with COVID-19 data (p<0.001), 

whereas changes in NSTEMI were significantly associated with both NO2 and COVID-19 data (both 

p<0.001).  

Conclusions: Reductions in STEMI and NSTEMI in the COVID-19 pandemic may depend on 

different concomitant epidemiologic and pathophysiologic mechanisms. In particular, recent 

changes in STEMI may depend on COVID-19 scare, leading to excess all-cause mortality, or 

effective reduced incidence, whereas reductions in NSTEMI may also be due to beneficial 

reductions in NO2 emissions in the lockdown phase. 

Keywords: Acute coronary syndrome; Climate; COVID-19; Environment; Pollution; Weather 
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Abstract 

Background: Coronavirus disease 2019 (COVID-19) has caused an unprecedented change in the 

apparent epidemiology of acute coronary syndromes (ACS). However, the interplay between this 

disease, changes in pollution, climate, and aversion to activation of emergency medical services 

represents a challenging conundrum. We aimed at appraising the impact of COVID-19, weather, 

and environment features on the occurrence of ST-elevation myocardial infarction (STEMI) and 

non-ST-elevation myocardial infarction (NSTEMI) in a large Italian region and metropolitan area. 

Methods and Results: Italy was hit early on by COVID-19, such that state of emergency was 

declared on January 31, 2020, and national lockdown implemented on March 9, 2020, mainly 

because the accrual of cases in Northern Italy. In order to appraise the independent contribution 

on changes in STEMI and NSTEMI daily rates of COVID-19, climate and pollution, we collected data 

on these clinical events from tertiary care cardiovascular centers in the Lazio region and Rome 

metropolitan area. Multilevel Poisson modeling was used to appraise unadjusted and adjusted 

effect estimates for the daily incidence of STEMI and NSTEMI. 

The sample included 1448 STEMI and 2040 NSTEMI, with a total of 2882 PCI spanning 6 months. 

Significant reductions in STEMI and NSTEMI were evident already in early February 2020 (all 

p<0.05), concomitantly with COVID-19 spread and institution of national countermeasures. 

Changes in STEMI and NSTEMI were inversely associated with daily COVID-19 tests, cases, and/or 

death (p<0.05). In addition, STEMI and NSTEMI incidences were associated with daily NO2, PM10, 

and O3 concentrations, as well as temperature (p<0.05). Multi-stage and multiply adjusted models 

highlighted that reductions in STEMI were significantly associated with COVID-19 data (p<0.001), 

whereas changes in NSTEMI were significantly associated with both NO2 and COVID-19 data (both 

p<0.001).  
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Conclusions: Reductions in STEMI and NSTEMI in the COVID-19 pandemic may depend on 

different concomitant epidemiologic and pathophysiologic mechanisms. In particular, recent 

changes in STEMI may depend on COVID-19 scare, leading to excess all-cause mortality, or 

effective reduced incidence, whereas reductions in NSTEMI may also be due to beneficial 

reductions in NO2 emissions in the lockdown phase. 

 

Introduction 

Recent months have seen a dramatic change in worldwide mortality, morbidity and healthcare 

delivery fundamentals due to the coronavirus disease 2019 (COVID-19) pandemic.(1-4) This 

infectious disease has created unprecedented challenges to healthcare systems and societies at 

large, with most governments proceedings to intense containment and mitigation efforts, often 

repeatedly.(5) These actions, which in the most intense fashion have been actual regional or 

national lockdowns, have also been mirrored by substantial individual and collective scare, such 

that “potential” patients have tended to avoid, especially in the most dangerous times, to seek 

medical care despite moderate or severe symptoms or signs of disease.(6-8) 

In particular, it has been shown in several series from different countries with diverse healthcare 

systems that the incidence of acute coronary syndromes (ACS) and ST-elevation myocardial 

infarction have apparently decreased in the early months of 2020, together with the highest daily 

reported cases of COVID-19 and COVID-19-related infections.(3-4,6,9-10) Most recently, leading 

investigations have highlighted that in most cases ACS and STEMI have not actually decreased 

universally, but instead in many instances they have shifted in presentation, in the sense that 

patients with ACS have preferred in several cases to present later rather than early, or to avoid 

presenting at all.(4,10-11) 
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Another intriguing piece of the puzzle has been the overreaching decrease in environmental 

pollution during regional and national lockdowns, given the significative reduction or actual stop 

of many human sources of pollutants, ranging from traffic to factories.(12) Despite such 

apparently favorable effects of COVID-related lockdowns, pollution has been purportedly 

associated with more adverse effects of COVID-19, in particular for nitrogen-related pollutants, 

and even with the possibility that the virus can be carried by particulate matter (PM) with 

potentially dramatic effects on contagion rate.(13-17) 

Given the importance of exploring in detail the complex interplay between environment and 

weather features, on one hand,(18) and COVID-19, on the other hand, on changes in the incidence 

of ACS,SALAS we conducted a region-wide multicenter retrospective analysis aiming at 

disentangling the independent impact of COVID-19 and pollution on ACS incidence. 

 

Methods 

Details of this research project have been reported already in detail elsewhere.(19-20) Specifically, 

we queried all healthcare institutions with 24/7 catheterization laboratory activity in the Lazio 

region for detailed data on daily STEMI and non-ST-elevation myocardial infarction (NSTEMI), 

distinguishing those requiring angiography (irrespective of subsequent revascularization), and 

those requiring percutaneous coronary intervention (PCI). The periods of time of interest were 

January 1, 2019-March 30, 2019, and January 1, 2020-March 30, 2020.  

COVID-19 data were obtained from the Italian Protezione Civile service website,(21-22) 

distinguishing new cases, new deaths, and new tests, per day. Additional COVID-19-related 

initiatives were also sought and collected, such as the date of in which the national state of 

emergency was declared (January 31, 2020), and when national lockdown had been implemented 

(March 9, 2020), mainly because the exponential accrual of cases in Northern Italy. Weather 
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features were obtained from Agenzia Regionale Per l’Ambiente (ARPA) Lazio, yielding daily details 

on temperature (measured as Celsius degrees), humidity (measured as percentage), and rainfall 

(measured as mm) at the province level.(23) Finally, ARPA also provided detailed data on benzene, 

nitric oxide (NO), nitrogen dioxide (NO2), nitrogen oxides (NOX), ozone (O3), sulfur dioxide (SO2), 

PM with a diameter ≤2.5 µm (PM2.5), and PM with a diameter ≤10 µm (PM10). All pollution 

features were expressed as µm/m3. 

Descriptive analysis was based on mean and standard deviation, either per month or per day, 

whereas graphical depiction was based on time series analysis and scatterplots with generalized 

additive model smoothing. Inferential analysis was based, as in prior works from our research 

team, on a mixed effect model with Poisson likelihood and log link, accounting for center and 

province clustering.(19-20) Independent variables of interest were year, COVID-19 features 

(including days of governmental actions such as declaration of state of emergency), pollutants, 

and weather features. After such unadjusted analysis, sequentially expanding modeling steps were 

carried out to explore the independent impact of COVID-19, environment, and weather variables, 

for exploratory purposes. Computations were performed with R 3.6.3 (R Foundation for Statistical 

Computing, Vienna, Austria) and Stata 13 (StataCorp, College Station, TX, USA). 

 

Results 

The sample included 1448 STEMI and 2040 NSTEMI, with a total of 2882 PCI spanning 6 months 

(Table 1), showing a significant decrease in both types of ACS since mid-February 2020 (Figure 1). 

These changes were mirrored by decreases in some but not all pollution features, including NO, 

NO2, NOX, and SO2 (all p<0.05). 

Unadjusted analysis showed that year, declaration of emergency, national lockdown, daily cases, 

deaths and tests were all negatively and significantly associated with STEMI and NSTEMI rates, as a 
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whole or limiting the analysis to those requiring PCI (all p<0.05, Table 2, Table 2S, Table 3S). 

Conversely, only benzene, NO, NO2, NOX, SO2, and PM10 were nominally associated with changes 

in STEMI or NSTEMI rates (all p<0.05). Temperature was associated with fewer NSTEMI (p<0.001) 

and NSTEMI requiring PCI (p=0.002). Notably, STEMI to NSTEMI ratios were not associated with 

any feature (all p>0.05). 

Sequential modeling steps aimed at disentangling the independent contribution of the various 

factors potentially impacting on the incidence of ACS showed that lockdown date and daily COVID-

19 deaths were most impactful COVID-19-related factors, and NO2 was the most important 

pollutant (all p<0.05, Table 3, Figure 2). However, eventually daily COVID-19 deaths were the only 

feature associated independently with STEMI rates. Similar findings were obtained for STEMI 

requiring PCI, with the notable difference that focusing on this subtype of STEMI, daily COVID-19 

tests were more strongly associated with events than daily COVID-19 deaths (Figure 3). 

Analyses focusing on STEMI confirmed the importance of lockdown date and daily COVID-19 cases, 

on one hand, and NO2, O3, and PM10, on the other (all p<0.05). However, multivariable modeling, 

also including temperature, showed that daily COVID-19 cases and NO2 were the only variables 

significantly associated with NSTEMI, irrespective of management (both p<0.05, Figure 4). 

Additional graphs were obtained to highlight the complex interplay between COVID-19 features, 

pollutants, and weather features on ACS trends (Figure 1S, Figure 2S, Figure 3S, Figure 4S, Figure 

5S)  

 

Discussion 

This observational study, aiming at appraising the multidimensional mechanisms impacting on 

recent trends in ACS incidence, has the following implications: a) as detailed also in many other 

reports, early 2020 has seen a significant reduction in ACS admissions, with similar improvements 
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in the concentration of many pollutants given widespread anti-COVID-19 mitigation efforts; b) 

reductions in STEMI differ in features and mechanisms from reductions in NSTEMI; c) the decrease 

in STEMI admissions appears strongly associated with COVID-19-related variables, including 

lockdown measures, suggesting that such changes may depend on individual scare, avoidance or 

delay in seeking healthcare support, and may thus be counteracted by excesses in STEMI not 

admitted to hospitals (including fatal STEMI at home) or to an effective reduction of STEMI 

incidence; d) the decrease in NSTEMI recognizes different mechanisms, including COVID-19-

related features (such as daily cases), but also the beneficial effects of anti-COVID-19 

countermeasures on environmental pollution (especially on NO2). 

Containment measures are appropriate to impede the diffusion of an infectious agent, for instance 

between countries or communities. However, this approach l failed with COVID-19 for many 

reasons, including the globalized society, incubation period, common lack of symptoms, and 

limited point-of-care testing capabilities.(21) Accordingly, mitigation was chosen by many 

countries as a countermeasure for COVID-19, ranging from social distancing, use of personal 

protection equipment, closure of specific activities and venues (eg clubs and spas), to actual 

almost universal closure of leisure, education, and work activities (ie lockdown).(5,8,24) While the 

benefits of imposing persistent and general lockdowns are being debated, it is apparent that in 

most countries lockdowns and other mitigation efforts were associated with favorable reductions 

in COVID-19 cases as well as deaths.(5,7) However, it has been shown that during such efforts, 

especially in March and April, substantial decreases in ACS incidence occurred.(3-4,9) Accordingly, 

physicians, patients and decision makers have questioned the actual impact of COVID-19 on 

cardiovascular disease, notwithstanding the evident direct pathophysiologic role that SARS-CoV-2 

may have on cardiovascular health. Further complicating the scenario, environmental pollution 

has shown significant improvements following widespread and forceful mitigation efforts. Indeed, 
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Huang et al have estimated that the benefits of reduced pollution due to mitigation strategies 

such as lockdown on fatality rates may be substantial, including a 40% reduction in fatal stroke, 

33% reduction in fatal ACS, and 18% reduction in fatal pulmonary disease.(25) Another important 

piece of the puzzle, integrating the apparent “silver lining” of reduced pollution due to lockdowns, 

is the evidence that pollution and COVID-19 may synergistically interact to exponentially increase 

mortality and morbidity, especially in frail subjects.(26) 

Accordingly, we aimed to explore and attempted to disentangle the complex interplay between 

COVID-19 trends, ensuing countermeasures, environmental pollution, weather, and ACS incidence 

in a large urban Italian region. To the best of our knowledge, we originally found that that COVID-

19 incidence, as well as accompanying scare and countermeasures, were associated with 

significant reductions in the concentration of many pollutants, as well as lower incidence of STEMI 

and STEMI. Adjusted analysis suggested that STEMI reductions were largely due associated with 

COVID-19-related variables, including delayed presentation with ensuing increased out-of-hospital 

cardiac arrest, suggesting that reduced pollution may have contributed only in part, in at all, to 

such trends.(27) Conversely, we found that NSTEMI trends were more complex and depended on 

both COVID-19-related features and but the beneficial effects of anti-COVID-19 countermeasures 

on environmental pollution (especially on NO2). This is not surprising, as indeed, the potentially 

crucial role of NO2 in COVID-19-related cardiovascular morbidity and mortality has already been 

reported in an international ecological analysis encompassing France, Germany, Italy, and 

Spain.(13) Similarly, the hypothesis that COVID-19 countermeasures may be, at least in part, 

causing the evident reduction in ACS incidence in early 2020 has already been proposed by other 

investigators, such as Claeys and colleagues,(4) who documented a nationwide 26% reduction in 

STEMI admissions in Belgium during a 3-week period in March 2020, for instance due to changes 

in traffic patterns.(28) 
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The main novelties of our work concern the impact of COVID-19-related improvements in 

pollution on NSTEMI, such that, awaiting for additional studies on this topic, dedicated risk 

prediction tools (eg smartphone apps) could be developed and refined to predict patients at risk of 

all cause, COVID-19, and cardiovascular morbidity and mortality encompassing several 

multidimensional features, ranging from patient characteristics, to local COVID-19 features, 

governmental countermeasures, pollution, and climate data.(3,29-30) Risk stratification based on 

these tools could lead to substantial clinical benefits at population as well as individual level.(31) 

Furthermore, high-quality, international, and prospective studies are direly needed to confirm and 

expand our present findings, especially focusing on the complex effort needed to disentangle 

patient impact (ie secondary prevention) from subject impact (ie primary prevention), as well as 

moving from individual tailored approaches to collective ones.(32-33) Without being overly 

provocative, we suggest that controlled trials could be envisioned to identify the best 

management strategy for future recurrences of COVID-19 outbreaks, for instance comparing in 

nearby provinces or counties more vs less forceful mitigation efforts, while measuring clinical, 

environmental and economic consequences of such actions.(34-35) Finally, without supporting 

any effort at reducing acute cardiac care capabilities, it is clear that local COVID-19 epidemics can 

be managed by temporarily repurposing cardiovascular units devoted to elective or semi-urgent 

cases, especially when improvements in pollution are expected, given the expected need for 

intensive care management of high-risk COVID-19 patients.(36-37)  

 

Limitations 

This work has several important limitations. First, being an observational retrospective study of 

daily institution-level data it cannot adjust for individual features (eg age, comorbidities, door to 

balloon or extent of multivessel disease), which may potentially impact on ACS. Second, no 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



13 

procedural data were obtained (eg time to admission) nor outcome data were collected (eg case 

fatality rate, hospital stay or other clinically relevant outcomes).(38-40) Third, COVID-19 data are 

subject to selective reporting (eg depending on daily test rates and targets), and COVID-19-related 

death represent an adjudication challenge. Fourth, our modeling approach (multilevel Poisson 

regression), while established for similar analytical goals, has been challenged and may not 

capture all data complexities. Fifth, and most important, our results do not imply causation but 

simply association, and several potentially biasing effects (eg regression to the mean and 

confounding by unmeasured features) should be borne in mind. Finally, while forceful mitigation 

efforts such as lockdowns may clearly reduce pollution, some complex interactions have been 

reported to date, including a paradoxical increase in O3, PM10, and SO2 during lockdown in China 

and/or USA.(35,41) 

 

Future directions 

Several avenues for future clinical practice and research can be hypothesized, based on the 

present study findings. First, individualized risk prediction apps could be used to predict patients 

at risk of clinical events based on environment, weather, and epidemiologic features. Second, in 

case of resurgence of COVID-19 or similarly dire infectious disease threats, temporary repurposing 

of cardiovascular units devoted to elective or semi-urgent cases could be considered, for instance 

by admitting patients with pneumonia or acute respiratory distress syndrome to coronary care 

units or semi-intensive cardiac care units. Third, physicians could consider informing their patients 

on the competing risk of COVID-19 and NSTEMI, in light of the relatively favorable changes in 

pollution features, without discounting the need to activate and manage STEMI proactively even 

in COVID-19 times. 
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Conclusions 

Our observational study suggests that reductions in STEMI and NSTEMI in the COVID-19 pandemic 

may depend on different concomitant epidemiologic and pathophysiologic mechanisms, including 

changes in pollution associated with COVID-19. In particular, recent changes in STEMI may depend 

on COVID-19 scare or excess all cause mortality, whereas reductions in NSTEMI may also be due to 

beneficial reductions in NO2 emissions in the lockdown phase. 
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Figure 1. Changes in the daily incidence of ST-elevation myocardial infarction (STEMI, top panel) 

and non-ST-elevation myocardial infarction (NSTEMI, bottom panel) in the first three months of 

2019 and of 2020. 

 

Figure 2. Association between mean daily nitric dioxide (NO2) concentration and risk of ST-

elevation myocardial infarction (STEMI): black dots show the first 3 months of 2019, and blue dots 

the first 3 months of 2020, and dot size represents the number of same day coronavirus disease 

2019 (COVID-19) deaths; the smooth line was computed using a generalized additive model. 

 

Figure 3. Association between mean daily nitric dioxide (NO2) concentration and risk of ST-

elevation myocardial infarction (STEMI) undergoing percutaneous coronary intervention (PCI): 

black dots show the first 3 months of 2019, and blue dots the first 3 months of 2020, and dot size 

represents the number of same day coronavirus disease 2019 (COVID-19) tests; the smooth line 

was computed using a generalized additive model. 

 

Figure 4. Association between mean daily nitric dioxide (NO2) concentration and risk of non-ST-

elevation myocardial infarction (NSTEMI): black dots show the first 3 months of 2019, and blue 

dots the first 3 months of 2020, and dot size represents the number of same day coronavirus 

disease 2019 (COVID-19) cases; the smooth line was computed using a generalized additive model. 
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Table 1. Descriptive analysis, according to year and month, of ST-elevation myocardial infarction 

(STEMI), non-ST-elevation myocardial infarction (NSTEMI), coronavirus disease 2019 (COVID-19), 

environmental pollution, and weather features. 

Feature January February March 

2019 2020 2019 2020 2019 2020 
STEMI per day 0.4896 0.5256 0.4643 0.4746 0.5503 0.3187 

STEMI requiring PCI per day 0.4782 0.5085 0.4433 0.4462 0.5256 0.3169 

NSTEMI per day 0.7742 0.7647 0.6722 0.6410 0.7191 0.4061 

NSTEMI requiring PCI per day 0.5275 0.5439 0.4622 0.4442 0.5019 0.2979 

STEMI/NSTEMI per day ratio  0.3733 0.3862 0.4774 0.3997 0.4311 0.2685 

STEMI/NSTEMI requiring PCI per day ratio 0.4334 0.362 0.4874 0.4284 0.4019 0.2152 

COVID-19       

Cases 0 0 0 0.17±0.65 0 99.65±77.71 

Deaths 0 0 0 0 0 5.23±5.13  

Tests 0 0 0 23.41±81.19 0 1096.71±1274.65 

Environment*       

Benzene 1.825±0.682 2.303±0.689 1.479±0.587 1.341±0.421 1.047±0.256 0.917±0.272 

Nitric oxide 29.30±18.55 41.54±20.70 21.05±12.14 19.69±12.25 11.60±5.12 5.09±3.03 

Nitrogen dioxide  34.25±9.83 42.25±11.51 33.63±11.97 32.44±10.69 28.97±7.93 17.93±7.09 

Nitrogen oxides 92.09±41.20 118.64±44.53 76.03±31.21 70.18±29.29 55.45±15.77 28.97±12.33 

Ozone 31.29±10.69 22.39±9.74 43.11±13.00 39.20±13.42 55.22±11.22 55.33±9.76 

Sulfur dioxide 1.25±0.43 2.64±7.65 1.32±0.52 3.27±10.83 0.86±0.42 4.31±14.72 

Particulate matter <2.5 µm 17.209±8.288 26.589±10.055 17.902±9.305 15.760±7.451 13.221±4.529 13.267±6.827 

Particulate matter <10 µm 25.621±10.729 39.185±11.008 28.397±11.195 27.028±9.671 24.623±7.581 23.638±11.214 

Weather       

Temperature (°C) 6.46±2.22 7.81±2.26 9.51±1.70 10.66±2.18 12.44±1.56 11.32±2.16 

Humidity (%) 74.66±17.39 80.45±9.50 66.50±20.39 74.68±15.21 68.58±17.84 74.35±11.52 

Rainfall (mm) 2.29±4.71 1.59±8.11 0.64±5.16 1.10±2.43 0.27±1.10 2.88±6.33 

*all pollutants are expressed as µg/m3; PCI=percutaneous coronary intervention; PM=particulate matter 

  

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



21 

Table 2. Unadjusted analysis.* 

Features STEMI per day STEMI requiring PCI 
per day 

NSTEMI per day NSTEMI requiring 
PCI per day 

STEMI/NSTEMI 
per day ratio 

STEMI/NSTEMI requiring 
PCI per day ratio 

Year -0.1355 (-0.2385; -
0.0325), p=0.010 

-0.1331 (-0.2382; -
0.0279), p=0.013 

-0.1821 (-0.2690; -
0.0950), p<0.001 

-0.1478 (-0.2519; -
0.0438), p=0.005 

-0.0929 (-0.2661; 
0.0802), p=0.293 

-0.1193 (-0.3121; 0.0735), 
p=0.225 

COVID-19       

Declaration of 
emergency 

-0.2548 (-0.3697; -
0.1399), p<0.001 

-0.2558 (-0.3729; -
0.1388), p<0.001 

-0.3455 (-0.4441; -
0.2470), p<0.001 

-0.3269 (-0.4446; -
0.2092), p<0.001 

-0.1087 (-0.3049; 
0.0874), p=0.277 

-0.2114 (-0.4355; 0.0127), 
p=0.064 

National 
lockdown 

-0.2651 (-0.3846; -
0.1456), p<0.001 

-0.2630 (-0.3861; -
0.1400), p<0.001 

-0.3940 (-0.4999; -
0.2881), p<0.001 

-0.3614 (-0.4867; -
0.2360), p<0.001 

-0.0882 (-0.2962; 
0.1199), p=0.406 

-0.2081 (-0.4469; 0.0304), 
p=0.087 

Cases -0.0033 (-0.0047; -
0.0020), p<0.001 

-0.0031 (-0.0044; -
0.0018), p<0.001 

-0.0048 (-0.0060; -
0.0035), p<0.001 

-0.0046 (-0.0061; -
0.0031), p<0.001 

-0.0026 (-0.0053; 
0.0002), p=0.069 

-0.0027 (-0.0058; 0.0003), 
p=0.080 

Deaths -0.0457 (-0.0684; -
0.0230), p<0.001 

-0.0414 (-0.0640; -
0.0188), p<0.001 

-0.0732 (-0.0937; -
0.0511), p<0.001 

-0.0744 (-0.1010; -
0.0478), p<0.001 

-0.0208 (-0.0645; 
0.0228), p=0.351 

-0.0241 (-0.0732; 0.0249), 
p=0.336 

Tests -0.0003 (-0.0004; -
0.0002), p<0.001 

-0.0003 (-0.0004; -
0.0002), p<0.001 

-0.003 (-0.0004; -
0.0002), p<0.001 

-0.0003 (-0.0005; -
0.0002), p<0.001 

-0.0002 (-0.0004; 
0.0000), p=0.053 

-0.002 (-0.0005; 0.0000), 
p=0.100 

Environment†       

Benzene 0.0393 (-0.0362; 
0.1147), p=0.308 

0.0395 (-0.0369; 0.1159), 
p=0.311 

0.1921 (0.1321; 
0.2520), p<0.001 

0.1817 (0.1077; 
0.2557), p<0.001 

-0.0465 (-0.1715; 
0.0784), p=0.465 

-0.0444 (-0.1854; 0.0965), 
p=0.537 

Nitric oxide 0.0027 (-0.0005; 
0.0059), p=0.100 

0.0025 (-0.0007; 0.0057), 
p=0.127 

0.0100 (0.0075; 
0.0125), p<0.001 

0.0097 (0.0067; 
0.0127), p<0.001 

-0.0032 (-0.0086; 
0.0022), p=0.248 

-0.0005 (-0.0065; 0.0053), 
p=0.845 

Nitrogen dioxide  0.0074 (0.0024; 
0.0123), p=0.004 

0.0069 (0.0018; 0.0120), 
p=0.008 

0.0183 (0.0140; 
0.0225), p<0.001 

0.0163 (0.0112; 
0.0213), p<0.001 

0.0020 (-0.0065; 
0.0105), p=0.645 

0.0034 (-0.0061; 0.0130), 
p=0.477 

Nitrogen oxides 0.0015 (0.0001; 
0.0029), p=0.027 

0.0014 (0.0000; 0.0029), 
p=0.044 

0.0049 (0.0038; 
0.0060), p<0.001 

0.0047 (0.0034; 
0.0059), p<0.001 

-0.0009 (-0.0033; 
0.0015), p=0.464 

0.0000 (-0.0026; 0.0026), 
p=0.983 

Ozone -0.0032 (-0.0067; 
0.0002), p=0.068 

-0.0032 (-0.0067; 
0.0040), p=0.082 

-0.0087 (-0.0116; -
0.0057), p<0.001 

-0.0083 (-0.0118; -
0.0048), p<0.001 

-0.0001 (-0.0059; 
0.0058), p=0.984 

-0.0021 (-0.0086; 0.0044), 
p=0.528 

Sulfur dioxide -0.0011 (-0.0065; 
0.0043), p=0.679 

-0.0011 (-0.0064; 
0.0043), p=0.687 

-0.0082 (-0.0138; -
0.0026), p=0.004 

-0.0047 (-0.0123; 
0.0030), p=0.232 

-0.0007 (-0.0095; 
0.0080), p=0.868 

0.0010 (-0.0010; 0.0109), 
p=0.845 

Particulate 

matter <2.5 µm 

0.0013 (-0.0048; 
0.0074), p=0.687 

0.0015 (-0.0047; 0.0077), 
p=0.636 

0.0048 (-0.0025; 
0.0099), p=0.063 

0.0034 (-0.0026; 
0.0095), p=0.263 

-0.0044 (-0.0147; 
0.0060), p=0.407 

-0.0054 (-0.0166; 0.0058), 
p=0.348 

Particulate 

matter <10 µm 

0.020 (-0.0029; 
0.0068), p=0.429 

0.0020 (-0.0030; 0.0069), 
p=0.435 

0.0047 (0.0006; 
0.0087), p=0.024 

0.0037 (-0.0011; 
0.0085), p=0.129 

-0.0020 (-0.0103; 
0.0061), p=0.623 

-0.0025 (-0.0115; 0.0065), 
p=0.590 

Weather†       

Temperature (°C)  -0.0089 (-0.0279; 
0.0102), p=0.362 

-0.0101 (-0.0294; 
0.0092), p=0.304 

-0.0317 (-0.0474; -
0.0159), p<0.001 

-0.0290 (-0.0477; -
0.0102), p=0.002 

0.0014 (-0.0309; 
0.0336), p=0.934 

-0.0117 (-0.0481; 0.0245), 
p=0.526  

Humidity (%) 0.0004 (-0.0030; 
0.0037), p=0.820 

0.0003 (-0.0031; 0.0037), 
p=0.878 

0.0015 (-0.0012; 
0.0043), p=0.279 

0.0025 (-0.0008; 
0.0058), p=0.150 

0.0037 (0.0020; 
0.0094), p=0.205 

0.0049 (-0.0011; 0.0109), 
p=0.112  

Rainfall (mm) -0.0037 (-0.0130; 
0.0057), p=0.442 

-0.0028 (-0.0120; 
0.0063), p=0.543 

-0.0083 (-0.0177; 
0.0011), p=0.082 

-0.0062 (-0.0175; 
0.0051), p=0.283 

-0.0004 (-0.0122; 
0.0114), p=0.953 

-0.0002 (-0.0210; 0.0205), 
p=0.985 

*all pollutants are expressed as µg/m3; †all environment and weather features are expressed as daily mean, with the 
exception of total daily rainfall; bold type highlights statistically significant results; COVID-19=coronavirus disease 
2019; NSTEMI=non-ST-elevation myocardial infarction; STEMI=ST-elevation myocardial infarction. 
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Table 3. Adjusted analysis with sequentially expanding models.* 

Outcome Stage 1: including 
only selected COVID-

19 variables  

Stage 2: including only 
selected environment 

variables 

Stage 3: including 
only selected 

weather variables 

Stage 4: including only 
selected variables from 

stages 2 and 3 

Stage 5: including only 
selected variables from 

stages 1 and 4 
STEMI per day Emergency: p>0.05 

Lockdown: p=0.009 
Cases: p>0.05 

Deaths: p=0.017 
Tests: p>0.05 

NO2 (mean): p=0.026 
NOX (mean): p>0.05 

O3 (min): p>0.05 

- - 
 

Deaths: p<0.001 
NO2 (mean): p=0.430 

 

STEMI requiring PCI 
per day 

Emergency: p>0.05 
Lockdown: p=0.045 

Cases: p>0.05 
Deaths: p>0.05 
Tests: p<0.001 

NO2 (mean): p=0.037 
NOX (mean): p>0.05 

O3 (min): p>0.05 

- - 
 

Tests: p<0.001 
NO2 (mean): p>0.05 

NSTEMI per day Emergency: p>0.05 
Lockdown: p<0.001 

Cases: p<0.001 
Deaths: p>0.05 
Tests: p>0.05 

Benzene (min): p>0.05 
NO (min): p>0.05 

NO2 (mean): p<0.001 
NOX (min): p>0.05 
O3 (min): p>0.05 

SO2 (min): p>0.05 
PM10: p<0.001 

Temperature (mean): 
p<0.001 

NO2 (mean): p<0.001 
PM10 (mean): p>0.05 
Temperature (mean): 

p>0.05 

Cases: p<0.001 
NO2 (mean): p<0.001 

NSTEMI requiring PCI 
per day 

Emergency: p>0.05 
Lockdown: p=0.012 

Cases: p<0.001 
Deaths: p>0.05 
Tests: p>0.05 

Benzene (min): p>0.05 
NO (min): p>0.05 

NO2 (min): p=0.036 
NOX (min): p>0.05 
O3 (min): p=0.013 

Temperature (mean): 
p=0.002 

NO2 (mean): p<0.001 
O3 (min): p>0.05 

Temperature (mean): 
p>0.05 

Cases: p<0.001 
NO2 (mean): p<0.001 

*reported as p values; min=minimum; COVID-19=coronavirus disease 2019; NO=nitric oxide; NOX=nitrogen oxides; 
NO2=nitric dioxide; O3=ozone; PM10=p 
articulate matter <10 µm; NSTEMI=non-ST-elevation myocardial infarction; PM=particulate matter; SO2=sulfur 
dioxide; STEMI=ST-elevation myocardial infarction. 
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Highlights 

 Coronavirus disease 2019 (COVID-19) has caused an unprecedented change in the 

apparent epidemiology of acute coronary syndromes.  

 However, the interplay between this disease, changes in pollution, climate, and aversion to 

activation of emergency medical services represents a challenging conundrum.  

 Reductions in STEMI and NSTEMI in the COVID-19 pandemic may depend on different 

concomitant epidemiologic and pathophysiologic mechanisms.  
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