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ABSTRACT
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Background: Epidemiology studies have shown a consistently increased risk of acute myocardial infarction (AMI)
correlated with particulate matter (PM) exposure. However, little is known about the association with specific AMI
subtypes. In this work, we investigated the association between short-term PM exposure and emergency department
visits (EDVs) for AMI, ST-elevation myocardial infarction (STEMI), and non-ST-elevation myocardial infarction
(NSTEMI).

Methods: We based this case-crossover study on 2749 patients from Chaoyang District hospitalized with AMI in
Anzhen Hospital during 2014. Meteorological and air pollution data were collected during this period. We used a
time-stratified case-crossover design with lag model, adjusted for meteorological conditions and/or other gaseous
pollutants, to estimate risk of EDVs for AMI, STEMI, and NSTEMI. We conducted stratified analyses by gender,
age, season, and comorbid conditions to examine potential effect modification.

Results: We found that each 10 ug/m? increment of PM, 5 concentration (1-day lagged) was associated with an
increased risk of EDVs for STEMI (OR 1.05; 95% CI, 1.00-1.11). We found no association of PM; 5 concentration
with overall AMI or NSTEMI. No effect modification was found when stratified by gender, season, or comorbid
conditions, even though the effect size was larger in patients who were male, smokers, and comorbid with
hypertension. Patients aged >65 years showed a significantly increased risk of STEMI associated with PM; 5 in the
previous day than those aged <65 years.

Conclusions: Our study indicated a transient effect of short-term PM, s exposure on EDVs for STEMI. Patients
aged >65 years appeared to be particularly susceptible. Our findings suggest that studies of the association between

PM exposure and AMI should consider AMI subtypes, lag times, and individual characteristics.
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INTRODUCTION

Ambient particulate matter (PM) air pollution has become one
of the most important issues in Beijing over the last few years.
For example, Guo et al' reported that interquartile range
(IQR) increases in PM; 5, PM;,, SO,, and NO, were related to
years of life lost (YLL) increases of 15.8, 15.8, 16.2, and 15.1
years, respectively, in Beijing during 2004-2008. Generally,
the ambient PM pollutants are defined according to their
aerodynamic diameter: PM of aerodynamic diameter <10 um
was defined as PMj (also called inhalable particles), and PM
<2.5 um was defined as PM, 5 (fine particles). In 2013, annual

mean concentrations of PM,s and PM;, in Beijing were
89.5 ug/m* and 108.1 pg/m?, respectively, which were still far
above the level recommended by the WHO’s guidelines on air
quality (10 pg/m?® for PM, 5 and 20 pg/m? for PM,).

In 2004, the AHA Scientific Statement’ concluded that
exposure to PM air pollution contributes to cardiovascular
morbidity and mortality, especially for myocardial infarction
(MI), stroke, cardiac arrhythmia, and heart failure. In the
Harvard Six Cities Study® and the American Cancer Society
Study on Particulate Air Pollution and Mortality,* PM, s
was substantially associated with cardiovascular mortality.
However, their findings were based on long-term air pollution
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exposure. A substantial number of case-crossover studies have
explored the association between short-term ambient PM
exposure and risk of acute myocardial infarction (AMI).>
The majority of these studies indicated that elevated con-
centrations of particulate matter in the air may transiently
elevate the risk of MIs with short-term exposure, although
odds ratios (ORs) are relatively small.

AMIs occur when a coronary artery is suddenly partially
or completely blocked by thrombus, causing the related
heart muscle to become infarcted. It is generally classified
into STEMI and NSTEMI according to electrocardiogram
manifestations. STEMI shows ST segment elevation in ECG
and later progress to a Q-wave, which is not found in
NSTEMI. Mechanistically, STEMI differ from NSTEMI in
that STEMI develops a complete major coronary arterial
occlusion following plaque rupture, causing full-thickness
damage to the heart muscle rather than the subtotal coronary
occlusion and partial damage seen with NSTEMIL!’
Therefore, the PM-associated risk estimate differences for
STEMI and NSTEMI may elucidate pathophysiological
mechanisms involved in how PM triggers ML

The issue of sensitivity to ambient PM air pollution is often
in the research spotlight. Effect modification of the association
between PM and AMI by gender, age, season, smoking
history, and comorbid conditions, such as hypertension and
diabetes, have been reported in previous studies®*!12.15;
however, findings have been inconsistent. Hence, there is a
need to consider these individual characteristics in our study.

We used a time-stratified case-crossover design with lag
model to analyze the relationship between ambient particulate
air pollution and emergency department visits (EDVs) for
AMI adjusted for meteorology data and/or other pollutants,
with a specific focus on highlighting the differences in
risk estimates between STEMI and NSTEMI. Further, we
explored the associations stratified by several individual
characteristics.
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Map of study area showing PM monitoring sites.

MATERIALS AND METHODS

Study population and outcome definition

Data on EDVs for AMI were gathered from residents of
northern Chaoyang District who were hospitalized with AMI
at Beijing Anzhen Hospital during 2014. Beijing Anzhen
Hospital is the AMI-designated hospital for local residents
in our study area (shown in Figure 1). All included cases
lived within 10km of our hospital. The information obtained
for each case were name, age, gender, residence address,
comorbid conditions, and clinical events. We excluded
patients who were not currently living in this region and
who had experienced other AMI events within 28 days
prior. The data set included clinical events, pollutants,
meteorological conditions, and individual characteristics,
which were linked through admission date. We categorized
admissions according to the primary diagnosis International
Classification of Diseases, Tenth Revision, Clinical
Modification (ICD-10-CM) codes for AMI (121.0-21.3),
STEMI (I121.4), and NSTEMI (120.0/20.1/20.9). This study
was approved by the Beijing Anzhen Hospital Research
Subjects Review Board.

Air pollution exposure and weather condition
assessment

Information on daily mean temperature and relative humidity
was obtained from the China Meteorological Center from
January 1 to December 31, 2014. We collected ambient
pollutant measurements during the study period from three
monitoring sites of the Beijing Municipal Environmental
Monitoring  Center—Beijing Olympic Sports Center,
Agricultural Exhibition Center, and East Fourth Ring Road,
which were uniformly distributed in our study area. We used
mean daily concentrations of PM, 5, PM;, nitrogen dioxide
(NO»), sulfur dioxide (SO,), carbon monoxide (CO), and
ozone (O3) in our subsequent analyses.
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Study design

We used a time-stratified case-crossover design, which had
previously been used in various studies’-®!1-131618 of ambient
PM exposure and myocardial infarction. In this design, PM
concentrations were compared during the period of patients
experiencing AMI (the case period) with the times not
experiencing AMI (the control period).!” We estimated the
relative risk of AMI comparing PM exposure during case
periods and control periods. Control periods were matched to
case periods using the time-stratified method, with 28 days
strata by same day of a week and calendar month (eg, the first
stratum was January 1 to January 28, 2014). Each case day
had 3 matching control days, with irregular occurrences prior
or after the case day. By matching on the day of the week, we
controlled confounding due to fluctuant pollutants levels on
different week days. The design can also control confounders
related to individual characteristics, since each case serves
as its own control, as well as secular trends and seasonal
patterns.?’ Weather conditions, such as temperature and
relative  humidity, time-dependent variables. We
adjusted for temperature and relative humidity using a
natural smooth spline with 3 degrees of freedom in each model.

were

Statistical analysis
Conditional logistic regression models were used to estimate
the association between pollutants and AMI outcomes.
Spearman correlation coefficients were used to summarize
the correlations between weather conditions and air pollutants.
We presented ORs and their 95% confidence intervals
(CIs) scaled to each 10 pg/m? change of PM concentrations
observed during our study period. We investigated the risk of
AMI, STEMI, and NSTEMI associated with each 10 pg/m’
increase in mean daily PM concentration at 0-5 separated
lagged days to get the greatest risk estimates. To assess the
stability of our PM relative risk estimates after adjusting for
gaseous pollutant concentrations, we used single and multiple
pollutant models to determine the independent/combined
effects of air pollutants on AMI outcomes. Stratification was
done by gender, age, season (cold season: October—March;
April-September), smoking history, and
comorbidities (diabetes and hypertension) to better elucidate
the effect modifications to PM-AMI associations. We added
interaction term for the PM concentrations and personal
characteristics (eg, age x PM,s) to the same conditional
logistic regression model described above.

All analyses were conducted using SPSS (version 19.0;
IBM Corp, Armonk, NY, USA). P-values <0.05 were
considered statistically significant.

warm Se€ason:

RESULTS

During the study period, a total of 2749 patients from our
study area who were admitted to Beijing Anzhen Hospital
diagnosed with AMI (1016 STEMI patients and 1733
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Table 1. General characteristics of the study population
AMI STEMI NSTEMI
n=2749 n=1016 n=1733
Gender
Male 1612 (58.64%) 633 (62.30%) 979 (56.49%)
Female 1137 (41.36%) 383 (37.70%) 754 (43.51%)
Age, years
<65 1248 (45.40%) 523 (51.48%) 725 (41.83%)
265 1501 (54.60%) 493 (48.52%) 1008 (58.17%)
Season
Warm 1227 (44.63%) 421 (41.44%) 806 (46.51%)
Cold 1522 (65.37%) 595 (58.56%) 927 (53.49%)
Smoking
Yes 1563 (56.86%) 611 (60.13%) 952 (54.93%)
No 1186 (43.14%) 405 (39.86%) 781 (45.07%)
Hypertension
Yes 1673 (60.86%) 541 (53.24%) 1132 (65.32%)
No 1076 (39.14%) 475 (46.75%) 601 (34.68%)
Diabetes
Yes 838 (30.48%) 329 (32.38%) 509 (29.37%)
No 1911 (69.52%) 687 (67.62%) 1224 (70.63%)

AMI, acute myocardial infarction; NSTEMI, non-ST-elevation
myocardial infarction; STEMI, ST-elevation myocardial infarction.

NSTEMI patients) were included in our analysis. As is
shown in Table 1, about 58.64%, 62.30%, and 56.49% of the
cases were male and 54.60%, 48.52%, and 58.17% of the
cases were aged >65 years for AMI, STEMI, NSTEMI,
respectively. The proportions of patients with a history of
smoking, hypertension, and diabetes were 56.86%, 60.86%,
and 30.48%, respectively. Figure 2 showed the time series
descriptive statistics of EDVs for AMI, STEMI, and NSTEMI
from January 1 through December 31, 2014.

The distributions of ambient PM concentrations, gaseous
pollutants concentrations, and meteorological conditions
during the study period (January to December 2014) are
shown in Table 2. The daily mean concentrations for PM, s,
PMjy, SO;, NO,, CO, and O; were 84.54, 116.38, 20.56,
54.69, 1266.70, and 56.24 ug/m?, respectively. The mean
daily PM, s concentration showed a large variation, ranging
from 5.2 to 392.6ug/m’, and so did PMjy. The mean
daily PM, s concentration far exceeded the World Health
Organization (WHO) recommendations, with only 63 days
(17.3%) falling below the WHO recommended value.

Table 3 presents Spearman correlation coefficients between
air pollutants and meteorological conditions. PM; s/PM;,
were positively correlated with SO,, CO, NO,, and relative
humidity but showed inverse correlation with O3 (P < 0.05).
This is probably due to the fact that, as one of several air
components of the photochemical smog, the mechanisms of
ozone formation and destruction are complex and varied.
This correlation indicates that we should adjust for other
pollutants and meteorological confounders when studying the
association between particulate air pollution and AMI.

We then separately estimated the risk of EDVs for AMI,
STEMI, and NSTEMI in relation to each 10 pg/m® increment
in daily mean concentrations at lagged 0-5 days in the single
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Figure 2. Time series of mean daily EDVs for AMI, STEMI and NSTEMI during 2014. AMI, acute myocardial infarction;
EDV: emergency department visit; NSTEMI, non-ST-elevation myocardial infarction; STEMI, ST-elevation

myocardial infarction.

Table 2. Descriptive statistics of air pollutants and weather
conditions

Pas Pso P75 Minimum Maximum Mean (SD)

Air pollutant concentrations, pg/m?

PM, 5 3225 66.50 114.55 5.20 392.60 84.54 (69.01)
PMyo 7428 116.60 182.82 8.90 448.60  116.38 (74.67)
SO, 520 11.00 26.90 2.00 133.10 20.56 (23.33)
NO, 38.65 49.40 67.50 8.10 135.90 54.69 (23.79)
co 646.30 996.20 1574.10 22210 5229.80 1266.70 (875.26)
O3 13.78 28.35 47.40 2.60 188.00 56.24 (37.94)
Meteorological factors
Temperature, °C 250 14.00 23.00 -7.00 31.00 13.36 (10.94)
Relative humidity, % 37.00  50.00 65.00 8.00 93.00 50.75 (19.08)

SD, standard deviation.

Table 3. Spearman correlation coefficients between air
pollutants and meteorological conditions

PM; 5 PM;o SO, co NO, O3 T RH
PM_ 5 1.000 .883**  .488**  858**  .678** -.182** -.028 .506**
PM;o 1.000 .555%*  738**  733** -.164** -.032 .283**
SO, 1.000 .682%*  BE7**  -.484**  -B15%* - 267**
co 1.000 .766%*  -.483**  -331** .363**
NO, 1.000 —.554%*% - 313%* 192%*
O3 1.000 T79** .032
T 1.000 .390**
RH 1.000

RH, relative humidity; T, temperature.
**P < 0.01.

pollutant model, after adjusting for meteorological conditions
(Figure 3 and Table 4). We found no associations between
EDVs for overall AMI, NSTEMI, and any of the lagged
PM, s/PM;o concentrations. However, we found that each
increment of 10 pug/m?® in 1-day-lagged PM, 5 concentration
was associated with a significantly increased risk of STEMI
(OR 1.05; 95% CI, 1.00-1.11). As for PM;,, we did not find
any associations between pollution levels and EDVs for
STEMI and NSTEMI.

In the multiple-pollutant models, after controlling for SO,,
NO,, and CO concentrations, we still found no association

Table 4. Estimated odds ratios for each 10 ug/m? increase in
PM_5 levels in relation to AMI, STEMI, and NSTEMI
for different lag days

Lag period  AMI OR (95% Cl) ~ STEMI OR (95% Cl)  NSTEMI OR (95% Cl)

PMys 0 1.00 (0.97 1.04)  1.02(0.97 1.07) 1.00 (0.96 1.05)
1 1.02 (099 1.06)  1.05(1.00 1.11)* 0.99 (0.95 1.03)

2 1.01(0.97 1.04)  1.03(0.98 1.09) 1.01 (0.97 1.05)

3 098 (095 1.01)  1.01(0.95 1.06) 0.97 (0.93 1.02)

4 1.00 (0.96 1.03)  0.98(0.93 1.03) 1.00 (0.96 1.04)

5 0.98(0.95 1.02) 097 (0.93 1.02) 0.98 (0.93 1.02)

PMso 0 1.00 (0.95 1.05)  1.02(0.95 1.09) 0.98 (0.92 1.04)
1 0.98(0.93 1.02)  1.01(0.94 1.09) 0.97 (0.92 1.03)

2 1.01(0.97 1.06)  1.03(0.95 1.10) 1.00 (0.93 1.06)

3 096 (091 1.01) 097 (0.90 1.04) 0.96 (0.90 1.02)

4 0.96 (0.92 1.01)  0.96 (0.90 1.03) 0.96 (0.91 1.02)

5 0.98 (0.94 1.03)  0.98 (0.91 1.05) 0.97 (0.91 1.03)

AMI, acute myocardial infarction; STEMI, ST-elevation myocardial
infarction; NSTEMI, non-ST-elevation myocardial infarction.
*P < 0.05, adjusted for temperature and relative humidity.

between PM,s concentrations and risk for overall AMI
(Table 5). In a two-pollutant model, after controlling for SO,,
EDVs for STEMI were significantly associated with PM; 5
concentration (OR 1.06; 95% CI, 1.00-1.12). However, no
association was found in other multiple-pollutant models.

We only included STEMI in our stratified analysis by
several factors (gender, age, season, and comorbidities)
to examine potential effect modification, since we found
association with this infarction type only (shown in Table 6).
Patients aged >65 years had a significantly greater risk of
STEMI associated with each increment of 10 pg/m? in PM, s
concentration in the previous 1 day than in those aged <65
years (OR 1.15; 95% CI, 1.08-1.23). Although we found
no effect modification by gender, season, or comorbid
conditions, risk estimates associated with EDVs for STEMI
were all statistically significant and slightly larger for males,
those aged >65 years, smokers, and those with comorbid
hypertension.

J Epidemiol 2016,;26(10):538-545
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Figure 3. Association between each 10 ug/m® increment in PM concentrations and odds ratio for emergency department
visits for AMI, STEMI, and NSTEMI in 0-5 lag days. AMI, acute myocardial infarction; NSTEMI: non-
ST-elevation myocardial infarction; STEMI: ST-elevation myocardial infarction. No associations were found
between emergency department visits for overall AMI, NSTEMI, and any of the lagged PM,5/PM;q
concentrations. Each increment of 10 ug/m® in PMys concentration (1-day lagged) was associated with a
significantly increased risk of STEMI, which indicated a transient effect of short-term PM,s exposure on

emergency department visits for STEMI.

Table 5. Association between each 10ug/m® increase in Table 6. Risk of emergency department visits for STEMI
PM,s concentration in the previous 24h and associated with each 10ug/m® increase in PM,s
emergency department visits for AMI, STEMI, and concentration in the previous 24h stratified by
NSTEMI in single- and multiple-pollutant models age, sex, season, and comorbid conditions

AMI STEMI NSTEMI Characteristic OR (95% ClI) P-Value for interaction
OR 95% ClI OR 95% CI OR 95% ClI Age, years <65 0.97 (0.90-1.05) 0.04*

PMy5 1.01  (0.96-1.05) 1.05* (1.00-1.11) 0.98 (0.92-1.03) =65 115 (1.08-1.23)

PMys + SO, 102 (0.97-1.06) 1.06* (1.00-1.12) 0.99 (0.93-1.06) Sex Male 1.08 (1.02-1.15) 0.68

PMas + NO, 102 (0.97-1.06) 104 (0.97-1.10) 098 (0.92-1.03) Female 1.01(0.93-1.09)

PMj,5+ CO 1.01  (0.96-1.05) 1.03  (0.97-1.10) 0.99 (0.94-1.05) Season Winter 1.06 (0.99-1.14) 0.85

PMys + O3 1.01  (0.97-1.06) 1.04 (0.99-1.12) 097 (0.92-1.03) Summer 1.03 (0.96-1.10)

PMys+ SO, +NO,+CO  1.01  (0.97-1.05) 1.04  (0.99-1.12) 098 (0.92-1.03) Diabetes Yes 1.02 (0.94-1.11) 0.85

T . ) ) No 1.06 (1.00-1.13)

AMI, acute m.yocardlal |nf.arc.t|on; QI, confidence mtgrval; NSTEMI, Hypertension Yes 1.10 (1.03-1.17) 0.49

non-ST-elevation myocardial infarction; OR, odds ratio; STEMI, ST- No 1.01 (0.93-1.08)

elevation myocardial infarction. Smoking Yes 1.08 (1.01-1.15) 0.77

*P < 0.05, adjusted for temperature and relative humidity. No 1.03 (0.95-1.10)

DISCUSSION

Using data of hospital admissions for AMI in Northern
Chaoyang District, Beijing, we found that short-term PM, 5
exposure was not associated with increased risk of overall
AMI, but was transiently associated with EDVs for STEMI
(1-day lagged), particularly for elderly patients (>65 years).
We found no association between PM;, and risk of overall
AMI, STEMI, or NSTEMI.

PM air pollution is an important issue in relation to its
various adverse effects on human health, particularly on the
respiratory and cardiovascular systems. There are several
biological pathways linking PM exposure with cardiovascular
diseases,”! including: 1) direct translocation of PM or its

J Epidemiol 2016;26(10):538-545

STEMI, ST-elevation myocardial infarction.
*P < 0.05, adjusted for temperature and relative humidity.

organic metallic constituents into blood, causing systematic
inflammation; 2) release of proinflammatory mediators or
vasculoactive molecules from lung cells, resulting in systemic
oxidative stress and inflammation; and 3) interactions between
PM and lung receptors or nerves, disrupting systemic
autonomic nervous system balance. These pathways may
contribute to endothelial dysfunction, vasoconstriction,
plaque vulnerability, thrombogenecity, and atherosclerosis
progression, which may explain the mechanisms underlying
our results.

Our crucial finding was that 10 pg/m? increments in PM, 5
concentration were not associated with risk of overall EDVs
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for AMI but were associated with an increased risk of STEMI
(1-day lagged). Our findings are consistent with those from a
previous study by Gardner et al,'> which reported a significant
18% increase in the risk of STEMI associated with each
7.1 pg/m? increase in PM, s concentration, while they found
no association between PM,; s concentration and NSTEMI.
Previous studies suggested that coagulation/inflammation
pathways may be acutely affected by PM exposure.?! Short-
term exposure to elevated PM, 5 levels can enhance blood
coagulability, thrombosis, endothelial dysfunction, and plaque
vulnerability. Plaque rupture could have a greater chance to
develop occlusive artery thrombus under such circumstances.
A study?’> during the 2008 Beijing Olympic Games
demonstrated that short-term elevated PM concentrations
were positively correlated with elevated circulating markers
of platelet and endothelial cell activation. Since plaque rupture
and subsequent thrombosis of previously narrowed or
unstable plaque-lined arteries is a common proximal event
in the evolution of STEMI and NSTEMI,? exposure to high
levels of PM (especially PM,s) are more likely to result
in complete coronary arterial occlusion with full thickness
damage of myocardium and highly elevated enzyme or
troponin levels in STEMI than NSTEMI.

Our findings also indicated that only PM; 5 exposure (1-day
lagged), not PM;,, showed an association with EDVs for
STEMI. PM, 5 exerts greater toxicity than PM;, in that it can
reach a larger surface area, which makes it an excellent carrier
for harmful substances like metals, organic compounds, and
microorganisms. Further, it is small in size, which allows it to
easily penetrate deep into the human respiratory tract and
transfer into systemic circulation. This is consistent with
evidence from Mustafic et al,>* who reported that PM was
associated with an increase in MI risk, with ORs of 1.006
(95% CI, 1.002-1.009) for PMjy and 1.025 (95% CI,
1.015-1.036) for PM; 5.

We only found a statistically significant association
between EDVs for STEMI and PM, 5 levels in the previous
day. Our findings suggest a transient effect of PM on AMI,
which is consistent with the results of several previous studies.
Gardner et al' reported a significant association of PM, 5 and
STEMI in the previous hour prior to acute coronary syndrome
onset but not with exposure in other times. Rich et al'! noted
that each 10.8 pg/m? increase in PM, 5 concentration in the 24
hours before arriving at the emergency department for MI was
associated with an increased risk of a transmural infarction.
In addition, in a case-crossover analysis of the MINAP
database,'® the immediate increase in risk of AMI was
followed by reductions in risk at longer lags; there was no
evidence of any net excess risk associated with the five
pollutants studied over a 72-hour period, which indicated only
transient associations. Peters et al’ also found that elevated
concentrations of fine particles in the air may transiently
elevate the risk of MIs within a few hours and 1 day after
exposure.

Our preliminary findings suggested that patients aged
>65 years showed a significantly increased risk of STEMI
associated with PM,s in the previous 24 hours. This
vulnerability of elderly people is well documented in
previous studies. In a study about air pollution and
myocardial infarction in Rome,’® the association with PM
tended to be stronger among people older than 74 years of
age (OR 1.046; 95% CI, 1.005-1.089) than among younger
people. In a study on the effects of air pollution on
hospitalizations for cardiovascular disease in Australian and
New Zealand Cities,” the increases in hospital admissions
for AMI were greater in the elderly (>65 years) than in the
younger age group (15-64 years). The results of the RISCAT
study'? also indicated that elderly persons were more
susceptible than younger people. The elderly are a frailer
population and likely to have preexisting cardiovascular
problems (eg, atherosclerosis plaque), which can increase
susceptibility to ambient air pollution. Under such conditions,
short-term PM, 5 can increase plaque vulnerability, platelet
activation, and blood coagulation, easily triggering AMI
events immediately after plaque rupture and thrombosis
formation. There was a weaker indication of a larger effect
on patients who were male, smokers, and who had comorbid
hypertension, but no evidence of effect modification by age,
smoking, or hypertension was found after a formal test for
interaction. Conflicting findings regarding these effects have
been reported in previous studies.®!!:13-23:26

Study limitations

Several limitations should be considered when interpreting
our results. First, we used ambient PM concentration from the
monitoring sites to represent the background exposure of the
general population, regardless of the individual time-activity
patterns and heterogeneous exposure across the area. This
might have consequently given rise to non-differential
exposure misclassification and led to underestimation of
the true relative risk. We also took limited factors into
consideration due to confined existing data of cases
hospitalized in our study during 2014. Linking daily mean
air pollution concentrations to AMIs also precludes accurate
assessment of the time of symptom onset and the delay from
symptom onset to emergency department visits. Further, our
study period (1 year) might be too short to obtain persuasive
findings in this study.

Conclusions

Our study found that short-term exposure to elevated PM
levels in the previous day was associated with increased EDVs
for STEMI, particularly for elderly patients (>65 years). The
transient effect of air pollution on STEMI was observed
for PM, 5 but not for PM;;,. We noted a larger effect on
patients who were male, smokers, and who had comorbid
hypertension, even though we found no evidence of effect
modification by gender, season, or comorbid conditions. Our

J Epidemiol 2016,;26(10):538-545
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findings imply the necessity of emphasis on AMI subtypes,
lag times, and individual characteristics for future mechanism-
focused research on the association between air pollution and
AMI.

ACKNOWLEDGEMENTS

This supported by Beijing Municipal
Administration of Hospitals Clinical Medicine Development
of Special Funding Support (CODE: zylx201303) and the
National Key Clinical specialty Construction Project. The
authors thank Dr. Shaoping Nie (Chief of the Department
of Emergency, Beijing Anzhen Hospital, Capital Medical
University) for his kind help on data collection.
Conflicts of interest: None declared.

work  was

REFERENCES

1. GuoY, Li S, Tian Z, Pan X, Zhang J, Williams G. The burden of
air pollution on years of life lost in Beijing, China, 2004-08:

retrospective regression analysis of daily deaths. BMJ. 2013;
347:£7139.

2. Brook RD, Franklin B, Cascio W, Hong Y, Howard G, Lipsett
M, et al; Expert Panel on Population and Prevention Science
of the American Heart Association. Air pollution and
cardiovascular disease: a statement for healthcare professionals
from the Expert Panel on Population and Prevention Science of
the American Heart Association. Circulation. 2004;109(21):
2655-71.

3. Dockery DW, Pope CA 3rd, Xu X, Spengler JD, Ware JH, Fay
ME, et al. An association between air pollution and mortality in
six U.S. cities. N Engl J Med. 1993;329(24):1753-9.

4. Pope CA 3rd, Burnett RT, Thun MJ, Calle EE, Krewski D, Ito K,
et al. Lung cancer, cardiopulmonary mortality, and long-term
exposure to fine particulate air pollution. JAMA. 2002;287(9):
1132-41.

5. Peters A, Dockery DW, Muller JE, Mittleman MA. Increased
particulate air pollution and the triggering of myocardial
infarction. Circulation. 2001;103(23):2810-5.

6. D’Ippoliti D, Forastiere F, Ancona C, Agabiti N, Fusco D,
Michelozzi P, et al. Air pollution and myocardial infarction in
Rome: a case-crossover analysis. Epidemiology. 2003;14(5):
528-35.

7. Sullivan J, Sheppard L, Schreuder A, Ishikawa N, Siscovick D,
Kaufman J. Relation between short-term fine-particulate matter
exposure and onset of myocardial infarction. Epidemiology.
2005;16(1):41-8.

8. Zanobetti A, Schwartz J. The effect of particulate air pollution on
emergency admissions for myocardial infarction: a multicity
case-crossover analysis. Environ Health Perspect. 2005;113(8):
978-82.

9. Barnett AG, Williams GM, Schwartz J, Best TL, Neller AH,
Petroeschevsky AL, et al. The effects of air pollution on
hospitalizations for cardiovascular disease in elderly people in
Australian and New Zealand cities. Environ Health Perspect.
2006;114(7):1018-23.

J Epidemiol 2016,;26(10):5638-545

10.

12.

13.

14.

16.

17.

18.

20.

21.

22.

23.

PM Exposure and EDVs for AMI: A Case-Crossover Study

Zanobetti A, Schwartz J. Air pollution and emergency
admissions in Boston, MA. J Epidemiol Community Health.
2006;60(10):890-5.

. Rich DQ, Kipen HM, Zhang J, Kamat L, Wilson AC, Kostis JB.

Triggering of transmural infarctions, but not non-transmural
infarctions, by ambient fine particles. Environ Health Perspect.
2010;118(9):1229-34.

Nuvolone D, Balzi D, Chini M, Scala D, Giovannini F,
Barchielli A. Short-term association between ambient air
pollution and risk of hospitalization for acute myocardial
infarction: results of the cardiovascular risk and air pollution in
Tuscany (RISCAT) study. Am J Epidemiol. 2011;174(1):63-71.
Bhaskaran K, Hajat S, Armstrong B, Haines A, Herrett E,
Wilkinson P, et al. The effects of hourly differences in air
pollution on the risk of myocardial infarction: case crossover
analysis of the MINAP database. BMJ. 2011;343:d5531.

Turin TC, Kita Y, Rumana N, Nakamura Y, Ueda K, Takashima
N, et al. Short-term exposure to air pollution and incidence of
stroke and acute myocardial infarction in a Japanese population.
Neuroepidemiology. 2012;38(2):84-92.

. Gardner B, Ling F, Hopke PK, Frampton MW, Utell MJ, Zareba

W, et al. Ambient fine particulate air pollution triggers ST-
elevation myocardial infarction, but not non-ST elevation
myocardial infarction: a case-crossover study. Part Fibre Toxicol.
2014;11:1-11.

Milojevic A, Wilkinson P, Armstrong B, Bhaskaran K, Smeeth
L, Hajat S. Short-term effects of air pollution on a range of
cardiovascular events in England and Wales: case-crossover
analysis of the MINAP database, hospital admissions and
mortality. Heart. 2014;100(14):1093-8.

Bentzon JF, Falk E. Pathogenesis of stable and acute coronary
syndromes. Acute coronary syndromes, 2nd ed. Philadelphia:
Elsevier; 2011. 42-52.

Pope CA 3rd, Muhlestein JB, May HT, Renlund DG, Anderson
JL, Horne BD. Ischemic heart disease events triggered by short-
term exposure to fine particulate air pollution. Circulation.
2006;114(23):2443-8.

. Maclure M. The case-crossover design: a method for studying

transient effects on the risk of acute events. Am J Epidemiol.
1991;133(2):144-53.

Bateson TF, Schwartz J. Control for seasonal variation and time
trend in case-crossover studies of acute effects of environmental
exposures. Epidemiology. 1999;10(5):539-44.

Brook RD, Rajagopalan S, Pope CA 3rd, Brook JR, Bhatnagar
A, Diez-Roux AV, et al; American Heart Association Council on
Epidemiology and Prevention, Council on the Kidney in
Cardiovascular Disease, and Council on Nutrition, Physical
Activity and Metabolism. Particulate matter air pollution and
cardiovascular disease: An update to the scientific statement
from the American Heart Association. Circulation. 2010;
121(21):2331-78.

Rich DQ, Kipen HM, Huang W, Wang G, Wang Y, Zhu P, et al.
Association between changes in air pollution levels during
the Beijing Olympics and biomarkers of inflammation and
thrombosis in healthy young adults. JAMA. 2012;307(19):
2068-78.

Libby P. Current concepts of the pathogenesis of the acute
coronary syndromes. Circulation. 2001;104(3):365-72.


http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=24322399&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=24322399&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=15173049&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=15173049&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=8179653&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=11879110&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=11879110&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=11401937&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=14501267&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=14501267&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=15613944&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=15613944&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=16079066&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=16079066&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=16835053&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=16835053&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=16973538&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=16973538&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=20435544&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=20435544&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=21597098&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=21933824&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=22338644&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=24382024&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=24382024&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=24952943&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=17101851&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=17101851&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=1985444&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=1985444&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=10468428&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=20458016&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=20458016&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=22665106&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=22665106&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=11457759&dopt=Abstract

Zhang Q, et al. 545

24. Mustafic H, Jabre P, Caussin C, Murad MH, Escolano S, Tafflet Environ Health Perspect. 2003;111(10):1312-7.
M, et al. Main air pollutants and myocardial infarction: a 26. Stewart JC, Chalupa DC, Devlin RB, Frasier LM, Huang LS,
systematic review and meta-analysis. JAMA. 2012;307:713-21. Little EL, et al. Vascular effects of ultrafine particles in persons
25. Koken PJ, Piver WT, Ye F, Elixhauser A, Olsen LM, Portier CJ, with type 2 diabetes. Environ Health Perspect. 2010;118(12):
et al. Temperature, air pollution, and hospitalization for 1692-8.

cardiovascular diseases among elderly people in Denver.

J Epidemiol 2016,;26(10):538-545


http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=22337682&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=12896852&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=20822968&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=20822968&dopt=Abstract

