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Abstract

Background—We previously observed increased odds of ST-elevation myocardial infarctions 

(STEMI) associated with increased ambient fine particulate matter (PM2.5) in the previous hour. 

However, data are lacking on the effects of specific PM sources.

Methods—Using data from 362 patients, a case-crossover design, and conditional logistic 

regression, we estimated the relative odds of STEMI associated with increased Delta-C (wood 

smoke), black carbon (BC; traffic), PM2.5, and gaseous pollutants in the previous 1-72 hours.

Results—We did not observe increased odds of STEMI associated with increased Delta-C or BC. 

We did observe increased odds associated with each 7.1 μg/m3 increase in PM2.5 (OR [95% CI]: 

1.17 [0.99, 1.39]) and each 19.9 ppb increase in ozone (O3; 1.27 [1.00, 1.63]) in the previous hour, 

and each 0.22 ppm increase in 48-hour carbon monoxide (CO) concentrations (1.32 [1.00, 1.73]). 

Larger relative odds were associated with PM2.5 in May-October, and O3 and CO in November-

April.

Conclusions—Increased PM2.5, O3, and CO, but not wood smoke or black carbon, were 

associated with increased odds of STEMI, and effects may differ by season. Studies using 

spatially-adjusted pollution estimates are needed, as well as studies further examining O3 and CO 

effects on the risk of STEMI.
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INTRODUCTION

Short term increases in ambient particulate matter (PM) concentrations over hours and days 

have been repeatedly associated with various manifestations of cardiovascular disease 

(CVD) (1), including the onset of myocardial infarctions (MI) (2, 3). Previously, we 

observed a significant 18% increase in the odds of ST-elevation myocardial infarction 

(STEMI), but not non-ST-elevation myocardial infarction (NSTEMI), associated with each 

7.1 μg/m3 increase in fine particulate pollution (<2.5 μm diameter; PM2.5) concentrations in 

the previous hour (3) among patients in Monroe County, NY. However, examination of the 

odds of STEMI associated with source-specific PM (e.g. PM from traffic or from wood 

smoke, etc.) has not been reported. Further, a recent workshop on the public health impacts 

of wood burning for heat and power summarized the evidence for wood smoke effects on 

respiratory and cardiovascular health, and noted the need for research on the cardiovascular 

effects of wood smoke (4).

Most ambient PM2.5 in the eastern United States is comprised of secondary particles formed 

from the oxidation of precursor gases such as sulfur dioxide, nitrogen dioxide, and volatile 

organic compounds (5). PM2.5 is also a byproduct of combustion activities, including motor 

vehicle operation, power plants, and the burning of wood and other biomass for residential 

heating and other purposes (6). Several previous studies have examined which specific 

component(s) of PM is/are more strongly associated with health effects. Two reviews by 

Rohr (7) and Wyzga (8) summarized studies of short and long-term exposure to elevated 

concentrations of certain PM components and cardiovascular endpoints, including heart rate 

variability, carotid artery intima media thickness (CIMT), coronary artery calcification, 

inflammatory and coagulation biomarkers, and CVD hospitalizations and mortality. They 

reported consistent effects for organic, elemental, and black carbon, sulfate, and certain 

metals. Lippmann et al. (9) also noted associations between CVD hospitalizations and 

increased concentrations of elemental and organic carbon, sulfate, and some metals (copper, 

iron, selenium, silicon, and zinc), but not others (arsenic, potassium, nickel, or lead). Vedal 

et al. (10) reported greater risks of cardiovascular and cerebrovascular death associated with 

increased organic carbon (OC) concentrations than with total PM2.5, and stronger 

associations of sulfur with CIMT and coronary artery calcification. Thus, some PM 

components or pollutant mixtures/sources may be more strongly associated with 

cardiovascular disease and acute cardiovascular events than total PM2.5 and other PM 

components.

In source apportionment analyses of data from the New York State Department of 

Environmental Conservation (DEC) pollution monitoring site in Rochester, NY, Wang et al. 

(11,12) estimated that ~ 9% of the local annual average PM2.5 concentration is contributed 

by wood smoke, with up to 30% contribution in the winter months. These estimates are 

substantially assisted by light absorption measurements of black carbon (BC), ultraviolet 
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black carbon (UVBC), and the difference between UVBC and BC, termed Delta-C. 

Although there is evidence that the respiratory toxicity of particulates from wood smoke is 

similar to that from other sources (13), it is not clear whether the same is true for 

cardiovascular toxicity. Some studies have shown wood smoke exposure to be associated 

with systemic inflammation and markers of CV pathophysiology (14-17) and increased CV 

hospital admissions and mortality (18, 19). Additionally, localized reductions in wood 

burning have been associated with decreases in CV mortality and markers of CV pathology 

(20-22). However, there is a lack of studies specifically examining the association of 

ambient concentrations of wood smoke with the triggering of MI.

Therefore, the primary purpose of this study was to examine the association of markers of 

wood smoke (Delta-C) and traffic pollution (BC) with the onset of STEMI. Using data on 

STEMI patients treated at the University of Rochester Medical Center and hourly 

measurements of Delta-C, BC, and PM2.5 made in Rochester, New York, we hypothesized 

that increases in concentrations of these pollutants in the previous 1 to 72 hours would be 

associated with increases in the relative odds of STEMI. We also explored associations 

between STEMI onset and increased concentrations of gaseous pollutants (nitrogen dioxide 

[NO2], sulfur dioxide [SO2], carbon monoxide [CO], and ozone [O3]) in the previous few 

hours and days, and explored whether season modified these associations.

METHODS

Study population and outcomes

The study sample was drawn from a database of acute coronary syndrome (ACS; STEMI, 

NSTEMI, or unstable angina) patients treated at the Cardiac Catheterization Laboratory 

(Cath Lab) at the University of Rochester Medical Center in Rochester, NY. The current 

analysis included all patients residing in Monroe County, NY who presented to the Cath Lab 

between January 1, 2007 and September 30, 2012 with a STEMI and for whom symptom 

onset date and time were recorded in the database (n=362). If a patient was admitted to the 

Cath Lab for multiple MI during the study period, each STEMI was included in the analysis 

if it was at least three days after that patient's previous MI. The Cath Lab database also 

contained data on patient demographic and clinical characteristics, including smoking, 

history of MI, and other comorbidities (peripheral artery disease, heart failure, diabetes, 

dyslipidemia, and hypertension) that were also used in the current analysis.

American College of Cardiology/American Heart Association guidelines (23) were used at 

the time of Cath Lab admittance to define the study outcome. STEMI was diagnosed as ST 

segment elevation on the electrocardiogram of > 1 mm in ≥2 contiguous precordial leads, or 

≥2 adjacent limb leads, or new or presumed-new left bundle branch block in the presence of 

angina or angina equivalent. All study activities were approved by the University of 

Rochester Research Subjects Review Board.

Air pollution and meteorology measurements

We used measurements of particulate and gaseous pollutant concentrations, temperature, and 

relative humidity collected between January 1, 2007 and September 30, 2012 at a New York 
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State Department of Environmental Conservation (DEC) site on the eastside of Rochester, 

NY. This site is adjacent to two major highways (I-490 and I-590) as well as a major state 

route (Route 96) that carries traffic to and from downtown Rochester.

Black carbon is a measurement of light absorption at various wavelengths by particles 

collected on a filter, and semi-continuous measurements can be made using an aethalometer 

(24). The Rochester DEC site had a single-wavelength (880 nm) aethalometer until 2008, 

and a two-wavelength unit (370 and 880 nm) from July 2008 to the present (Magee 

Scientific, Inc., Berkeley, CA). Delta-C is the difference between the BC measured at 370 

and 880 nm. We previously identified Delta-C as a marker of wood smoke because it was 

highly correlated with levoglucosan (25), the compound commonly used as a marker of 

wood combustion particles (26, 27).

Hourly average PM2.5 mass concentrations was measured with a tapered element oscillating 

microbalance (TEOM, model 1400ab; Thermo Fisher Scientific, Inc., Waltham, MA). 

Pollutant gases (NO2, SO2, O3, CO) were measured with standard Federal Equivalent 

Method gas monitors (Thermo Fisher Scientific, Inc., Waltham, MA). Wind speed and 

direction, ambient temperature, and relative humidity were also measured in 5 minute 

increments at the DEC site and provided as hourly averages. Hourly average concentrations 

of each pollutant and weather variables were used in the statistical analyses described below.

Study design

We used a time-stratified case-crossover design (28, 29) that has previously been used in 

studies of ambient air pollution and MI (3, 30-34). In this design, each patient contributes 

information as a case during the period before their STEMI and as a matched control during 

times when they did not experience a STEMI. The case-crossover design is analogous to a 

matched case-control study, but instead of estimating the relative odds of STEMI by 

comparing exposure between persons (i.e. cases versus controls), we estimate the relative 

odds of STEMI by comparing exposure during different time periods within the follow-up 

time of each STEMI case. Because case periods and their matched control periods are 

derived from the same person and a conditional analysis is conducted, non-time varying 

confounders such as age, chronic comorbidities, and long-term smoking history are 

controlled by design.

However, variables that may be related to both air pollution and the relative odds of STEMI 

that vary over short time periods (e.g. weather conditions) are possible confounders that 

must be included in our analytic models. Case periods for this analysis were defined as the 1, 

12, 24, 48, and 72-hour periods before the time of STEMI symptom onset, while control 

periods (3-4 per case, depending on the number of days in the calendar month) were 

matched to the case period by day of the week, time of the day, year, and month. For 

example, if a patient's symptom onset date and time were Friday, March 20, 2009 at 12:00 

a.m., then the 24-hour case period was the 24 hours prior to that date and time (12:00 a.m. to 

11:59 p.m. on Thursday, March 19, 2009), and control periods were 12:00 a.m. to 11:59 

p.m. on Thursdays, March 5th, 12th, and 26th in 2009. Pollutant concentrations 

corresponding to these case and control periods were then contrasted in the statistical 

analyses described below.
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Statistical analysis

We first calculated the mean concentrations of each pollutant (Delta-C, BC, PM2.5, NO2, 

SO2, O3, and CO) for the 1 hour, 12 hours, 24, 48, and 72 hours prior to each case and 

control date. We then used conditional logistic regression models, stratified on each case-

control set, to estimate the relative odds (and 95% confidence intervals) of STEMI 

associated with interquartile range (IQR) increases in pollutant concentrations during each 

lag period. To determine which time lags of weather variables and which functional form of 

that weather variable should be included in the models, we first fit separate conditional 

regression models using 1, 12, 24, 48, and 72-hour mean temperature and relative humidity 

with natural splines with 1 to 4 degrees of freedom (df). From this group of models, we 

chose the time lag/df with the lowest value of Akaike's Information Criterion. This selection 

process resulted in the inclusion of linear terms (1 df) for 3-hour mean temperature and 

relative humidity in all models.

We also conducted stratified analyses to determine whether there were seasonal differences 

in the effects of pollutants on the odds of STEMI. We fit similar models to those described 

above including only the events that occurred from November through April (colder 

months), and then again including only those that occurred from May through October 

(warmer months). We also fit models including all subjects and a term for the interaction 

between pollutants and season (warm vs. cold).

To explore whether observed responses to pollutants differed depending on patient 

characteristics, we also separately fit models that included interactions between pollutant 

concentrations and the following variables: sex; age (< 65 vs. ≥ 65 years old); race/ethnicity 

(non-Hispanic white vs. other); smoking; hypertension, diabetes, dyslipidemia, prior MI, and 

prior cardiovascular disease (CVD). We defined prior CVD by a “yes” response to “Prior 

CVD” in a patient's Cath Lab record, or documentation of a prior MI, coronary artery bypass 

graft, or percutaneous coronary intervention. We used SAS version 9.3 (SAS Institute, Inc., 

Cary, NC) to construct all data sets and perform descriptive analyses, and R version 3.0.1 (R 

Foundation for Statistical Computing, Vienna, Austria) for all conditional logistic regression 

models.

RESULTS

A total of 366 STEMI events among 362 patients were included in the analysis. Most 

patients (57%) were between 50 and 69 years old (mean age ±SD = 62.3 ±12.9 yrs). Two 

thirds (67%) of subjects were male, most were non-Hispanic white (70%), nearly half were 

smokers (44%), and most (74%) were either overweight or obese (BMI ≥25 kg/m2; Table 1).

The distributions of hourly pollutant concentrations during the whole study period and by 

season are shown in Table 2. Delta-C concentrations were, on average, more than twice as 

high in the colder months compared to the warmer months of the year. PM2.5, NO2, SO2, 

and CO concentrations were also higher in the colder months as would be expected with the 

lower atmospheric mixed layer depth. Delta-C was moderately correlated with whole-year 

NO2 (Table 3; r=0.52) and NO2 in the colder months (r=0.56). Delta-C was also positively 

correlated with whole-year and seasonal BC concentrations (r=0.37-0.57), whole-year and 
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seasonal CO (r=0.32-0.41), and whole-year and cold season PM2.5 concentrations 

(r=0.31-0.48). There were moderately strong negative correlations of hourly concentrations 

of Delta-C and BC with O3 over the whole year and in the colder months (r= −0.32 to 

−0.54). Black carbon was also positively correlated with NO2 (r=0.70-0.77) and PM2.5 

(r=0.57-0.63), and moderately correlated with CO (r=0.41-0.46). PM2.5 and NO2 were 

positively correlated for the whole year (r=0.38) and in the colder months (r=0.49).

Increases in Delta-C and BC concentrations were not associated with increases in the 

relative odds of STEMI over any of the time lags examined (Table 4). However, each 

interquartile range (IQR; 7.1 μg/m3) increase in PM2.5 was associated with a 17% (95% CI: 

−1%, 39%) increase in the relative odds of STEMI. There were small decreases in the odds 

of STEMI associated with each IQR (0.002 ppb) increase in 1 to 72-hour concentrations of 

SO2, though only the association with SO2 concentration in the previous hour was 

statistically significant (OR=0.94; 95% CI: 0.90, 0.99).

Interquartile range increases in 1 to 72-hour concentrations of O3 were generally associated 

with increases in the odds of STEMI. Each 19.9 ppb increase in O3 concentration in the 

previous hour was associated with a 27% (95% CI: 0%, 63%) increase in the odds of 

STEMI. Similarly, each 0.222 ppm increase in CO concentration in the previous 48 hours 

was associated with a 32% (95% CI: 0%, 73%) increase in the relative odds of STEMI. We 

did not observe increased odds of STEMI associated with increased NO2 concentrations at 

any time lag.

We did not observe significant differences in the odds of STEMI associated with increases in 

concentrations of Delta-C or BC between the warm (May-October) and cold seasons 

(November-April; Table 5). However, the relative odds of STEMI associated with each 7.1 

μg/m3 increase in PM2.5 concentration in the previous hour was slightly larger during the 

warmer months (OR=1.27; 95% CI: 0.99, 1.62) than during the colder months of the year 

(OR=1.14; 95% CI: 0.89, 1.45). Increases in O3 concentrations during the colder months 

were associated with increased odds of STEMI across all time lags, with the largest relative 

odds associated with increased O3 concentrations in the previous 72 hours (OR=1.60; 95% 

CI: 1.05, 2.46). We observed no such increased relative odds associated with O3 in the 

warmer months. We also observed larger relative odds of STEMI associated with increased 

CO concentration in the colder months than the warmer months, with a 43% (95% CI: 5%, 

95%) increase in the relative odds of STEMI associated with each 0.22 ppm increase in CO 

concentration in the previous 48 hours (Table 5).

We also examined whether the odds of STEMI associated with Delta-C, BC, and O3 

concentrations in the previous hour were modified by patient characteristics (Table 6). We 

did not observe differences in the odds of STEMI associated with increased concentrations 

of Delta-C in the previous hour between strata of age, sex, race/ethnicity, smoking status, 

history of MI or CVD, or other comorbidities. However, we did observe larger increases in 

the relative odds of STEMI per IQR increase in O3 concentration in the previous hour in 

patients with a prior MI (OR=1.78; 95% CI: 0.97, 3.28) or prior CVD (OR=1.72; 95% CI: 

1.02, 2.90), but not among those without a history of MI (OR=1.20; 0.92, 1.58) or CVD 

(OR=1.15; 95% CI: 0.81, 1.64), although the interactions were not statistically significant.
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Discussion

Using a case-crossover design and conditional logistic regression, we did not observe an 

increase in the odds of STEMI associated with increases in 1 to 72-hour ambient 

concentrations of Delta-C (marker of wood smoke) or BC (marker of traffic pollution) as 

hypothesized. However, we did confirm an increased relative odds of STEMI associated 

with each IQR increase in PM2.5 concentration in the previous hour (OR=1.17; 95% CI: 

0.99, 1.39), as well as an increased odds of STEMI associated with increases in ambient O3 

and CO concentrations in exploratory analyses.

To our knowledge, this is the first study to specifically examine the association between 

ambient concentrations of wood smoke and the risk of an MI. Our findings are consistent 

with those that have observed no association between forest/vegetation fire air pollution and 

CV events (22, 35-37). However, some controlled exposure studies (14,17) and studies of 

occupational wood smoke exposure in firefighters (15,16) have observed adverse effects of 

wood smoke on biomarkers that are associated with acute coronary events, including 

coagulation factors, inflammatory proteins, arterial stiffness, and heart rate variability. 

However, measured and estimated total PM2.5 concentrations during controlled and 

occupational wood smoke exposure studies have generally exceeded 300 μg/m3. These 

values are in contrast with a maximum ambient PM2.5 concentration in the current study of 

only 79 μg/m3 and a median concentration of only 6.3 μg/m3. It is possible that the local 

wood smoke PM concentrations in this study were not high enough to elicit the acute 

changes in CV function necessary to trigger a STEMI.

The observed 17% increase in the relative odds of STEMI associated with a 7.1 μg/m3 

increase in PM2.5 concentrations in the previous hour (using STEMI from 2007 – 2012) is 

consistent with our previous work using a subset of these data (STEMI from 2007-2010). 

That study showed an 18% increase in the odds of STEMI for each 7.1 μg/m3 increase in 

PM2.5 in the previous hour (3), and a 10% increase in the odds of a transmural MI associated 

with each 10.8 μg/m3 increase in PM2.5 in the 24 hours before emergency room arrival for 

that MI (34). Our null findings for the effects of 1 to 72-hour BC concentrations, on the 

other hand, are in contrast to previous studies which have observed adverse effects of 

elevated BC on cardiac function and MI risk (38-40). Zanobetti and Schwartz (39) found 

increased BC concentrations in the previous two days to be associated with significant 

increases in the risk of hospitalization for an MI. The difference between those findings and 

the current study results may be attributable to differences in sample size (N>15,000 vs. 

366), age (all >65 yrs. vs. 31-95 yrs.), the approximately 50% lower BC concentrations in 

our study area (24-hour median [IQR] = 0.51 [0.44] vs. 1.15 [0.98]), and/or a higher 

proportion of the BC arising from wood smoke in Rochester (11,12) compared to Boston 

(41) where it is primarily emitted by traffic.

In our main analysis including events in the entire year, we observed a 27% increase in the 

odds of STEMI (95% CI: 0%, 63%) associated with each 19.9 ppb increase in O3 

concentrations in the previous hour. Previous work offers conflicting evidence regarding the 

association between O3 and MI risk. A 2005 meta-analysis (42) of 25 U.S. and non-U.S. 

studies showed a small (1.11%) but significant increase in cardiovascular mortality 
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associated with 1 to 2-day increases in ambient O3 concentrations, which was greater than 

the effects of O3 on either total or respiratory mortality. A more recent meta-analysis (2), 

however, showed an association between MI risk and increased concentrations of fine and 

ultrafine particles, CO, NO2, and SO2, but no association with O3. Nuvolone et al. (43) 

observed a significant 6.3% increase in coronary deaths (but not MI hospitalizations) per 

0.005 ppm increase in 6-day O3 concentrations. They also found a greater effect of O3 on 

coronary mortality among patients with a history of vascular diseases, which is consistent 

with the greater relative odds of STEMI that we observed among patients with a prior MI or 

other indication of prior CVD. Unexpectedly, our seasonal analyses showed larger O3 effects 

in the colder months of the year, compared to the warmer months. This finding is in contrast 

to the results of previous work showing a small (<1%) but significant increase in CV deaths 

associated with each 10 μg/m3 (0.005 ppm) increase in 1- and 8-hour O3 concentrations in 

the warmer (April-September) but not colder (October-March) months of the year (44).

Ground-level O3 is formed primarily from the reaction of sunlight with pollutants such as 

volatile organic compounds and nitrogen oxides (45). Although O3 levels are generally 

lower during the winter months, higher cold-weather O3 concentrations can be observed on 

brighter, clearer days with less cloud cover and more sunlight. Safieddine et al. (46) found 

that NO2 concentrations in major cities in the northern hemisphere are consistently higher 

during winter because of the high anthropogenic sources and longer lifetimes. Thus, bright 

sunny days, particularly with the sunlight reflecting from snow on the ground, will produce 

high rates of NO2 photolysis and rapid O3 production. In this study, O3 levels were not 

substantially lower in the winter than in the summer, and thus, this increased odds of STEMI 

associated with increased winter O3 concentrations may reflect real pollutant exposures. 

However, clear winter days (bright sunny days with a high ceiling) may also be associated 

with higher physical activity levels among those at risk for an MI. Given the increased risk 

of MI that has been associated with moderate to strenuous physical exertion (47-49), which 

may be greater with outdoor versus indoor exertion (49), the greater odds of STEMI 

associated with cold-weather O3 may also be due to residual confounding by an increase in 

patients’ physical activity levels on the clear sunny days associated with high wintertime O3. 

However, it is not clear whether the observed association between cold-weather O3 

concentrations and odds of STEMI is due to a real effect of O3, confounding by physical 

activity, or residual confounding by some other factor.

Our results also suggest an association between ambient CO levels and odds of STEMI, 

particularly over the longer time lags and during the colder months of the year. A meta-

analysis by Mustafic et al. (2) including estimates from 20 studies provided a significant 5% 

increase in MI risk associated with each 1 mg/m3 (~0.81 ppm) increase in 24-hour CO 

concentrations. Though a much smaller effect size, this is in agreement with our results 

showing a 32% (95% CI: 0%, 73%) increase in the odds of STEMI per 0.222 ppm increase 

in 48-hour CO. Although it is not clear if or how CO and O3 exposures trigger a STEMI, 

these effects may be mediated by the same mechanisms believed to mediate the relationship 

between STEMI and PM2.5, including increases in inflammation, coagulation, and 

thrombosis (50-56).
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A major strength of this analysis is the inclusion of symptom onset time in the Cath Lab 

database from which patients were selected, whereas only the date of an MI or hospital 

admission has often been available from the data sources used in previous studies. This 

likely resulted in reduced exposure error and less bias towards the null in our effect 

estimates, compared to studies using only hospital or emergency room arrival date/time. 

However, there were study limitations to consider when making inference. First, we used 

measurements of hourly Delta-C, BC, and other pollutant concentrations from a single 

monitoring station for all subjects, regardless of the distance between the monitor and where 

they lived, worked, and spent time. This allowed us to examine triggering of STEMI by air 

pollutant concentrations in specific hours, not just days, before STEMI symptom onset. 

However, in 2009-2010, we used a mobile pollution monitor to assess spatial variations in 

BC and Delta-C in Rochester (57) and detected “hotspots” for both pollutants, indicating 

high spatial heterogeneity in BC and Delta-C concentrations across the area. This suggests 

that the hourly Delta-C and BC concentrations assigned to subjects in the current analysis 

based on the DEC monitor measurements may not accurately approximate individual 

subject's exposures (i.e. exposure error). However, this exposure error should be non-

differential with regard to case/control times, resulting a bias towards the null and 

underestimates of risk. This limitation highlights the need to develop local spatial-temporal 

models of Delta-C, BC, and other pollutants to reduce exposure error and bias, providing 

better estimates of the odds of STEMI associated with increased Delta-C, BC, and other 

pollutant concentration in the previous few hours and days.

In conclusion, although this study adds to the literature supporting a role of elevated PM2.5 

in increasing the odds of STEMI, concentrations of Delta-C and BC (markers of wood 

smoke and perhaps traffic), as measured by our local monitoring site, do not appear to be 

associated with the triggering of STEMI. In addition to obtaining more locally accurate 

pollution measurements via spatial-temporal modeling, future work should also aim to 

confirm and clarify the mechanisms behind our observed O3/STEMI and CO/STEMI 

associations, and the seasonal variations in those associations.

Acknowledgments

This study was funded by grants from the National Heart, Lung, and Blood Institute (grant #5T32HL007937), the 
New York State Energy Research and Development Authority (contract #32971), and the University of Rochester 
Environmental Health Sciences Center (grant #P30 ES01247)

References

1. Lee BL, Kim B, Lee K. Air pollution and cardiovascular disease. Toxicol Res. 2014; 30(2):71–75. 
[PubMed: 25071915] 

2. Mustafic H, Jabre P, Caussin C, Murad MH, Escolano S, Tafflet M, et al. Main air pollutants and 
myocardial infarction: a systematic review and meta-analysis. JAMA. 2012; 307(7):713–721. 
[PubMed: 22337682] 

3. 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 Fib Toxicol. 2014; 11:1.

4. Hoppin, P., Jacobs, M. Wood biomass for heat & power: addressing public health impacts – 
summary of a 2011 symposium. Available at: www.sustainableproduction.org/WoodBiomass.php

Evans et al. Page 9

J Expo Sci Environ Epidemiol. Author manuscript; available in PMC 2018 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.sustainableproduction.org/WoodBiomass.php


5. Hopke PK, Rossner A. Exposure to airborne particulate matter in the ambient, indoor, and 
occupational environments. Clin Occup Environ Med. 2006; 5(4):747–771. [PubMed: 17110290] 

6. United States Environmental Protection Agency. Fine particulate designations: frequent questions. 
2014. Available: http://www.epa.gov/pmdesignations/faq.htm [accessed January 25, 2015]

7. Rohr AC, Wyzga RE. Attributing health effects to individual particulate matter constituents. Atmos 
Environ. 2012; 62:130–152.

8. Wyzga RE, Rohr AC. Long-term particulate matter exposure: attributing health effects to individual 
PM components. J Air Waste Manage. 2015; 65(5):523–543.

9. Lippmann, M., Chen, LC., Gordon, T., Ito, K., Thurston, GD. National Particle Component Toxicity 
(NPACT) initiative: integrated epidemiologic and toxicologic studies of the health effects of 
particulate matter components (Research Report 177). Health Effects Institute; Boston, MA: 2013. 

10. Vedal, S., Campen, MJ., McDonald, JD., Kaufman, JD., Larson, TV., Sampson, PD., et al. National 
Particle Component Toxicity (NPACT) initiative report on cardiovascular effects (Research Report 
178). Health Effects Institute; Boston, MA: 

11. Wang Y, Hopke PK, Rattigan OV, Chalupa DC, Utell MJ. Multiple-year black carbon 
measurements and source apportionment using delta-C in Rochester, New York. J Air Waste 
Manag Assoc. 2012; 62(8):880–887. [PubMed: 22916435] 

12. Wang Y, Hopke PK, Xia X, Rattigan OV, Chalupa DC, Utell MJ. Source apportionment of airborne 
particulate matter using inorganic and organic species as tracers. Atmos Environ. 2012; 55:525–
532.

13. Naeher LP, Brauer M, Lipsett M, Zelikoff JT, Simpson CD, Koenig JQ, et al. Woodsmoke health 
effects: a review. Inhal Toxicol. 2007; 19(1):67–106.

14. Barregard L, Sallsten G, Gustafson P, et al. Experimental exposure to wood-smoke particles in 
healthy humans: effects on markers of inflammation, coagulation, and lipid peroxidation. Inhal 
Toxicol. 2006; 18(11):845–853. [PubMed: 16864402] 

15. Swiston JR, Davidson W, Attridge S, Li GT, Brauer M, van Eeden SF. Wood smoke exposure 
induces a pulmonary and systemic inflammatory response in firefighters. Eur Respir J. 2008; 
32(1):129–138. [PubMed: 18256060] 

16. Hejl AM, Adetona O, Diaz-Sanchez D, et al. Inflammatory Effects of woodsmoke exposure among 
wildland firefighters working at prescribed burns at the Savannah River Site, SC. J Occup Environ 
Hyg. 2013; 10(4):173–180. [PubMed: 23363434] 

17. Unosson J, Blomberg A, Sandstrom T, Muala A, Boman C, Nystrom R, et al. Exposure to wood 
smoke increases arterial stiffness and decreases heart rate variability in humans. Part Fib Toxicol. 
2013; 10:20.

18. Fairley D. Daily mortality and air pollution in Santa Clara County, California: 1989-1996. Environ 
Health Perspect. 1999; 107(8):637–641. [PubMed: 10417361] 

19. Sanhueza PA, Torreblanca MA, Diaz-Robles LA, Schiappacasse LN, Silva MP, Astete TD. 
Particulate air pollution and health effects for cardiovascular and respiratory causes in Temuco, 
Chile: a wood-smoke-polluted urban area. J Air Waste Manag Assoc. 2009; 59(12):1481–1488. 
[PubMed: 20066914] 

20. McCracken JP, Smith KR, Diaz A, Mittleman MA, Schwartz J. Chimney stove intervention to 
reduce long-term wood smoke exposure lowers blood pressure among Guatemalan women. 
Environ Health Perspect. 2007; 115(7):996–1001. [PubMed: 17637912] 

21. McCracken J, Smith KR, Stone P, Diaz A, Arana B, Schwartz J. Intervention to lower household 
wood smoke exposure in Guatemala reduces ST-segment depression on electrocardiograms. 
Environ Health Perspect. 2011; 119(11):1562–1568. [PubMed: 21669557] 

22. Johnston FH, Hanigan IC, Henderson SB, Morgan GG. Evaluation of interventions to reduce air 
pollution from biomass smoke on mortality in Launceston, Australia: retrospective analysis of 
daily mortality, 1994-2007. BMJ. 2013; 346:e8446. [PubMed: 23299843] 

23. O'Gara PT, Kushner FG, Ascheim DD, Casey DE, Chung MK, de Lemos JA, et al. ACCF/AHA 
guideline for the management of ST-elevation myocardial infarction: a report of the American 
College of Cardiology Foundation/American Heart Association Task Force on Practice Guidelines. 
Circulation. 2013; 127(4):e362–e425. [PubMed: 23247304] 

Evans et al. Page 10

J Expo Sci Environ Epidemiol. Author manuscript; available in PMC 2018 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.epa.gov/pmdesignations/faq.htm


24. Hansen ADA, Rosen H, Novakov T. The Aethalometer - An instrument for the real-time 
measurement of optical absorption by aerosol particles. Sci Total Environ. 1984; 36:191–196.

25. Wang Y, Hopke PK, Rattigan OV, Xia X, Chalupa DC, Utell MJ. Characterization of residential 
wood combustion particles using the two-wavelength aethalometer. Environ Sci Technol. 2011; 
45:7387–93. [PubMed: 21774488] 

26. Simoneit BRT, Schauer JJ, Nolte CG, al. E. Levoglucosan, a tracer for cellulose in biomass burning 
and atmospheric particles. Atmos Environ. 1999; 33:173–182.

27. Simoneit BT. Biomass burning - a review of organic tracers for smoke from incomplete 
combustion. Appl Geochem. 2002; 17:129–162.

28. Levy D, Lumley T, Sheppard L, Kaufman J, Checkoway H. Referent selection in case-crossover 
analyses of acute health effects of air pollution. Epidemiology. 2001; 12(2):186–192. [PubMed: 
11246579] 

29. Maclure M. The case-crossover design: a method for studying transient effects on the risk of acute 
events. Am J Epidemiol. 1991; 133(2):144–153. [PubMed: 1985444] 

30. Levy D, Sheppard L, Checkoway H, Kaufman J, Lumley T, Koenig J, et al. A case-crossover 
analysis of particulate matter air pollution and out-of-hospital primary cardiac arrest. 
Epidemiology. 2001; 12(2):193–199. [PubMed: 11246580] 

31. 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):41–48. [PubMed: 15613944] 

32. 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):
978–982. [PubMed: 16079066] 

33. Pope CA, 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):2443–2448. [PubMed: 17101851] 

34. Rich DQ, Kipen HM, Zhang J, Kamat L, Wilson AC, Kostis JB. Triggering of transmural 
infarctions, but not nontransmural infarctions, by ambient fine particles. Environ Health Perspect. 
2010; 118(9):1229–1234. [PubMed: 20435544] 

35. Hanigan IC, Johnston FH, Morgan GG. Vegetation fire smoke, indigenous status and cardio-
respiratory hospital admissions in Darwin, Australia, 1996-2005: a time-series study. Environ 
Health. 2008; 7:42. [PubMed: 18680605] 

36. Delfino RJ, Brummel S, Wu J, Stern H, Ostro B, Lipsett M, et al. The relationship of respiratory 
and cardiovascular hospital admissions to the southern California wildfires of 2003. Occup 
Environ Med. 2009; 66(3):189–197. [PubMed: 19017694] 

37. Henderson SB, Brauer M, MacNab YC, Kennedy SM. Three measures of forest fire smoke 
exposure and their associations with respiratory and cardiovascular health outcomes in a 
population-based cohort. Environ Health Perspect. 2011; 119:1266–1271. [PubMed: 21659039] 

38. Dockery DW, Luttmann-Gibson H, Rich DQ, Link MS, Mittleman MA, Gold DR, et al. 
Association of air pollution with increased incidence of ventricular tachyarrythmias recorded by 
implanted cardioverter defibrillators. Environ Health Perspect. 2005; 113:670–674. [PubMed: 
15929887] 

39. Zanobetti A, Schwartz J. Air pollution and emergency admissions in Boston, MA. J Epidemiol 
Commun H. 2006; 60:890–895.

40. Zanobetti A, Gold DR, Stone PH, Suh HH, Schwartz J, Coull BA, et al. Reduction in heart rate 
variability with traffic and air pollution in patients with coronary artery disease. Environ Health 
Perspect. 2010; 118:324–330. [PubMed: 20064780] 

41. Gryparis A, Coull BA, Schwartz J, Suh HH. Semiparametric latent variable regression models for 
spatiotemporal modelling of mobile source particles in the greater Boston area. J R Stat Soc Ser C 
Appl Stat. 2007; 56:183–209.

42. Bell ML, Dominici F, Samet JM. A meta-analysis of time-series studies of ozone and mortality 
with comparison to the National Morbidity, Mortality, and Air Pollution Study. Epidemiology. 
2005; 16:436–445. [PubMed: 15951661] 

Evans et al. Page 11

J Expo Sci Environ Epidemiol. Author manuscript; available in PMC 2018 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



43. Nuvolone D, Blazi D, Pepe P, Chini M, Scala D, Giovannini F, et al. Ozone short-term exposure 
and acute coronary events: a multicities study in Tuscany (Italy). Environ Res. 2013; 126:17–23. 
[PubMed: 24011457] 

44. Gryparis A, Forsberg B, Katsouyanni K, Analitis A, Touloumi G, Schwartz J, et al. Acute effects of 
ozone on mortality from the “Air Pollution and Health: A European Approach” Project. Am J 
Respir Crit Care Med. 2004; 170:1080–1087. [PubMed: 15282198] 

45. United States Environmental Protection Agency. Ground level ozone. 2014. Available: http://
www.epa.gov/groundlevelozone/ [accessed January 29, 2015]

46. Safieddine S, Clerbaux C, George M, Hadji-Lazaro J, Hurtmans D, Coheur PF, Wespes C, Loyola 
D, Valks P, Hao N. Tropospheric ozone and nitrogen dioxide measurements in urban and rural 
regions as seen by IASI and GOME-2. J Geophys Res Atmos. 2013; 118 10,555-10,566. 

47. Mittleman MA, Siscovick DS. Physical exertion as a trigger of myocardial infarction and sudden 
cardiac death. Cardiol Clin. 1996; 14(2):263–270. [PubMed: 8724558] 

48. Thompson PD, Franklin BA, Balady GJ, Blair SN, Corrado D, Estes M, et al. Exercise and acute 
cardiovascular events – placing the risks into perspective: a scientific statement from the American 
Heart Association Council on Nutrition, Physical Activity, and Metabolism and the Council on 
Clinical Cardiology. Circulation. 2007; 115:2358–2368. [PubMed: 17468391] 

49. von Klot S, Mittleman MA, Dockery DW, Heier M, Meisinger C, Hormann A, et al. Intensity of 
physical exertion and triggering of myocardial infarction: a case-crossover study. Eur Heart J. 
2008; 29:1881–1888. [PubMed: 18534976] 

50. Chuang K, Chan C, Su T, Lee C, Tang C. The effect of urban air pollution on inflammation, 
oxidative stress, coagulation, and autonomic dysfunction in young adults. Am J Crit Care Med. 
2007; 176(4):370–376.

51. United States Environmental Protection Agency. Integrated Science Assessment for Particulate 
Matter Research Triangle Park, NC. 2009

52. Brook RD, Rajagopalan S, Pope CA, Brook JR, Bhatnagar A, Diez-Roux AV, et al. Particulate 
matter air pollution and cardiovascular disease: an update to the scientific statement from the 
American Heart Association. Circulation. 2010; 121(21):2331–2378. [PubMed: 20458016] 

53. Stewart JC, Chalupa DC, Devlin RB, Frasier LM, Huang LS, Little EL, et al. Vascular effects of 
ultrafine particles in persons with type 2 diabetes. Environ Health Perspect. 2010; 118(12):1692–
1698. [PubMed: 20822968] 

54. Bind MA, Baccarelli A, Zanobetti A, Tarantini L, Suh H, Vokonas P, et al. Air pollution and 
markers of coagulation, inflammation, and endothelial function: associations and epigene-
environment interactions in an elderly cohort. Epidemiology. 2012; 23(2):332–340. [PubMed: 
22237295] 

55. 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):2068–2078. [PubMed: 22665106] 

56. Rich DQ, Zareba W, Beckett W, Hopke PK, Oakes D, Frampton MW, et al. Are ambient ultrafine, 
accumulation mode, and fine particles associated with adverse cardiac responses in patients 
undergoing cardiac rehabilitation? Environ Health Perspect. 2012; 120(8):1162–1169. [PubMed: 
22542955] 

57. Wang Y, Hopke PK, Utell MJ. Urban-scale spatial-temporal variability of black carbon and winter 
residential combustion particles. Aerosol and Air Quality Research. 2011; 5:473–481.

Evans et al. Page 12

J Expo Sci Environ Epidemiol. Author manuscript; available in PMC 2018 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.epa.gov/groundlevelozone/
http://www.epa.gov/groundlevelozone/


A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Evans et al. Page 13

Table 1

Subject characteristics (total N=366 STEMI among 362 subjects)

N %

Age

    <50 years 61 17

    50-59 years 106 29

    60-69 years 102 28

    70-79 years 57 16

    ≥ 80 years 40 11

Sex (n=365)
1

    Male 249 68

    Female 116 32

    Missing 1 <1

Race/ethnicity (n=351)

    Non-Hispanic white 258 74

    Non-Hispanic black 51 15

    Hispanic 8 2

    Other 34 10

Clinical presentation

    Prior cardiovascular disease (n=190) 79 42

    Prior myocardial infarction (n=363) 59 16

    Prior percutaneous intervention (n=356) 58 16

    Prior coronary artery bypass (n=363) 14 4

    Prior peripheral artery disease (n=356) 24 7

    Prior heart failure (n=355) 9 3

    Smoker (n=355) 160 45

    Hypertension (n=361) 256 71

    Dyslipidemia (n=363) 214 59

    Diabetes (n=334) 63 19

BMI (n=339)

    Overweight (BMI 25.0-29.9) 145 43

    Obesity: class I (BMI 30.0-34.9) 84 25

    Obesity: class II (BMI 35.0-39.9) 31 9

    Obesity: class III (BMI ≥40) 11 3

    Mean (SD) 29.0 (5.1) -

2 As indicated by “Prior CVD” in Cath Lab record, or a prior MI, PCI, or CABG

1
Number of events with subject data available for a given characteristic
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Table 2

Distribution of hourly pollutant concentrations, temperature, and humidity, January 1, 2007 – September 30, 

2012

Percentiles

Mean (SD) Min 25th 50th 75th Max IQR

Delta-C (μg/m3)

    Whole year 0.13 (0.26) −1.94 0.02 0.06 0.15 5.40 0.13

    November-April 0.20 (0.32) −1.94 0.05 0.11 0.23 5.40 0.18

    May-October 0.07 (0.17) −1.43 0.004 0.03 0.08 4.60 0.08

Black carbon (μg/m3)

    Whole year 0.58 (0.51) −0.22 0.24 0.44 0.77 11.74 0.53

    November-April 0.51 (0.47) −0.22 0.22 0.38 0.64 5.80 0.43

    May-October 0.65 (0.53) −0.07 0.27 0.52 0.89 11.74 0.61

Fine particles (PM2.5; μg/m3)

    Whole year 7.62 (4.46) −4.90 3.20 6.30 10.30 79.20 7.10

    November-April 8.18 (5.18) −4.30 4.64 7.30 10.60 79.20 5.96

    May-October 7.08 (7.45) −4.90 2.00 4.90 9.80 64.01 7.80

Nitrogen dioxide (ppb)

    Whole year 8.11 (6.78) −2.40 3.60 6.10 10.50 58.00 6.90

    November-April 9.44 (7.77) −0.90 4.10 7.00 11.90 58.00 7.80

    May-October 7.01 (5.62) −2.40 3.10 5.40 9.30 46.50 6.20

Sulfur dioxide (ppb)

    Whole year 0.003 (0.008) −0.0001 0.001 0.002 0.003 0.144 0.002

    November-April 0.003 (0.007) −0.0001 0.001 0.002 0.003 0.053 0.002

    May-October 0.003 (0.009) −0.0001 0.001 0.001 0.002 0.144 0.001

Ozone (ppb)

    Whole year 27.4 (15.1) 0.0 17.0 27.0 36.9 104.0 19.9

    November-April 25.4 (12.7) 0.0 17.0 26.0 34.0 92.0 17.0

    May-October 29.4 (17.0) 0.0 17.0 28.0 40.3 104.0 23.3

Carbon monoxide (ppm)

    Whole year 0.35 (0.19) 0.01 0.20 0.30 0.42 2.20 0.22

    November-April 0.37 (0.21) 0.05 0.20 0.32 0.50 1.62 0.30

    May-October 0.32 (0.16) 0.01 0.20 0.30 0.40 2.20 0.20

Temperature (°F)

    Whole year 52.1 (20.1) 1.2 35.7 52.8 67.9 100.5 32.2

    November-April 36.7 (13.9) 1.2 27.2 35.5 44.9 91.0 17.7

    May-October 67.0 (12.7) 29.9 58.4 67.0 75.9 100.5 17.5

Relative humidity (%)

    Whole year 64.7 (19.5) 5.0 50.0 67.0 81.0 96.4 31.0

    November-April 66.1 (18.7) 11.9 54.0 69.0 81.0 96.4 27.0

    May-October 63.2 (20.1) 5.0 47.0 65.5 80.8 96.0 33.8
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Table 3

Whole year and seasonal Pearson correlations among hourly pollutant concentrations, temperature, and 

relative humidity, January 1, 2007 – September 30, 2012

Black carbon PM2.5 Nitrogen dioxide Sulfur dioxide Ozone Carbon monoxide Temp. Relative humidity

Delta-C (μg/m3)

    Whole year 0.43 0.31 0.52 −0.01 −0.36 0.40 −0.33 0.17

    Nov – April 0.57 0.48 0.56 −0.02 −0.44 0.41 −0.20 0.19

    May – Oct 0.37 0.11 0.37 0.00 −0.29 0.32 −0.32 0.17

BC (μg/m3)

    Whole year - 0.57 0.70 −0.01 −0.32 0.41 0.12 0.22

    Nov - April 0.63 0.77 −0.01 −0.54 0.46 0.11 0.18

    May – Oct 0.58 0.75 −0.01 −0.22 0.44 −0.05 0.27

PM2.5 (μg/m3)

    Whole year - - 0.38 −0.01 0.11 0.29 0.06 0.06

    Nov - April 0.49 −0.04 −0.29 0.30 0.01 0.13

    May - Oct 0.31 0.01 0.34 0.28 0.33 0.01

NO2 (ppb)

    Whole year - - - 0.10 −0.57 0.79 −0.30 0.29

    Nov - April 0.12 −0.72 0.81 −0.21 0.25

    May – Oct 0.04 −0.47 0.74 −0.32 0.34

SO2 (ppb)

    Whole year - - - - 0.03 0.02 0.02 −0.01

    Nov - April 0.06 0.04 0.03 −0.01

    May – Oct 0.01 0.01 0.03 −0.01

O3 (ppb)

    Whole year - - - - - −0.36 0.43 −0.59

    Nov - April −0.47 0.33 −0.55

    May – Oct −0.25 0.67 −0.62

CO (ppm)

    Whole year - - - - - - −0.26 0.27

    Nov - April −0.25 0.28

    May – Oct −0.19 0.24

Temp. (°F)

    Whole year - - - - - - - −0.38

    Nov - April −0.41

    May – Oct −0.58
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Table 4

Relative odds of STEMI associated with interquartile range (IQR) increases in mean pollutant concentrations, 

by lagged averaging time. All models adjusted for 3-hour temperature and relative humidity.

Time lag IQR N Events Odds ratio (95% CI)

Delta-C (μg/m3) 1 hr 0.129 274 277 0.99 (0.92-1.07)

12 hrs 0.132 275 278 0.97 (0.87-1.08)

24 hrs 0.134 275 278 0.97 (0.85-1.10)

48 hrs 0.138 268 271 1.03 (0.87-1.22)

72 hrs 0.137 264 267 1.00 (0.83-1.22)

Black carbon (μg/m3) 1 hr 0.531 336 339 1.00 (0.85-1.17)

12 hrs 0.477 337 340 1.02 (0.85-1.22)

24 hrs 0.435 337 340 1.07 (0.88-1.30)

48 hrs 0.374 330 333 1.07 (0.87-1.31)

72 hrs 0.333 326 329 0.96 (0.78-1.17)

Fine particles (PM2.5; μg/m3) 1 hr 7.10 334 339 1.17 (0.99-1.39)

12 hrs 6.37 330 340 1.11 (0.93-1.33)

24 hrs 6.03 327 340 1.17 (0.96-1.41)

48 hrs 5.53 331 333 1.10 (0.91-1.34)

72 hrs 5.12 324 329 0.98 (0.80-1.21)

Nitrogen dioxide (ppb) 1 hr 6.90 65 66 0.86 (0.62-1.20)

12 hrs 5.67 58 59 1.01 (0.72-1.42)

24 hrs 4.76 61 62 0.97 (0.68-1.36)

48 hrs 4.25 62 63 1.04 (0.71-1.52)

72 hrs 3.81 59 60 1.08 (0.71-1.65)

Sulfur dioxide (ppb) 1 hr 0.002 347 351 0.94 (0.90-0.99)

12 hrs 0.002 343 347 0.95 (0.89-1.01)

24 hrs 0.002 349 353 0.95 (0.89-1.02)

48 hrs 0.002 349 353 0.93 (0.87-1.00)

72 hrs 0.002 347 351 0.93 (0.86-1.00)

Ozone (ppb) 1 hr 19.9 345 349 1.27 (1.00-1.63)

12 hrs 15.7 342 346 1.20 (0.95-1.51)

24 hrs 13.5 348 352 1.14 (0.91-1.44)

48 hrs 12.6 347 351 1.09 (0.84-1.41)

72 hrs 12.2 345 349 1.17 (0.87-1.57)

Carbon monoxide (ppm) 1 hr 0.223 336 340 1.14 (0.92-1.40)

12 hrs 0.230 334 338 1.19 (0.93-1.51)

24 hrs 0.221 339 343 1.15 (0.90-1.48)

48 hrs 0.222 341 345 1.32 (1.00-1.73)

72 hrs 0.221 339 343 1.25 (0.94-1.68)
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