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ABSTRACT:
Background: Previous studies suggest that pathways reducing oxidative stress may have a protective effect against adverse cardiac responses associated with ambient PM. However, few studies have directly assessed total antioxidant capacity (TAC) as a potential effect modifier of cardiac responses to increased ambient PM.
Objectives: We examined if TAC modifies the association between ambient PM and markers of heart rate variability (HRV), repolarization, systemic inflammation, and systolic blood pressure (SBP) in post-infarction patients. 
Methods:  We recruited 76 patients with a recent coronary event (myocardial infarction or unstable angina) who participated in a cardiac rehabilitation program from June 2006 to November 2009 in Rochester, New York. Ambient fine particle (PM2.5, ≤2.5 μm in aerodynamic diameter), accumulation mode particle (AMP, 100-500nm) and ultrafine particle (UFP, 10-100nm) concentrations were measured continuously by fixed-site monitors. Markers of HRV and repolarization were measured by continuous Holter electrocardiogram (ECG) recordings before and during exercise sessions of the rehabilitation program. Blood pressure was measured and venous blood samples were collected before exercise to measure TAC and inflammation markers. We applied linear mixed models to assess changes in markers of HRV, repolarization, systemic inflammation, and SBP associated with increased PM concentrations in the low, medium and high TAC tertile groups, after adjusting for covariates including temperature, calendar time since the beginning of the study, visit number, month of year,  and hour of day . 
Results: Based on subject-visits with available TAC, we observed increases in SBP, C-reactive protein, and fibrinogen, and decreases in rMSSD (square root of the mean of the sum of the squared differences between adjacent normal to normal intervals)and SDNN (standard deviation of normal to normal beat intervals) associated with increased PM2.5, AMP and UFP in the previous 6 to 120 hour (e.g. change in SBP associated with each interquartile range (IQR) increase in PM2.5 lagged 0-5 hours was 1.27mmHg [95%CI: 0.09-2.46mmHg)). However, we did not observe a consistent pattern of effect measure modification by TAC for any combination of pollutant and outcome (e.g. changes in SBP associated with each IQR increase in PM2.5 lagged 0-5 hours for the low, medium and high TAC tertile groups were 1.93mmHg [95%CI: 0.23, 3.63], -0.31mmHg [95%CI: -2.62, 2.01], and 1.29mmHg [95%CI: -0.64, 3.21], respectively. P for interaction=0.28). 
Conclusions:  In a post-infarction population, total antioxidant capacity does not appear to modify the association between biomarkers of heart rate variability, repolarization, systemic inflammation, and systolic blood pressure and ambient PM concentrations in the previous 6 to 120 hours. 
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1. INTRODUCTION
Increases in ambient particulate matter air pollution (PM) over several hours and/or days have been associated with the triggering of myocardial infarction (MI) [1-3]. Several mechanisms have been proposed to mediate this response to air pollution including adverse changes in systolic blood pressure, systemic inflammation, heart rate variability and repolarization. Some studies have examined whether short term increases in PM are associated with adverse changes in biomarkers of these pathways, with some studies reporting adverse changes in biomarkers of these pathways (e.g.  C-reactive protein [CRP], fibrinogen, standard deviation of normal to normal beat intervals [SDNN], square root of the mean of the sum of the squared differences between adjacent normal to normal intervals [rMSSD], and T-wave complexity) associated with increased PM in the previous few hours and days[4, 5]. 
Oxidative stress has been proposed as another mechanism by which PM may adversely affect cardiovascular health [4]. PM may shift the balance of reactive oxygen species/antioxidant production towards an oxidative status, which may  contribute to the development of cardiovascular disease [6]. Total antioxidant capacity (TAC) in blood is a relatively comprehensive assessment of antioxidant effects of different antioxidant molecules present in the blood, thus providing an integrated parameter of antioxidant capacity [7]. High levels of TAC could therefore be indicative of decreased susceptibility to oxidative damage [8]. Although some studies suggest that pathways reducing oxidative stress (e.g. certain genotype and dietary antioxidants) may have a protective effect against adverse changes in heart rate variability and other cardiovascular endpoints associated with ambient PM [9-14], no study to date has directly assessed TAC as a potential effect modifier of cardiovascular responses to increased ambient PM. 
In our previous study of patients in a cardiac rehabilitation program in Rochester, New York, we reported that short term increases (5-120 hour) in ambient fine particle (PM2.5, ≤2.5 μm in aerodynamic diameter), accumulation mode particle (AMP, 100-500nm) and ultrafine particle (UFP, 10-100nm) concentrations were associated with adverse changes in markers of heart rate variability (specifically, SDNN and rMSSD), repolarization (specifically, time from peak to end of T-wave), systemic inflammation (specifically, C-reactive protein and fibrinogen), and systolic blood pressure [15]. Using this same study population, we examined if TAC modified these associations. We hypothesized that increases in CRP, fibrinogen, SBP, and T-wave complexity, and decreases in SDNN and rMSSD associated with increased ambient PM concentrations would be muted or lessened for those with higher TAC levels compared to those with lower TAC levels. 
2. METHODS
2.1 Study population
This population has been described previously [15]. Briefly, we recruited 76 patients with a recent coronary event (MI or unstable angina) in the University of Rochester Cardiac Rehabilitation Center (CR Center) from June 2006 to November 2009. These patients were referred by their cardiologists to participate in a cardiac rehabilitation program which included two rehabilitation sessions per week over a 10 week period (20 sessions per subject at most). At each session, patients were in the CR Center for 30-60 minutes before exercising. During this pre-exercise period, we collected a blood sample and placed a Holter monitor on each subject.  The exercise session then started, after a 2-5 minute warm-up period which included gentle stretching. During the exercise session, patients exercised for 30-45 minutes using a bicycle, treadmill, or rowing machine chosen by each patient themselves as part of their rehabilitation program. After completion, patients had a “cool down” recovery period and then rested for 10 minutes. The same modality was used for each patient throughout the 10-week period. 
Different from the previous analysis that used all subject-visits (up to 20 visits per subject)[15], we only included subject-visits with available TAC data (up to 10 visits per subject) for this analysis. We then excluded patients who were current smokers or nonsmokers living with an active smoker, those who had non-ischemic cardiomyopathy, type 1 diabetes, chronic atrial fibrillation, anemia, or left bundle branch block, those who had prosthetic heart valve or pacemaker, coronary bypass grafting within the last three months, or regular use of amiodarone. All patients lived within 19 km of the particle monitoring site at the CR center (median: 9 km) and within 21 km of the New York State Department of Environmental Conservation (NYS DEC) particle monitoring site (median: 9 km).  This study was approved by the Research Subjects Review Board of the University of Rochester. 
2.2 Air pollution and weather assessments
Air pollution and weather measurements have been described previously [15]. In short, concentrations of ultrafine particles (UFP; 10-100 nm diameter) and accumulation mode particles (AMP; 100-500 nm diameter) were measured at the CR monitoring site from June 2006 to November 2009 using a wide range particle spectrometer (model 1000XP; MSP Corporation, Shoreview, MN). This monitoring site is about 1500 m away from an interstate high-way beltway. A size range of 100-500 nm was defined for AMP rather than the standard 100-1000 nm definition. Given that the majority of particles in the standard size range are smaller in mass and closer to the 100 nm lower limit, the approximate definition used in this study should result in minimal difference in AMP concentration.  Concentrations of PM2.5 were measured at the NYS DEC monitoring site in Rochester (approximately 1.2 km from the CR center) using a tapered element oscillating microbalance (ThermoFisher, Franklin, MA). Weather measurements including hourly temperature, relative humidity and barometric pressure were measured at the NYS DEC site. 
2.3 ECG outcome assessments
Heart rate variability parameters and T-wave complexity (measure of T-wave morphology and repolarization) were measured by 3-lead (modified V2, V5, and AVF) Holter ECG recordings (Burdick Altair-Disc Holter recorder; Cardiac Science, Bothell, WA) across the pre-exercise (baseline), exercise and post-exercise periods at each visit (twice a week)[15]. Pre-exercise measurements were performed after a resting period during which patients seated for at least five minutes. In the present study, heart rate variability parameters including SDNN and rMSSD measured across the whole session (1-3 hours) were used in the analysis. Whole session recording provided more information on the overall behavior of heart rate and autonomic responses to daily conditions including the exercise. For T wave complexity, pre-exercise measurements were used to avoid noise caused by exercise. Principal component analysis was applied to quantify T-wave complexity, which was defined as the ratio of the second to first eigenvalues of the spatial T-wave vector (PCA ratio). The PCA ratio provides an estimate of the relative “fatness” of the three-dimensional T-wave loop relative to its peak amplitude and a higher PCA ratio (a fatter loop) reflects more complex repolarization [16]. 
Holter recordings were annotated first automatically by the commercial Holter scanning algorithm (Vision Premier Burdick Holter System; Cardiac Science) and then analyzed by a trained technician using custom-made programs at the University of Rochester Medical Center, which have been described previously [17, 18]. Based in part on Bigger et al.[19], filtering criteria eliminated two RR intervals after premature ventricular or atrial beats. To evaluate extreme values, we applied a post-processing approach. We examined the distribution of each ECG parameter for each period. Values were considered to be outliers if they were greater than the 99th percentile or smaller than the first percentile in the study population. We then evaluated these outliers and determined whether the values were valid or not based on intra-lab ranges developed by a previous study [20]. 
2.4 Blood pressure and blood sample measurements
Blood pressure was measured at each visit (twice a week) by auscultation following the 5-minute pre-exercise resting period with the arm supported at heart level. Based on the research protocol [15], three measurements were performed at each time and the average was used in the analyses. Venous blood samples were collected once weekly before exercise and were analyzed for fibrinogen and CRP in the Strong Memorial Hospital Clinical Laboratories (University of Rochester Medical Center, Rochester, NY).  
2.5 TAC measurements
We applied a commercial assay, Cell Biolabs OxiSelect™ Total Antioxidant Capacity (TAC) Assay Kit (San Diego, USA), to measure TAC concentration in each blood sample in our laboratory at Rochester.  The assay is based upon the reduction of copper (II) to copper (I) by antioxidants in the sample (e.g. uric acid).  The copper (I) ion can further react with a coupling chromogenic reagent that produces a color with a maximum absorbance at 490 nm.  Samples were compared to a known concentration of uric acid standard, with results expressed as mM Uric Acid Equivalents.  The copper assay method detects all classes of antioxidants including thiols, with marginal radical interference.  
2.6 Statistical analysis
We first assessed the change in each outcome (systolic blood pressure, CRP, fibrinogen, rMSSD, SDNN, and T-wave complexity,) associated with each interquartile range (IQR) increase in pollutant concentrations (PM2.5, AMP and UFP) in the previous 24 hours (lag hours 0-23), using subject-visits with available TAC data (up to 10 visits per subject). To account for dependencies between the repeated measurements within each subject, we applied mixed models with subjects entered as a random effect. All models were adjusted for the mean temperature in the previous 24 hours, calendar time since the beginning of the study, as well as indicator variables for visit number, month of year, and hour of day. Among all weather measurements, only temperature was included into the model because it was the only variable that consistently was a significant (p<0.05) predictor of the outcomes (strongest for lag hour 0-23). We then separately reran this model examining increases in each air pollutant in the lag hours 0-5, 24-47, 48-71, 72-95, and 96-119.
TAC tertiles (0.58 and 0.68 mM Uric Acid Equivalents) were obtained based on a total of 656 blood measurements. Potential effect measure modification of the PM2.5/systolic blood pressure association by TAC was assessed by adding indicator variables for tertiles of TAC (low, medium, high), and interaction terms of TAC tertile and PM2.5 to the models described above. From this model, we present the change in systolic blood pressure associated with each IQR increase in PM2.5 concentration in the previous 24 hours (lag hours 0-23), separately within those with low TAC levels, those with medium TAC levels, and those with high TAC levels. We then repeated this analysis for each combination of outcome (systolic blood pressure, CRP, fibrinogen, rMSSD, SDNN, and T-wave complexity) and PM air pollution (PM2.5, UFP, and AMP). We log-transformed AMP and UFP in all analyses to reduce skewness, and log-transformed CRP and T-wave complexity based on residual plots to better fit model assumptions (linear relationship, equal variance, et al). All analyses were performed using SAS software (version 9.2; SAS institute Inc., Cary, NC) with p<0.05 used to define statistical significance. 
3. RESULTS
The study population has been described previously [15]. Briefly, 63 patients (83%) completed all 20 visits, and 6 patients (8%) completed less than 10 visits. The majority of patients were white (88%) and male (67%), with a mean age of 60 years (range: 36-80 years). Eighty-seven percent of patients had a body mass index greater than 25 kg/m2 and 47% patients were former smokers.  Most patients had a history of myocardial infarction (59%), hypertension (59%), or a prior stent (86%). Use of beta blocker, angiotensin-converting-enzyme inhibitors, and statins was common in this population. Distributions of each outcome measured across the study period (only subject-visits with available TAC data were included) are provided in supplementary Table 1. 
Distributions of hourly (at lag hour 0) and 24-hour mean (at lag hours 0-23) concentrations of each pollutant and temperature before each clinical visit are shown in Table 1. Pollutant concentrations were relatively low compared to a number of other U.S. and international locations[21].  For 24-hour mean concentrations, AMP was moderately correlated with PM2.5 (r=0.63) and UFP (r=0.60), but PM2.5 and UFP were poorly correlated (r=0.16). Temperature was poorly correlated with UFP (r=-0.13), and was not correlated with PM2.5 and AMP (r=0.05 and 0.02, respectively). 
Table 2 shows changes in each outcome associated with each IQR increase in PM2.5, log AMP, and log UFP concentrations measured in the previous 120 hours before the clinical visit, for this smaller subset of subject-visits with TAC data.  For most outcomes, our findings showed similar patterns of response to increased pollutant concentrations as those found previously [15]. We observed increased systolic blood pressure associated with each IQR increase in PM2.5, log AMP, and log UFP for most lag periods. The largest increase was observed at lag hours 0-5 for PM2.5 (1.27 mmHg, 95%CI: 0.09 to 2.46 mmHg), at lag hours 0-23 for log AMP (1.48 mmHg, 95%CI: 0.09 to 2.86mmHg), and at lag hours 24-47 for log UFP (1.60 mmHg, 95%CI: 0.32 to 2.89 mmHg). Increased pollutant concentrations were also associated with elevated log CRP and fibrinogen at most lag periods, although only a few associations were statistically significant. Each IQR increase in PM2.5  in the previous 24 hours (lag hours 0-23) was significantly associated with a 0.065  (95%CI: 0.003 to 0.126) increase in log CRP(which was a 6.69% increase in CRP, 95%CI: 0.34%-13.44%), whereas IQR increases in log AMP and log UFP lagged 24-47 hours were significantly associated with 0.10g/L (95%CI: 0.02 to 0.18 g/L) and 0.07 g/L (95%CI: 0.00 to 0.14 g/L) increases in fibrinogen, respectively. 
We observed decreased rMSSD associated with each IQR increase in log AMP and log UFP for all lag periods (Table 2). IQR increases in log AMP lagged 72-95 hours and in log UFP lagged 0-5, 0-23, 24-47, 48-71, and 72-95 hours were all significantly associated with decreased rMSSD. The largest decrease was observed for log UFP lagged 72-95 hours (-7.48ms, 95%CI: -10.77 to -4.20 ms). Although not significant, we observed decreases in SDNN (range: -2.14ms to -0.14ms) associated with each IQR increase in all three pollutants within the previous 48 hours (lag 0-5 hour, lag 0-23 hour, and lag 25-47 hour). For log T-wave complexity, there was no significant change associated with any pollutants, although we did observe non-statistically significant decreases (range: -0.059 to -0.010) in log T-wave complexity (which means a 0.97%-5.72% decrease in T-wave complexity) within the previous 24 hours for each of the three pollutants. 
The distribution of TAC in the low, medium and high tertile groups are presented in Table 3. Intra-class correlation coefficient for TAC was 0.58, which indicates moderate within-subject correlation. For each pollutant/outcome combination, we identified from table 2 the largest effect estimate (e.g. the largest change in SBP associated with increased PM2.5 concentration was for lag hours 0-5). In Figures 1-6 we presented the estimated changes in these outcomes associated with each IQR increase in these lagged pollutant concentrations, separately for the low, medium, and high TAC tertile group.  We did not observe a consistent pattern of effect measure modification by TAC (i.e. smaller changes in an outcome associated with increased air pollutant concentrations in the higher TAC groups compared to the lower TAC groups) for any combination of pollutant (PM2.5, UFP, or AMP) and outcome (systolic blood pressure, CRP, fibrinogen, SDNN, rMSSD, or T-wave complexity). We also examined other lag periods for each combination of pollutant and outcome and the results were consistent with those presented in that no pattern of effect modification was observed (data not shown). 
4. DISCUSSION
To our knowledge, this is the first study assessing TAC as a potential effect modifier of the association between short term (within a few hours and days) increases in ambient PM2.5, AMP, and UFP concentrations, and biomarkers of heart rate variability, repolarization, systemic inflammation, and systolic blood pressure. As in our previous analysis, we found increased PM2.5, UFP, and AMP concentrations in the previous 6 to 120 hours were associated with adverse changes in these biomarkers in a population of post-infarction patients. However, we did not find effect measure modification by TAC of any of these associations. Our findings suggest that TAC does not protect against the adverse cardiovascular responses induced by short term increases in ambient PM pollution concentrations in patients participating in a cardiac rehabilitation program. 
Reduced heart rate variability, which reflects cardiac autonomic imbalance, has been independently associated with worse cardiovascular prognosis [22, 23]. Previous studies have shown effect modification of the relationship between PM and heart rate variability by dietary antioxidants and genes that modulate endogenous oxidative stress [9-13]. In 549 elderly men from the Normative Aging Study, Baccarelli et al. observed decreased SDNN in subjects with lower intakes of B6 (-13.1%, 95%CI: -20.0% to -5.5%), B12 (-12.2%, 95%CI: -19.1% to -4.7%), or methionine (-11.9%, 95%CI: -18.9% to -4.1%) associated with each 10μg/m3 increase in PM 2.5 concentration in the 48 hours before the measurement. However, no such association with increased PM2.5 concentration was observed in the higher B6, B12, or methionine intake groups [9]. Based on the same population, a study by Chahine et al. found that functional genetic variations in glutathione S-transferase M1 (GSTM1) and heme oxygenase-1 (HMOX-1, both of which are related to defenses against oxidative stress) modified the association between HRV and PM2.5 concentrations measured in the previous 48 hours [11]. In their study, no significant change in SDNN, high frequency (HF), or low frequency (LF) HRV associated with increased PM2.5 in the 48 hours before measurement was observed in subjects with GSTM1 or the short repeat variant of HMOX-1. However, significant decreases in these HRV biomarkers were observed in subjects with a GSTM1 deletion or any long repeat of HMOX-1. In subjects with the GSTM1 deletion and the HMOX-1 long repeat, SDNN decreased by 13% (95%CI: -21% to -4%), HF decreased by 28% (95%CI: -43% to -9%), and LF decreased by 20% (95%CI: -35% to -3%) per 10μg/m3 increase in PM2.5 concentration, whereas in subjects with GSTM1 and HMOX-1 short repeat, changes in SDNN, HF and LF per 10μg/m3 were 29% (95%CI: -12% to 88.2%), 46% (95%CI: -44% to 275%), and 68.5% (-23% to 270%), respectively.  
Different from the above studies that focused on genes or dietary supplements related to antioxidant defense, we used blood TAC as a direct measure of antioxidant capacity. We did not observe effect modification by TAC on the associations between ambient PM including PM2.5, AMP and UFP, and two time-domain measures of HRV (SDNN and rMSSD) in a post-infarction population. It should be noted that there has been controversy regarding measuring TAC in plasma to quantify in vivo antioxidant capacity [8, 24-27]. Given that blood samples were measured by means of in vitro test systems, the TAC assay cannot account for in vivo antioxidant enzyme activities in plasma, which play an important role in human antioxidant defense system [8, 25]. Furthermore, antioxidants can exert effects by different mechanisms[27]. The TAC assay used in the present study was based on a radical scavenging mechanism. However, there is no single method which correctly produces a comprehensive evaluation of total antioxidant capacity. The results often depend on the method employed and the arbitrarily selected oxidant generator [24-27]. Hence, our negative result might be explained by failure to adequately measure the individuals’ true total antioxidant capacity. Additionally, differences in SDNN measurement may also contribute to the inconsistent findings. In the Normative Aging Study, SDNN was measured for 7 minutes while the subject was seated. In the present study we used whole session ECG recordings that include both resting periods and exercise periods. Including exercise period in the recording, likely provided HRV parameters that more closely resemble real-world conditions in which sympathetic stimuli exist, whereas resting recordings only provide HRV parameters unaffected by sympathetic stimuli.  
For other endpoints (repolarization, inflammation, and blood pressure), few human studies have investigated potential effect modification of the association between these outcomes and ambient air pollutants by antioxidant defense. The Veterans Affairs Normative Aging Study reported larger increases in QT intervals (an electrocardiographic marker of the duration of repolarization) associated with increased traffic-related pollutant concentrations during the 10 hour before visit in participants with higher scores of genetic susceptibility to oxidative stress compared to participants with lower scores[28]. In participants with higher scores, changes in QT intervals associated with each IQR increase in black carbon, nitrogen dioxide, and carbon monoxide concentrations were 3.85ms (95%CI: 0.78 to 6.93ms), 3.50ms (95%CI: -1.86 to 8.87ms), and 6.52ms (95%CI: 0.49 to 12.55ms), respectively; whereas In participants with lower scores, changes in QT intervals associated with each IQR increase in black carbon, nitrogen dioxide, and carbon monoxide concentrations were -0.56ms (95%CI: -3.90 to 2.78ms), 0.29ms (95%CI: -4.56 to 5.14ms), and 3.94ms (95%CI: -1.28 to 9.16ms), respectively. This study found no association between QT interval and PM2.5 exposure. It has been recognized that duration is only one aspect of repolarization. Morphological aberrations also carry major clinical implications for abnormal repolarization[29]. Therefore, in the present study we focused on T wave complexity, which is a measure of T wave morphology. We did not observe significant associations between T wave complexity and any of these three pollutants. Neither did we observe effect measure modification of these associations by TAC. In another research by Mordukhovich et al based on the Normative Aging Study, no evidence of effect modification of the association between blood pressure and black carbon by gene variants related to antioxidative defense was found [30]. This study did not observe any association between blood pressure and PM2.5 exposure.  Although we observed increased systolic blood pressure associated with IQR increases in all three pollutants, we did not observe any effect modification by TAC of these associations. In addition to the above endpoints assessed in the present study, a panel study by Schneider et al reported greater decrements in flow-mediated dilatation, a measure of endothelial function, induced by PM2.5 exposure at lag day 0 among participants with the null polymorphism of GSTM1, suggesting an effect measure modification by oxidative potential of the association between PM2.5 exposure and endothelial function[31]. 
Our study has several limitations that should be considered when making inference. First, we used data from monitoring stations to assign exposure to all subjects living within this area regardless of the distance from the monitoring station to the subject’s residence and each subject’s daily mobility. However, this measurement error is likely to be a combination of classical and Berkson error. While classical error would bias the effect estimates towards the null, Berkson error would only decrease the precision of effect estimates without introducing bias. Therefore, the combined influence of these two types of error is likely to be an underestimate of the main effect of air pollution on cardiovascular responses[32]. This measurement error and resulting bias may be even greater for UFP, since it is generally more spatially variable than PM2.5 and AMP. Second, our sample size may have resulted in insufficient statistical power to detect an interaction effect. However, the negative findings were unlikely to be explained completely by a lack of power since the effect estimates showed no consistent pattern or trend of smaller adverse outcome changes associated with increased PM2.5, UFP, or AMP in the high TAC tertile groups compared to the low or middle TAC groups. Additionally, type I error in the assessment of main effects might be inflated due to multiple comparisons. Third, as discussed above, blood TAC may not accurately reflect in vivo antioxidant capacity. However, given that there is no ideal method to quantify total antioxidant capacity, blood TAC is still considered as a reasonable biomarker to provide information regarding individuals’ overall antioxidant capacity[7]. Finally, our study population only included post-infarction patients participating in a Cardiac Rehabilitation program. Thus our subjects may not be representative of the general population.
5. CONCLUSION
In this panel study of post-infarction patients who participated in a cardiac rehabilitation program, we did not find effect measure modification by TAC on any associations between ambient PM2.5, AMP and UFP concentrations, in the previous 6 to 120 hours, and biomarkers of heart rate variability, repolarization, systemic inflammation, and systolic blood pressure. More studies with improved methods to quantify total antioxidant capacity are needed to confirm or refute our findings. 
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Table 1. Mean pollution concentrations in the 120 hours before each clinic visit. Rochester Rehab Study                         

	
	N
	Mean±SD
	Min
	5th 
%tile
	25th 
%tile
	Median
	75th 
%tile
	95th 
%tile
	Max

	*24-hour mean 

	PM2.5, μg/m3
	605
	8.0±5.2
	0.4
	1.6
	4.0
	7.0
	10.7
	17.5
	31.3

	AMP, particles/cm3
	651
	915±722
	38
	166
	447
	728
	1202
	2237
	6209

	UFP, particles/cm3
	651
	3925±2224
	299
	967
	2282
	3668
	5144
	8291
	14173

	Temperature, °C
	654
	11.7±9.9
	-11.8
	-5.1
	3.44
	13.0
	19.6
	25.3
	29.9

	**Hourly mean

	PM2.5, μg/m3
	585
	7.8±6.8
	0
	0
	2.6
	6.3
	11.0
	21.4
	40.4

	AMP, particles/cm3
	650
	880±749
	0
	110
	329
	674
	1191
	2376
	5044

	UFP, particles/cm3
	650
	4135±4520
	12
	752
	1861
	3161
	5048
	10258
	79926

	Temperature, °C
	654
	13.9±11.3
	-15.2
	-4.3
	4.0
	15.2
	23.2
	29.4
	35.1

	Date of pollution measurements: June 21, 2006 to November 25, 2009。*data shown are 24-hour mean pollutant concentrations lagged 0-23 hours.  **data shown are hourly mean pollutant concentrations lagged 0 hours.






Table 2. Change in each outcome associated with each IQR increase in mean PM2.5, log AMP, and log UFP concentrations, in the previous 120 hours.
	

	
	PM2.5a
	
	logAMPb
	
	logUFPc

	
	Change in outcome 
(95%CI)
	
	Change in outcome 
(95%CI)
	
	Change in outcome 
(95%CI)

	SBP (mmHg)
	
	
	
	
	

	0-5
	1.27 (0.09, 2.46)*
	
	0.82 (-0.48, 2.12)
	
	-0.31 (-1.51, 0.88)

	0-23
	0.69 (-0.67, 2.06)
	
	1.48 (0.09, 2.86)*
	
	1.38 (0.07, 2.68)*

	24-47
	-0.36 (-1.62, 0.90)
	
	0.61 (-0.89, 2.11)
	
	1.60 (0.32, 2.89)*

	48-71
	0.49 (-0.86, 1.84)
	
	1.06 (-0.36, 2.47)
	
	0.97 (-0.38, 2.32)

	72-95
	0.09 (-1.15, 1.33)
	
	0.70 (-0.60, 2.01)
	
	0.52 (-0.74, 1.78)

	96-119
	-0.20 (-1.28, 0.88)
	
	0.07 (-1.27, 1.41)
	
	-0.30 (-1.65, 1.05)

	Log CRP 
	
	
	
	
	

	0-5
	0.047 (-0.006, 0.100)#
	
	0.050 (-0.013, 0.113)
	
	0.033 (-0.024, 0.091)

	0-23
	0.065 (0.003, 0.126)*
	
	0.051 (-0.017, 0.119)
	
	0.039 (-0.024, 0.102)

	24-47
	0.010 (-0.047, 0.068)
	
	0.040 (-0.034, 0.114)
	
	0.041 (-0.021, 0.104)

	48-71
	0.015 (-0.048, 0.077)
	
	-0.035 (-0.104, 0.034)
	
	-0.033 (-0.098, 0.032)

	72-95
	0.051 (-0.007, 0.108)#
	
	0.001 (-0.063, 0.064)
	
	-0.022 (-0.084, 0.039)

	96-119
	0.016 (-0.034, 0.065)
	
	0.000 (-0.065, 0.066)
	
	0.008 (-0.057, 0.074)

	Fibrinogen (g/L)
	
	
	
	
	

	0-5
	0.02 (-0.04, 0.08)
	
	0.01 (-0.06, 0.08)
	
	0.02 (-0.04, 0.08)

	0-23
	0.06 (-0.01, 0.13)
	
	0.06 (-0.02, 0.13)
	
	0.04 (-0.03, 0.11)

	24-47
	0.05 (-0.02, 0.11)
	
	0.10 (0.02, 0.18)*
	
	0.07 (0.00, 0.14)*

	48-71
	0.06 (-0.01, 0.13)
	
	0.06 (-0.02, 0.13)
	
	0.05 (-0.03, 0.11)

	72-95
	0.01 (-0.06, 0.07)
	
	0.05 (-0.02, 0.12)
	
	0.03 (-0.03, 0.10)

	96-119
	-0.04 (-0.10, 0.01)
	
	0.01 (-0.06, 0.08)
	
	0.04 (-0.03, 0.11)

	rMSSD (ms)
	
	
	
	
	

	0-5
	1.19 (-1.89, 4.28)
	
	-1.67 (-5.14, 1.79)
	
	-3.58 (-6.77, -0.39)*

	0-23
	1.57 (-1.97, 5.12)
	
	-1.95 (-5.64, 1.74)
	
	-3.71 (-7.18, -0.25)*

	24-47
	1.41 (-1.86, 4.68)
	
	-0.90 (-4.90, 3.09)
	
	-4.40 (-7.81, -0.99)*

	48-71
	0.16 (-3.34, 3.66)
	
	-1.82 (-5.60, 1.96)
	
	-4.36 (-7.90, -0.82)*

	72-95
	-1.27 (-4.54, 1.99)
	
	-3.54 (-7.02, -0.06)*
	
	-7.48 (-10.77, -4.20)**

	96-119
	-0.18 (-3.00, 2.63)
	
	-1.46 (-5.04, 2.12)
	
	-2.31 (-5.91, 1.28)

	SDNN (ms)
	
	
	
	
	

	0-5
	-1.32 (-3.74, 1.11)
	
	-1.51 (-4.37, 1.34)
	
	-0.95 (-3.57, 1.68)

	0-23
	-0.82 (-3.85, 2.21)
	
	-1.05 (-4.10, 2.01)
	
	-1.14 (-4.00, 1.71)

	24-47
	-0.14 (-2.95, 2.66)
	
	-0.69 (-4.00, 2.61)
	
	-2.14 (-4.95, 0.67)

	48-71
	1.97 (-1.04, 4.97)
	
	1.50 (-1.63, 4.63)
	
	-0.24 (-3.17, 2.70)

	72-95
	0.33 (-2.44, 3.10)
	
	-1.44 (-4.33, 1.45)
	
	-0.71 (-3.46, 2.04)

	96-119
	0.69 (-1.70, 3.08)
	
	-1.33 (-4.31, 1.64)
	
	-0.81 (-3.78, 2.17)

	Log T wave complexity 

	0-5
	-0.010 (-0.065, 0.046)
	
	-0.034 (-0.094, 0.026)
	
	-0.036 (-0.090, 0.019)

	0-23
	-0.018 (-0.082, 0.046)
	
	-0.059 (-0.123, 0.005)#
	
	-0.042 (-0.102, 0.017)

	24-47
	0.006 (-0.053, 0.065)
	
	-0.023 (-0.092, 0.047)
	
	-0.046 (-0.105, 0.014)

	48-71
	0.025 (-0.038, 0.088)
	
	0.017 (-0.049, 0.083)
	
	-0.001 (-0.063, 0.061)

	72-95
	0.046 (-0.011, 0.104)
	
	0.029 (-0.032, 0.089)
	
	0.004 (-0.054, 0.062)

	96-119
	0.002 (-0.048, 0.052)
	
	0.016 (-0.046, 0.078)
	
	-0.009 (-0.071, 0.053)

	  aIQR increases of 7.2ug/m3 (6-hour mean) and 6.7ug/m3 (24-hour) mean. bIQR increases of 1.21 log particles/cm3 (6-hour mean) and 0.99 log particles/cm3 (24-hour mean). cIQR increases of 0.87 log particles/cm3 (6-hour mean) and 0.81 log particles/cm3 (24-hour) mean. #P<0.1, *P<0.05, **P<0.01.



	Table 3.  The distribution of TAC in the low, medium and high tertile groups (Unit: mM Uric Acid Equivalents)


	
	N
	Mean±SD
	Min
	5th
Percentile
	25th Percentile
	Median
	75th percentile
	95th Percentile
	Max

	Low
	218
	0.508±0.051
	0.332
	0.412
	0.470
	0.521
	0.548
	0.569
	0.576

	Medium
	219
	0.626±0.029
	0.577
	0.581
	0.600
	0.627
	0.651
	0.673
	0.676

	High
	219
	0.770±0.091
	0.677
	0.683
	0.704
	0.740
	0.796
	0.947
	1.300

	Total
	656
	0.635±0.124
	0.332
	0.446
	0.549
	0.627
	0.705
	0.848
	1.300





















