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Abstract

Increased particulate air pollutant concentrations (PM) have been associated with platelet 

activation. It was postulated that increased air pollutant concentrations would be associated with 

increases in measures of platelet function and that responses would be blunted when taking aspirin 

and/or fish oil. Data from a sequential therapy trial (30 subjects with type 2 diabetes mellitus), 

with 4 clinic visits (1st: No supplements, 2nd: aspirin, 3rd: omega-3 fatty acid supplements, 4th: 

aspirin and omega-3 fatty acids) per subject, were utilized. Using linear mixed models, adjusted 

for relative humidity, temperature, visit number, and season, changes in 3 platelet function 

measures including (1) aggregation induced by adenosine diphosphate [ADP], (2) aggregation 

induced by collagen, and (3) thromboxane B2 production were associated with interquartile range 

(IQR) increases in mean concentrations of ambient PM2.5, black carbon, ultrafine particle (UFP; 

10–100nm), and accumulation mode particles (AMP; 100–500nm) in the previous 1 – 96 hr. IQR 

increases in mean UFP and AMP concentrations were associated with significant decreases in 

platelet response with the largest being a −0.43 log(pg/ml) decrease in log(thromboxane B2; 95% 

CI=−0.8, −0.1) associated with each 582 particles/cm3 increase in AMP, and a −1.7 ohms 

reduction in collagen-induced aggregation (95% CI= −3.1, −0.3) associated with each 2097 

particles/cm3 increase in UFP in the previous 72 hr. This UFP effect on thromboxane B2 was 

significantly muted in diabetic subjects taking aspirin (−0.01 log[pg/ml]; 95% CI = −0.4, 0.3). The 

reason for this finding remains unknown, and needs to be investigated in future studies.
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 INTRODUCTION

Increased particulate air pollutant concentrations (PM) were previously associated with 

triggering of acute cardiovascular and cerebrovascular events including acute myocardial 

infarction and ischemic stroke in the previous few hr to days, in many but not all studies 

(Chen, et al., 2015; Chang, et al., 2015; D'Ippoliti, et al., 2003; Mustafic, et al., 2012; 

Gardner, et al., 2014; Nuvolone et al., 2011; Peters et al., 2001; 2005; Rich et al., 2010; 

Wellenius, et al., 2005, 2012; Zanobetti & Schwartz, 2005), with others reporting similar 

associations with long term exposures to PM (Beckerman et al 2012; Pope and Dockery, 

2006; Hoek et al 2013). Potential mechanisms that may explain triggering of these acute 

events, by particulate matter (PM) include vascular dysfunction, inflammation, and 

coagulation among others (Brook, 2004; Langrish et al., 2012; Simkhovich et al, 2008). 

Previous studies in humans linked higher levels of ambient PM pollution with increases in 

systemic inflammatory markers such as C–reactive protein, fibrinogen, and IL-6 levels in the 

previous day (Bind et al., 2012; Rückerl et al., 2007; Ghio et al., 2012), or genes involved in 

inflammation (Brocata et al., 2014. Various investigators also reported increases in platelet 

activation markers (CD40L and p-selectin) associated with elevated ambient air pollution 

levels in the previous few days in healthy young subjects (Rich et al, 2012a; Strak et al., 

2013; Wu et al., 2012) and patients with type II diabetes (Frampton et al., 2012; Stewart et 

al., 2010).

Aspirin has long been used clinically as an anti-platelet drug for patients at high risk of 

cardiovascular outcomes such as individuals with type 2 diabetes mellitus.. Aspirin reduces 

the production of thromboxane A2 by inhibiting acetylation of cyclooxygenase -1 (COX-1) 

and subsequent production of other pro-inflammatory and pro-thrombotic prostaglandins 

(Collaboration, 2002; Grundy, 2004; Gurbel et al., 2007). However, Krasopoulos et al (2008) 

showed that 28% of individuals displayed biochemical aspirin resistance (i.e. 

“nonresponse”), which attenuated the anti-platelet function of aspirin especially in patients 

with diabetes mellitus. Omega-3 fatty acids (eicosapentaenoic acid [EPA] and 

docosahexaenoic acid [DHA]) were also found to exert potent cardioprotective effects by 

antagonizing metabolism of arachidonic acid via the COX-1 pathway into thromboxane A2 

and pro inflammatory products, which are known to increase the risk of acute cardiovascular 

events (GISSI-Prevenzione Investigators, 1999; Iso et al., 2001; Kris-Etherton, 2002; 

Lemaitre et al., 2003). Recently Abdolahi et al (2014) reported that fish oil and aspirin + fish 

oil combined therapy may reduce cardiovascular risk in patients with type II diabetes 

mellitus by reducing plasma lypophospholipids and platelet aggregation.

Data exploring whether fish oil or aspirin therapy blunts adverse cardiovascular 

consequences of ambient air pollution are limited. One study in Mexico City noted 

decreased heart rate variability (a marker of autonomic dysfunction) associated with short 
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term increases in PM, but no such association in subjects taking fish oil supplements 

(Romieu et al., 2008). Tong et al (2012) reported that fish oil supplementation attenuated 

fine and ultrafine concentrated ambient particles (CAP) induced changes in heart rate 

variability and repolarization parameters, and blunted CAP-induced elevation in plasma 

lipids in a controlled exposure study of type II diabetes patients. To our knowledge, no study 

has examined whether fish oil, aspirin, or combined fish oil and aspirin therapy modifies the 

effect of PM pollution on markers of platelet function in patients with type II diabetes 

mellitus. Data from a sequential therapy trial in patients with type II diabetes mellitus, and 

continuous ambient air pollution data were coupled to weather data monitoring in Rochester, 

New York, as used in our previous studies (Evans et al, 2014; Rich et al., 2010; 2012b;; 

Wasserman et al., 2014) to examine two separate hypotheses. First, it was postulated that 

ambient PM air pollution levels in the previous few hr and days might be associated with 

increased platelet aggregation and thromboxane B2 production. Second, it was proposed that 

aspirin and fish oil, both independently and together, might lessen or mute this response.

 METHODS

 Study population

The study population and protocol of the parent study from which we drew the data for the 

analyses described below were previously described (Block et al., 2013; Abdolahi, et al., 

2014; Block, et al., 2015). In short, 30 participants aged 40–80 who had type II diabetes 

mellitus based upon criteria from the Executive Committee of the American Diabetes 

Association Report of the Expert Committee on the Diagnosis and Classification of Diabetes 

Mellitus (Expert Committee on the Diagnosis and Classification of Diabetes Mellitus, 2003) 

were recruited for participation in a sequential therapy trial of aspirin and fish oil. The goal 

of this study was to conduct a clinical trial in individuals with type 2 diabetes mellitus to 

investigate the effects of EPA+DHA and aspirin treatment on platelet function and 

lysophospholipid metabolism. Study participants were asked not to take vitamins, nutritional 

supplements, and herbal preparations during the trial study period. Patients were excluded 

with a diagnosis of coronary heart disease, congestive heart failure, peripheral vascular 

disease, stroke, atrial fibrillation, a history of malignancy (except subjects who have been 

disease-free for greater than 10 years or whose only malignancy has been basal or squamous 

cell skin carcinoma), peptic ulcer, or gastrointestinal bleeding in the past 5 years, a 

diagnosed bleeding disorder, use of antiplatelet or antithrombotic therapy (defined as 

clopidogrel, ticlopidine, cilostazol, dipyridamole, trapidil, warfarin, and argatroban), oral 

contraceptive use, or daily use of nonsteroidal anti-inflammatory drugs. Other exclusion 

criteria included a calculated creatinine clearance <60 mg/dl, signs of obstructive hepatic 

disease, any other obvious metabolic disease that would influence lipid metabolism, based 

upon a screening complete blood count and comprehensive metabolic profile, pregnancy, 

surgery within 30 days of screening, history of drug or alcohol abuse, or current weekly 

alcohol consumption >14 units/week (i.e. 1 unit=1 beer, 1 glass of wine, 1 mixed cocktail 

containing 1 ounce of alcohol), allergy to aspirin or fish/fish oil, and tobacco use. The use of 

any diabetes medications was permitted, including insulin.
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 Protocol

An 8 week sequential therapy clinical trial was conducted at the University of Rochester’s 

Clinical Research Center between October 2010 and March 2012, in which participants had 

4 separate study visits for phlebotomy, with blood collected using a vacutainer and citrate as 

the anti-coagulant. Participants visited the Center for Visit 1 (prior to aspirin and fish oil 

supplementation) following a pre - trial 10-day aspirin-free period, and had their first 

phlebotomy. After the visit, participants started a single dose (81 mg/day) regimen of aspirin 

for 7 days. After these 7 days, participants visited the Center for Visit 2, where a blood 

sample was taken, and were then instructed to discontinue aspirin and begin a 28 day 

regimen of fish oil (4g/day). At Visit 3 (28 days after Visit 2), participants had the third 

phlebotomy and subsequently instructed to continue the same fish oil regimen (4g/day) 

combined with the aspirin (81mg) regimen for 7 days. Seven days after Visit 3, participants 

visited the Center for their last study visit (Visit 4) and phlebotomy. Blood levels of EPA and 

DHA increased as expected, as baseline plasma concentrations averaged 106±48 mg/ml for 

DHA and 13±7 mg/ml for EPA, which increased to 190±65 mg/ml (p<0.0001) for DHA and 

61±26 mg/ml for EPA (p<0.0001) 28 days after fish oil ingestion. (Block et al 2013). 

Platelet function testing, as described below, was performed using blood from each 

phlebotomy. The University of Rochester Medical Center Research Subjects Review Board 

approved all study activities for both the original sequential therapy trial and this re-analysis 

of those data.

 Platelet aggregation direct measures

Whole blood electrical impedance platelet aggregation was performed using a Chronolog 

Whole Blood Lumi-Aggregometer® (Model 560VS) with reagents from Chronolog 

Corporation (Havertown, PA-USA) within 2 hr of blood collection via atraumatic 

phlebotomy using sodium citrate tubes using ADP at 2.5 µM and collagen at 1 µg/ml 

(ADP-10). These concentrations of platelet agonists are known to induce reproducible 

platelet aggregation (Shattil et al 1985; Block et al 2013). For each concentration of agonist, 

a 500 µl aliquot of fresh whole blood anticoagulated with 0.105 M sodium citrate was 

incubated with 500 µl normal physiological saline at 37°C for 5 min in the presence of a stir 

bar. A clean electrode was introduced into the cuvette and a baseline measurement of 

electrical impedance at 20 Ωv was recorded. The aggregation of platelets was measured as a 

change in impedance over a period of 5 min. The characteristics of the resultant platelet 

function curve, using Aggro/link software (version 5.1), was used to measure the 

characteristics of the resultant platelet function curve from Chronolog Corporation. The 

change in aggregation, measured in ohms, was collected via this method. I Impedance-based 

whole blood platelet aggregation methods were used rather than optical-based platelet-rich 

plasma methods. This evaluates platelets in a physiologic milieu in the presence of red and 

white blood cells, which are known to modulate platelet function, display higher sensitivity, 

and do not require centrifugation, thereby avoiding injuring platelets (Dyszkiewicz-Korpanty 

et al 2005). To confirm that each participant ingested aspirin, inhibition of the traditionally 

robust response to arachidonic acid served as verification that subjects were taking daily 

aspirin (Block et al 2013).
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 Thromboxane B2 (TXB2)

A competitive enzyme linked immunosorbent assay (EIA) was utilized according to 

manufacturer's instructions (TXB2 EIA Kit, Cayman Chemical Co., Ann Arbor, MI) in order 

to analyze thromboxane B2 (TXB2) in citrated plasma. All reagents were prepared fresh 

using ultra-pure water, and samples diluted as necessary in sample buffer to fall within the 

standard curve (typically 1:2). No apparent evidence for interference was found in the assay 

using serially diluted plasma (i.e. <20% difference in the final calculated TXB2 

concentration), and therefore did not further purify the plasma samples. The limit of 

detection (LOD) was 7.8 pg/ml. Stimulated blood was not employed for these analyses as it 

was the goal of the original sequential therapy trial (Block et al 2013), from which this study 

used data, to determine effects of aspirin and fish oil ingestion alone without additional 

complication(s) of if and how artificially stimulating them impacted this. Further, a thrombin 

control was not used since each subject served as their own control in the original analysis 

(i.e. comparison of TXB2 levels while taking aspirin and/or fish oil compared to TXB2 level 

while taking neither). All TXB2 assays were analyzed in duplicate, and fell within the 

standard curve.

 Air Pollution and Meteorology Measurements

Hourly PM air pollutant concentrations were measured at the New York State Department of 

Environmental Protection site in Rochester, New York. The number concentration of 

ultrafine particles (10–100 nm) and accumulation mode particles (100–500 nm) were 

measured using a Scanning Mobility Particle Sizer (SMPS, TSI, Inc., Shoreview, MN) for 

each hr between October, 2010 and March 2013. Particulate matter (PM2.5) was measured 

continuously using a Tapered Element Oscillating Microbalance (TEOM; ThermoFisher, 

Franklin, MA). Carbon black (CB) was measured using an AE-22 aethalometer (Magee 

Scientific, Berkeley, CA) with two wavelengths of measurements (370 and 880 nm). Hourly 

temperature and relative humidity were also measured at this site.

 Statistical Analysis

Descriptive statistics were calculated for each pollutant including PM2.5, BC, UFP, and 

AMP, as well as each platelet aggregation marker including ADP -10 induced aggregation, 

collagen induced aggregation, and TXB2 production for all visits together and each visit 

separately. TXB2 data were log transformed in order to fulfill the assumption of residual 

normality. Pearson correlation coefficients were calculated for all air pollutant and platelet 

measure combinations.

Next, linear mixed effect regression models with a random intercept were used to estimate 

the change (and 95% confidence intervals) in each platelet measure associated with 

interquartile range (IQR) increases in the 1, 12, 24, 48, 72, and 96 hr mean concentrations of 

each pollutant. A compound symmetry structure was selected for the covariance matrix to 

model the correlation between repeated measures for each participant. A separate 

confounder model was built for each outcome. For those models estimating the change in 

log (TXB2) associated with each IQR increase in pollutant concentration, the mean relative 

humidity in the past 72 hr, mean temperature in the past 72 hr, and indicator variables for 

study visit were included. For those models estimating the change in ADP-10 induced 
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aggregation associated with each IQR increase in pollutant concentration, the 72 hr mean 

relative humidity using a natural spline (2 degrees of freedom [df]), 72 hr mean temperature 

using a natural spline (2 df), and indicator variables for study visit were included. For those 

models estimating the change in collagen induced aggregation associated with each IQR 

increase in pollutant concentration, the 72 hr mean relative humidity using a natural spline 

(3 df), the 72 hr mean temperature, indicator variables for study visit, and indicator variables 

for season were again included. For all models/splines, relative humidity, temperature, and 

the best functional form (i.e. df =1, 2, 3 or 4) and averaging time (i.e. previous 1, 12, 24, 48, 

72, or 96 hr) of relative humidity and temperature was selected that minimized the Akaike 

Information Criteria (AIC) for each outcome. Data were adjusted for season only for 

collagen models since it was not predictive of the other two platelet outcomes and did not 

result in a lower AIC.

Subsequently, linear regression models including interaction terms between study visit and 

each pollutant (PM*Visit-2; PM*Visit-3; PM*Visit-4) were used to estimate the change in 

each platelet aggregation marker associated with each IQR increase in mean pollutant 

concentration 1, 12, 24, 48, 72, and 96 hr before the clinic visit, separately by study visit 

(Visit 1 – 4). The same variables used in the outcome specific linear mixed models described 

above were included again. An F-test compared each interaction model to a nested model 

without the interaction term in order to judge the global significance of effect modification 

by study visit. The criterion for significance was set at p<0.05.

 RESULTS

Participant characteristics (N=30) were described in detail previously (Block et al, 2013). 

Briefly, the average age at baseline was 56.5 years, and half of the participants were male. 

Participants were predominantly Caucasian (57%) and African American (30%), never 

smokers (63%), with 60% having at least a college degree. Thirty % reported eating fish at 

least once a week, while 37% noted doing so less than once a month. Only 13% of 

participants consumed alcohol at least once per week, while 77% consumed alcohol less 

than once a month. Sixteen (53%) were taking statins, with 4 subjects (13%) taking other 

lipid-lowering medications. Distributions of systolic and diastolic blood pressure, high 

density lipoprotein, and heart rate at each visit are shown in Table 1. All 30 subjects 

completed the study and were able to tolerate aspirin and fish oil regimens.

Descriptive statistics for each mean 1 hr and 24 hr pollutant concentration used in the study 

are shown in Table 2. Each was similar across visits. Table 3 shows descriptive statistics for 

the three platelet markers by visit. Log (TXB2) was highest at Visit 3 after 28 days of fish 

oil supplementation (median = 7.1 pg/ml), while ADP induced aggregation was highest at 

Visit 1 (median =13.0 ohms) when subjects were not ingesting aspirin or fish oil. Collagen 

induced aggregation was highest at Visit 1 (median = 19 ohms) and Visit 3 (median = 21 

ohms), both visits when participants were not taking aspirin (Table 3).

TXB2 was uncorrelated with ADP -10 induced aggregation (r = 0.07) and moderately 

correlated with collagen induced aggregation (r=0.59) across visits. ADP-10 induced 

aggregation and collagen induced aggregation were weakly correlated (r = 0.35).
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Supplemental Table 1 provides the unadjusted change in each platelet outcome associated 

with each IQR increase in mean pollutant concentrations in the previous 1, 12, 24, 48, 72, 

and 96 hr, across all visits. In adjusted analyses shown in Table 4, IQR increases in mean 

PM2.5, BC, UFP, and AMP concentrations were generally associated with small (0.16 ohms 

– 1.55 ohms) increases in ADP-10 induced aggregation, although the effects were all not 

statistically significant. Unexpectedly, IQR increases in mean UFP and AMP concentrations 

were generally associated with decreased log TXB2 production and collagen induced 

aggregation, although the results were statistically significant for only a subset of estimates. 

The largest changes were associated with 72 hr mean pollutant concentrations, including a 

1.6 ohm reduction in collagen-induced aggregation (95% CI= −2.96, −0.20) associated with 

each 2,097 particles/cm3 increase in UFP concentration, and a −0.43 decrease in log(TXB2; 

pg/mL) (95% CI=−0.79, −0.07) associated with each 582 particles/cm3 increase in AMP 

concentration. Increases in mean PM2.5 concentrations were associated with small increases 

in log(thromboxane B2) production and collagen induced aggregation, although none were 

statistically significant. BC was associated with increases in collagen and ADP-10 induced 

aggregation, and small decreases in log(thromboxane B2), but the results were again not 

statistically significant.

Since the largest changes in platelet aggregation and thromboxane TXB2 associated with 

pollutant concentrations were in the previous 72 hr, change in log(TXB2) and collagen 

induced aggregation associated with IQR increases in the 72 hr mean concentrations of 

AMP, by study visit, are illustrated in Figure 1. In Visit 1, a 1.01 log(pg/mL) decrease in 

log(TXB2) (95% CI= −1.62, −0.40) was associated with each 582 particles/cm3 increase in 

the mean concentration of AMP in the previous 72 hr. However, there was little change in 

log(TXB2) associated with the same increase in AMP when taking aspirin (Visit 2: Beta = 

−0.53 log[pg/mL]; 95% CI = −1.31, 0.25), when taking fish oil (Visit 3: Beta = −0.25 

log[pg/mL]; 95% CI = −0.85, 0.35), or when taking both aspirin and fish oil (Visit 4: Beta = 

0.01 log[pg/mL]; 95% CI = −0.65, 0.67). A similar pattern was noted for collagen induced 

aggregation associated with each IQR increase in the mean UFP concentration in the 

previous 72 hr (Figure 2). In Visit 1, a 4.08 ohms decrease in collagen induced aggregation 

(95% CI= −7.08, 1.08) was associated with each 2,097 particles/cm3 increase in the mean 

UFP concentration in the previous 72 hr However, no marked change in collagen induced 

aggregation associated with the same increase in UFP concentration when taking aspirin 

(Visit 2: 0.05 ohms; 95% CI = −3.22, 3.32), fish oil (Visit 3: −0.55 ohms 95% CI = −3.95, 

2.85), or both aspirin and fish oil (Visit 4: 0.11 ohms 95% CI = −3.22, 3.43)(Figure 2) was 

observed.

 DISCUSSION

Previous studies examining effects of air pollution on markers of platelet function have been 

inconsistent, with some reporting increases in markers of platelet activation including 

CD40L, p-selectin and vWF and poor vascular function associated with increased PM 

pollutant concentrations in the previous few hr and days (Richet al., 2012a; Strak et al., 

2013; Wu et al., 2012), whereas other studies reported no association, or even decreased 

platelet activation (Frampton et al., 2012). Zhang et al (2013) assessed cardiorespiratory 

biomarker responses due to changes in ambient air pollutant concentrations, and found that 
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as levels of ambient particles decreased from the pre-Olympic to during-Olympic time 

period in Beijing, China in 2008, there were significant reductions in some markers of 

platelet activation (e.g. −34% decrease in p-selectin, −13% decrease in vWF, and −6% 

decrease in CD40L), but unexpected increases in markers of platelet aggregation (7%; Rich 

et al., 2012a; Zhang, et al., 2013). Additionally, Frampton et al (2012) found that a 2 hr 

controlled exposure to ambient UFP resulted in decreased surface expression of platelet 

activation markers in patients with type II diabetes. In contrast, another clinical study 

demonstrated elevated platelet-neutrophil (absolute change 6%, 95% CI 2–10%) and 

platelet-monocyte (absolute change 3%, 95% CI 0.2–7%) aggregates associated with diesel 

exhaust inhalation (Lucking et al., 2008). Consequently, exactly how ambient exposure 

affects platelet function and aggregation is complex, likely context-dependent, and requires 

further study.

It is well known that TXB2 is generated by the COX1 enzyme pathway from its precursor, 

arachidonic acid (Gurbel et al., 2007). It is also known that EPA is metabolized via the COX 

1 enzyme pathway and thus, can exert competitive effects on arachidonic acid metabolism 

(Wasserman et al., 2014). Aspirin has been shown to be less effective as a cardiovascular 

disease prevention agent in subjects with diabetes mellitus, compared to subjects without 

diabetes mellitus, although the reasons for this observation are not known (Krasopoulos et 

al., 2008). Aspirin, EPA, and DHA interact with leukocytes and endothelial cells to generate 

potent tissue protective and anti-inflammatory lipid mediator byproducts of EPA and DHA 

(Serhan et al, 2008). In our study, some of the effects of increased concentrations of ambient 

particles on platelet function were mitigated when subjects were taking aspirin. Further 

research is needed to understand the mechanisms by which aspirin alone, or in combination 

with omega-3 fatty acids, may alter the hemostatic milieu created by air pollutants, 

especially in subjects with type II diabetes mellitus. Surprisingly, small increases in systolic 

and diastolic blood pressure, at visits when subjects had been taking aspirin, were observed. 

This is an interesting finding because chronic aspirin use is generally not associated with 

major effects on blood pressure (Bautista et al., 2010; Bonten et al., 2015).

Our study had several strengths. First, our study design allowed assessment of associations 

between increased ambient pollutant concentrations and platelet markers with repeated 

measures within a subject. This enabled a within person assessment of effect measure 

modification by aspirin and fish oil supplements, reducing opportunities for residual 

confounding by subject characteristics. Second, well validated measures of platelet 

aggregation and TXB2 production, that have been shown to be causal factors in thrombus 

formation, were used. By using an NIH-sponsored clinical research center, our study 

protocol was standardized, enhancing consistency in how phlebotomy, clinic visit 

procedures, and supplement distribution occurred.

Some weaknesses also need to be considered. First, there was a relatively small sample size 

of patients with type II diabetes mellitus (n = 30) available for this study. This sample size, 

which is generally smaller than many other panel studies that examined associations 

between ambient PM air pollution and cardiovascular biomarkers (Brook et al., 2004, 2010; 

Rich et al., 2012a, 2012b; Zhang et al., 2013), likely resulted in limited statistical power to 

see significant changes in platelet aggregation measures associated with increased air 
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pollutant concentrations in the previous few hours and days, as well as reduced precision in 

those effect estimates. Further, there was not a group of participants without type II diabetes 

mellitus, and thus it could not be evaluated whether these same findings occurred in this 

group as well. Second, pollutant concentrations were assigned from one central monitoring 

station to represent each study participant’s exposure to PM of outdoor origin, regardless of 

how close a study participant lived, worked, or spent time to that monitoring location. Since 

this was a secondary data analysis of a completed trial, we do not have subject addresses to 

know exactly how far each subject lived from the monitoring station, or what they were 

doing immediately before each study visit. This exposure error is most likely non-

differential with respect to platelet aggregation levels in the blood, resulting in biases toward 

the null and underestimation of effect sizes. Third, addresses were not geocoded, and thus it 

was not possible to assess impacts of other factors (e.g. distance to roadway, neighborhood 

level socioeconomic status) on these same outcomes. Thus, it is also possible that our 

findings are due to residual confounding by an unmeasured confounder that is both 

correlated with temporal variations in UFP and AMP concentrations measured at the central 

monitoring site, and is a predictor of platelet aggregation and thromboxane B2 production. 

Fourth, only a few markers of platelet function were measured in this study and no other 

components of the coagulation/hemostatic process. For example, effects of increased UFP 

and AMP concentrations on p-selectin and CD40 ligand may be opposite to those known for 

TXB production since their regulation may be COX-independent. Last, it was not possible to 

assess whether particle surface area or particle composition impacted these platelet 

measures, as these were either not measured at all at the monitoring station, or only 

measured every third day. Therefore, there was not sufficient statistical power to evaluate 

associations between these particle measures and these platelet measures.

In summary, inconsistent with our first a priori hypothesis, decreased platelet aggregation 

and diminished TBX production associated with short-term increases in PM air pollution 

concentrations were observed. Although these increases in ultrafine particles represent only 

a small increase in particle mass, it may be that the number of ultrafine particles is an 

important determinant of whether PM is associated with changes in platelet aggregation. 

However, consistent with our second a priori hypothesis, these associations were blunted 

when taking aspirin and/or fish oil. Given the known adverse effects of PM air pollution 

exposure and well-established cardioprotective effects of aspirin and fish oil, it is 

conceivable that reductions in platelet function observed may still be detrimental in part due 

to the disrupted lipid milieu of patients with type II diabetes mellitus. It may be that these 

decreases are in response to a compensatory mechanism triggered by air pollution exposure 

that produces increases in another cardiometabolic substrate that contributes to enhanced 

risk of acute cardiovascular and cerebrovascular events. The prevalence of diabetes mellitus 

is increasing globally (Hu 2011). Excess TBX (a product of arachidonic acid) release occurs 

in those with this major cause of morbidity and mortality and coronary artery disease 

(Colwell and American Diabetes 2004). As aspirin and EPA and DHA in fish oil reduce 

production of TBX as well as pro-inflammatory and pro-thrombotic prostaglandins from 

arachidonic acid (Terano, et al. 1983, Ohmori, et al. 2006, Gurbel et al. 2007), their use in 

those with diabetes mellitus needs to be further investigated. How these inexpensive and safe 

agents alter effects of ambient PM air pollution on metabolic pathways that influence 
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cardiovascular disease risk in those with diabetes mellitus is also a potentially rich area of 

future research.
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Figure 1. 
Change in log(thromboxane B2) associated with every 582 particles/cm3 increase in the 72 

hour mean concentration of AMP stratified by study visit.
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Figure 2. 
Change in collagen induced aggregation (ohms) associated with every 2,100 particles/cm3 

increase in the 72 hour mean concentration of UFP stratified by study visit.
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Table 1

Distribution of blood pressure, high density lipoprotein, and pulse at each of 4 visits (n=30 at each visit)

Mean ±
SD Min.

50th

Percentile Max.

Systolic Blood Pressure (mm Hg)

  Visit 1: Control 124.6±15.0 91.0 125.0 157.0

  Visit 2: Aspirin Only 130.2±17.0 95.0 130.5 165.0

  Visit 3: Fish Oil Only 125.7±12.0 94.0 126.5 149.0

  Visit 4: Aspirin & Fish Oil 129.9±15.6 100.0 131.0 172.0

Diastolic Blood Pressure (mm Hg)

  Visit 1: Control 70.5±10.0 50.0 70.5 92.0

  Visit 2: Aspirin Only 72.0±12.1 39.0 74.5 93.0

  Visit 3: Fish Oil Only 70.6±7.6 55.0 71.0 85.0

  Visit 4: Aspirin & Fish Oil 73.9±12.5 50.0 71.0 97.0

High Density Lipoprotein (mg/dl)

  Visit 1: Control 32.5±12.6 14.6 30.1 72.9

  Visit 2: Aspirin Only 42.0±27.2 12.8 33.2 123.3

  Visit 3: Fish Oil Only 35.6±13.5 17.3 32.3 76.3

  Visit 4: Aspirin & Fish Oil 40.5±23.0 16.4 34.0 121.3

Heart Rate (bpm)

  Visit 1: Control 73.9±12.1 54.0 75.0 95.0

  Visit 2: Aspirin Only 72.5±12.2 51.0 71.5 95.0

  Visit 3: Fish Oil Only 72.5±10.6 56.0 73.0 87.0

  Visit 4: Aspirin & Fish Oil 70.4±10.9 52.0 71.5 91.0
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