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Abstract

Objective—To pilot a protocol to evaluate acute cardiovascular effects in in-vehicle exposure to

traffic air pollutants in people with diabetes.

Methods—Twenty-one volunteers with type 2 diabetes were passengers on 90- to 110-minute

car rides on a busy highway. We measured in-vehicle particle number and mass (PM2.5) nitrogen

dioxide, and carbon monoxide and heart rate, heart rate variability (HRV), and blood pressure.

Results—Compared with pre-ride measurements, we found a decrease in high frequency (HF)

HRV from pre-ride to next day (ratio 0.66, 95% CI = 0.47 to 0.93) and an increase in low

frequency to HF ratio at post-ride (ratio 1.92, 95% CI = 1.21 to 3.05) at post-ride. Interquartile

range increases in measured pollutants were associated with next-day decreases in HR HRV.

Conclusions—This protocol appears useful for assessing acute adverse cardiovascular effects of

in-vehicle exposures among people who have diabetes.

Numerous epidemiological studies have demonstrated consistent associations between

cardiovascular (CV) health effects and ambient particulate matter (PM) air pollution,

especially PM with aerodynamic diameter <2.5 μm (PM2.5).1 Two areas of emphasis in

ongoing PM/CV research are the identification of susceptible subpopulations and the

characterization of risks associated with specific sources of PM. Motor vehicles are a major
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source of PM that has been linked to CV effects,2–9 and studies suggest that people who

have diabetes may be more susceptible to the health effects of PM.10–13

While commuting, drivers and passengers are exposed to a complex mixture of air

pollutants, including emissions from other vehicles on the roadway, which consist of both

particulate and gaseous emissions such as nitrogen oxides (NOx) and carbon monoxide

(CO). Although they contribute little to the particle emissions on a mass basis, ultrafine

particles (UFP, diameters <100 nm) account for >90% of the number of particles emitted

from vehicles.14 A typical 1-hour commute on Los Angeles freeways contributes ~50% of

daily UFP exposure to an individual whose residence is not near a major freeway.15

Compared with larger particles on a mass basis, UFP have greater lung deposition, higher

surface area, and greater capacity to generate oxidative stress.15–17

Elevated levels of ambient PM may trigger acute myocardial infarction or atrial fibrillation

or both within as little as 1 hour.18–20 Alterations in the activity of the autonomic nervous

system may be one mechanism underlying these rapid-onset CV effects of ambient and

traffic-related PM. Exposure to PM has been associated with dysrhythmia,3,20–23

exacerbation of congestive heart failure,24 and changes in blood pressure25–27 and heart

rate.28,29 Changes in heart rate variability (HRV), an indicator of the relative balance of

parasympathetic and sympathetic autonomic control of the heart rate, have been associated

with ambient30,31,6 and traffic-related PM air pollution,2,7 most consistently with the high-

frequency component of HRV. Decreased HRV has been shown to predict mortality in a

number of patient groups.32,33 One observational study has suggested that polymorphisms in

antioxidant genes and use of antioxidant statin medications may protect against PM-

associated HRV changes, suggesting an important role for oxidative stress in these effects.8

People who have diabetes may be particularly susceptible to the CV effects of PM. Diabetes

is associated with chronically elevated levels of oxidative stress, depleted antioxidant

defenses, and already impaired autonomic function.34 Recent studies of people with diabetes

have found associations among endothelial dysfunction, PM2.5, and black carbon, a marker

of traffic-source air pollution.11,35 Previous studies of CV responses to on-road, traffic-

source air pollution among people who have diabetes are not available.

We hypothesized that in-vehicle exposures cause rapid-onset adverse changes in autonomic

activity in individuals who have type 2 diabetes. To test this hypothesis, we piloted a field-

study protocol to evaluate acute changes in autonomic function (heart rate, HRV, and blood

pressure) and endothelial function in a group of adults with diabetes before and after a 1.5-

to 2-hour car ride on a major highway with heavy diesel truck traffic. Here, we report the

effects on autonomic function, with vascular endpoints to be reported elsewhere. During this

car ride, we measured in-vehicle concentrations of traffic-related air pollutants (UFP, PM2.5,

NO2, and CO). We examined associations between these air pollutants and changes in the

physiologic outcomes from before to immediately after the car ride, and from before to the

next day following the car ride.
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MATERIALS AND METHODS

Subjects

We recruited 21 nonsmoking adults with type 2 diabetes (median, age 61 years) from the

endocrinology clinic at Robert Wood Johnson Medical School in New Brunswick, New

Jersey. We excluded potential subjects with serious or unstable neurologic, cerebrovascular,

CV, gastrointestinal, renal, or pulmonary disease including asthma. We did not include

individuals with atrial flutter, atrial fibrillation, or pacemakers. All subjects lived within 20

km of the Clinical Center of the Environmental and Occupational Health Sciences Institute

(EOHSI) in Piscataway, New Jersey. This study protocol was approved by the University of

Medicine and Dentistry of New Jersey (UMDNJ) Institutional Review Board, and all

subjects gave informed consent before participation in the study.

Study Procedure

Each subject participated in one exposure session during the study, consisting of a car ride in

the rear seat of a sport utility vehicle for 1.5 to 2 hours during morning rush-hour traffic.

Physiologic outcomes were measured at sessions immediately before (pre-exposure),

immediately after (post-exposure), and 24 hours after (next day) the start of the car ride.

Subjects were asked to fast after midnight and withhold diabetes medications on the evening

before the morning car ride, so as to avoid potential effects of food ingestion, consistent with

previous studies of endothelial function.36 Each subject reported to the EOHSI Clinical

Center at 7:00 AM for the pre-exposure session and was given a finger-stick blood-glucose

test to rule out hypoglycemia. All subjects’ blood glucose levels were ≥90 mg/dL, and thus

none were excluded. Each subject then completed a general health history form including

current medications and a stress symptom rating (SSR).37 Subjects rated how they were

currently feeling on a five-point modified Likert scale connecting two pairs of antonyms for

“stress” (tense to relaxed, stressed to at ease) and “anxiety” (nervous to calm, jittery to

tranquil). The subject then sat quietly for HRV measurement (method described below).

After HRV measurement, the subject underwent a peripheral venous blood draw. The

subject then rested quietly for at least 5 minutes before a trained technician measured

systolic and diastolic blood pressure (SBP and DBP) with a mercury sphygmomanometer

(CE0050; Hokanson, Indianapolis, IN), with the mean of three successive blood pressure

measurements used in all analyses. After blood pressure measurements, each subject

underwent noninvasive studies of endothelial function. The results of the endothelial

function tests and venous blood markers are reported elsewhere.

Following the pre-exposure session, the subject was escorted to a waiting UMDNJ vehicle

(either a 2005 Ford Explorer or a 2004 Dodge Durango) with a professional UMDNJ driver

and a study technician. The subject was then driven from the EOHSI Clinical Center to and

from the northernmost point on the New Jersey Turnpike (NJTPK; 79 miles roundtrip of

which 57 miles were on the NJTPK). Car trips lasted 90 to 110 minutes, depending on

traffic conditions. The NJTPK is a divided highway with six traffic lanes in each direction.

Along the study route, truck traffic is required to use the right-most two traffic lanes. The

study vehicle remained in the right-most lane of traffic averaging 65 mph. The vehicle

ventilation settings were maintained with the fan on and the vent in the open position during
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the car ride. Air conditioning or heater temperature settings were adjusted for subject

comfort. About midway through the car ride, the subject completed another SSR

questionnaire.

For the post-exposure session, the subject returned to the EOHSI clinic immediately after

the car ride, where the same physiologic measurements were made using the same protocol

as the pre-exposure session. After the study session was completed, the subject was

permitted to eat a meal and resume a normal diabetes medication schedule. For the next day

session, subjects again reported to the EOHSI clinic at 7:00 AM and followed the same

clinical protocol with the same physiologic measurements as the pre-exposure and post-

exposure sessions.

HRV Analysis

By using a two-channel, five-lead, Holter monitor (Trillium 3000; Forest Medical, East

Syracuse, NY), we recorded ECG during the pre-exposure, post-exposure, and next day

sessions. The subject sat comfortably in a chair for 12 minutes during ECG recording. For

HRV analysis, the best quality (minimum artifact) continuous 5-minute period was selected

from the last 7 minutes of the 12-minute period. We processed the digital ECG signal,

sampled at 256 Hz, and calculated the HRV parameters using PC-based software (Trillium

Gold for MS Windows; Forest Medical). The software automatically detected heart beats

and labeled ectopic beats and artifacts. An experienced technician then visually reviewed the

ECG tracing to correct mislabeled beats or artifacts. We included all normal to normal beat

intervals in the 5-minute recording in computations of the standard deviation of normal to

normal intervals (SDNN), square root of the mean of the squared differences between

adjacent NN intervals (r-MSSD), high-frequency power (HF; 0.15 to 0.4 Hz), low-frequency

power (LF; 0.04 to 0.15 Hz), and LF:HF ratio.

Exposure Measurements

During the car ride, we measured pollutant concentrations, temperature, and humidity. The

instrument sampling inlets were positioned in the back passenger seat area, near the

subject’s breathing zone. Mass concentrations of PM with median cut point of 2.5 μ m

(PM2.5) were measured continuously at 1-minute intervals using a TSI SidePak model

AM510 aerosol monitor (TSI, Inc, Shoreview, MN) with the calibration factor set at 0.32

(based on collocated gravimetric analysis of ambient PM in Piscataway). As a proxy for

UFP, number concentrations of particles with aerodynamic diameter ≥0.01 to 1.0 μm were

measured at 1-minute intervals using a condensation particle counter TSI model 3007 (TSI,

Inc). (Strictly speaking, we measured PM1.0 that includes UFP and particles with sizes

between 0.1 and 1 μm. Nevertheless, the contribution of particles in the size range of 0.1 to 1

μm is negligible.) Integrated air samples for nitrogen dioxide were collected on

triethanolamine-coated Sep-Pak cartridges (Waters, Corp, Millford, MA) with an SKC

model 224-XR air pump (Eighty Four, PA) calibrated daily. The cartridges were extracted

with a ratio of 6:1 water:ethanol and analyzed by high pressure liquid chromatography with

an ultraviolet detector.38 CO concentration and air temperature were measured continuously

with a Langan T15v monitor (Langan, Inc, San Francisco, CA). Relative humidity was

monitored continuously using a HOBO 8 Pro Series monitor (Onset, Bourne, MA).
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Statistical Analysis

After log transforming each HRV measure (SDNN, r-MSSD, HF, and LF), heart rate, SBP,

and DBP, we calculated the geometric mean and 95% CI for each metric at each visit (pre-

exposure, post-exposure, and next day). For each subject, we calculated the change in each

metric from pre-exposure to post-exposure and again from pre-exposure to next day. Next,

we calculated means and 95% CI for these differences and then exponentiated each to

estimate the relative change in geometric means. We then used a signed rank test to test

whether each change (pre-exposure to post-exposure for all subjects or pre-exposure to next

day for all subjects) was statistically different from zero.

To determine if any change in each metric was associated with in-vehicle air pollution

concentrations, we regressed the UFP number concentration against the change in each

metric (eg, pre-exposure to next day) using robust regression and Huber weights39 to

mitigate the influence of outliers for this small sample. In this method, residuals greater than

a certain size are assigned weights proportional to the inverse of the size of the residual. We

then scaled this percent change in each metric (eg, HF) to the interquartile range increase in

UFP number concentration observed during the study and divided this by the mean pre-

exposure level of the corresponding metric across all subjects. We then repeated this for

each pollutant (PM2.5, NO2, and CO). Next, to control for potential confounding by

temperature, we included a linear term for in-vehicle mean temperature and ambient mean

temperature, as measured at the nearby Liberty Airport, Newark, NJ, monitoring station

from 8:00 AM through 11:59 AM, during the car ride and reran our robust regression

analysis.

Finally, we examined sensitivity of these analyses to confounding by perceived stress by

excluding those subjects who scored a 4 or 5 (highest two levels of “stress”) on either of the

antonym pairs for “stress” at any of the four stress questionnaire time points (pre-exposure,

in-vehicle, post-exposure, and next day) and then repeating our analyses. Similarly, we

excluded subjects who reported an “anxiety level” value of one or two (highest two levels of

“anxiety”) to control for confounding by perceived anxiety and repeated our analyses. In

stratified analyses, we also evaluated effect modification of these associations by statins, β-

blockers, and angiotensin converting enzyme (ACE) inhibitors. All analyses were performed

using SAS v.9.1® (SAS, Inc, Cary, NC).

RESULTS

Twenty of the 21 subjects completed the pre-exposure, post-exposure, and next day sessions

and had analyzable Holter monitor data. The median age of these 20 subjects was 61 years

(range, 46 to 70 years), and 60% were men. Two subjects (10%) had a history of myocardial

infarction, and 12 (60%) were hypertensive. All subjects were overweight (body mass index

≥25), and 15 (75%) were obese (body mass index ≥30). The participants reported taking a

variety of medications including insulin, oral hypoglycemic agents, and a number of

antihypertensive medications including ACE inhibitors, β-blockers, calcium channel

blockers, and diuretics (Table 1). Thirteen (65%) of the subjects were taking HMG-CoA

reductase inhibitors (statins).
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The UFP number and PM2.5 mass concentrations during an example car ride are shown in

Fig. 1. By comparing the NJTPK segments with local road segments, the mean UFP number

concentration for all rides increased fivefold, whereas PM2.5 mass concentration and CO

increased by ~30% (data not shown). The distribution of in-vehicle mean pollutant

concentrations and physical measurements (temperature and humidity levels) averaged over

the car rides are shown in Table 2. UFP number concentration was not highly correlated

with any of the other measured pollutants, PM2.5, NO2, and CO (Table 3).

We observed large decreases in r-MSSD and HF from pre-exposure to the next day

(pre-:post-exposure ratios 0.81, 95% CI = 0.68 to 0.96 and 0.66, 95% CI = 0.47 to 0.93), and

smaller decreases from pre- to post-exposure (Table 4). We did not observe changes in

SDNN, heart rate, SBP, DBP, or blood glucose at either the post-exposure or the next day

time point (Table 4). The LF/HF ratio increased from pre- to post-exposure (ratio 1.92, 95%

CI = 01.21 to 3.05), likely reflecting the observed increase in LF (1.64, 95% CI = 1.05 to

2.56). Because we found the largest changes in pre-exposure to next day HF and r-MSSD,

and pre- to post-exposure LF:HF ratio only, further analyses were restricted to these

endpoints.

Elimination of stressed and anxious subjects (n = 3 and n = 2, respectively) had little effect

on either the magnitude of next day decrease in r-MSSD and HF or the increase in LF/HF

ratio (Table 5). There was no clear effect modification of these associations by statin, β-

blocker, or ACE inhibitor use (Table 5).

Although none of the associations between individual pollutants and HRV changes were

statistically significant, inter-quartile range increases in measured pollutants were associated

with decreases in HF at next day and LF:HF ratio at post-exposure (Table 6).

DISCUSSION

In this study, we successfully piloted a novel approach to studying the effects of exposure to

traffic in potentially susceptible individuals. In a group of volunteers with type 2 diabetes,

we examined acute autonomic responses to traffic exposure that may underlie previously

reported associations between traffic pollution and adverse CV outcomes. Immediately

following the car ride, we observed an increase in LF:HF ratio, whereas 22 hours after the

car ride we observed a decrease in HF HRV (HF, r-MSSD). These HRV changes were

independent of our perceived stress and anxiety measures, and there was little difference in

responses among those subjects taking and not taking statins, β-blockers, and ACE

inhibitors. Although this pilot study was underpowered to evaluate associations between

individual pollutants and the outcomes, the decrease in HF HRV at Next-Day was associated

with increasing in-vehicle UFP number concentration, with similar, but smaller effects for

PM2.5, NO2, and CO.

Our finding of next day decreases in HF HRV is consistent with PM-associated decreases in

HF HRV observed in a number of other studies. Gold et al30 found inverse associations

between ambient PM2.5 levels and SDNN and rMSSD (a metric highly correlated with HF)

in a panel of elderly subjects. Park et al6 found that decreases in HF and increases in LF/HF
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were associated with increasing 48 hours average ambient PM2.5 in an elderly cohort. In

contrast, another study of HRV responses to in-vehicle pollution exposure found increases in

HF associated with increased PM2.5 exposure among state troopers.7 In addition to

differences in PM characteristics between the studies, these disparate results may be because

of different responses among young physically fit subjects compared with elderly subjects,

with most having several comorbidities.

Our findings are somewhat consistent with results of a previous study among elderly adults

during 24-hour periods that included two trips aboard a diesel-powered bus (and control

days without the bus trip).2 In this study, fine PM and black carbon, an indicator of traffic

particles, were negatively associated with several HRV parameters including HF and

positively associated with LF/HF. Statistically significant decreases in HF were associated

with 5-minute, 30-minute, 1-hour, 4-hour, and 24-hour averages of PM2.5. Our observed

decrease in mean HF at the next day session is consistent with a similar effect from air

pollution, although the associations with in-vehicle air pollutant measurements were not

statistically significant in our small pilot study. In contrast to Adar et al,2 we found large

negative associations between LF/HF and increases in several measured traffic-related air

pollutants measured in the vehicle (UFP number concentration, PM2.5 mass concentration,

and NO2). In addition to the difference in proportion of people with diabetes in our study

compared with Adar et al2 (100% vs 18%), there were other differences in age (median age

61 vs 80 years), obesity (75% vs 34%), and other comorbidities such as hypertension (60%

vs 82%) that may account for some of the differences in observed responses.

Compared with NO2 and CO, UFP was associated with a larger decrease in HF at next day

(Table 6), but none of the associations were statistically significant. This is somewhat

consistent with suggestions that UFP may be the best proxy of traffic-related air pollution

mixture in predicting cardiopulmonary health effects.38 The lack of statistically significant

associations between the HRV changes and measured concentrations of traffic-related air

pollutants during the car rides was not unexpected because of the small size of this pilot

study (n = 20). Our finding of an increase in the LF:HF ratio from pre-exposure to post-

exposure is inconsistent with our finding of a decrease in the LF:HF ratio associated with

interquartile range increases in in-vehicle pollutant concentrations (Table 6). It is not clear

why these two analyses are inconsistent, but may be partly because of residual confounding.

The pre-exposure to post-exposure LF:HF ratio results may be confounded by acute stress

and circadian rhythm, whereas the pre-exposure to next day analyses may not be (discussed

below).

The low correlation between UFP number concentration and other measured pollutants

makes confounding by the other pollutants less likely. The low correlation between UFP

number concentration and PM2.5 is not surprising, because PM2.5 in New Jersey is strongly

influenced by long-range transport. In addition, we expect a large difference in (outdoor to

in-vehicle) penetration fractions between UFP and PM2.5. The low correlation between UFP

number concentration and CO might be explained by different ride-to-ride contributions to

in-vehicle pollutant levels from diesel engine and gasoline engine vehicles, from which

relative emissions of UFP and CO differ substantially. Also, the relative emissions of UFP

and CO from the same vehicle vary with speed and other conditions.40 The low correlation
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between UFP and NO2 may be explained by the fact that the majority of NOx emitted near

the tailpipe is nitric oxide, whereas NO2 is influenced by more distant sources.

A limitation of the quasi-experimental study design used in this pilot study was that we did

not have a control exposure. Thus, we were unable to control for several factors that might

have confounded associations between the car ride and/or PM exposure and changes in

HRV, especially changes in HRV across the pre-exposure to post-exposure time period.

These factors included circadian rhythm, psychological or physical stress not captured by

our SSR questionnaire, and the experimental procedures’ effects on the subjects, including

fasting and temporary withholding of diabetes medications. HRV has a well-established

circadian rhythm that includes a decreasing HF component from waking to the late morning

hours,41,42 which may have contributed to the decrease in HF and significant increase in

LF:HF ratio from pre-exposure to post-exposure (about 8:00 AM to 11:00 AM).

Nevertheless, circadian rhythm does not explain the next day decrease in HF HRV, since we

measured HRV at the same time of day at the pre-exposure and next day sessions.

Psychological or physical stress during the car ride may have contributed to the increase in

the LF factor in the LF:HF ratio at the post-exposure session. In contrast to HF HRV, LF is

affected by sympathetic and parasympathetic tone and may be increased by stress-related

increases in sympathetic tone.43 However, stress seems an unlikely explanation for the

changes observed for two reasons. First, the participants were seated as passengers in the

back seat of the vehicle and, thus, were not subjected to the stress of driving. Second, we

obtained similar results when we excluded subjects that reported higher stress or anxiety

levels on the stress questionnaire at any of the four time points (pre-exposure, in-vehicle,

post-exposure, and or next day). However, we cannot rule out some confounding by more

subtle stress that was not measured by the questionnaire. The increase in LF:HF ratio at the

post-exposure session did not appear to be because of exposure to the measured air

pollutants, because regression analysis showed large, but not statistically significant, inverse

associations between pollutant levels and the LF:HF ratio.

Hyperglycemia has been associated with decreased HRV,44 but there were no substantial

differences in mean blood glucose concentration across the three data collection sessions

(pre-exposure, post-exposure, and next day). Changes in diabetes medications and other

experimental procedures are unlikely to explain the pre-exposure to next day decrease in HF

HRV, because subjects underwent the same protocol for the pre-exposure and next day

sessions. Although unlikely, it remains possible that some additive effect of the second day

of repeated fasting or diabetes medication withholding or both may have contributed to the

next day decrease in HF HRV.

The subjects in this pilot study were a small group of people with diabetes who were largely

overweight, hypertensive, older, white, and male, which may limit the generalizability of

study findings. However, people with diabetes, who represent a growing segment of the US

general population, often have multiple CV risk factors. Almost two thirds of our subjects

were taking statins. Although a previous observational study reported larger reductions in

HF HRV among nonstatin users than among statin users,8 we found larger reductions among

those taking statins. Nevertheless, our study was not sufficiently powered to address effect
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modification by and medication use, and thus a larger confirmatory study is needed to

properly examine this.

CONCLUSIONS

We successfully piloted a novel protocol for examining CV effects of traffic pollutant

exposure during automobile commuting in susceptible individuals. Consistent with our

hypothesis, adult volunteers with type 2 diabetes demonstrated changes in HRV

immediately after and 24 hours after a passenger car ride on a major highway with heavy

truck traffic. Although not statistically significant, associations between measured air

pollutants and decreased HF HRV were in the hypothesized direction, suggesting that the

change in HRV may be partly because of in-vehicle pollutant exposure. Changes in HRV

while commuting may have public health importance, considering the number of people

who commute to and from work. This pilot study provides a framework for future studies to

determine which commuting-related factors are responsible for these associations.
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FIGURE 1.
PM2.5 mass and UFP number concentrations during a single car ride session.
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TABLE 1

Characteristics of Study Panel (n = 20 Subjects With HRV Measurements)

Characteristic N %

Gender

 Male 12 60

 Female 8 40

Age (yr)

 <50 3 15

 50–59 6 30

 60–69 9 45

 ≥70 2 10

Race/ethnicity

 White non-Hispanic 13 65

 Black non-Hispanic 6 30

 Hispanic 1 5

Education

 <12 (<HS education) 0 0

 12 (HS education) 5 25

 ≥12 (some college or more) 15 75

Smoking status

 Current 0 0

 Past 10 50

 Never 10 50

Comorbidity

 Past myocardial infarction 2 10

 Hypertension 12 60

Body mass index (kg/m2)

 25–30 5 25

 >30 15 75

Duration of diabetes (yrs since diagnosis)

 0–9 11 55

 10–19 5 25

 >20 4 20

Employment status

 Employed 9 45

 Unemployed 2 10

 Retired 9 45

Prescribed diabetic medications (self-reported)

 Exenatide (Byetta®) 2 10

 Glyburide/metformin 4 20

 Insulin 9 45

 Metformin 10 50
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Characteristic N %

 Pioglitazone (Actos®) 1 5

 Replaglinide (Prandin®) 1 5

 Rosiglitazone (Avandia®) 1 5

 Sitagliptin metformin (Janumet®) 2 10

 Sitagliptin phosphate (Januvia®) 2 10

Other prescribed medications/drug classes (self-reported)

 ACE inhibitors 9 45

 Alpha-adrenergic blocker 2 10

 Angiotensin II receptor antagonist 6 30

 Aspirin 8 40

 β-blockers 5 25

 Calcium channel blockers 5 25

 Cholesterol lowering agent 3 15

 Digoxin 2 10

 Diuretic 5 25

 Nitrates 1 5

 Statin 13 65
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TABLE 6

Changes in HF From Pre-Exposure to Next Day, and Changes in LF/H Ratio From Pre-Exposure to Post-

Exposure Associated With Interquartile Range Increases in In-Vehicle Air Pollutants

Pollutant Interquartile Range
% Change in HF From Pre-Exposure to

Next Day (95% CI)
% Change in LFHR Ratio From Pre-
Exposure to Post-Exposure (95% CI)

UFP (particle/cc) 42,051 −25 (−147 to 96) −26 (−275 to 222)

PM2.5 (μ g/m3) 9.5 −20 (−87 to 47) −97 (−225 to 31)

NO2 (ppb) 15.1 −9 (−79 to 61) −81 (−225 to 63)

CO (ppm) 0.95 −1 (−44 to 42) −5 (−94 to 84)
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