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Annual PM-related deaths: 3.2 million

Annual world % of all DALY: 3.1%
CV population attributable factor: 22%




What are the mechanisms
whereby PM instigates CVD?
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EXPOSURE TO CONCENTRTED AMBIENT
PM, - (CAP) + OZONE FOR 2 HRS CAUSES
BRACHIAL ARTERY VASOCONSTRICTION
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Brook RD, Circulation 2002: 105: 1534-6. Exposure Type



Blood Pressure Responses to Concentrated Ambient
PM, : (CAP) versus Filtered Air
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Diastolic Blood Pressure Changes during Exposures in Toronto

FA (filter air); O3 (ozone); CAP (concentrated ambient fine particulate matter); DBP (diastolic blood pressure)
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= = CAP =0.71+ 0.21 (p=0.002)t

CAP + 03 = 0.89 + 0.22 (p=0.0003)t p=0.01*
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* For “CAP effect” = slopes of [CAP + (CAP+03)] vs [O3 + FA]
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DBP correlates: (1) + CAP mass* (2) { heart rate variability (SDNN)

Brook RD, et al. Hypertension 2009; 54: 659-667 *B =1.6 mmHg per 100 pg/m3




Endothelial Function (FMD)
Changes In Toronto Exposures

24 post — pre-exposure FMD changes .

FA: 2.7 +9.0% (n=30) p=0.11
03: -0.9 + 7.5% (n=29) p=0.50
CAP: -2.9 + 6.2% (n=28) p=0.02

CAP+03: -2.3 + 6.4% (n=28) p=0.07

No change in NMD at any time point, or FMD immediately post exposures

{J FMD correlates: 1t CAP mass*, 1 TNFo™" Ity R T/ Y ()OI N
**r =-0.26, p=0.023



Diastolic Blood Pressure Changes during CAP + O; Exposure
(Ann Arbor)
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Coarse PM




The Effect of Fine and Coarse Particulate Air Pollution on Mortality:

A National Analysis

Environ Health Perspect 117:898-903 (2009).|

Table 3. Percent increase (95% Cl) in mortality for 10-pg/m? increase in PM coarse and PM; ¢ for the
mean01 across the 47 cities; two-pollutant model and single-pollutant model results for PM; = in 47 cities.

PM; 5 PM coarse
All-cause mortality 0.77 (0.43to 1.12) 0.47 (0.21 to 0.73)
0.94 (065 to 1.22) s ~N
CvVD 0.61(0.051t0 1.17) 0.29 (-0.04 to 0.61)
0.97 (051 to 1.43)
Mi 0.75(-0.12 to 1.63) 0.04 (-0.72 to 0.81)
1.18(0.43 to 1.93)
Stroke 0.82 (-0.21 to 1.86) 0.711(0.02 to 1.41)
1.95 (0.8 to 3.07) - J
Hespiratory 1.63 (0.69 to 2.59) 1.14(0.43 to 1.85)

1.82 (1.08t0 2.78)

Two-pollutant models are shaded. Mean01 is the mean of lags 0 and 1.

US Medicare Cohort

(JAMA 2008; 299: 2172)

No association for CVD hospital

admissions controlling for PM, ¢




Key: Cities

COL, Columbus, OH
DBN, Dearborn, MI
DET, Detroit, MI
DEX, Dexter, MI
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Dexter, Michigan




Human Study #1

STUDY DESIGN

10 AM-12 PM 2 PM 8 AM
2-hour exposure 2 hr-post-exposure 20 hr-post-exposure
" testing testing
S
Dexter Coarse CAP § Vascular Studies - CTSA Blood draws
25 150-300 pg/m? g " AIRCARE Blood draws FSIVGTT (CTSA)
Healthy—>] £ HOMA-IR
adults > Filtered > § »  Vascular Studies ___, CTSA Blood draws
25 Airr* 3 AIRCARE Blood draws FSIVGTT (CTSA)
Obese _, i HOMA-IR
adults 3
> Dearborn > o — Vascular Studies  ___, cTSABlood draws—
Coarse CAP g AIRCARE Blood draws FSIVGTT (CTSA)
\_ ) g HOMA-IR
Y E

INTRA-EXPOSURE TESTING CAP, concentrated ambient PM2.5; HRV, heart rate variability

Cross-over to randomized exposure scenarios

BOTH EXPOSURES Vascular studies (SphygmoCor, EndoPAT, brachial BAD, FMD, NMD)
Ambulatory BP monitoring FMD, flow-mediated dilatation; NMD, nitroglycerin-mediated dilatation
HRV monitoring BAD, brachial artery diameter; Blood tests (blood biomarkers- see text)

HOMA-IR, homeostasis model assessment of insulin resistance
FSIVGTT, frequently sampled intravenous glucose tolerance test

*EA will be done only once per subject. This will be done in all patients in Dexter. If subjects do not follow-up and
get a 3@ Dearborn exposure in year 2, they will then receive 2 exposures (FA and coarse CAP) in Dearborn. If they
got a FA in Dexter and are participating in Dearborn in year 2, they will get only 1 coarse exposure and

they will not get a second FA exposure

Bold and red endpoints at 20 hour post are performed in the CTSA



The Hemodynamic, Autonomic,
and Vascular Effects of Exposure
to Coarse Particulate Matter Air
Pollution in a Rural Location
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Subject Characteristics (n=32)

Variable Mean SD Minimum Maximum
Age (years) 259 6.6 18.0 46.0
Weight (kg) 784  16.3 55.9 111.4
Height (m) 1.7 01 1.6 2.0
Body mass index (kg-m™) 26.3 5.7 18.3 43.5
Fasting glucose (mg-dL™)* 869 6.9 70.0 103.0
Total cholesterol (mg-dL™") 1639 314  104.0 244.0
HDL-C (mg-dL™) 55.4  15.9 25.0 91.0
LDL-C (mg-dL™) 88.8 26.1 49.0 135.0

Triglycerides (mg-dL™) 106.0 80.9 40.0 401.0




PM,,., concentrations during exposures

Exposure Mean SD Minimum Maximum

Filtered air 10.1 7.1 2.6 27.4
Coarse CAP 76.2* 515 10.3 246.5

CAP, concentrated ambient particles

PM,., s concentrations are in ug-m-= and determined by Teflon filter-based gravimetric mass measurements for the 2-hour period of exposures.
Mass levels below the detection limit (6.8 ug-m3) were recorded at this value for analyses (n=15, filtered air exposures only)

*P values <0.01 for differences of mean or median levels between exposure types
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Comparison of size distributions between
ambient PM and CAPs by number concentration
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Diastolic BP Responses During Exposures
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Systolic BP Responses During Exposures
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Heart Rate Responses During Exposures

oo
- — CAP
| -— FA
. ! !
B ¢ ! // | L
— | ' ¢ I/ TH‘& '
O 'ﬁl | I !
o) + [
E E ] : _I,'T"x
E J M'hl
. : .
+= 1 | I e + e b 1 h"-h.hh 1
ot s T Py
o
e ¢
CAP vs FA: 4.1 BPM, p<0.0001 iR
| | | | |
2 4 4] 8 10

Time Interval

N=32 subjects



A Systolic Blood Pressure (SBP,,-3BP,) vs exposurein CAP group A Diastolic Blood Pressure (DBP, ,-DBP,) vs exposurein CAP group
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The nonparametric regression curve was estimated using local regression (loess) models, with shading representing the 95% confidence intervals



Changes in heart rate variability parameters during exposures

Change in Outcome

HRV Outcome (During CAP exposures versus FA) P*

Log SDNN (msec) -0.087 £ 0.30 0.107
Log HF peak (msec?) -0.42 + 0.84 0.006
Log LF peak (mec?) -0.068 + 0.68 0.58
LF/HF ratio +0.24 + 0.49 0.007

Results are mean standard deviation

HRV, heart rate variability; CAP, coarse concentrated ambient particles; FA, filtered air; SDNN, standard deviation of the normal-to-normal R-R intervals; HF, high
frequency power; LF, low frequency power

*p values are the comparisons of the changes in HRV outcomes during the CAP versus FA exposures. HRV parameters were determined during the first 5 minutes
at the start of the exposures (initial HRV results) and compared to those during the final 5 minutes at the end of exposures (final HRV results).



Differences in study outcomes measured post-exposures

Coarse CAP Exposures Filtered Air Exposures

Outcome Immediate-post 2 hours-post Immediate-post 2 hours-post p* pt

Brachial SBP (mm Hg) 109.2 +11.7 108.4 +11.3 108.7 +12.3 108.8 +11.3 0.66 0.65
Brachial DBP (mm Hg) 72.3+8.4 68.1+9.0 72.0+9.3 68.7 + 8.4 0.72 0.61
Heart Rate (beats-min™) 62.9+9.9 65.0 £ 9.0 60.6 + 8.9 61.1+£9.0 0.12 0.03
Aortic SBP (mm Hg) 97.4+11.2 95.0x114 9752120 95.7+12.2 0.94 0.49
AP (mm Hg) 3.3+3.3 22+34 3.4+39 26+49 0.63 0.26
AIX@75 (%) 59+123 2.1+13.0 50x£145 1.1+16.9 0.80 0.94
PWV (m-sec™) 6.8+1.6 6.6+1.4 6.7+ 15 6.7+1.6 0.96 0.19
BAD (cm) 3.62+0.60 3.64 £ 0.62 3.68+ 0.66 3.70 £ 0.64 0.12 0.15
FMD-peak (%)* 9.4 (6.3,12.1) 9.0 (6.3, 10.9) 0.68
RHI 2.1(1.8,2.2) 2.0(1.7,2.4) 0.57

Results are mean standard deviation.
Paired t-tests were used for statistical comparisons

CAP, concentrated ambient particles; SBP, systolic blood pressure; DBP, diastolic blood pressure; AP augmentation pressure; Alx, augmentation index at a heart
rate of 75 beats min-t; PWYV, pulse wave velocity; BAD, brachial artery diameter; FMD-peak, flow-mediated dilatation (peak value); RHI, reactive hyperemia index

FMD and RHI presented as median (15t and 3" quartile) and Paired Wilcoxon Ranked Sum Tests were used for statistical comparisons

*p values are comparisons of immediate-post (CAP versus FA); Tp values are comparisons of 2 hours-post exposures (CAP versus FA).
*Other FMD metrics (60-sec time point dilatation; 2-min mean dilatation) were also not significantly different between exposures



Endothelial Progenitor Cells

EPC at 2 hour EPC at 20 hour
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EPCs were elevated 2 hours (108.29 [6.24, 249.71] EPC-ml%; median [25!", 75t percentiles], p=0.052) and 20 hours (106.86 [52.91, 278.35] EPC-ml-
1, p=0.008) post-CAP exposure compared to the same time points following filtered air (38.47 [0, 84.83] and 50.16 [0.00, 104.79] EPC-ml-1).

PBMCS are isolated by Ficoll gradient, washed and incubated with fluorochrome-conjugated Abs that recognize CD133, CD34, CD3, CD79 and CD56. Cells are analyzed by flow and cells
in the lymphocyte gate that are negative for CD3 (t-cell), CD79 (b-cell) and CD56 (NK) and positive for CD133 and CD34 are considered EPCs.



HDL Dysfunction and Air Pollution
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