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What we know:

� A large body of literature on the 
association between particulateair 
pollution and cardio-respiratory mortality 
and morbidity
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What we don’t know or know little:

� Few human studies examining underlying 
biological mechanismsof particulate air 
pollution health effects 

� Few studies examining the role of genetic 
variation in individuals’ response to air pollution 
exposure 

Brook et al, Circulation 109:2655-2671, 2004

TIMING

Genetic 
susceptibility?
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The Beij ing HEART Study

Health Effects of Air  Pollution Reduction Tr ial

Hypotheses of The HEART Study

Biomarkers of systemic inflammation, 
vascular endothelial dysfunction, blood 
coagulation including platelet function, and 
autonomic dysfunction, as well as 
biomarkers of oxidative stress, will change 
significantly during the Olympic air pollution 
reduction period, compared to the pre-
Olympic period, and will return to pre-
Olympic levels following relaxation of the 
air pollution controls in the post-Olympic 
period.
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Measurements of Biomarkers in HEART
Physiological 
function/pathway/ 
domain 

Specimen 
type 

Collection/ 
measurement 

duration 
Biomarker Principle/equipment of 

measurement 

pH pH meter 
8-Isoprostane ELISA based assay 

Exhaled 
breath 

condensate  
20 min 

Nitrite + nitrate HPLC-UV 

Pulmonary 
inflammation 
and oxidative 

stress Exhaled 
breath 5 min Exhaled nitric oxide (eNO) NOx chemiluminescence 

analyzer 
Autonomic tone N/A 30 min Heart rate variability (HRV) Holter Analysis Systems 

Endothelial function Blood ~5 min Vascular NO production – 
blood nitrite (+nitrate) HPLC-UV 

Endothelial derived 
procoagulation Blood ~2 min von Willebrand Factor ELISA based assay 

Soluble CD62P  ELISA based assay 
sCD40L ELISA based assay Platelet function Blood ~2 min 

Platelet aggregation Photometric aggregometer 

White blood cell (WBC) Standard automated 
clinical methods 

Plasma C-reactive protein  ELISA based assay 
Systemic 

inflammation  Blood ~2 min 

Plasma fibrinogen 
Immunological based 

chemistry assay 
Systemic oxidative 

stress Urine ~1 min 8-Hydroxy-2’-
deoxyguanosine (8-OHdG) HPLC-UV-MS  

 

Hypotheses of The HEART Study

PM2.5, ultrafine particles, and certain PM 
constituents will each be associated with 
specific biomarkers across the whole study 
period.
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On-campus Air Pollution Measurements 

Species Sampling/Monitoring 
equipment 

Time 
resolution 

Principle/equipment of 
measurement 

PM10 and PM2.5 mass MetOne/BAM 1020 continuous b-radiation attenuation 

PM10 and PM2.5 mass Cyclone/quartz fiber 
filter/Teflon filter 

24 hours Gravimetric 

PM number  

3 nm-800 nm TDMPS continuous 
Twin Differential Mobility 

Particle Sizer 
500 nm-10 � m APS continuous Aerosol Particle Sizer 

Black Carbon in PM2.5 Cyclone/MAAP 
0.5 hr (semi-
continuous) 

Multi-Angle-Absorption-
Photometer 

EC/OC in PM2.5 
Cyclone/quartz fiber 

filter 
24 hours 

Thermal optical 
reflectance (TOR) 

analyzer 
PAHs in PM2.5 Cyclone/Teflon filter 24 hours GC/MS 
Ions in PM2.5 Cyclone/Teflon filter 24 hours IC 

Metals in PM2.5 Cyclone/Teflon filter 24 hours ICP/MS 
Gases  

O3 Ecotech EC9810B continuous UV detector 
SO2 Ecotech EC9850B continuous Fluorescence detector 

NO2 Ecotech EC9841B continuous 
Chemiluminescence 

detector 
CO Ecotech EC9830B continuous IR detector 

 

Hypotheses of The HEART Study

Subjects’ responses to changes in 
pollutant exposure will vary depending on 
their inherited polymorphisms for molecular 
pathways related either directly to the 
biomarkers measured or to mechanisms of 
PM-induced oxidative stress.
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Subjects

Young adults cohort: ~100 medical 
residents/students of Peking University 1st Hospital

Elderly cohort: ~40 retired adults of > 65 years 
old residing in a community near Peking University 
campus

Children cohort: ~50 students of Peking 
University Elementary School



� � �� � �� �� �	 
 � ��
� �� � � � � � 
 � �� � �� 
 �� � � � � �� � � � � 
 �� 
 �� � � � �� � � �
 � �� ��� � 
 � �� � � � � � 
 � � ��� �  �! ��� � 
 � � ! � � � " �
#
 � �� � " �$#�� %�&� � � "

� �� �� � ��
 
 �� � � ' �  
 � 
 �� � � 
 � �� " � 
 � � �( � �)�� " �* �� � � �� � � � � � � � � 
 �� � �! � �  �� � � � � � �� � 
 � � � �� � � �
 � +

( � 

 � � � � �� �	 
 � ��
� �, - - .
� �� �	 
 � ��
� �� �  �! ��� � 
 � �! � � � " � � � � � � ��� " �
 � �/ �� � / �� �� � �
 
 �� � � ��� � �� � ��
0, �0� �1 � 2� � � � � �, - - .
� � � � � �� ��	 
 � � � 3� � � � �4�� � 
 � ���( � � " 4� 4��5� � ��� �  

Subject Recruited

• Subject Screened
Total 137    male  67   female  70

- Subjects included
Total: 131    Male: 65   Female: 66
Age: 19-29

- Subjects excluded
6 subject were excluded due to mal liver 

function,      asthma, allergy, obsessive 
compulsive disorder, far   living, and limited 
availability throughout study period.
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HEART Study Schedule 

V4V3

Pre-Olympics During-Olympics Post-Olympics

September 24, 
2008

July 20, 
2008

V5V2

V1 V6

6/10 
to

6/23

8/16 
to

8/29

6/24 
to

7/7

10/6 
to

10/17

10/20 
to

10/31

8/4 
to

8/15
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Significance of Preliminary Findings

Cleaner air during the Beijing Olympics is directly 
translated to reduced body burden of oxidative 
stress and inflammation even in young healthy 
adults. 

Pending data are expected to show similar 
improvements in other respiratory and 
cardiovascular endpoints during the Olympic period, 
providing objective and molecular biology evidence 
for the improvement of public health resulting from 
air pollution interventions.
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Significance of the HEART Study 

Real world study expanding previous studies by: 
measuring a larger suite of PM components; measuring a 
larger suite of biomarkers of pathophysiologic response; and 
examining multiple gene polymorphism – biomarker 
combinations

Provide mechanistic explanation of epidemiologic findings 
on associations between air pollution exposure and 
cardiopulmonary mortality and morbidity

Understand time frame of effects (hours to days)

Evaluate reversibility of air pollution – health response, 
providing strongest evidence of air pollution health effects
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