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A panel study on effects of ambient particles of different sizes and from different sources on
blood pressure in healthy adults in an urban area of Beijing ZHANG Qiao-chi’, WANG Tong",
CHEN Jie', WANG Yang? FENG Bai-huan?, ZHAO Qian’, XU Hong-bing?, LIU Sheng-cong?, YI Tie-ci?,
SONG Xiao-ming?, LI Jian-ping®, HUANG Wei' (1.Department of Occupational and Environmental
Health, School of Public Health, Peking University, Beijing 100191, China; 2.Department of
Prevention and Health Care, Hospital of Health Science Center, Peking University, Beijing 100191,
China; 3.Division of Cardiology, Peking University First Hospital, Beijing 100034, China)

Abstract:

[Background] Air pollution has become a leading risk factor for cardiovascular diseases.
Increased blood pressure is one of the possible underlying pathways. However, the effects of
source-specific pollution remain incompletely understood.

[Objective] This study aims to explore the associations of blood pressure in healthy adults with
exposure to source-specific versus size-segregated ambient particles.

[Methods] Seventy-three healthy adults were recruited for a panel study and underwent four
repeated measurements from November 2014 to January 2016. Blood pressure and serum
levels of systemic inflammation markers hypersensitive C-reaction protein and homocysteine were
measured at each visit. Particle number concentrations of particles in size fractions of 5.6-560nm and
meteorological variables in the study area were collected. The sources were identified based on
PNCs 6560 including a total of 32 size distribution segments, using the positive matrix factorization
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method. Linear mixed-effect models were constructed to estimate the effects of exposure to ambient particles on blood pressure in
healthy adults after adjusting for selected confounders.

[Results] The five identified sources of ambient particles were gasoline vehicle emissions, aged vehicle emissions, nucleation, secondary
aerosols, and others based on hourly PNCs¢.se during the study period. The participants’ diastolic blood pressure was positively
associated with the exposure to the particles from secondary aerosols and aged vehicle emissions at moving average 1 and 2 days prior
to clinic visit (P<0.05). Significant increases (mean and 95% Cl) in diastolic blood pressure of 2.9(1.3-4.4) and 2.1(0.4-3.7) mmHg and 1.7
(0.1-3.4) and 2.9(0.6-5.1) mmHg were associated with an interquartile range increase in the number concentrations of particles from
secondary aerosols and aged vehicle emissions at moving average 1 and 2 days prior to clinic visit, respectively. Stronger associations
were found between particles and increased blood pressure in participants with body mass index equal to or over 25kg-m? and higher
levels of serum hypersensitive C-reaction protein and homocysteine.

[Conclusion] Acute exposure to particles from secondary aerosols and aged vehicle emissions may increase the diastolic blood pressure
in healthy adults, and ambient particles have a stronger effect on adults with overweight and a higher level of systemic inflammation.

Keywords: ambient particle; particle size; blood pressure; panel study; source apportionment
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Table 1 Descriptive statistics of ambient pollutants and meteorological factors in four visits during the study period

REFRMESREY M (P, Pr) o
Ambient pollutants and meteorological factors #S—x (Visit 1) % (Visit 2) =K (Visit 3) IR (Visit 4)
KL E# (Meteorological factor)
FHIE2L (Heat index) 0.9 (0.1, 2.7) 21.8 (17.5, 22.6) 17.0 (15.5, 22.3) -1.3 (-1.9, -0.8) 18.1
TERIZERBIRSTHIY) (Size-segregated particles)
PNCses0” 16249 (13071, 18090) 12522 (11845, 13824) 9244 (7266, 10044) 13733 (13153, 14350) 5878
PNCs1-100" 7601 (6910, 8791) 5072 (4251, 5390) 2738 (2608, 3125) 4610 (4070, 5713) 3791
PNCios0” 5752 (4202, 6538) 3250 (1748, 4300) 3231 (2303, 3599) 3728 (2458, 5326) 4433
REIFFEHASE ) (Source-specific particles)
SEHZEHERERL (Gasoline vehicle emissions) * 13504 (12027, 16731) 10045 (9385, 10798) 2826 (1146, 3268) 8375 (8161, 9433) 7097
ZANEHZEFHIL (Aged vehicle emissions) . 9488 (7869, 10848) 4787 (4111, 6383) 1101 (969, 1499) 2873 (2027, 4379) 5175
ZIEA TR (Nucleation) ™ 2170 (1403, 2653) 1532 (1226, 2315) 19876 (19031, 20528) 21287 (19804, 22055) 19128
ZREWI (Secondary aerosols) * 2921 (1674, 3651) 708 (216, 1258) 2927 (2320, 3315) 2990 (1942, 4196) 2041
Hfth (Others) 165 (82, 222) 11 (3, 1660) 765 (526, 993) 908 (377, 1356) 520

GE] * : BWIBUREE, 4> -cm”, [Note] *: Particle number concentration, particles-cm”.

R2 KSPRYEAS 1D /QR KRENAARIMENNTIHERE 95%C/
Table 2 Changes (mean and 95% Cl) in blood pressure of study subjects associated with per IQR increase in ambient particle number concentrations
1% /mmHg (Blood pressure)

VEES Y REMBEXRY/

Pollutants Moving average days e B3R L EIBK I AEE
Systolic blood pressure Diastolic blood pressure Central systolic blood pressure
FEKREEBIAS IR (Size-segregated particles)
PNCs.s0 1 -0.4 (-1.7~0.9) -0.1 (-1.2~1.3) -0.2 (-1.7~1.3)
2 0.0 (-1.6~1.6) -0.2 (-1.7~1.3) 1.3 (-0.6~3.1)
3 0.0 (-1.8~1.8) -0.1 (-1.8~1.6) 1.2 (-0.9~3.2)
5 0.4 (-2.0~2.7) -0.3 (-2.4~1.8) 1.8 (-0.874.3)
7 0.5 (-2.1~3.2) -0.9 (-3.2~1.4) 2.6 (-0.3~5.5)
PNCsi-100 1 1.1 (-0.3~2.6) 1.2 (-0.0~2.6) 1.9 (0.3~3.5) "
2 0.5 (-1.5~2.5) 23(0.574.1) " 1.2 (-1.1~3.4)
3 0.6 (-2.1~3.4) 1.8 (-0.6™4.3) 0.8 (-2.3~3.8)
5 2.0 (-1.1~5.2) 1.1 (-1.7~4.0) 2.0 (-1.5~5.5)
7 2.4 (-1.4~6.1) 2.2 (-1.1~5.6) 1.6 (-2.6~5.7)
PNCiot-s60 1 1.2 (-0.2~2.5) 1.6 (0.3~2.8) " 1.4 (-0.1~2.9)
2 0.2 (-1.5~2.0) 1.6 (0.2~3.1) 0.4 (-1.5~2.2)
3 0.2 (-1.8~2.2) 1.0 (-0.7~2.8) 0.4 (-1.8~2.5)
5 1.1 (-1.5~3..6) 1.2 (-1.1~3.4) 2.0 (-0.8~4.8)
7 0.9 (-2.2~3.9) 2.4 (-0.3~5.1) 1.2 (-2.2~4.5)
REIFBEHASEHIY (Source-specific particles)
SURZEHRE KL (Gasoline vehicle emissions) 1 0.2 (-1.3~1.6) 0.4 (-0.9~1.7) 0.4 (-0.8~1.6)
2 0.4 (-1.6~2.4) 0.3 (-1.5~2.1) 0.9 (-0.7~2.6)
3 -0.6 (-3.0~1.9) -0.1 (-2.3~2.1) 0.5 (-1.6~2.6)
5 -0.1 (-3.22.9) -0.5 (-3.22.2) 1.2 (-1.4~3.9)
7 1.1 (-2.3~4.6) -1.4 (-4.5~1.7) 2.8 (-0.3~5.8)
ZIEASERL (Nucleation) 1 -11.6 (-22.3~-0.9) -6.6 (-16.3~3.2) -2.0 (-11.3~7.3)
2 -7.9 (-19.7~3.8) -6.0 (-16.5~4.5) 6.7 (-3.4~16.8)
3 -4.2 (-17.5~9.1) -2.1 (-13.9~9.8) 7.6 (-3.8~19.0)
5 -5.8 (-22.4~10.8) -3.3 (-18.0~11.5) 8.7 (-5.4~22.8)
7 -7.1 (-24.7~10.5) -12.1 (-27.7~3.5) 13.2 (-1.8~28.2)
ZREkI (Secondary aerosols) 1 1.7 (-0.1~3.4) 29(1.3~4.4)" -0.4 (-2.0~1.2)
2 0.6 (-1.3~2.5) 2.1(0.4~3.7) " -0.9 (-2.5~0.7)
3 1.0 (-1.2~3.2) 1.6 (-0.4~3.6) -0.6 (-2.5~1.3)
5 2.2 (-0.6~5.0) 1.2 (-1.2~3.7) 1.1 (-1.2~3.4)
7 2.2 (-0.9~5.3) 2.6 (-0.2~5.3) 0.6 (-2.1~3.3)
Z M EhZEEHRL (Aged vehicle emissions) 1 1.4 (-0.5~3.3) 1.7 (0.1~3.4) ° 0.6 (-1.0~2.2)
2 0.6 (-1.9~3.1) 2.9 (0.6~5.1) ° -0.4 (-2.5~1.7)
3 1.1 (-2.3~4.6) 2.4 (-0.6~5.5) -0.1 (-3.1~2.9)
5 2.9 (-1.2~7.0) 1.8 (-1.9~5.5) 1.7 (-2.1~5.5)
7 2.9 (-1.8~7.7) 3.7 (-0.5~7.9) 0.1 (-4.4~4.6)

UE] FMIBLMESMURRHITOMN, REDFEMER. Fi. sMI FEEBLL. FEin B HOM I BAEEE; « © P<0.05

[Note] Linear mixed-effect models are used to analyze the data, adjusting for sex, age, BMI, waist-to-hip ratio, month of visit, and heat index of same day. *: P<0.05.
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[Note] Linear mixed-effect models are used to analyze the data, adjusting for sex, age, BMI, waist-to-hip Ratio, month of visit, and heat index of same day.
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Figure 2 Changes in diastolic blood pressure (mean and 95% C/) per IQR increase of particle number concentrations of subjects
with different characteristics
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