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Guidelines for the prevention and management of
cardiovascular disease associated with fine dust/
Asian dust exposure
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Medicine, Seoul; °Department of Preventive Medicine, Yonsei University College of Medicine, Seoul, Korea

Epidemiological studies have demonstrated an increased risk for cardiovascular events in relation to both short- and
long-term exposure to ambient particulate matter (PM). Several plausible mechanistic pathways have been described,
including an enhanced propensity for arrhythmias, systemic inflammatory responses, and the chronic promotion of
atherosclerosis. On the basis of this review, several new findings were reached, including the following: exposure
to PM including PM <2.5 um in diameter can trigger cardiovascular disease-related mortality; longer-term exposure
(e.g., a few years) increases the risk for cardiovascular mortality; reductions in PM levels are associated with decreases
in cardiovascular mortality within a period as short as a few years; and many credible pathological mechanisms have
been elucidated that lend biological plausibility to these findings. It is the opinion of the writing group that the overall
evidence is consistent with a causal relationship between PM exposure and cardiovascular morbidity and mortality.
Finally, PM exposure is deemed a modifiable factor that contributes to cardiovascular morbidity and mortality. The
purpose of this statement is to develop evidence-based practical guidelines for healthcare professionals and regulatory
agencies with a comprehensive review of the literature on air pollution and cardiovascular disease and a specific focus
on the clinical implications.
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Figure 1. Particle size distribution constitutes particulate matter air pollution [2]. RBC, red blood cell; PM;,
particulate matter <10 pm in diameter; PM,.,5, particulate matter 2.5 to 10 pym in diameter; PM, s, particulate

matter <2.5 pym in diameter; PMy;, particulate matter <0.1 pym in diameter.
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Figure 2. Three biophysiological pathways related with PM exposure [2]. These pathways shows pathophysi-
ological mechanism of cardio-vascular diseases after PM exposure. Pathway 1: release of pro-inflammatory
cytokines or cells originated from bronchioles/ alveoli (ex, cytokines, activated immunological cells, or platelets)
or vasoactive molecules (ex, histamine). Pathway 2: particular interactions with pulmonary receptors and nerv-
ous systems that results systemic disturbances manifested as imbalance of ANS or arrhythmogenic potentials.
Pathway 3: transmission of PM, UFP or particles (organic/inorganic compounds) into blood stream and sys-
temic spread. PM, particulate matter; ANS, autonomic nervous system; MPO, myeloperoxidase; PAI, plasmino-
gen activator inhibitor; PSNS, parasympathetic nervous system; SNS, sympathetic nervous system; UFP, ultrafine

Cellular inflammatory response ( I activated WBGs, platelets, MPO)
1 Cytokine expresson/levels ( T IL-18, IL-6, TNF-a)
? 1 ET, histamine, cell microparticles, oxidized lipids; | anti-oxidants

|

Acute phase response

L:Jdif"k‘f‘e.s 1 Clotting factors
(PAJ, resistin) Fibrinogen, CRP
Activated or Activated or
inflamed fat inflamed liver
Direct actions

Vasculature Endothelial cell dysfunction/vasoconstriction, 1 ROS
therosclerosis progression/plaque vulnerability
1 Thrombogenecity (e.g. tissue factor)
Metabolism Insulin resistance, dyslipidemia, impaired HDL fuction
Blood 1 Coagulation, thrombosis; | fibrinolysis (e.g. PA1-1)

2 913 91714 b =2k Aolct, of
ANS A e el dlogel o2 3
ey ST ATES ReFs o
EL D Al gl ojze UWIUJ
A FY T 5 ARE ool AleEE A
ANS imbalance /;_10 @%L—S‘]"E‘ %‘E‘%O] %—ZHZE]"‘%‘ 1/]‘
T ] _
Epuich TR Sk, 2AASIE 241
Vasculature iq‘ 715]”1% tﬂ%&‘ A g%‘_}—&]\ 3 T—]‘%‘% E/i‘?:bg
Vasoconstriction _
Endothelial dysfunction ‘6‘]—31_:_ %4 —]7} ]‘4— .E.Z]—/%]%_]—?ﬁl _,_,_/\foﬂ
I\TleBl:'aI-mediated ROS
o A, 5 Gt ZAL o) AsRAEY
1 Platelet ti - -
oy S 2 A % 22 0, FWs ol
| HRV -
T Heart rate E‘l = 01—7513):}”%‘0 ‘l?‘l?—_!‘ %37—} ZE‘—O] —1/\9‘1
T Arrhythmia potential . .
GAEo| A1 Q] reactive oxygen species
oz AR det DAl A
St gelehd, MEe ATEe
T A] Flo] 37kA] dRtA el “Ft”
25Z ol AgaA # & F=

o =
& U 5 Yokt 8ol Al
o

particles; WBC, white blood cell; IL, interleukin; TNF, tumor necrosis factor; ROS, reactive oxygen species; BP, )J]\]:]—‘E‘ H]—O]D}(Figure 2) [2]

blood pressure; CRP, C-reactive protein; HRV, heart rate variability; HDL, high-density lipoprotein; PAI, plasmino-
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Table 3. Cohort studies about relationships between PM, s and overall mortalities [2]

Study Increases in mortality by increment of 10 pg/m’ of PMzs, % (95% CI)
Studi . Follow-up C lled variabl
tudies size duration ontrolled variables All-cause Cardio-pulmonary  Cardiovas-  Ischemic heart
(10,000) mortality disease cular disease disease
Harvard six cities, original 0.8 1974-1991 Individual 13 (4.2 t0 23) 18 (6.0 t0 32)
(Dockery et al., 1993 [38]) (smoking-+others)
Harvard six cities 0.8 1974-1991 Individual 14 (5.4 to 23) 19 (6.5 to 33)
(Krewski et al., 2004 [39]) (smoking-+others)
Harvard six cities, extended 0.8 1974-1998 Individual 16 (7 to 26) 28 (13 to 44)
(Laden et al., 2006 [40]) (smoking-+others)
Six cities Medicare study 34 2000-2002 Individual (age, sex) 21 (1510 27)
(Eftimet al., 2008 [41])
ACS cohort 50 1982-1989 Individual 6.6 (3.51t09.8) 12 (6.7t0 17)
(Pope et al., 1995 [42]) (smoking+others)
ACS cohort 50 1982-1989 Individual 7.0(3.9t0 10) 12(74t017) 13(8.11t018)
(Krewski et al., 2004 [39]) (smoking+others)
+ecological
ACS cohort, extended | (Pope 50 1982-1998 Individual 6.2(1.6t0 11) 93(3.3t016) 12(8to15)
etal.,, 2002 [44], 2004 [43]) (smoking-+others)
ACS cohort, extended Il 50 1982-2000 Individual 5.6(3.5t07.8) 13(9.5t0 16) 18 (14 to 23)
(Krewski et al., 2009 [45]) (smoking+others)
+ecological
ACS Medicare study 733 2000-2002 Individual (age, 11 (9to 13) 24 (20 to 29)
(Eftim et al., 2008 [41]) sex)-+ecological+COPD
US Medicare study 1,320 2000-2005 Individual (age, sex) 6.8 (4.9108.7),
(Zeger et al., 2008 [46]) +ecological + COPD 13(9.5t0 17),
-1.1(-3100.8)
Women’s health 6.6 1994-2002 Individual 76 (25to 147),
(Miller et al., 2007 [47]) (smoking+others) 24 (910 41)
Nurses’ health 6.6 1992-2002 Individual 7.0(-3.0t0 18) 30(0to71)
(Puett et al., 2008 [48]) (smoking+others)
+ecological
VA hypertensive men study 3 1997-2001 Individual 6 (-6 to 22)
(Lipfert et al., 2006 [49]) (smoking+others)
+ecological
11 CA counties, elderly 3.6 1973-2002 Individual 4(1t07),
(Enstrom et al., 2005 [50]) (smoking-+others) 1(-0.6 10 2.6)
+ecological
German female study 0.5 1980s-2003 Individual smoking and 12 (-8 to 38) 52(9to 115)
(Gehring et al., 2006 [51]) socioeconomic status
Oslo, Norway, metro 14 1992-1998 Individual age, 10 (5to 16)
(Naess et al., 2007 [52]) occupational dlass, 14(610 21),
education 5(1108)
3(0-5)
Dutch cohort study 12 1987-1996 Individual 6(-3~16) 4(-10~21)
(Beelen et al., 2008 [53]) (smoking+others)
+ecological
Great Britain study 66 1966-1998 Socioeconomic status 1.3(1.0-1.6) 1.7(1.3-2.2) 1.2(0.7-1.7)

(Elliott et al., 2007 [54])

PM, 5, particulate matter <2.5 um in diameter; Cl, confidence interval; ACS, American cancer society; COPD, chronic obstructive pulmonary disease; VA, veterans affairs; CA,
California.
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Figure 3. Cohort studies of risks by 10 ug/m? of PM, s or PM,, incremental [2,42,47-54,56-58]. PM, s, particulate matter <2.5 um in diameter; PM,,, particulate matter
<10 pm in diameter; CPD, cardio-pulmonary disease; Cl, confidence interval; CVD, cardio-vascular disease; IHD, ischemic heart disease; ACS, American Cancer Society;
LA, Los Angeles; AHSMOG, Adventist Health Study of Smog; VA, veterans affairs; CA, California; PAARC, pollution atmospherique et affections respiratoires chroniques.
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Appendix 1. Guidelines for the prevention and management of cardiovascular /cerebrovascular disease associated with particulate matter/ Asian
dust air pollution (for patient)

1. OJMHXIt ZHAL, Of2HA] IRBILICE

= .
A R HES S o - HERTERC| BYE TS ASZ 4 AGUCE DI 712t =ExH,

o1 o S , o O 2= 21
NN S s Bl ARBS 30 80 T £718 4 94T
. Al R0 of5t SNl

— PRl o - et [ReIS0l tiet MES Xzt 7K et
LR BAER AN S SMESS S0{0F FuTh

2 S=2 A5ty | Mol of7 [2HANE S0 |X|(www.airkorea.or kNS Esff O|MHX| Sigt 2 7|20 HEE SiQlstn O|MHA| SEI} 50 A7t L=
=

0l
pr

-+ OIMPR 2SE0] LIS T TS LY A9 SE0/0], 'UE KRS S| Mej7} EX| 02 P Folshof BiLICt

- U 19% STt &S ARIHEER AIZHS) © BARIZ, B S)0| ASS 715 F0/n, 13 4 Gl B0 2 YE walo] HES MeslEE (e )|
2= 271 ) Hostc

- 3912 fn Saln| 7K &9 T8 AN

o
HO
mjo

280 58 xR Suaw oqécd% RMISHR, Ofe! ool Offl/SEITE TE 4 YIckEt 2ol X OINIAHES RAsh
=
=

230}
- t712¢ +&0] =O0f E'LHOHM "oié Al E\" 740. *'I—H 7| ey M%O\ EEO\ 2 4 UFLCHE, 37| &7 HHQ HAaot A=2 HIIMo= HAIGIMOF
Lo,
— HUiolME 2§ YIS nafctod 20| ERsin, AolQl th7[2F0l =X| QIiH 71gA X5 &715 AL,
— 22| Al Z0IMEXIPM.)7t 55182, 22| Aoz 72X 2715 O X5 ot A4S Eaguch
— OlM2HX|et 2ot o= ofii= oFx YISE 20| glolt, gital Suprt QL= 40120 Atst AE|A
X Zoti, 37| wetg AlTtefez HX|o &2 o 2otk= B

— DtAS = LRO0IM DIMEX| =55 £0

OJMIEX|/2IAt Zi2ms offet 2 x|zl Asas 1059



