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Abstract 
BACKGROUND: Some experimental studies revealed that exposure to air pollution increases the expression of tissue fac-
tor (TF) in atherosclerotic lesions. We aimed to investigate the role of TF +5466A>G (rs3917643) polymorphism in the 
association of air pollution on serum levels of TF as a biomarker of vascular injury in children. 

METHODS: This cross-sectional study was conducted among 110 children, consisting of 58 (52.8%) girls and 52 
(47.2%) boys with a mean age of 12.7 + 2.3 years, living in Isfahan, Iran. Enzyme-linked immunosorbent assay were 
used for measurement of serum TF. Genotype of +5466A>G (rs3917643) polymorphism was determined by the poly-
merase chain reaction–restriction length fragment polymorphism (PCR–RFLP) method. 

RESULTS: We identified 2 individuals with +5466AG genotype and 108 homozygous for the +5466A allele (no 
+5466GG homozygotes). The mean pollution standards index (PSI) value was at moderate level, the mean particular 
matter measuring up to 10 µm (PM10) was more than twice the normal level. Multiple linear regression analysis showed 
that after adjustment for confounding factors (weight status, dietary and physical activity pattern), serum TF level had 
significant relationship with PSI (beta: 0.55, SE: 0.07, p<0.000) and PM10 (beta: 0.51, SE: 0.03, p=0.001). 

CONCLUSIONS: In spite of similar genetic polymorphism of TF, air pollutants might have an independent association 
with systemic inflammatory and coagulation responses. The harmful effects of air pollutants on the first stages of athe-
rosclerosis in the pediatric age group should be underscored in primordial and primary prevention of chronic diseases. 
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 growing body of evidence supports 
the adverse effects of air pollution on 
the cardiovascular system and the 

progress of atherosclerosis 1-3 even from early 
life.4 The underlying mechanisms remain to be 

determined. The blood vessel endothelium is a 
sensitive target for air pollutants.5  
Some experimental studies showed that A 
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pulmonary exposure to the particulate matter 
(PM) enhances atherogenesis.6-8 Seaton has 
proposed that inhaled particles might increase 
pulmonary inflammation, possibly penetrate 
into the bloodstream, interact with platelets, 
and increase the level of blood coagulability.9 

Various experimental studies showed that ex-
posure to ultrafine PM increases expression of 
tissue factor (TF) in atherosclerotic lesions. 
During acute inflammatory states, the procoa-
gulant response is characterized by increased 
cellular expression of TF, the physiological 
starter of coagulation. In chronic inflammatory 
diseases, including atherosclerosis, increased 
expression of TF and reduced anticoagulant 
activity, which may in turn stimulate throm-
bogenicity, have been documented.10-14 

TF is well-known as a key initiator of coagula-
tion, and is considered to have a pivotal role in 
atherothrombosis. In the normal vessel, TF is 
constitutively expressed in adventitial fibrob-
lasts and at low levels in scattered cells in the 
tunica media. TF expression can be induced in 
both vascular and non-vascular cells by nu-
merous pro-atherogenic stimuli. In atheroscle-
rotic vessels, enhanced TF expression is defi-
nitely observed in vascular smooth muscle 
cells, monocytes/macrophages, foam cells and 
endothelial cells. Moreover, important non-
hemostatic functions of TF in inflammation, 
cell migration and proliferation have been do-
cumented. Thus, TF has a crucial role not only 
in the late stage of thrombotic events, but also 
in early stages of atherosclerosis. The involve-
ment of TF in these processes is modulated by 
genetic aspects influencing TF expression and 
activity.1,2,10-14 

For the first time, we documented significant 
association of air pollutants with serum TF 
level in children and adolescents. This associa-
tion was independent of anthropometric 
measures and lifestyle habits,15 but considering 
the main interactions of environmental and 
genetic determinants in the expression of the 
systemic risk factors, the documented associa-
tion of air pollutants with TF level might have 
been affected by the aforementioned genetic 
factors influencing TF expression and activity.  

Malarstig et al. demonstrated that the TF 
+5466A>G (rs3917643) polymorphism may 
predict cardiovascular mortality in patients 
with acute coronary syndrome. While +5466G 
is found to associate with lower TF mRNA and 
basal TF activity in unstimulated monocytes 
from healthy donors, TF activity under lipopo-
lisaccharide stimulation is shown to be two-
fold higher in the +5466G allele carriers; this 
might provide a potential mechanism for the 
clinical association.16 The +5466G allele has a 
low frequency, and the minor allele of TF 
+5466A>G polymorphism is predominantly 
present in the heterozygous form; minor ho-
mozygous (+5466GG) genotype occurs infre-
quently. According to the Hardy Weinberg 
equilibrium, an assumed minor allele (+5466G) 
frequency of 7% would give an expected pre-
valence of the minor homozygote (+5466GG). 
Therefore, the TF +5466A>G polymorphism 
can only be analyzed using a dominant genetic 
model, even if thousands of subjects are being 
studied.17-18  
Studying the effects of environmental factors 
on early life, before the process of aging and its 
related factors would affect the process of 
atherosclerosis, would reduce the confounders, 
and may help identify the underlying mechan-
isms, thus we conducted this study among a 
sample of children and adolescents. The cur-
rent study aimed to investigate the role of TF 
+5466A>G (rs3917643) polymorphism in the 
association of air pollution on serum levels of 
TF as a biomarker of vascular injury in child-
ren and adolescents.  

Methods 
We have explained the full methodology of 
this study elsewhere,15 and here we report it in 
brief with focusing on its genetic aspects, not 
reported previously.  
 
Participants 
This cross-sectional study was conducted 
from November 2009 to February 2010 among 
125 children and adolescents living in Isfahan, 
which is the second large and air-polluted city 
in Iran. The study was approved in the Re-
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search Council & Ethics Committee of the 
School of Medicine, Isfahan University of 
Medical Sciences, Isfahan, Iran. It was con-
ducted after obtaining written informed con-
sent from the parents and oral assent from 
participants. The eligibility criteria were being 
aged 10 to 18 years, living for at least 6 
months in areas of the city which had air pol-
lution measurement stations, and location of 
homes and schools in the same area and less 
than 1 kilometer far from these stations. Those 
individuals who had a history of active or 
passive smoking, chronic disease, long-term 
medication use, or a history of acute infec-
tious diseases in the past two weeks were not 
included in the study.  
 

Study area  
Isfahan is an industrial city with a population 
of 1894382, located in the center of Iranian pla-
teau, with an average altitude of 1500 m from 
the sea level bounded by NW-SE mountain 
range of 3000 m. The air of this city is predo-
minantly affected by industrial emissions and 
motor traffic.19-20 

 

Laboratory methods 
While one of the parents accompanied his or 
her child, blood samples were taken from the 
ante-cubital vein, and were assayed and ana-
lyzed in the laboratory of the Applied Physiol-
ogy Research Center affiliated to Isfahan Uni-
versity of Medical Sciences. 
 

a. Genotyping methods 
Genomic DNA was extracted using blood mini 
kit (DNP kit, CinnaGen, Iran) from whole pe-
ripheral blood leukocytes collected into ethy-
lene diamine tetra acetic acid (EDTA) tubes 
and stored at -20oC. Genotype of +5466A>G 
(rs3917643) polymorphism was determined by 
polymerase chain reaction–restriction length 
fragment polymorphism (PCR–RFLP) method. 
The TF gene region surrounding +5466A>G 
polymorphism was amplified using ATG CAG 
TCA CTG TGC TGA GGA/GGC AAA TTA 
CAG AGC CAT CC primer pair. PCR was run 
under standard conditions using Taq DNA po-

lymerase (Cinna Gen, Iran), at annealing tem-
perature of 58DC. The underlined nucleotide 
introduced digestion site for HinfI (Fermentas 
UAB, Vilnius Lithuania) restriction endonuc-
lease. Restriction fragments were separated by 
2.5% agarose gel electrophoresis. Because mi-
nor allele (+5466G) was expected to be found 
mostly in a heterozygous form, the amplicon 
was designed to contain an additional, consti-
tutive HinfI restriction site as a digestion reac-
tion positive control. Therefore, allele-specific 
HinfI restriction product lengths were either 
170/39 (+5466A allele) or 149/39/21 bps 
(+5466G allele). 
 

b. Serum TF measurement 
The enzyme-linked immunosorbent assay 
(ELISA) kits (R & D systems, USA) were used 
for measurement of serum TF according to the 
manufacturer instruction.  
 

Air Pollution data 
Data from 5 air pollution measurement sta-
tions in Isfahan city were recorded daily for 
the 7 days prior to blood sampling from partic-
ipants. Daily data pertaining to main air pollu-
tants, i.e., sulfur dioxide (SO2), ozone (O3), 
PM10, nitrogen dioxide (NO2) and carbon mo-
noxide (CO) as well as the Pollutant Standards 
Index (PSI) were recorded. The mean values of 
seven 24-hour means of air pollutants and PSI 
were considered for statistical analysis. 
 

Statistical analysis 
Analyses were initially stratified by gender, 
but as the differences were not significant, 
results are presented for girls and boys com-
bined. We used log-transformed concentra-
tions of variables to achieve normal distribu-
tions. The associations between air pollutants 
and serum TF were assessed by multiple li-
near regression after adjustment for age, 
gender, body mass index, as well as dietary 
and physical activity pattern, as described 
before [15]. SPSS for Windows (version 15:0, 
SPSS Inc., Chicago, IL) was used for data 
analysis. The significance level was set at 
p<0.05. 
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Results 
Of the125 participants, 118 serum specimens 
were available for measuring TF, and 110 
whole blood samples for genotyping. Here, we 
report the findings of the latter group having 
the results of the genetic study.  
 The study participants consisted of 58 
(52.8%) girls and 52 (47.2%) boys with a mean 
age of 12.7 + 2.3 years. The mean (SD) of va-
riables studied is presented in Table 1. It shows 
moderate levels of mean PSI, i.e., an inappro-
priate level for sensitive groups. Mean levels of 
ozone (O3), nitrogen dioxide (NO2) and sulfur 
dioxide (SO2) were higher than acceptable val-
ues, which are presented in the table's foot-
note. The mean PM10 level was remarkably 
high, reaching more than twice the normal lev-
el (120.48 vs. 50 �g/m3). 
 Multiple linear regression analysis showed 
that after adjustment for confounding factors, 
i.e., weight status, dietary and physical activity 
pattern,15 serum TF level had significant rela-
tionship with PSI [beta: 0.55, standard error 
(SE): 0.07, p<0.0001] and PM10 (beta: 0.51, 
SE:0.03, p=0.001). 
 Genotyping identified 2 subjects with 
+5466AG genotype and 108 subjects, homo-
zygous for the +5466A allele (no +5466GG ho-
mozygotes). Genotype distribution did not dif-
fer significantly from that predicted by the 
Hardy–Weinberg equilibrium law. Figure 1 

presents the results of agarose gel electropho-
resis of TF 5466A>G mutation amplification 
and restriction enzyme digests products. Be-
cause the polymorphism was found only in 
two participants, the plasma concentrations of 
TF were not comparable between +5466AG 
carriers and those with +5466AA genotype. 

Discussion 
In this study, which to the best of our know-
ledge is the first of its kind in the pediatric age 
group, we examined whether the TF 
+5466A>G polymorphism modified the associ-
ation of air pollution with serum levels of TF, 
as a biomarker of vascular injury. While sever-
al prior studies have explored genetic determi-
nants of systemic risk factors of atherosclerosis, 
relatively few have examined genes active in 
the blood cells and vessel wall. 
 The few studies that are available suggest 
that polymorphisms of genes specially ex-
pressed in the vasculature such as eNOS and 
matrix metalloproteinase may play an impor-
tant role in the severity of vascular disease.21-25 

TF is one of the key procoagulatory mediators, 
which could be expressed by a dysfunctional 
endothelium associated with the atherosclerot-
ic process. Plasma concentrations of TF are 
higher in patients with atherosclerotic cardi-
ovascular diseases than in healthy controls.13 
Some epidemiological studies have 

 
Table 1. Mean (SD) of variables studied 

Variables Mean (SD) 
Age (years) 12.8 (2.3) 
Body mass index (Kg/m2) 20.6 (3.3) 
Tissue factor (pg/ml) 0.7 (0.1) 
Pollutant standard index 74.6 (30.3) 
Air pollutants  
PM10 (µg/m3 ) 120.4 (62.8) 
CO (ppm) 3.9 (2.5) 
SO2 (ppb) 43.7 (30.5) 
NO2 (ppb) 59.3 (35.5) 
O3 (ppb) 33.6 (10.2) 

SD: standard deviation; PM10: particular matter 10 (acceptable level: 50 µg/m3); CO: carbon monoxide (acceptable lev-
el: 9ppm); SO2: sulfur dioxide (acceptable level: 0.03 ppb); NO2: nitrogen dioxide (acceptable level: 0.05 ppb); O3: 
ozone (acceptable level: 0.08 ppb);PSI; pollution standards index (0-50: Good; 51-100: Moderate; 101-199: Unhealth-
ful; 200-299: Very unhealthful ;> 300: Hazardous) 
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Figure 1. Agarose gel electrophoresis of TF 5466A>G mutation amplification and restriction en-
zyme digests products. Lane 1, 2, 3, and 5: TF 5466A>G mutation product without digestion of 

restriction enzyme. Lane 4: AA Genotype. Lane 6: AG Genotype. 

 
investigated the plasma levels of several 
coagulation factors as potential mediators of 
air pollution-related hypercoagulability. 
Coagulation factors such as FVII and 
fibrinogen, which are part of the acute-phase 
responses mediated by cytokines released 
during inflammatory reactions, increase after 
short-term exposure to particles.26,27 

 Since TF +5466A>G polymorphism has 
comparatively low frequency, the minor allele 
of TF +5466A>G polymorphism is mainly ex-
ist in the heterozygous form, and minor ho-
mozygous (+5466GG) genotype occurs quite 
infrequently; according to the Hardy–
Weinberg equilibrium, the TF +5466A>G po-
lymorphism can only be analyzed using a 
dominant genetic model (for +5466G allele; 
AA vs. AG+GG),16,28 even if large number of 
individuals are to be studied.16 There is no 
explicit observations on homozygotes with 
the +5466GG genotype and its possible asso-
ciation with vascular diseases. 
 Some previous study investigated the role 
of TF +5466A>G polymorphism in vascular 
diseases or its complication. TF +5466A>G 

(rs3917643) polymorphism may predict cardi-
ovascular mortality in acute coronary syn-
drome patients. Despite the lower basal TF ac-
tivity in unstimulated monocytes from healthy 
+5466G allele carriers, they have increased 
monocyte TF activity under lipopolysaccharide 
stimulation, which might provide a potential 
mechanistic link for the clinical observation.16 
Moreover, it is found that this polymorphism 
modulates thrombin generation initiated by 
vascular injury in patients with ischemic heart 
disease.28  
 Although the links between the role of TF 
+5466A>G polymorphism and increased risk 
of vascular disease are well-documented, the 
results of our study suggest that in spite of 
similar genetic background, exposure to air 
pollutants had an independent association 
with serum TF level. 
 Given the strong association of PM with 
atherosclerosis, the empirical pattern of PM 
mortality associations is more consistent with 
the inflammation/accelerated atherosclerosis 
hypothesis. The association of PM-induced 
low-grade inflammation with increased risk of 
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atherosclerotic events is supported by studies 
showing the relationship of PM exposure with 
elevated levels of C-reactive protein, inflamma-
tory pulmonary injury, enhanced production of 
proinflammatory cytokines by human alveolar 
macrophages, bone marrow and blood cell 
reactions, blood viscosity, platelet aggregation, 
endothelial dysfunction and brachial artery 
vasoconstriction.29-37  
 Given that these associations are not limited 
to adults, and are also documented in adoles-
cents38,39 and young adults,40 the harmful ef-
fects of air pollution should be considered as a 
health priority for children and adolescents. 
 

Study limitations& strengths 
The findings of this study should be consi-
dered with its limitations. Similar to other eco-
logical studies, this study is limited by the lack 
of exact exposure estimates. As the study was 
conducted with a cross-sectional design, cause-
effect relations cannot be concluded. The exist-
ing equipment in monitoring stations was un-
able to measure PM2.5; however, we found sig-
nificant association of larger particle (PM10) 
with biomarkers studied. In this study, system-

ic biomarkers were measured; assessment of 
broncho-alveolar lavage may reveal more spe-
cific results.  
 The strengths of this study are mainly its 
novelty in the pediatric age group, its popula-
tion-based design and assessment of genetic 
polymorphism in addition to confounding fac-
tors for studying independent association of 
surrogate markers of endothelial dysfunction 
with air pollutants. 

Conclusion  
By studying genetic polymorphisms and ad-
justment for confounding factors as weight sta-
tus and lifestyle behaviors, this study suggests 
an independent association of air pollutants 
with systemic inflammatory and coagulation 

responses. These changes in blood markers 
could represent additional risk factors, which 
in susceptible individuals, could increase the 
likelihood of serious arterial vascular throm-
botic events on exposure to high levels of air 

pollutants. The effects of air pollution on the 
first stages of atherosclerosis in children and 
adolescents should be confirmed in longitu-
dinal studies. 

 

Conflict of Interests 
Authors have no conflict of interests. 

Authors' Contributions 
PP, RK, and FM designed the study; PP, RK, FM, AL, MMA, AL, LF, and SHJ collected and 
analyzed the data; and PP, RK, and SHJ prepared and wrote the manuscript. All authors 
confirmed the content of the manuscript. 
 
 

References 
1. Brook RD, Rajagopalan S, Pope CA, III, Brook JR, Bhatnagar A, Diez-Roux AV, et al. Particulate matter air 

pollution and cardiovascular disease: An update to the scientific statement from the American Heart Association. 
Circulation 2010; 121(21): 2331-78. 

2. Franchini M, Mannucci PM. Short-term effects of air pollution on cardiovascular diseases: outcomes and 
mechanisms. J Thromb Haemost 2007; 5(11): 2169-74. 

3. Peel JL, Metzger KB, Klein M, Flanders WD, Mulholland JA, Tolbert PE. Ambient air pollution and cardiovascular 
emergency department visits in potentially sensitive groups. Am J Epidemiol 2007; 165(6): 625-33. 

4. Kelishadi R, Poursafa P. Air pollution and non-respiratory health hazards for children. Arch Med Sci 2010; 
6(4): 483-95. 

5. Schneider A, Neas L, Herbst MC, Case M, Williams RW, Cascio W, et al. Endothelial dysfunction: associations 
with exposure to ambient fine particles in diabetic individuals. Environ Health Perspect 2008; 116(12): 1666-74. 

www.mui.ac.ir

http://www.mui.ac.ir


Air pollution and tissue factor Poursafa et al 
 

JRMS/ June 2011; Vol 16, No 6. 739 

6. Miller MR, McLean SG, Duffin R, Shaw CA, Mills NL, Donaldson K, et al. BAS/BSCR27 Diesel exhaust particles 
promote atherosclerosis in apolipoprotein E-deficient mice. Heart 2010; 96(17): e20. 

7. Li R, Ning Z, Majumdar R, Cui J, Takabe W, Jen N, et al. Ultrafine particles from diesel vehicle emissions at 
different driving cycles induce differential vascular pro-inflammatory responses: implication of chemical 
components and NF-kappaB signaling. Part Fibre Toxicol 2010; 7: 6. 

8. Van der PT, Levi M, Hack CE, ten Cate H, van Deventer SJ, Eerenberg AJ, et al. Elimination of interleukin 6 
attenuates coagulation activation in experimental endotoxemia in chimpanzees. J Exp Med 1994; 179(4): 1253-9. 

9. Seaton A, MacNee W, Donaldson K, Godden D. Particulate air pollution and acute health effects. Lancet 1995; 
345(8943): 176-8. 

10. Levi M, van der PT. Two-way interactions between inflammation and coagulation. Trends Cardiovasc Med 2005; 
15(7): 254-9. 

11. Falati S, Liu Q, Gross P, Merrill-Skoloff G, Chou J, Vandendries E, et al. Accumulation of tissue factor into 
developing thrombi in vivo is dependent upon microparticle P-selectin glycoprotein ligand 1 and platelet P-selectin. 
J Exp Med 2003; 197(11): 1585-98. 

12. Steffel J, Luscher TF, Tanner FC. Tissue factor in cardiovascular diseases: molecular mechanisms and clinical 
implications. Circulation 2006; 113(5): 722-31. 

13. Mackman N. Role of tissue factor in hemostasis, thrombosis, and vascular development. Arterioscler Thromb Vasc 
Biol 2004; 24(6): 1015-22. 

14. Versteeg HH, Ruf W. Emerging insights in tissue factor-dependent signaling events. Semin Thromb Hemost 2006; 
32(1): 24-32. 

15. Poursafa P, Kelishadi R, Lahijanzadeh A, Modaresi M, Javanmard SH, Assari R, et al. The relationship of air 
pollution and surrogate markers of endothelial dysfunction in a population-based sample of children. BMC Public 
Health 2011; 11: 115. 

16. Malarstig A, Tenno T, Johnston N, Lagerqvist B, Axelsson T, Syvanen AC, et al. Genetic variations in the tissue 
factor gene are associated with clinical outcome in acute coronary syndrome and expression levels in human 
monocytes. Arterioscler Thromb Vasc Biol 2005; 25(12): 2667-72. 

17. Marsik C, Endler G, Halama T, Schlifke I, Mustafa S, Hysjulien JL, et al. Polymorphism in the tissue factor region 
is associated with basal but not endotoxin-induced tissue factor-mRNA levels in leukocytes. J Thromb Haemost 
2006; 4(4): 745-9. 

18. Terry CM, Kling SJ, Cheang KI, Hoidal JR, Rodgers GM. Polymorphisms in the 5'-UTR of the tissue factor gene 
are associated with altered expression in human endothelial cells. J Thromb Haemost 2004; 2(8): 1351-8. 

19. Talebi SM, Tavakoli Ghinani T. Levels of PM10 and its chemical composition in the atmosphere of the city of 
Isfahan. Ir J Chem Engin 2008; 5(3): 62-7. 

20. Modarres R, Khosravi Dehkordi A. Daily air pollution time series analysis of Isfahan City. Int J Environ Sci Tech 
2011; 2(3): 259-67. 

21. Cooke JP, Dzau VJ. Nitric oxide synthase: role in the genesis of vascular disease. Annu Rev Med 1997; 48: 489-509. 
22. Leeson CP, Hingorani AD, Mullen MJ, Jeerooburkhan N, Kattenhorn M, Cole TJ, et al. Glu298Asp endothelial 

nitric oxide synthase gene polymorphism interacts with environmental and dietary factors to influence endothelial 
function. Circ Res 2002; 90(11): 1153-8. 

23. Guzik TJ, Black E, West NE, McDonald D, Ratnatunga C, Pillai R, et al. Relationship between the G894T 
polymorphism (Glu298Asp variant) in endothelial nitric oxide synthase and nitric oxide-mediated endothelial 
function in human atherosclerosis. Am J Med Genet 2001; 100(2): 130-7. 

24. Nanni S, Melandri G, Hanemaaijer R, Cervi V, Tomasi L, Altimari A, et al. Matrix metalloproteinases in premature 
coronary atherosclerosis: influence of inhibitors, inflammation, and genetic polymorphisms. Transl Res 2007; 
149(3): 137-44. 

25. Beyzade S, Zhang S, Wong YK, Day IN, Eriksson P, Ye S. Influences of matrix metalloproteinase-3 gene variation 
on extent of coronary atherosclerosis and risk of myocardial infarction. J Am Coll Cardiol 2003; 41(12): 2130-7. 

26. Ruckerl R, Ibald-Mulli A, Koenig W, Schneider A, Woelke G, Cyrys J, et al. Air pollution and markers of 
inflammation and coagulation in patients with coronary heart disease. Am J Respir Crit Care Med 2006; 
173(4): 432-41. 

27. Ghio AJ, Hall A, Bassett MA, Cascio WE, Devlin RB. Exposure to concentrated ambient air particles alters 
hematologic indices in humans. Inhal Toxicol 2003; 15(14): 1465-78. 

28. Undas A, Stepien E, Potaczek DP, Tracz W. Tissue factor +5466A>G polymorphism determines thrombin 
formation following vascular injury and thrombin-lowering effects of simvastatin in patients with ischemic heart 
disease. Atherosclerosis 2009; 204(2): 567-72. 

www.mui.ac.ir

http://www.mui.ac.ir


Air pollution and tissue factor Poursafa et al 
 

740 JRMS/ June 2011; Vol 16, No 6. 

29. Peters A, Frohlich M, Doring A, Immervoll T, Wichmann HE, Hutchinson WL, et al. Particulate air pollution is 
associated with an acute phase response in men; results from the MONICA-Augsburg Study. Eur Heart J 2001; 
22(14): 1198-204. 

30. Ghio AJ, Devlin RB. Inflammatory lung injury after bronchial instillation of air pollution particles. Am J Respir Crit 
Care Med 2001; 164(4): 704-8. 

31. Souza MB, Saldiva PH, Pope CA, III, Capelozzi VL. Respiratory changes due to long-term exposure to urban levels 
of air pollution: a histopathologic study in humans. Chest 1998; 113(5): 1312-8. 

32. Tan WC, Qiu D, Liam BL, Ng TP, Lee SH, van Eeden SF, et al. The human bone marrow response to acute air 
pollution caused by forest fires. Am J Respir Crit Care Med 2000; 161(4 Pt 1): 1213-7. 

33. Van Eeden SF, Tan WC, Suwa T, Mukae H, Terashima T, Fujii T, et al. Cytokines involved in the systemic 
inflammatory response induced by exposure to particulate matter air pollutants (PM(10)). Am J Respir Crit Care 
Med 2001; 164(5): 826-30. 

34. Brook RD, Brook JR, Urch B, Vincent R, Rajagopalan S, Silverman F. Inhalation of fine particulate air pollution 
and ozone causes acute arterial vasoconstriction in healthy adults. Circulation 2002; 105(13): 1534-6. 

35. Poursafa P, Kelishadi R. Air pollution, platelet activation and atherosclerosis. Inflamm Allergy Drug Targets 2010; 
9(5): 387-92. 

36. Mukae H, Vincent R, Quinlan K, English D, Hards J, Hogg JC, et al. The effect of repeated exposure to particulate 
air pollution (PM10) on the bone marrow. Am J Respir Crit Care Med 2001; 163(1): 201-9. 

37. Brook RD. Is air pollution a cause of cardiovascular disease? Updated review and controversies. Rev Environ 
Health 2007; 22(2): 115-37. 

38. Kelishadi R, Mirghaffari N, Poursafa P, Gidding SS. Lifestyle and environmental factors associated with 
inflammation, oxidative stress and insulin resistance in children. Atherosclerosis 2009; 203(1): 311-9. 

39. Kelishadi R. Inflammation-Induced Atherosclerosis as a Target for Prevention of Cardiovascular Diseases from 
Early Life. Open Cardiovasc Med J 2010; 4: 24-9. 

40. Chuang KJ, Chan CC, Su TC, Lee CT, Tang CS. The effect of urban air pollution on inflammation, oxidative stress, 
coagulation, and autonomic dysfunction in young adults. Am J Respir Crit Care Med 2007; 176(4): 370-6. 

 

www.mui.ac.ir

http://www.mui.ac.ir



