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Air pollution significantly increases cardiovascular morbidity 
and mortality [1-3]. During several past years, attention was drawn 
to Indoor Air Pollution (IAP) and its possible role as a risk factor 
for cardiovascular disease. National Human Activity Pattern Survey 
(sponsored by the Environmental Protection Agency) demonstrated 
that people spend most of their time indoors (up to 87%) [4]. While 
indoors, they are exposed to indoor air pollutants generated by 
cooking, combustion of biomass fuel (BMF, wood, charcoal, etc), use 
of electrical appliances, fireplaces, smoking and by ozone-associated 
chemical reactions involving household elements (e.g. linoleum, paint, 
adhesives, particle filters, ventilation ducts etc.) [5]. A significant 
source of Indoor Air Pollution (IAP) is smoking. Importantly, both 
mainstream and exhaled cigarette smoke generates fine particles 
(aerodynamic diameter ≤2.5 μm, PM2.5) [6]. Study of air quality in 
66 US casinos revealed that in the smoking casinos means PM2.5 
concentration was 53.8 μg/m3 vs. 4.3 μg/m3 outside those casinos [7]. 

 In addition to the indoor-specific pollutants, a great deal of IAP 
originates from outdoor sources, and then penetrates indoors. Polidori 
et al. demonstrated that in two retirement homes in the Los Angeles 
basin, the indoor measured Organic Carbon (OC) had on average 36-
44% of outdoor-generated primary OC [8]. Penetration of outdoor 
pollutants indoors is characterized by infiltration efficiency (Finf). Finf 
represents the fraction of ambient particles that penetrate indoors 
and remains suspended. Study of home cohorts in six communities 
in Maryland, Illinois, North Carolina, California, New York and 
Minnesota found Finf of 0.62±0.21 for PM2.5 [9]. These data indicate 
that indoor air contains considerable amount of ambient particulates 
from outdoors.

Significant adverse health effects are caused by ultrafine particles 
(aerodynamic diameter <100 nm, UFP). The main source of outdoor 
UFP is fuel combustion in motor vehicles, aircrafts and marine vessels. 
UFP were shown to actively penetrate buildings with closed windows 
(Finf was 0.48 for particles >90 nm in diameter). With opened windows 
Finf for these particles increased significantly and comprised 0.72 [10].

The majority of the population in developing countries and 
residents in rural areas in developed countries extensively use Biomass 
Fuel (BMF) for cooking which leads to a significant release of air 
pollutants and decreases indoor air quality [11]. Improvement in 
open-fire stoves (adding enclosed combustion chamber and chimney 
for ventilation) in villages in San Marcos area in Guatemala, resulted 
in a greater than 2 times decrease in the indoor concentration of PM2.5 
(from 264 to 102 μg/m3), and was associated with 3.7 mm Hg decrease 
in systolic blood pressure (SBP) and 3.0 mm decrease in Diastolic 
Blood Pressure (DBP) in women [12]. 

In women living in six villages in northwestern Yunan province 
in China, BMF combustion for cooking resulted in a median indoor 
concentration of PM2.5 of 52 μg/m3 in summer and 105 μg/m3 during 
the winter. In female cohort older than 50 years, a 1-log-μg/m3 increase 
in PM2.5 (i.e. increase 10 times), was associated with 4.1 mm Hg increase 
in SBP and 1.8 mm Hg increase in DBP. Based upon a statistical 
model employed by the Asia Pacific Cohort Studies Collaboration, 

the authors estimated that lowering SBP by 4 mm Hg among Asian 
women 50-59 years of age, would result in an 18% decrease in coronary 
artery disease and a 22% decrease in stroke, which would result in a 
staggering decrease in death rate by 230,900 deaths/year [13, 14]. Study 
in healthy young non-smoking students in Taipei (Taiwan) revealed 
a SBP increase by 1.85-2.64 mm Hg per interquartile range (IQR) of 
indoor coarse particles and by 1.94-2.99 mm Hg per IQR of indoor fine 
particles at 1-4-hour means. Increases of comparable magnitude were 
also found for DBP and heart rate [15]. 

More studies are needed to address the link between IAP and 
acute myocardial infarction, coronary artery disease, atherosclerosis, 
hypertension and congestive heart failure. However, data already 
published clearly indicate that IAP is a serious risk factor for 
cardiovascular disease. Health risk of IAP is underscored by the fact 
that disability-adjusted life-years (DALYs) lost due to IAP comprise 
1,100 DALYs per 100,000 population [16]. On a positive note, there is 
evidence suggesting that measures aimed at fighting IAP, such as Clean 
Indoor Air Acts (banning indoor smoking) are effective in reducing the 
prevalence of cardiovascular disease [17].

References

1. Peters A, Dockery DW, Muller JE, Mittleman MA (2001) Increased pariculate
air pollution and the triggering of myocardial infarction. Circulation 103: 2810-
2815. 

2. Pope CA III, Muhlestein JB, May HT, Renlund DG, Anderson JL et al. (2006)
Ischemic heart disease events triggered by short-term exposure to fine 
particulate air pollution. Circulation 114: 2443-2448. 

3. Simkhovich BZ, Kleinman MT, Kloner RA (2008) Air pollution and cardiovascular 
injury: epidemiology, toxicology and mechanisms. J Am Coll Cardiol 52: 719-
726.

4.	 Klepeis NE, Nelson WC, Ott WR, Robinson JP, Tsang AM et al. (2001) The
national human activity pattern survey (NHAPS): a resource for assessing
exposure to environmental pollutants. J Expo Anal Environ Epidemiol 11: 231-
252.

5. Weschler CJ (2006) Ozone’s impact on public health: contribution from indoor
exposures to ozone and products of ozone-initiated chemistry. Environ Health
Perspect 114: 1489-1496.

6. Sahu SK, Tiwari M, Bhangare RC, Pandit GG (2013) Particle size distribution
of mainstream and exhaled cigarette smoke and predictive deposition in human 
respiratory tract. Aerosol Air Quality 13: 324-332.

7. Repace JL, Jiang RT, Acevedo-Bolton V, Cheng KC, Klepeis NE et al. (2011) 
Fine particle air pollution and secondary smoke exposures and risks inside 66
US casinos. Environ Res 111: 473-484.

*Corresponding author: Boris Z. Simkhovich, Heart Institute, Good Samaritan 
Hospital, 1225 Wilshire, Boulevard, Los Angeles, California 90017, USA, Tel: 213-
977-4050; E-mail: simkhovi@usc.edu 

Received November 19, 2013; Accepted November 20, 2013; Published 
November 23, 2013

Citation: Simkhovich BZ (2013) Indoor Air Pollution and Cardiovascular Health. J 
Pollut Eff Cont 1: e107 doi: 10.4172/2375-4397.1000e107

Copyright: © 2013  Simkhovich BZ. This is an open-access article distributed 
under the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the 
original author and source are credited.

Indoor Air Pollution and Cardiovascular Health
Boris Z. Simkhovich*

Heart Institute, Good Samaritan Hospital, Division of Cardiovascular Medicine, Keck School of Medicine, University of Southern California, California, USA

Journal of Pollution Effects & Control
Jo

ur
na

l o
f P

ollution Effects &
Control

ISSN: 2375-4397

http://circ.ahajournals.org/content/103/23/2810.short
http://circ.ahajournals.org/content/103/23/2810.short
http://circ.ahajournals.org/content/103/23/2810.short
http://circ.ahajournals.org/content/114/23/2443.short
http://circ.ahajournals.org/content/114/23/2443.short
http://circ.ahajournals.org/content/114/23/2443.short
http://content.onlinejacc.org/article.aspx?articleid=1139159
http://content.onlinejacc.org/article.aspx?articleid=1139159
http://content.onlinejacc.org/article.aspx?articleid=1139159
http://www.researchgate.net/publication/11864405_The_National_Human_Activity_Pattern_Survey_(NHAPS)_a_resource_for_assessing_exposure_to_environmental_pollutants/file/e0b49515c9c584b271.pdf
http://www.researchgate.net/publication/11864405_The_National_Human_Activity_Pattern_Survey_(NHAPS)_a_resource_for_assessing_exposure_to_environmental_pollutants/file/e0b49515c9c584b271.pdf
http://www.researchgate.net/publication/11864405_The_National_Human_Activity_Pattern_Survey_(NHAPS)_a_resource_for_assessing_exposure_to_environmental_pollutants/file/e0b49515c9c584b271.pdf
http://www.researchgate.net/publication/11864405_The_National_Human_Activity_Pattern_Survey_(NHAPS)_a_resource_for_assessing_exposure_to_environmental_pollutants/file/e0b49515c9c584b271.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1626413/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1626413/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1626413/
http://aaqr.org/VOL13_No1_February2013/31_AAQR-12-02-OA-0041_324-332.pdf
http://aaqr.org/VOL13_No1_February2013/31_AAQR-12-02-OA-0041_324-332.pdf
http://aaqr.org/VOL13_No1_February2013/31_AAQR-12-02-OA-0041_324-332.pdf
http://www.sciencedirect.com/science/article/pii/S0013935111000624
http://www.sciencedirect.com/science/article/pii/S0013935111000624
http://www.sciencedirect.com/science/article/pii/S0013935111000624


Citation: Simkhovich BZ (2013) Indoor Air Pollution and Cardiovascular Health. J Pollut Eff Cont 1: e107 doi: 10.4172/2375-4397.1000e107

Page 2 of 2

Volume 1 • Issue 2 • 1000e107
J Pollut Eff Cont
ISSN: JPE, an open access journal

8. Polidori A, Arhami M, Sioutas C (2007) Indoor/outdoor relatioships, trends and 
carbonaceous content of fine particulate matter in retirement homes of the Los 
Angeles basin. J Air Waste MA 57: 366-379.

9. Allen RW, Adar SD, Avol E, Cohen M, Curl CL et al. (2012) Modeling the
residential infiltration of outdoor PM2.5 in the muti-ethnic study of atherosclerosis 
and air pollution (MESA Air). Environ Health Perspect 120: 824-830.

10.	Rim D, Wallace LA, Persily AK (2013) Indoor ultrafine particles of outdoor 
origine: importance of window opening area and fan operation condition.
Environ Sci Technol 47: 1922-1929.

11. Kim KH, Jahan A, Kabir E (2011) A review of diseases associated with
household air pollution due to the use of biomass fuels. J Hazard Mat 192:
425-431.

12.	McCracken JP, Smith KR, Diaz A, Mittleman M, Schwartz J (2007) Chimney
stove intervention to reduce long-term wood smoke exposure lowers blood
pressure among Guatemelan women. Environ Health Persp 115: 996-1001. 

13.	Baumgartner J, Schauer JJ, Ezzati M, Lu L, Cheng C et al. (2011) Indoor air
pollution in rural China. Environ Health Perspect 119: 1390-1395.

14.	Asia Pacific Cohort Studies Collaboration (2003) Blood pressure indices 
and cardiovascular disease in the Asia Pacific region. A pooled analysis 
Hypertension 42: 69-75.

15.	Lin LY, Lin CY, Chang KJ (2009) The effects of indoor particles on blood
pressure and heart rate among young adults in Taipei, Taiwan. Indoor Air 19:
482-488.

16.	Logue JM, Price PN, Sherman MH, Singer BC (2012) A method to estimate
the chronic health impact of air pollutants in U.S. residences. Environ Health
Perspect 120: 216-222.

17.	Lippert WC, Gustat J (2012) Clean Indoor Air Acts reduce the burden of
adverse cardiovascular outcomes. Public Health 126: 279-285.

http://www.tandfonline.com/doi/abs/10.1080/10473289.2007.10465339#.Uos44cQybfI
http://www.tandfonline.com/doi/abs/10.1080/10473289.2007.10465339#.Uos44cQybfI
http://www.tandfonline.com/doi/abs/10.1080/10473289.2007.10465339#.Uos44cQybfI
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3385439/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3385439/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3385439/
http://pubs.acs.org/doi/abs/10.1021/es303613e
http://pubs.acs.org/doi/abs/10.1021/es303613e
http://pubs.acs.org/doi/abs/10.1021/es303613e
http://www.sciencedirect.com/science/article/pii/S0304389411007424
http://www.sciencedirect.com/science/article/pii/S0304389411007424
http://www.sciencedirect.com/science/article/pii/S0304389411007424
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1913602/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1913602/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1913602/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3230444/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3230444/
http://hyper.ahajournals.org/content/42/1/69
http://hyper.ahajournals.org/content/42/1/69
http://hyper.ahajournals.org/content/42/1/69
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-0668.2009.00612.x/abstract;jsessionid=AE937C28C6E3497B612F5720949C442C.f02t04?deniedAccessCustomisedMessage=&userIsAuthenticated=false
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-0668.2009.00612.x/abstract;jsessionid=AE937C28C6E3497B612F5720949C442C.f02t04?deniedAccessCustomisedMessage=&userIsAuthenticated=false
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-0668.2009.00612.x/abstract;jsessionid=AE937C28C6E3497B612F5720949C442C.f02t04?deniedAccessCustomisedMessage=&userIsAuthenticated=false
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3279453/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3279453/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3279453/
http://www.sciencedirect.com/science/article/pii/S003335061200008X
http://www.sciencedirect.com/science/article/pii/S003335061200008X

	Title
	Corresponding author
	References

