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1. Introduction 

Environmental factors, notably climate change and air pollution influence health before 
conception, and continue during pregnancy, childhood, and adolescence. Experts have 
suggested that such health hazards may represent the greatest public health challenge 
humanity has faced. The accumulation of greenhouse gases such as carbon dioxide, 
primarily from burning fossil fuels results in warming, which has an impact on air 
pollution, particularly on levels of ozone and particulates. Heat-related health effects 
include increased rates of pregnancy complications, pre-eclampsia, eclampsia, low birth 
weight, renal effects, vector-borne diseases as malaria and dengue; increased diarrheal and 
respiratory disease, food insecurity, decreased quality of foods (notably grains), 
malnutrition, water scarcity, exposures to toxic chemicals, worsened poverty, natural 
disasters, and population displacement. Air pollution has many adverse health effects, 
which would have long-term impact on the components of the metabolic syndrome. In 
addition to short-term effects as premature labor, intrauterine growth retardation, neonatal 
and infant mortality rate, malignancies (notably leukemia and Hodgkin lymphoma), 
respiratory diseases, allergic disorders and anemia, exposure to criteria air pollutants from 
early life might be associated with dyslipidemia, increase in stress oxidative, inflammation 
and endothelial dysfunction which in turn might have long-term effects on chronic non-
communicable diseases.  

2. Environmental factors: Climate change and air pollution 

2.1 Air pollutants 

Air pollution is a mixture of solid particles and gases in the air. The six common and 

hazardous air pollutants consist of particulate matter, ground-level ozone, carbon 

monoxide, sulfur oxides, nitrogen oxides, and lead; of which, particle pollution and ground-

level ozone are the most widespread health hazards (Samet & Krewski, 2007; Chen & Kan, 

2008).  
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Particulate matter or PM consists of a diverse mixture of very small particles and liquid 
droplets suspended in air. The PM size is directly related to their potential for affecting 
health. Particles with diameter < 10 micrometers are the particles that usually pass through 
the throat and nose to enter the lungs. Then, they can affect different body organs especially 
the heart and lungs, and may cause serious health effects. According to the size, the particle 
pollution is grouped into: "inhalable coarse particles" which have a diameter of 2.5 to 10 
micrometers, and are found near roadways and industries, and "fine particles" < 2.5 
micrometers in diameter such as those found in smoke and haze; they can form when gases 
emitted from power plants, industries and automobiles react in the air. Ozone (O3) is a gas 
composed of three oxygen atoms. In the presence of sunlight, it is created at ground-level by 
a chemical reaction between oxides of nitrogen and volatile organic compounds. Ozone 
might have harmful effects when formed in the earth's lower atmosphere, i.e. at ground-
level. Hot weather and sunlight cause ground-level ozone to form in harmful concentrations 
in the air. Carbon monoxide (CO) is an odorless and colorless gas formed by incomplete 
carbon combustion. It is mainly emitted from the motor vehicle exhaust followed by non-
road engines as construction equipment, industrial processes and wood burning. The 
increasing number of cars has an important role in the increase in CO emission worldwide. 
Sulfur Dioxide (SO2) is a gas formed when fuel containing sulfur, such as coal and oil, is 
burned, and when gasoline is extracted from oil or metals are extracted from ore. Nitrogen 
oxides (Nox) are a group of highly reactive gases containing various levels of nitrogen and 
oxygen. Lead is usually emitted from motor vehicles and industrial sources (Chen & Kan, 
2008; Brook et al., 2004). Other stationary sources are waste incinerators, utilities, and lead-
acid battery manufacturers. In addition to exposure to lead in air, other major exposure 
pathways include ingestion of lead in drinking water and lead-contaminated food as well as 
incidental ingestion of lead-contaminated soil and dust. Lead-based paint remains a major 
exposure pathway in older homes. Some toys might contain considerable amounts of lead 
that would be harmful for children’s health (Samet & Krewski, 2007; Han & Naeher, 2006).   

2.2 Climate change 
Climate change and global warming have various health hazards (Poursafa & Kelishadi 
2011). 
Climate change has an impact on levels of ozone and particulate matters, which are both 
associated with various health hazards. The accumulation of greenhouse gases such as 
carbon dioxide, primarily from burning fossil fuels results in warming. Heat increases 
ground level ozone production, which in turn augments morbidity and mortality (Bell et al., 
2007). Moreover, warming increases water vapor and ground-level ozone formation, and 
will result in harmful ozone levels (Jacob & Winner, 2009). Warming modify the risk of 
forest fires, and may generate massive amounts of carcinogens, as formaldehyde and 
benzene, potent lung irritants, as acrolein and other aldehydes, carbon monoxide, and 
particulates (Wegesser et al., 2009).  

3. Association of environmental factors and dyslipidemia 

Environmental factors are associated with many chronic diseases. Air pollution and climate 
change are associated with risk factors of non-communicable diseases in children and 
adolescents (Kelishadi et al., 2009; Sheffield & Landrigan, 2011; Kelishadi & Poursafa, 2010; 
Mansourian et al., 2010; Poursafa et al., 2011; Kargarfard et al., 2011). 
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The effects of environmental factors on intrauterine growth retardation and preterm labor 
are well documented. In turn, low birth weight (Sinclair et al., 2007) and prematurity 
(Evensen et al., 2008) would increase the risk of chronic non-communicable diseases and 
their risk factors. Exposure to air pollutants is reported to be associated with stress oxidative 
and markers of insulin resistance (Kelishadi et al., 2010) as well as with diabetes mellitus 
(Brook et al., 2008). These systemic responses to environmental factors can potentially 
increase the risk for dyslipidemia, development of the metabolic syndrome, hypertension, 
and other chronic diseases.Moreover, it is documented that some environmental factors as 
increased humidity are associated with preeclampsia and eclampsia, and their related 
consequences (Subramaniam, 2007).  
Several reports exist on the association of environmental factors with dyslipidemia and the 

components of metabolic syndrome. By applying generalized additive models, Secondary 

analyses of a Taiwanese survey in 2002 demonstrated that increased particulate matter with 

aerodynamic diameters <10 microm was associated with elevated systolic blood pressure, 

triglycerides, apolipoprotein B, hemoglobin A1c, and reduced high-density lipoprotein 

(HDL) cholesterol. Elevated ozone was associated with increased diastolic blood pressure, 

apolipoprotein B, and hemoglobin A1c (Chuang et al., 2010). Genetic-environment 

interactions may have a role in this regard (Eisenberg et al., 2010). 

The associations of both obesity and air pollution with several age-related diseases remain 

poorly understood with regard to causality and underlying mechanisms. Exposure to both, 

excess body fat and particulate matter, is accompanied by systemic low-grade inflammation 

as well as alterations in insulin/insulin-like growth factor signaling and cell cycle control. 

Understanding the causality of exposure disease associations and differences in 

susceptibilities to environment and lifestyle is an important aspect for effective prevention 

(Probst-Hensch, 2010). 

A case-control study evaluated the effects of urban pollution on the lipid balance of 

members of a municipal police force in comparison with controls. Mean and frequency 

distributions of HDL-cholesterol and triglycerides had significant difference between the 

exposed traffic police group and controls. This study suggested that some chemical agents, 

as carbon dioxide, of the urban pollution could cause dyslipidemia among exposed people 

(Tomao et al., 2002). 

A study among asthmatic patients showed that with a 1-microg/m3 increase in coarse PM, 

triglycerides increased 4.8% (p = 0.02), and very low-density lipoprotein increased 1.15%  

(p = 0.01). This study suggested that small temporal increases in ambient coarse PM are 

sufficient to affect lipid profile in adults with asthma (Yeatts et al., 2007).  

Hypercholesterolemia may potentiate diesel exhaust-related endothelial gene regulation. 

These regulated transcripts may implicate pathways involved in the acceleration of 

atherosclerosis by air pollution (Maresh et al., 2011). The systemic pro-inflammatory and 

pro-thrombotic response to the inhalation of fine and ultrafine particulate matters may be 

associated with platelet activation (Poursafa & Kelishadi, 2010 platelets).  

A study conducted in Greece, explored the relations between ambient environmental factors 

and arterial stiffness, peripheral and central hemodynamics in a cohort of 1222 

participants.It found that the exposure to lower environmental temperatures is related to 

impaired hemodynamics not only to the periphery but also to the aorta. In men, PM10 levels 

were associated with intensified amplitude of the reflection wave resulting in significant 

alterations in central-pulse pressure (Adamopoulos et al., 2010). 
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A study examined the associations of PM2.5 with heart rate variability, a marker of 

autonomic function, and whether metabolic syndrome modified these associations. It found 

significant correlations; which were stronger among individuals with metabolic syndrome 

than among those without it. This study proposed that autonomic dysfunction may be a 

mechanism through which PM exposure affects cardiovascular risk, especially among 

persons with metabolic syndrome (Park et al., 2010). 

Exposure to high and low air temperatures are associated with cardiovascular mortality, the 

underlying mechanisms are still under investigation. In a cohort in the US, 478 men with a 

mean age of 74.2 years were followed up from 1995 to 2008. Associations of three 

temperature variables, i.e. ambient, apparent, and dew point temperature with serum lipid 

profile were studied with linear mixed models by including possible confounders such as 

air pollution and a random intercept for each individual. HDL decreased -1.76%, and -5.58% 

for each 5°C increase in mean ambient temperature. For the same increase in mean ambient 

temperature, LDL increased by 1.74% and 1.87%. Similar results were also found for 

apparent and dew point temperatures. No changes were found in total cholesterol or 

triglycerides in relation to temperature increase. This study suggested that changes in HDL 

and LDL levels, which are associated with an increase in ambient temperature, may be 

among the underlying mechanisms of temperature-related cardiovascular mortality 

(Halonen et al., 2011). 

A study in Taiwan found that increased 1-year average ozone, PM and nitrogen dioxide 

were associated with elevated blood pressure, total cholesterol, fasting glucose, and HbA1c. 

PM2.5 was more significantly associated with end-point variables than other gaseous 

pollutants (Chuang et al., 2011). A study on the association of blood markers of 

cardiovascular risk and air pollution in a national sample of the U.S. population found that 

PM10, but not gaseous air pollutants, is associated with blood markers of cardiovascular risk 

(Schwartz, 2001). In a study in Italy, the carboxyhaemoglobin concentration had an inverse 

correlation with HDL-C (Biava et al., 1992). In addition to the outdoor environment, the 

health hazards of indoor pollution should be considered (Kaplan, 2010). 

In recent years, global climate change has affected many biological and environmental 

factors. Of its most important effects are the increasing levels of atmospheric carbon dioxide, 

ultraviolet radiation, and ocean temperatures. In turn, they have resulted in decreased 

marine phytoplankton growth and reduced synthesis of omega-3 polyunsaturated fatty 

acids. It is suggested that the detrimental effects of climate change on the oceans may reduce 

the availability of dietary omega-3, which may have detrimental effects on serum lipid 

profile (Kang, 2011).  

4. Conclusion 

Climate change may alter concentrations of air pollutants or alterations in mechanisms of 
pollutant transport and thus influence individual and public health. The potential impacts 
of climate change and air pollution on lipid disorders is considered as an important area of 
investigation. This is of special concern for low- and middle-income countries, where the 
burden of air pollution and climate-related health disorders, and the burden of non-
communicable diseases are emerging. Effects of environmental factors on dyslipidemia 
should be considered in primordial and primary prevention of chronic diseases from early 
life. 

www.intechopen.com



Impact of Climate Change and Air Pollution 
on Dyslipidemia and the Components of Metabolic Syndrome 

 

77 

5. References 

Adamopoulos D, Vyssoulis G, Karpanou E, Kyvelou SM, Argacha JF, Cokkinos D, 
Stefanadis C, van de Borne P.Environmental determinants of blood pressure, 
arterial stiffness, and central hemodynamics. J Hypertens 2010;28(5):903-9. 

Bell ML, Goldberg R, Hogrefe C, et al. Climate change, ambient ozone, and health in 50 US 
cities. Climatic Change 2007; 82:61-76.  

Biava PM, Audisio R, Centonze A, Barbieri A, Bisanti L, Duca G. [An epidemiological study 
of the health conditions of Milan traffic police with respect to pollution from 
vehicular traffic]. Lav 1992;83(3):249-58. 

Brook RD, Franklin B, Cascio W. Expert Panel on Population and Prevention Science of the 
American Heart Association. Air pollution and cardiovascular disease: a statement 
for healthcare professionals from the Expert Panel on Population and Prevention 
Science of the American Heart Association. Circulation 2004; 109: 2655-71. 

Chen B, Kan H. Air pollution and population health: a global challenge.Environ Health Prev 
Med 2008;13:94-101.  

Chuang KJ, Yan YH, Cheng TJ. Effect of air pollution on blood pressure, blood lipids, and 
blood sugar: a population-based approach. J Occup Environ Med 2010;52(3):258-62. 

Eisenberg DT, Kuzawa CW, Hayes MG. Worldwide allele frequencies of the human 
apolipoprotein E gene: climate, local adaptations, and evolutionary history. Am J 
Phys Anthropol 2010;143(1):100-11. 

Evensen KA, Steinshamn S, Tjønna AE, Stølen T, Høydal MA, Wisløff U, et al. Effects of 
preterm birth and fetal growth retardation on cardiovascular risk factors in young 
adulthood. Early Hum Dev 2008: 85:239-45.   

Halonen JI, Zanobetti A, Sparrow D, Vokonas PS, Schwartz J. Outdoor temperature is 
associated with serum HDL and LDL. Environ Res 2011 ;111(2):281-7. 

Han X, Naeher LP. A review of traffic-related air pollution exposure assessment studies in 
the developing world. Environ Int 2006; 32:106-20. 

Jacob D, Winner D. Effect of climate change on air quality. Atmospheric Environ 2009; 43:51-
63.  

Kang JX.Omega-3: a link between global climate change and human health. Biotechnol Adv. 
2011;29(4):388-90.  

Kaplan C. Indoor air pollution from unprocessed solid fuels in developing countries. 
Reviews on Environmental Health 2010 ; 25(3) : 221-42.  

Kargarfard M, Poursafa P, Rezanejad S, Mousavinasab F. Effects of exercise in polluted air 
on the aerobic power, serum lactate level and cell blood count of active individuals. 
Int J Prev Med 2011; 2(3): 145-50. 

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: 311-9. 

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

Mansourian M, Javanmard SH, Poursafa P, Kelishadi R. Air pollution and hospitalization 
for respiratory diseases among children in Isfahan, Iran. Ghana Med J. 2010; 
44(4):138-43. 

www.intechopen.com



 
Dyslipidemia - From Prevention to Treatment 

 

78

Maresh JG, Campen MJ, Reed MD, Darrow AL, Shohet RV. Hypercholesterolemia 
potentiates aortic endothelial response to inhaled diesel exhaust. Inhal 
Toxicol2011;23(1):1-10. 

Park SK, Auchincloss AH, O'Neill MS, Prineas R, Correa JC, Keeler J, Barr RG, Kaufman JD, 
Diez Roux AV. Particulate air pollution, metabolic syndrome, and heart rate 
variability: the multi-ethnic study of atherosclerosis (MESA). Environ Health 
Perspect. 2010 Oct;118(10):1406-11. 

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

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.  

Poursafa P, Kelishadi R, Moattar F, Rafiei L, Amin MM, Lahijanzadeh A, et al. Genetic 
variation in the association of air pollutants with a biomarker of vascular injury in 
children and adolescents in Isfahan, Iran. J Res Med Sci 2011;16(6)  

Probst-Hensch NM. Chronic age-related diseases share risk factors: do they share 
pathophysiological mechanisms and why does that matter? Swiss Med Wkly 2010 
1;140: w13072. 

Samet J, Krewski D. Health effects associated with exposure to ambient air pollution. J 
Toxicol Environ Health A 2007; 70:227-42.  

Schwartz J. Air pollution and blood markers of cardiovascular risk. Environ Health 
Perspect. 2001;109 Suppl 3:405-9 

Sinclair KD, Lea RG, Rees WD, Young LE.The developmental origins of health and disease: 
current theories and epigenetic mechanisms. Soc Reprod Fertil 2007;Suppl. 64:425-
43.  

Sheffield PE, Landrigan PJ. Global climate change and children's health: threats and 
strategies for prevention. Environ Health Perspect 2011;119(3):291-8. 

Subramaniam V. Seasonal variation in the incidence of preeclampsia and eclampsia in 
tropical climatic conditions. BMC Womens Health. 2007;7:18  

Tomao E, Tiziana PB, Rosati V, Marcellini L, Tomei F. The effects of air pollution on the lipid 
balance of traffic police personnel. Ann Saudi Med 2002;22(5-6):287-90. 

Yeatts K, Svendsen E, Creason J, Alexis N, Herbst M, Scott J, Kupper L, Williams R, Neas L, 
Cascio W, Devlin RB, Peden DB. Coarse particulate matter (PM2.5-10) affects heart 
rate variability, blood lipids, and circulating eosinophils in adults with asthma. 
Environ Health Perspect. 2007;115(5):709-14. 

Wegesser TC, Pinkerton KE, Last JA. California Wildfires of 2008: coarse and fine particulate 
matter toxicity. Environ Health Perspect 2009; 117:893-7 

www.intechopen.com



Dyslipidemia - From Prevention to Treatment

Edited by Prof. Roya Kelishadi

ISBN 978-953-307-904-2

Hard cover, 468 pages

Publisher InTech

Published online 03, February, 2012

Published in print edition February, 2012

InTech Europe

University Campus STeP Ri 

Slavka Krautzeka 83/A 

51000 Rijeka, Croatia 

Phone: +385 (51) 770 447 

Fax: +385 (51) 686 166

www.intechopen.com

InTech China

Unit 405, Office Block, Hotel Equatorial Shanghai 

No.65, Yan An Road (West), Shanghai, 200040, China 

Phone: +86-21-62489820 

Fax: +86-21-62489821

Dyslipidemia has a complex pathophysiology consisting of various genetic, lifestyle, and environmental factors.

It has many adverse health impacts, notably in the development of chronic non-communicable diseases.

Significant ethnic differences exist due to the prevalence and types of lipid disorders. While elevated serum

total- and LDL-cholesterol are the main concern in Western populations, in other countries

hypertriglyceridemia and low HDL-cholesterol are more prevalent. The latter types of lipid disorders are

considered as components of the metabolic syndrome. The escalating trend of obesity, as well as changes in

lifestyle and environmental factors will make dyslipidemia a global medical and public health threat, not only for

adults but for the pediatric age group as well. Several experimental and clinical studies are still being

conducted regarding the underlying mechanisms and treatment of dyslipidemia. The current book is providing

a general overview of dyslipidemia from diverse aspects of pathophysiology, ethnic differences, prevention,

health hazards, and treatment.

How to reference

In order to correctly reference this scholarly work, feel free to copy and paste the following:

Roya Kelishadi and Parinaz Poursafa (2012). Impact of Climate Change and Air Pollution on Dyslipidemia and

the Components of Metabolic Syndrome, Dyslipidemia - From Prevention to Treatment, Prof. Roya Kelishadi

(Ed.), ISBN: 978-953-307-904-2, InTech, Available from: http://www.intechopen.com/books/dyslipidemia-from-

prevention-to-treatment/impact-of-climate-change-and-air-pollution-on-dyslipidemia-and-the-components-of-

metabolic-syndrome



© 2012 The Author(s). Licensee IntechOpen. This is an open access article

distributed under the terms of the Creative Commons Attribution 3.0

License, which permits unrestricted use, distribution, and reproduction in

any medium, provided the original work is properly cited.


