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Abstract  The relationship between exposure to gas flaring and cardiothoracic ratio (CTR) have not been well 

characterized. The study therefore examines whether or not exposure to gas flaring has impact on cardiothoracic ratio. 

Digitalized postero-anterior chest radiographs of 200 patients from some selected University Teaching Hospitals and Image 

Diagnostic Centers in Rivers State and Oyo state of Nigeria between the ages of 19 to 70 years were used for the study.100 of 

them reside permanently in gas flaring communities of Rivers State while the other 100 reside permanently in non-gas flaring 

communities of Oyo State. Patients in each group had similar socio-economic status. The cardiac diameter (CD) and thoracic 

diameter (TD) were measured from the chest radiographs and the cardiothoracic ratio was determined by dividing CD by TD. 

The average CTR for males and females who reside in gas flaring areas of River State was 0.49 while those who reside in 

non-gas flaring communities of Oyo State was 0.46 and 0.47 for males and females respectively. The CTR differ significantly 

between both groups at P=0.000. The findings suggest exposure to gas flaring could lead to increase in cardiothoracic ratio an 

additional indicator that exposure to gas flaring could cause cardiovascular disease.  
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1. Introduction 

There is growing concern over the continuous gas flaring 

in Nigeria which has span over half a century because of its 

negative effects on individual and public health, ecology, 

socio-economic and political activities [1,2,3]. Gas flaring 

involves the practice of burning the natural gas into the 

atmosphere instead of deploying alternative methods that are 

environmentally friendly [1]. As at 2017, the Nigeria 

National Petroleum Corporation (NNPC) reported that the 

total volume of gas flared by oil and gas companies have 

increased by 17% year-on-year to 287.59 billion standard 

cubic feet [4]. A higher percentage of this activity occurs in 

the Niger Delta Region of Nigeria which has six states 

namely, Akwa Ibom, Bayelsa, Cross Rivers, Delta, Edo and 

Rivers States [3,5]. Between 1970 and 1986, a total of 102.3 

million cubic metres (mcm) of gas was flared out of 125.5 

mcm generated in the Niger Delta [3]. The flared gas 

especially with incomplete combustion introduces toxic 

chemical substances such as methane, sulphur dioxide, 

volatile organic compounds (VOC), polycyclic aromatic  
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carbons (PAHs) and soot (particulate matters) into the 

environment [6,7]. The result is air pollution, greenhouse 

effect and general environmental degradation especially 

around the communities where the gas is flared [1,5,8].  

The negative health impacts of gas flaring are well 

documented [1,9,10]. There is increase mortality rate in 

Niger Delta States where gas is flared compared to non-gas 

flaring states and a positive relationship have been 

established between volume of gas flared and crude death 

rate. [1] Striking deterioration in haematological parameters, 

reduced peak expiratory flow rate, respiratory morbidities, 

increased systolic blood pressure, skin disorders and other 

related health risks have been reported. [11] It has also been 

established that there is decreased cardiopulmonary function 

with longer duration of exposure, reduced renal function 

with increase in serum concentrations of urea, creatinine, 

potassium, uric acid and inorganic phosphate [9,10].  

Cardiothoracic ratio (CTR) is formed by dividing the 

transverse cardiac diameter by the transverse chest diameter 

on a postero-anterior (PA) chest film and it is use in clinical 

investigation to determine cardiomegaly (enlarged heart) and 

cardiac function [12,13,14,15,16]. It is a cheap, affordable 

and easy investigative tool commonly used in resource 

limited countries for heart evaluation [13,15]. According to 

Longbak and Co [17] cardiomegaly may not necessary 

indicate there is an underlying disease just as a normal heart 

size also does not necessary exclude underlying cardiac 

disease, however, it often gives first clue of some 

mailto:lovedayese@gmail.com
http://creativecommons.org/licenses/by/4.0/


280 Loveday Ese Oghenemavwe and Lydia Olufemi Awoyemi:  Cardiothoracic  

Ratio of Nigerians in Gas Flaring Communities 

 

cardiovascular anomaly. The causes of cardiomegaly     

are poorly understood in most people, however lifestyle  

such as the use of tobacco which is an air pollutant has   

been implicated. Other causes are congenital, pulmonary 

hypertension, heart valve disease, pericardial effusion, 

thyroid disorder, chagas disease etc.  

Although several studies have implicated gas flaring in 

cardiovascular diseases, studies assessing CTR which is 

indicative of a cardiac function and heart size of residents of 

gas flaring communities are very rare. Hence, we set out to 

assess the cardiothoracic ratio of people exposed to gas 

flaring. 

2. Materials and Methods 

The retrospective study evaluated the CTR of 200 patients 

from digital PA chest x-ray films taking between January 

2017 to September 2018 in selected University Teaching 

Hospitals and Image Diagnostic Centers in Rivers State and 

Oyo state of Nigeria. The medical records showed 100 of the 

patients permanently reside in gas flaring communities of 

Eleme, Okrika, Omuko and Aluu in Rivers State while the 

other 100 persons were from communities in Oyo State, 

where gas is not flared. The patients selected in both groups 

have similar socio-economy status as shown in the medical 

records and they are mainly farmers, traders, students, 

artisans and civil servants. Patients who do not have 

hypertension or any form of cardiovascular disease and are 

above 18 years as indicated by medical records were 

included in the study. Poorly taken chest x-ray of patients 

with blurred cardiac and thoracic borders, smokers, patients 

with thoracic or spinal deformity, mediastinal shift and 

severe rotation were excluded.  

The parameters measured were cardiac diameter (CD)  

and thoracic diameter (TD) [See figure 1]. The CTR was 

determined by dividing CD by TD. CD is the maximal 

horizontal distance between the most lateral points on the 

right and left borders of the heart measured from a 

computerised postero-anterior chest radiograph. TD is the 

maximal horizontal distance above the costophrenic angle 

between the lateral points on the border of the ribs. 

The data obtained were analysed with Microsoft Excel 

Statistical ToolPak 2010 version, student t-test at confidence 

level of 0.05 was used to determine statistical significance. 

The study was approved by the Ethics Committees.  

 

Figure 1.  Posteroanterior Chest radiograph showing cardiac and thoracic 

diameters 

Table 1.  Descriptive statistics of all volunteer resident in gas flaring area and Non-Gas flaring areas  

Parameter Population Sample size Mean ±SEM p-value Inference 

CD (cm) 
Rivers State (gas flaring) 100 13.44±0.13 

0.002 Significant 
Oyo State (non-gas flaring) 100 13.09 ±0.12 

TD (cm) 
Rivers State (gas flaring) 100 27.36±0.25 

0.001 Significant 
Oyo State (non-gas flaring) 100 28.40 ±0.21 

CTR 
Rivers State (gas flaring) 100 0.49±0.002 

0.000 Significant 
Oyo State (non-gas flaring) 100 0.46 ±0.003 

Key: CD, Cardiac Diameter; TD, Thoracic diameter; CTR, Cardiothoracic Ratio 

Table 2.  Descriptive statistics of male volunteer resident in gas flaring area and Non-Gas flaring areas 

Parameter Population  Mean ±SEM p-value Inference 

CD (cm) 
Rivers State (gas flaring) Sample size 13.56±0.12 

0.10 Not Significant 
Oyo State (non-gas flaring) 68 13.21±0.14 

TD (cm) 
Rivers State (gas flaring) 68 27.51±0.31 

0.00 Significant 
Oyo State (non-gas flaring) 68 28.73±0.24 

CTR 
Rivers State (gas flaring) 68 0.49±0.003 

0.00 Significant 
Oyo State (non-gas flaring) 68 0.46±0.003 

Key: CD, Cardiac Diameter; TD, Thoracic diameter; CTR, Cardiothoracic Ratio 
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Table 3.  Descriptive statistics of female volunteer resident in gas flaring area and Non-Gas flaring areas  

Parameters Population Sample size Mean ±SEM p-value Inference 

CD (cm) 
Rivers State (gas flaring) 32 13.17±0.21 

0.24 Not Significant 
Oyo State (non-gas flaring) 32 12.80±0.23 

TD (cm) 
Rivers State (gas flaring) 32 27.03±0.43 

0.34 Not Significant 
Oyo State (non-gas flaring) 32 27.60±0.39 

CTR 
Rivers State (gas flaring) 32 0.49±0.005 

0.05 Significant 
Oyo State (non-gas flaring) 32 0.47±0.006 

Key: CD, Cardiac Diameter; TD, Thoracic diameter; CTR, Cardiothoracic Ratio 

3. Results 

The results are shown in tables 1-3. Irrespective of sex, the 

mean CTR for residents in gas flaring area of Port Harcourt 

was 0.49 while those for non-gas flaring area was 0.45. 

4. Discussion  

The study has investigated the CTR of residents of gas 

flaring and non-gas flaring communities of Rivers and Oyo 

States of Nigeria. The CTR of residents of gas flaring areas 

were significantly higher than those in non-gas flaring areas. 

Several studies have determined the normal CTR of 

Nigerians. Among non-hypertensive patients at university of 

Jos Teaching Hospital, the CTR was 0.462 and that there was 

no significant difference with respect to sex [14]. The CTR 

of Nigerians residents within Rivers state was 0.457 for 

males and 0.467 for females and with respect to gender, 

females had higher statistically significant CTR values [18]. 

Assessment of fresh graduates of University of Jos showed 

that the CTR was 0.46 [17]. These findings are in line with 

our study of residents in non-gas flaring areas where the CTR 

was 0.46 for males and 0.47 for females, but contrary to 

residents of gas flaring area which had CTR of 0.49 for males 

and females respectively.  

The high CTR of residents of gas flaring communities 

could be attributed to environmental pollution caused by this 

activity as several studies have identified flared gas as the 

major source of air and water contamination [19,20,21,22] 

Flared gas releases into the environment particulate matter  

in form of soot, volatile organic compound (VOCs), and 

Polycyclic aromatic carbon (PAHs) [6,7,23]. 

Epidemiological studies associating long and short-term 

effects of particulate matters with cardiovascular diseases  

are well documented [24,25,26,27,28,29,30,31,32]. It was 

reported by World Health Organization that air pollution was 

responsible for 3.7 million deaths in 2012 out of which 29% 

died of heart disease and stroke. In the United States, the risk 

of death due to cardiovascular disease increased with every 

increase in particulate matter [24]. But how does polluted air 

cause heart diseases? The American Heart Foundation (AHA) 

explained that air pollution affect cardiovascular system 

directly by altering the central nervous system function and 

indirectly by effects mediated by pulmonary inflammation 

and oxidative stress that eventually lead to systemic 

inflammatory response [31]. The Physicians for Social 

Responsibility also noted that particulate matters have the 

ability to block the heart arteries, the finer they are, the more 

ability they possess to permeate the cardiovascular system 

and one major effect of arterial blockage is increase in the 

blood pressure and work over-load on cardiac tissues 

[33,34,35,36]. Research showed that for every 10.5 µg/ m3 

10 in the level of PM2.5, there was a 2.8 mmHg increase in 

systolic blood pressure and 2.7 increase in diastolic blood 

pressure disturbances in heart rhythm [37].  

Volatile organic compounds (VOCs) are major 

constituents released from combustion of fossil fuel and the 

quantity is very high in communities where gas is flared [1]. 

The composition of VOCs varies with where the petroleum 

gas is tapped, it includes alkane (paraffin), cycloalkanes 

(napthenes), aromatics, non-hydrocarbons gases (CO2, H2, 

S2 SO2, He) etc [38]. These chemicals are regarded as 

noxious pollutants and can adversely affect pulmonary and 

cardiovascular functions, heart rate variability and induce 

oxidative stress. A study has showed that occupational 

exposure to VOCs increases serum C-reactive protein (CRP) 

and oxidative DNA adduct 8-hydroxy-2-deoxyguanosine 

(8-OHdG) levels and decreased heart rate variability indices 

[39]. CRP is a homopentameric acute-phase inflammatory 

protein used as a clinical maker of inflammation. Elevated 

level of these proteins is a strong independent predictor of 

cardiovascular disease in asymptomatic individuals [40.41]. 

8-OHdG is a biomarker of deoxyribonucleic acid (DNA) 

damage due to oxidative stress. Heart rate variability has 

been described as a physiologic phenomenon of variation in 

the time interval between heart beat and it is used to diagnose 

cardiovascular diseases such as congestive heart failure, 

myocardiac infarction, coronary heart disease, hypertension 

etc. Increase in HRV is an indication of healthy autonomic 

and cardiovascular response while a decrease indicates that 

the sympathetic and parasympathetic nervous system isn’t 

properly coordinating to provide appropriate heart response 

[42]. 

It is important to note the average CTR of residents in gas 

flaring communities was not above 0.5 because of the 

inclusion criteria of this study, as patients diagnosed with 

any form of cardiovascular anomaly, cardiomegaly inclusive 

were excluded from the study. Increased Cardiac diameter 

according to several authors reflects a number of 

pathological processes that affect cardiovascular function 

and outcome such as left ventricular hypertrophy, dilation 

and remodelling [43,44]. Since cardiac diameter has been 
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shown to significantly correlate positively with CTR, it 

therefore implies that an increase in CD will result in 

increase in CTR and vice-versa [17,15]. It has been observed 

that individuals with small increases in cardiac size (48–55%) 

were associated with a 3-fold risk of death, rising to 8-fold 

when the CTR exceeded 55% in adults after tetralogy of 

Fallot repair [45].  

5. Conclusions 

In conclusion, the borderline CTR of residents in gas 

flaring communities of in this study suggest a high risk    

of susceptibility to cardiovascular disease by this group.  

The exposure to gas flaring could lead to increase in 

cardiothoracic ratio. 

ACKNOWLEDGEMENTS 

We sincerely appreciate Kenny Oyeranmi, University of 

Port Harcourt Teaching Hospital, University College 

Hospital (UCH) Ibadan, Orange Diagnostic Medical Center 

Port Harcourt and Image Diagnostics Port Harcourt, and 

Two Tees X-ray Center Ibadan for allowing us to use their 

facilities for this research. 

 

REFERENCES 

[1] Christopher A. Osuoha and Michael A. Fakujiti. Flaring    
of gas in Niger Delta region of Nigeria: cost, ecological    
and human health implication. Environmental Health & 
Sustainable Development 2017 6(2), 390-410.  
https://doi.org/10.5296/emsd.v6i2.11662. 

[2] Olayinka S. Oyedepo, 2014 Towards achieving energy for 
sustainable development in Nigeria. Renewable and 
Sustainable energy Reviews 2014 34: 255-72. https://doi.org/ 
10.1016/j.rser.2014.03.019. 

[3] Mohamed Shaaban and J. O. Petinrin. Renewable energy 
potentials in Nigeria: meeting rural energy needs Renew. 
Sustain. Energy Reviews 2014 29:72 -84. 

[4] Femi, Asu. Gas flaring increased by 17.5% last year. Punch 
newspaper March 13 https://punchng.com/gas-flaring-increa
sed-by-17-5-last-year-nnpc/, accessed June 2018. 

[5] Etinosa Uyigue and Michael Agho. Coping with climate 
change and environmental degradation in the Niger-Delta of 
South Nigeria. Benin Community Research and Development 
centre. 2007http://priceofoil.org/content/uploads/2007/06/07
.06.11%20-%20Climate_Niger_Delta.pdf accessed June 14 
2018. 

[6] Warren B. Kindzierski. Importance of Human environmental 
exposure to Hazardous air pollutants from Gas flares, 
Environmental Review 2001; 8: 41-62.  
https://doi.org/10.1139/a00-005. 

[7] M. Strosher, Investigation of Flare Gas Emissions in Alberta. 
Final Report Environment Technologies Alberta Research 

Council, Calgary Alberta. 1996 https://ags.aer.ca/document/
SPE/SPE_005.pdf, accessed April 8 2018. 

[8] C.C. Tawari and J.F.N. Abowei. Air pollution in the Niger 
Delta Area of Nigeria. Int. J. of Fisheries and Acquatic 
Sciences. 2012 1(2): 94-117. 

[9] J.N Egwurugwu, A, Nwafor, O.J. Oluronfemi, Iwuji S.C., and 
Alagwo E.A. Impact of prolonged exposure to oil and gas 
flares on the human renal function. Int. Res. J of Med. Sci. 
2013; 1(11): 9-16. 

[10] Simon Irikefe Ovuakporaye, John C. Igweh, and Chukwuma 
Peter Aloamaka. Impact of Gas Flaring on Cardiopulmonary 
Parameters of Residents in Gas Flaring Communities in Niger 
Delta Nigeria. British Journal of Medicine & Medical 
Research 2016 15(6): 1-13  
https://doi.org/10.9734/BJMMR/2016/25326. 

[11] O.M. Adienbo, and A. Nwafor. Effect of prolonged exposure 
to gas flaring in some haematological parameters of humans 
in Niger Delta region of Nigeria. Journal of Applied Sciences 
and Environmental. Management 2010 14(1): 13 – 5. 

[12] C.S Danzer, Cardiothoracic ratio: An index of cardiac 
enlargement. The American Journal of Medical Sciences 
1919 157:513-521. 

[13] E.N Obikili, I, J. Okoye and G.E. Anyanwu. Cardiothoracic 
ratio in normal Nigeria Subjects. Biomedical Reasearch 2010 
21(2): 195-8. 

[14] A.M. Shugaba, Umar, I. Asunugeo I., Uzokwe C., Rabiu A. 
Matthew R. and S. Mohammed Cardiothoracic ratio of 
non-hypertensive patients at Jos University teaching hospital. 
Global Advanced Research Journal of Medicine and Medical 
Sciences 2012 1(7): 163-5. 

[15] E.N Obikili and I.J Okoye. Tranverse thoracic diameter in 
frontal chest radiographs of an adult Nigerian population. 
West Africa Journal of Medicine 2006 25:186-189. 

[16] Anyanwu, GE, F.C. Akpuaka, and C.I.P. Anibeze. Normal 
heart sizes of Nigerians within the Southeast using 
cardiothoracic ratio. Journal of Experimental and Clinical 
Anatomy. 2006 5(2): 21-25. 

[17] N.S Longbak, W.E. Mangset and U.A. Sirisena. 
Determination of cardiothoracic ratio (CTR) of normal fresh 
undergraduate students of University of Jos using plain chest 
radiographs. International Research of Pure and Applied 
Physics. 2017 5(2): 29-35. 

[18] G.S Oladipo, P.D. Okoh, C.O.D. Arimie and B.J. Leko. 
Normal heart size of Nigerians within Rivers State. Scientia 
Africana 2012 11(2): 20-21. 

[19] Stokes M. Pamela Ecological effects of acidification on 
primary producers in aquatic system. Water, Air and Soil 
Pollution. 1986 30: 421-438.  
https://doi.org/10.1007/BF00305212. 

[20] Atle Chr Christiansen Torleif Haugland. Gas flaring and 
global public goods. FNI Report 20/2001. 2001 Lysaker 
Norway Fridtjof Nansen Institute. https://www.fni.no/getfile.
php/132146-1469870401/Filer/Publikasjoner/FNI- 
R2001.pdf accessed March 12 2018. 

[21] Ite A.E. and Ibok U.I. Gas flaring and venting associated with 
Petroleum exploration in Nigeria’s Niger Delata. American 
Journal of Environmental Protection 2013; 1(4): 70-77 

https://doi.org/10.5296/emsd.v6i2.11662
https://punchng.com/gas-flaring-increased-by-17-5-last-year-nnpc/
https://punchng.com/gas-flaring-increased-by-17-5-last-year-nnpc/
https://punchng.com/gas-flaring-increased-by-17-5-last-year-nnpc/
http://priceofoil.org/content/
http://priceofoil.org/content/
https://ags.aer.ca/document/SPE/SPE_005.pdf
https://ags.aer.ca/document/SPE/SPE_005.pdf
https://ags.aer.ca/document/SPE/SPE_005.pdf
https://www.fni.no/getfile.php/132146-1469870401/Filer/Publikasjoner/FNI-%20R2001.pdf
https://www.fni.no/getfile.php/132146-1469870401/Filer/Publikasjoner/FNI-%20R2001.pdf
https://www.fni.no/getfile.php/132146-1469870401/Filer/Publikasjoner/FNI-%20R2001.pdf
https://www.fni.no/getfile.php/132146-1469870401/Filer/Publikasjoner/FNI-%20R2001.pdf


 American Journal of Medicine and Medical Sciences 2020, 10(5): 279-283 283 

 

 

http://doi.org/10.12691/env-1-4-1. 

[22] O.S. Ismail, G.E. Umukoro. Global impact of gas flaring. 
Energy and Power Engineering 2012; 4: 290-302. 
http://dx.doi.org/10.4236. 

[23] Gilman J.B., Lenner B.M., kuster W.C. and Gouw J. source 
signature of volatile organic compounds (VOCs) from oil and 
natural gas operations in northeastern Colorado. Environ.  
Sci. Technol 2013: 47(3)1297-305.  
https://doi.org/10.1021/es304119a. 

[24] Dockery DW, Pope CA 3rd, Xu X, Spengler JD. Ware JH, 
Fay ME et al. An association between air pollution and 
mortality in six U.S. cities N. Engl J. Med 1993: 329: 
1753-1759. 
https://doi.org/10.1056/NEJM199312093292401. 

[25] Pope CA 3rd, Burnett RT, Thursom GD, Thun MJ, Calle EE, 
Krewski D Cadiovascular mortality and long term exposure 
to particulate air pollution. Epidemiological evidence of 
general pathophysiological pathways of disease. Circulation 
109:71-7. 
https://doi.org/10.1161/01.CIR.0000108927.80044.7F. 

[26] Pope CA 3rd, Thun MJ, Namboodiri MM, Dockery DW, 
Evans JS, Speizer FE, Particulate air pollution as a predictor 
of mortality in a prospective study of U.S adults. Am. J. 
Respir. Crit. Care Med. 1995; 151: 669-674.  
https://doi.org/10.1164/ajrccm/151.3_Pt_1.669. 

[27] Samet JM, Dominici F, Curriero FC, Coursac I, Zeger     
SL. Fine particulate air pollution and mortality in 20 U.S. 
cities N. Engl. J. Med. 343: 1742-1749.  
https://doi.org/10.1056/NEJM200012143432401. 

[28] Franchini M, Mannucci PM. Thrombogenicity and 
cardiovascular effects of ambient air pollution. Blood; 2011; 
118: 2405-2412.  
https://doi.org/10.1182/blood-2011-04-343111. 

[29] Brunekreet B, Holgate ST. Air pollution and health. Lancet; 
360: 1233-1242.  
https://doi.org/10.1016/S0140-6736(02)11274-8. 

[30] Hoek G, Brunekreef B, Fischer P, Van Wijnen J. The 
association between air pollution and heart failure, 
arrhythmia, embolism, thrombosis and other cardiovascular 
causes of death in a time series studies. Epidemiology 2001; 
12: 355-357. 

[31] Brook G, Franklin B, Cascio W, Hong Y, Howard G, Lipsett 
M, et al., Air pollution and cardiovascular disease: a 
statement for healthcare professionals from expert panel on 
population and prevention science of the American Heart 
Association Circulation; 2004:2655-2671.  
https://doi.org/10.1161/01.CIR.0000128587.30041.C8. 

[32] Petrs A, Dockery DW, Muller JE, Mittleman MA. Increased 
particulate air population and triggering of myocardial 
infarction Circulation 2001; 103: 2810-2815.  
https://doi.org/10.1161/01.CIR.103.23.2810. 

[33] Shah AS, Langrish JP, Nair H, McAllister DA, Hunter AL, 
Donaldson K, et al., Global association of air pollution and 
heart failure: a systematic review and meta-analysis Lancet 

2013; 382:1039-1048.  
https://doi.org/10.1016/S0140-6736(13)60898-3. 

[34] Physician for Social Responsibilities. Coal’s assault on 
human health. https://www.psr.org/wp-content/uploads/2018
/05/air-pollution-effects-cardiovascular.pdf 2009 [accessed 
September 2 2018]. 

[35] Dubowsky SD, Suh H, Schwartz J, Coull BA, Gold DR. 
Diabetes, obesity and hypertension may enhance association 
between air pollution and markers of systemic inflammation. 
Environ. Health Perspect. 2006; 114:992-998.  
https://doi.org/10.1289/ehp.8469. 

[36] Peel JL, Metzger KB, Klein M, Flanders WD, Mulholland JA, 
Tolbert PE. Ambient air pollution and cardiovascular 
emergency department visit in potentially sensitive groups. 
Am. J. Epidemiol. 2007; 165:625-633.  
https://doi.org/10.1093/aje/kwk051. 

[37] Brook RD. Why physician who treat hypertension should 
know more about air pollution. J. Clin. Hypertens. 
(Greenwich) 2007; 9: 629-635.  
https://doi.org/10.1111/j.1524-6175.2007.07187.x. 

[38] Lyons WC, Plisga G. Standard handbook of petroleum and 
natural gas engineering. 2nd ed. Burlington MA: Gulf 
Professional Publishing; 2005. 

[39] Ma C-M, Lin L-Y, Chen H-W, Huang LC, Li JF, Chaung KJ. 
Volatile organic compounds exposure and cardiovascular 
effects in hair salons 2010; 60:624-630.  
https://doi.org/10.1093/occmed/kqq128. 

[40] Ridker PM, Rifai N, Rose L, Buring JE, Cook NR. 
Comparison of C-reactive and infection protein and 
low-density lipoprotein cholesterol levels in the prediction of 
cardiovascular events. N Engl J Med. 2002; 347 (20): 
1557-1565. https://doi.org/10.1056/NEJMoa021993. 

[41] Sproston NR, Ashworth JJ. Role of C-reactive protein at site 
of inflammation Front. Immunol 2018; 9:1-11.  
https://doi.org/10.3389/fimmu.2018.00754. 

[42] Data Sciences International. Heart rate variability 
https://www.datasci.com/solutions/cardiovascular/heart-rate-
variability-(hrv). 2018 [accessed September 2 2018]. 

[43] Gustafsson F, Torp-Pedersen C, Brendorp B. Long-term 
survival in patients hospitalized with congestive heart failure: 
relation to preserved and reduced left ventricular systolic 
function. Eur. Heart J. 2003; 24:863–70.  
https://doi.org/10.1016/S0195-668X(02)00845-X. 

[44] Solomon SD, Anavekar N, Skali H. Influence of ejection 
fraction on cardiovascular outcomes in a broad spectrum   
of heart failure patients. Circulation 2005; 112: 3738–44. 
https://doi.org/10.1161/CIRCULATIONAHA.105.561423. 

[45] Dimopoulos K, Giannakoulas G, Bendayan I, Liodakis E, 
Petracco R, Diller G, et al. Cardiothoracic ratio from 
postero-anterior chest radiographs: A simple, reproducible 
and independent marker of disease severity and outcome in 
adults with congenital heart disease. International Journal of 
Cardiology, 2011 166(2) 452-57,  
https://doi.org/10.1016/j.ijcard.2011.10.125. 

 

http://doi.org/10.12691/env-1-4-1
http://dx.doi.org/10.4236
https://doi.org/10.1056/NEJM199312093292401
https://doi.org/10.1161/01.CIR.0000108927.80044.7F
https://doi.org/10.1164/ajrccm/151.3_Pt_1.669
https://doi.org/10.1016/S0140-6736(02)11274-8
https://doi.org/10.1161/01.CIR.0000128587.30041.C8
https://doi.org/10.1161/01.CIR.103.23.2810
https://doi.org/10.1016/S0140-6736(13)60898-3
https://www.psr.org/wp-content/uploads/2018/05/air-pollution-effects-cardiovascular.pdf
https://www.psr.org/wp-content/uploads/2018/05/air-pollution-effects-cardiovascular.pdf
https://www.psr.org/wp-content/uploads/2018/05/air-pollution-effects-cardiovascular.pdf
https://doi.org/10.1289/ehp.8469
https://doi.org/10.1093/aje/kwk051
https://doi.org/10.1111/j.1524-6175.2007.07187.x
https://doi.org/10.1093/occmed/kqq128
https://doi.org/10.3389/fimmu.2018.00754
https://www.datasci.com/solutions/cardiovascular/heart-rate-variability-(hrv)
https://www.datasci.com/solutions/cardiovascular/heart-rate-variability-(hrv)
https://doi.org/10.1016/S0195-668X(02)00845-X
https://doi.org/10.1161/CIRCULATIONAHA.105.561423

