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Abstract 

Urban air pollution is proving to be a great health hazard for the residents of 

the cities. It is one of the main causes of respiratory infections and selected 

cardiovascular diseases. Air pollution exposure results in significant changes 

in many cardiovascular indexes like- heart rate & blood pressure etc. As 

Jodhpur is declared Rajasthan’s most polluted city by W.H.O, we took a study 

to evaluate association and develop a relationship between air pollution in 

terms of Indian AQI as per CPCB and Blood pressure. Further Blood pressure 

is also a risk factor for future cardiovascular problems. Five locations at 

Jodhpur were selected for measurement of air pollutants like PM10, SO2, NO 

and CO. Also study was undertaken on persons with exposure to air pollution 

for 1-5 years.9 Similarly persons with the same socio-economic background 

but not exposed to air pollution were selected for comparative observations. 

Systolic and diastolic blood pressure was measured with the subject seated and 

percentage increase in systolic blood pressure (ISBP) and percentage increase 

in diastolic blood pressure (IDBP) was calculated. Linear regression analysis 

with the help of SPSS was done. It is clear from the observation and analysis 

that increase in exposure duration and AQI is responsible for increase in 

SBP/DBP. It is clear from the statistical analysis that two independent 



1368  Manish Chawla, Dr. Suresh Kumar Singh, Dr. Vineet Marwaha 

variables Exposure duration and AQI jointly account for the variation in ISBP 

up to 84.9% and remaining 15.1% is due to other reasons. It also indicated that 

these two independent variables jointly account for the variation in IDBP up to 

85.9% and remaining 14.1% variation is   due to other reasons. Further by 

multiple regression analysis estimated equations for showing relationship of 

ISBP/IDBP with AQI and exposure duration were developed. 

 

1. INTRODUCTION 

Urban air pollution is becoming a great challenge for the city planners in present time, 

not only in developed cities but also for developing cities. Air pollution in cities is 

because of traffic pollution, pollution from industries, pollution of household 

activities etc. The concentration of various air pollutants are continuously increasing 

and thereby deteriorating the air quality of the city. The degree of which air pollutants 

discharge from various sources concentrate in a particular area depends largely on 

meteorological conditions. In a specific place the emitted pollutants may be the same 

but it is the meteorological weather that can trigger an air pollution episode. The 

impact parameters that influence air pollution are wind direction, speed, temperature, 

precipitation, Humidity, Solar radiations etc.12 Regional differences in composition 

and emission sources necessitate regional level health effects studies and emission 

control strategies. W.H.O’s estimates suggest that the health effect of outdoor air 

pollution in Asian cities is substantial. These estimates are based largely on the results 

of research conducted in Europe and North America that have been extrapolated to 

developing countries. Such extrapolation raises large uncertainties because Asia 

differs from Europe and North America in the nature of its air pollution, the 

conditions and magnitude of exposures to that pollution, and the health status of its 

populations.8 The urban population in India is particularly at risk due to 

(a) Expected high air pollution due to increasing vehicular traffic, growing 

industrialization and poor pollution control measures 

(b) High population density and poor hygienic conditions in the crowded cities  

(c) Poor nutritional and health status of poor socioeconomic group of population. Air 

pollution consists of many pollutants, among other particulate matter. These particles 

are able to penetrate deeply into the respiratory tract and therefore constitute a risk to 

health by increasing mortality from respiratory infections and diseases like lung 

cancer and selected cardiovascular diseases.1 High respiratory vulnerability has been 

widely acknowledged as a major component of adverse effects of air pollution.2 

Lately air pollution induced cardiovascular toxicity has become the focus of intensive 

studies among cardiologists and specialists in environmental medicine.1Because the 
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chemical composition of ambient particles varies greatly between different 

geographical areas,it is difficult to identify specific components that elicit 

cardiovascular toxicity. Air pollution exposure results in significant changes in many 

cardiovascular indexes. Some of the effects i.e. changes in heart rate, blood pressure, 

develop acutely in response to increased level of ambient particles.1 Choi , Xu, Park 

in their study showed the association between ambient air-pollutant concentrations 

and blood pressure.7 The MONICA(Monitor Trends In Cardiovascular Diseases 

Study) trial in Germany revealed that there was a modest increase from 1.79 to 

2.37mm Hg in the systolic pressure per 90 µg/m3 increase in total ambient air 

particulates. These effects of pollutants were exacerbated in patients with underlying 

high blood viscosity and high heart rates (HRs) .6 

Many studies have shown a consistent association between ambient air pollution and 

an increase in deaths due to cardiovascular causes. An increase in blood pressure is a 

common risk factor for a variety of cardiovascular diseases.5 Increased blood pressure 

from long term exposure to air pollution may be explained by sustained inflammation 

or stimulation of the body to produce toxic chemicals. These effects lead to 

impairment of blood vessel function & stiffening of arteries.3 However the association 

between air pollution in terms of AQI and blood pressure has not been evaluated 

extensively.  

Blood pressure is also a risk factor for future cardiovascular diseases. Keeping all this 

in view, the present cross sectional study is designed to monitor the ambient air 

quality and correlate it with the cardiovascular health status of the general population 

in Jodhpur. It represents hot and arid climate.16 It has high amount of dust load and 

sand in the ambient atmosphere. Due to arid condition in Jodhpur there are frequent 

dust storm events in pre monsoon season. The aerosols originating naturally (mineral 

dust)is also one of the important parameter. Jodhpur is the second largest city of 

Rajasthan and is situated in the western part of Rajasthan (India). According to report 

by W.H.O in 2014 Jodhpur has the highest concentration of PM10 in Rajasthan.14 

Jodhpur is Rajasthan’s most polluted city as per World Health Organisation report in 

May 2016, indicating industrial and vehicular exhaust were choking the state with 

little oversight or monitoring mechanism.15 

 

2. METHODOLOGY & OBSERVATIONS 

Five locations of Jodhpur were selected for measurement of pollutants like PM10, SO2, 

NO2 & CO. From these concentrations of the pollutants, value of sub indices of 

respective pollutants were calculated to predict AQI as per CPCB guidelines.10 The 

highest value of sub indices for various pollutants for that sampling station is 
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considered as AQI for that particular station. An air quality index is defined as an 

overall scheme that transforms the weighed value of individual air pollution related 

parameters into a single number the basis of development of standards is to provide a 

rational for protecting public health from adverse effects of air pollution to eliminate 

or reduce exposure.10 

 

Table 1: AQI values at various sampling stations 

Sampling 

Stations 

         

                             Parameter   

    CO       

(mg/m³) 

                                              

    

    AQI 
        SO2 

     (µg/m³) 

        NO2 

     (µg/m³) 

        PM10 

     (µg/m³) 

            1         9.64           29.82            138     0.64     125 

            2        7.62           34.56            226     1.09     184 

            3        9.47           38.60            85     0.85     85 

            4        5.58           19.82            106     0.59     104 

            5        8.77           31.28            286     0.86     236 

 

Subjects having exposure to air pollution for duration of 1year to 5 years were 

selected for the study. Also control subjects were selected who were not exposed to 

air pollution but are of same socio-economic background for comparing the 

observations. Data related to cardiovascular risk i.e. systolic and diastolic blood 

pressure was measured.11 Blood pressure was measured with the subject seated. 

Smoker’s, persons having respiratory and cardio vascular problems were not included 

in the study. In all total number of 828 subjects were considered for the study. As it is 

very difficult to calculate increase of blood pressure in absolute terms, Indices were 

developed for systolic blood pressure and diastolic blood pressure and are represented 

as ISBP and IDBP i.e. percentage increase in systolic blood pressure in fraction and 

percentage increase in diastolic blood pressure in fraction. Linear regression analyses 

were conducted to quantify the relationship between percentage increase in   blood 

pressure and AQI. For the analysis the multiple logistic regression analysis3,4  SPSS 

statistics  tool was used and required significance tests were applied to test the 

significance at 95% confidence level and multiple regression equations were 

developed keeping exposure duration and AQI as independent variables. 
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Table-2 : Mean value of indices for exposure duration 1-5 years 

Station 

NO. 

Exposure Duration 

    in years 

   AQI    ISBP    IDBP 

     1             1 

            2 

            3 

            4 

            5 

85 

 

 

 

   0.063 

   0.065 

   0.137 

   0.182 

   0.227 

0.021 

0.034 

0.114 

0.169 

0.182 

     2             1 

            2 

            3 

            4 

            5 

104    0.072 

   0.134 

   0.220 

   0.226 

   0.303 

0.036 

0.080 

0.131 

0.182 

0.222 

     3             1 

            2 

            3 

            4 

            5 

125    0.137 

   0.175 

   0.250 

   0.284 

   0.296 

0.058 

0.138 

0.183 

0.197 

0.223 

     4             1 

            2 

            3 

            4 

            5 

184    0.170 

   0.185 

   0.291 

   0.308 

   0.308 

0.104 

0.151 

0.185 

0.200 

0.231 

     5 

 

 

            1 

            2 

            3 

            4 

            5 

236    0.209 

   0.261 

   0.263 

   0.308 

   0.309 

0.176 

0.211 

0.215 

0.216 

0.229 

6 Control population xxx 0.0468 0.029 
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3. ANALYSIS 

 

Table No.- 3 : Statistical Constants for ISBP 

Model           R R Square Adjusted R 

   Square 

Std. Error of 

the Estimate 

ISBP .921(a) .849 .835 .03275 

                                                              ANOVA(b) 

Model Sum of 

Squares 

Df Mean Square F Sig. 

 

Regression 

Residual 

Total 

    

      .132 

      .024 

.156 

      

          2 

22 

24 

0.066            

0.001 

61.722 

           

0.000(a) 

 

a) Predictors:  (Constant), EXPDUR, AQI 

b) Dependent Variable :ISBP        

Coefficients (a) 

        Model Unstandardized 

   Coefficients 

Standardized 

Coefficients 

T        Sig. 

B Std.Error Beta B Std. Error 

( Constant)  

AQI                                                                                  

EXPDUR   

-.023 

.001 

.041 

.023 

.000 

.005 

 

.546 

.742 

-.993 

6.584 

8.950 

.331 

.000 

.000 
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F-test 

       H0 : β1 =   β2 = 0 against H1 : not all  βk = 0 :(k = 1,2) 

       Anova table gives the value of calculated 'F' = 61.722  

and Fn-k-1, α =  3.4434( From standard tables)  

                                       Hence FCAL > Fk, Fn-k-1, α 

      Hence, reject H0  at α=0.05 level of significance  ,  therefore significance of 

individual β’s be tested by 't' test  

t-Test 

 H0 : βJ   = 0  against   H1 : βJ   ≠ 0   ( for j=1,2 )    

The calculated value for  't statistics'  for  β1 & β2 

                                                t (for β1 )  = 6.584  

                                                t (for β2 )  = 8.950 

The value of tn-k-1;α/2=2.074 

The value of t is > tn-k-1;α/2 therefore reject H0 

Hence β1≠0, β2≠0 

Thus the estimated multiple regression analysis equation for ISBP can be expressed as 

ISBP = 0.041 * EXPDUR +0.001 *AQI – 0.023 

 

 

Graph-1 
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Table No. -4: Statistical Constants for IDBP 

Model R R Square Adjusted R 

Square 

Std. Error of the 

Estimate 

IDBP .927(a) .859 .846 .02602 

a) Predictors:  (Constant), EXPDUR, AQI         

                                                      ANOVA(b) 

Model Sum of     

Squares 

Df Mean Square F Sig. 

Regression 

Residual 

Total 

.090 

.015 

.105 

2 

22 

24 

.045 

.001 

66.836 

           

 .000(a) 

a) Predictors:  (Constant), EXPDUR, AQI 

b) Dependent Variable :IDBP  

Coefficients(a) 

Model Unstandardize 

Coefficients 

Standardized   

Coefficients 

T Sig. 

B Std.Error Beta B Std. Error 

(Constant) 

AQI 

EXPDUR 

-.040 

.001 

.035 

.018 

.000 

.004 

 

.535 

.756 

-2.195 

6.681 

9.436 

.039 

.000 

.000 

 

F-test             

       H1 : β1 =   β2 = 0 against H1 : not all  βk = 0 :(k = 1,2) 

       Anova table gives the value of calculated 'F' = 66.836  

and Fk, n-k-1,α =  3.4434( From standard tables)  

                                       Hence FCAL > Fk, Fn-k-1, α 

      Hence, reject H0 at α=0.05 level of significance  ,  therefore significance of 

individual β’s be tested by 't' test  

t-Test 

 H0 : βJ   = 0  against   H1 : βJ   ≠ 0   ( for j=1,2 )    

The calculated value for 't statistics' for  β1 & β2 

                                                t (for β1 )  = 6.681 

                                                t (for β2 )  = 9.436 

The value of tn-k-1;α/2=2.074 

The value of t is > tn-k-1;α/2 therefore reject H0 

Hence β1≠0, β2≠0 
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Thus the estimated multiple regression analysis equation for IDBP can be expressed 

as 

                            IDBP = 0.01 AQI +0.035EXPDUR – 0.040 

 

 

Graph-2 

 

Graphical and statistical analysis clearly indicates that ISBP/IDBP is increasing if 

exposure duration is constant and AQI is increasing, Similarly ISBP/IDBP is 

increasing if AQI constant and exposure duration is increasing. Line of best fit clearly 

shows relationship between above parameters. Most of the actual values of 

ISBP/IDBP are in close range of fitted values as most of the dots are in the shaded 

regions which is the 95% confidence level 

 

4. CONCLUSION 

It clear from the observation and analysis that increase in exposure duration and AQI 

is responsible for increase in SBP/DBP. It is clear from the statistical analysis that two 

independent variables exposure duration and AQI jointly account for the variation in 

ISBP up to 84.9% and remaining 15.1% is due to other reasons. It also indicates that 

there two independent variables jointly account for the variation in IDBP up to 85.9% 

and remaining 14.1% variation is   due to other reasons. Air pollution, in particularly 

the particulate pollution increases the sympathetic tone throughout the body, which 

contributes to increase in pulse pressure so observed in an individual with significance 

exposure to these pollutants.  Our results showed a significant increase in blood 
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pressure in subjects with increased value of Air Pollution measured in terms of AQI. 

Furthermore, a significant increase in the risk of attaining a blood pressure within the 

hypertensive range was observed. Since an increase in blood pressure could be caused 

by change in cardiovascular autonomic control which would indeed influence adverse 

cardiac events. As we increase our understanding that the exposure to air pollution 

leads to elevated blood pressure, which causes an increase in risk for a cardiovascular 

event or stroke; it will be necessary to keep air pollution level as low as possible for 

prevention of blood pressure related diseases. Further extensive studies are required 

so that more quantitative analysis could be made regarding the effect of individual 

pollutants on discrete vascular parameters. Meantime deliberate attempts should be 

made to reduce air pollution and to increase public awareness of the hazardous 

consequences of living in a polluted environment.                             
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