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Abstract 

Studying the connection between air quality and respiratory disorders is critical for informing public health 

studies and policy formation to create healthier communities and a healthier environment. Previous work by 

Anderson et al. (2011) showed a positive correlation between air pollution and premature deaths, including an 

analysis of specific cardiovascular and pulmonary diseases. Additionally, YoussefAgha et al. (2012) showed a 

positive correlation between poor air quality and childhood asthma in Pennsylvania. Using the Lancaster Prosperity 

Indicators data from the Franklin and Marshall Center for Opinion Research (lanc.fandm.edu) and the American 

Lung Association (http://www.stateoftheair.org/), I analyzed the relationship between good air quality and cases of 

pediatric asthma, adult asthma, and Chronic Obstructive Pulmonary Disease (COPD) in Pennsylvania counties 

between 2011 and 2016 (“good” air quality is defined by the Environmental Protection Agency (EPA) as having an 

Air Quality Index (AQI) of 0-50). This study found that poor air quality in Pennsylvania counties does correlate to 

higher rates of child asthma, adult asthma, and COPD, rejecting the null hypothesis of no relationship between air 

quality and health outcomes. The results of this study show a statistically significant negative correlation between 

good air quality and frequency of respiratory disorders in both univariate and multivariate analysis for all three 

dependent variables. Additional control variables analyzed at the multivariate level were the percent of people under 

65 without health insurance, the poverty rate, and inflation-adjusted median household income. Of these, only health 

insurance was statistically insignificant.  

 

Regression Results 

The null hypothesis most relevant for this study is that poor air quality does not correlate to rates of 

respiratory illness, defined as H0 : Bk = 0, where Bk is the slope estimate on the explanatory variable for air quality. 

Alternatively stated, as the percentage of good air quality days increases, cases of aforementioned respiratory 



disorders would not increase. The alternative hypothesis states that good air quality and respiratory disorders are 

inversely correlated, or H1 : Bx < 0, showing that poor air quality and poor public health are correlated. 

 The univariate regression results show the null hypothesis was rejected for all dependent variables -  

pediatric asthma, adult asthma, and COPD - with 95% confidence. Specifically, for every 1% increase in good air 

quality days in a year, there were 10.53 fewer cases of pediatric asthma, 29.03 fewer cases of adult asthma, and 

20.53 fewer cases of COPD. This indicates that good air quality is significantly correlated with respiratory health in 

Pennsylvanian counties.  

Multivariate regression results included aforementioned variables of lack of health insurance, poverty, and 

household income (Tables 1-3). When these potential confounding variables were included, the effect of air quality 

on pediatric asthma cases actually increased. For every 1% increase in the percentage of days with good air quality, 

there were 89.27 fewer cases of pediatric asthma from 2011-2016, with 99% significance. This increase in the 

estimated size and statistical significance may indicate that asthma in children is most greatly impacted by their 

surroundings, both environmental and home lives, as poverty rate and household income were both significantly 

correlated to childhood asthma. In contrast, the impacts of air quality on adult asthma and COPD were both reduced 

in magnitude during multivariate regression, but maintained the same level of statistical significance. For all three 

response variables, the poverty rate remained positively correlated and significant at a 95% level. The theoretical 

interpretation of the relationship between respiratory problems and poverty is partially confounded by the significant 

and positive correlation between respiratory problems and inflation-adjusted median household income, i.e. an 

increase in median income is correlated with an increase in cases of respiratory disorders. This could potentially be 

explained by the influence of outliers amongst the various counties in the data set, as well as lower levels of 

diagnosis in poorer counties. Chester county, for example, has an unusually high median income but still has a large 

number of cases of asthma and COPD (see the upper-right of the scatter plot in Figure 1). In contrast, the correlation 

between median income and respiratory problems in lower-income counties is not clear, and lower-income counties 

are also associated with lower identified levels of adult asthma than Chester county (Figure 1). Finally, the lack of 

statistical significance for the correlation between respiratory issues and lack of health insurance could potentially be 

explained by a lack of reporting or diagnosis by individuals who do not regularly attend the doctor. 

 

Conclusion 



In 2014, Lancaster county experienced the poorest air quality of any county in this study with only 34.24% 

of days classified as having good air quality. This study provides evidence that this should be a public health 

concern. Moreover, the significant correlation between health, air quality, and the poverty rate suggests a potential 

environmental injustice, in which the poor are subjected to poor air quality resulting in respiratory disorders at 

disproportionately higher rates. An implication of this study is that policy for public health in Lancaster should also 

incorporate environmental management.  Further studies should additionally investigate why Lancaster county has 

worse air quality than its surrounding Pennsylvania counties, to inform public policy action for Lancaster to take 

steps to improve its air quality.  

 

 

Figures 

 

Figure 1. Scatter Plot of Household Income and Adult Asthma cases  

Note. Outlying data from Chester county (in the top-right corner of this plot) likely explains the overall positive 

correlation between income and respiratory disorders, as shown in the multivariate regression results.  



 

Figure 2. Density Plot of Air Quality in Lancaster and York Counties  

Note. This overlaid density plot demonstrates the lower air quality in Lancaster county compared to neighboring 

York County.  

  



Tables  

         Dependent variable:     

                                    --------------------------- 

                                  Pediatric Asthma (Cases)   

-------------------------------------------------------------------------- 

Good Air Quality (Percentage of Days)         -89.267***        

                                                      (3.279)         

                                                                 

No Health Insurance (People)                       -47.951          

                                                     (22.743)         

                                                                  

Poverty Rate                                                   807.374**         

                                                                       (34.975)   

 

Household Income                                         0.416***           

                                                      (0.077)           

                                                                  

Constant                                     -20,562.990**        

                                                  (9.449)        

 --------------------------------------------------------------------------- 

Observations                                       60              

R2                                                 0.538            

Adjusted R2                                        0.505            

Residual Std. Error                       3,685.295 (df = 55)     

F Statistic                             16.022*** (df = 4; 55)    

============================================= 

Note:                                 *p<0.1; **p<0.05; ***p<0.01 

 

Table 1. Correlation of Air Quality with Pediatric Asthma 



     Dependent variable:     

                                          --------------------------- 

                                         Adult Asthma (Cases)     

----------------------------------------------------------------------------- 

Good Air Quality (Percentage of Days)         -24.806**        

                                                            (10.459)         

                                                                  

No Health Insurance (People)                                 -48.4255         

                                                                                 (72.540)         

                                                                  

Poverty Rate                                                            24.5922**        

                                                                                (111.552)        

                                                                  

Household Income                                                     1.246***           

                                                                                  (0.244)           

 

                                                                  

Constant                                                    -58,919.610*         

                                                         (30,137.680)         

                                                                  

------------------------------------------------------------------------------------------- 

Observations                                         60              

R2                                                               0.519           

Adjusted R2                                        0.484           

Residual Std. Error                                 11,754.050 (df = 55)    

F Statistic                                                   14.825*** (df = 4; 55)    

==================================================== 

Note:                                 *p<0.1; **p<0.05; ***p<0.01 

 

 

Table 2. Correlation of Air Quality with Adult Asthma 

 

 

 

  



  Dependent variable:     

                                     --------------------------- 

                                          COPD (Cases)         

---------------------------------------------------------------------------- 

Good Air Quality (Percentage of Days)            -17.838**        

                                                         (7.391)         

                                                                  

No Health Insurance (People)                          -37.152        

                                                                          (51.266)         

                                                                  

Poverty Rate                                                     159.813**        

                                                                        (78.836)         

                                                                    

Household Income                                           0.848***           

                                                                         (0.172)           

                                                                  

Constant                                                     -37,634.510*         

                                                                  (21,298.920)         

                                                                  

--------------------------------------------------------------------------- 

Observations                                        60              

R2                                                            0.513            

Adjusted R2                                               0.477            

Residual Std. Error                             8,306.830 (df = 55)     

F Statistic                                         14.461*** (df = 4; 55)    

============================================== 

Note:                                 *p<0.1; **p<0.05; ***p<0.01 

 

Table 3. Correlation of Air Quality with Chronic Obstructive Pulmonary Disease (COPD) 
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