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Abstract

Over the next several decades the United States will be severely affected by climate

change. Consequently, the public health of the country and its human inhabitants and

communities will be compromised. Select populations such as children, the elderly, and those

living in squalid conditions or disadvantaged communities, will be disproportionately vulnerable.

Asthma is a disease with a complex etiology, air pollution exacerbates symptoms of asthma and

can cause the onset of asthma in adults. Asthma, like climate change, disproportionately affects

certain groups of people. We created a dataset at the census tract level, by collecting data from

multitudes of sources on environmental quality, behavioral factors, socioeconomic status,

educational attainment, neighborhood characteristics, modifiable risk factors, and comorbidities

of asthma. We created a correlation matrix to analyze which variables are positively and

negatively correlated with asthma prevalence. Furthermore, we created multivariate linear

regression models with our variables to determine the associations between asthma prevalence

and neighborhood and environmental predictors. Neighborhoods with a higher percentage of

Black people are positively correlated with higher asthma prevalence with a value of 0.50.

Moreover, the highest positive correlation existed between es†nytimated percent of adults ever

diagnosed with heart disease and estimated percent of adults ever diagnosed with COPD,

emphysema, and chronic bronchitis in 2018, with a value of 0.90. In our regression models we



found that for a one unit increase of percent Black people in a neighborhood, there is an increase

of 1.98 units of asthma prevalence. We also found in our models that for a one unit increase in

estimated percent of adults reporting 14 or more days of poor physical health in the past 30 days

in 2018, there is an increase of 0.210 units of asthma prevalence. By cultivating a greater

understanding of how these factors interact simultaneously the strategic optimization of

neighborhood level interventions can be implemented for asthma prevention.

Introduction

More Americans than ever before have asthma, it is one of this country’s most common

and costly diseases. Asthma is a chronic respiratory disease with a complex etiology that can be

fatal. Over 25 million Americans have asthma, with approximately 20 million adults over the age

of 18, and 5.1 million children under the age of 18 having asthma [1]. Asthma is more common

in adult women than adult men, and it is more common in boys than girls in the United States.

Furthermore, asthma disproportionately affects Black Americans, as they are nearly three times

more likely to die from asthma than white Americans [1].

Over the next several decades the United States will be severely affected by climate

change. Consequently, the public health of the country and its human inhabitants and

communities will be compromised. Select populations such as children, the elderly, and those

living in squalid conditions or disadvantaged communities, will be disproportionately vulnerable.

Disadvantaged communities are more vulnerable to climate change because they are the least

able to prepare for and recover from heat waves, poor air quality, and other impacts [5]. Children

are disproportionately vulnerable to air pollution because it may disrupt the proper development

of the lungs. Moreover, the elderly are disproportionately vulnerable to air pollution because the



ability to eliminate chemicals from the body decreases with age [9]. Climate change deteriorates

the sustainability of life by inducing changes in the atmosphere mainly resulting from the

buildup of greenhouse gasses from burning fossil fuels to provide energy for human activities,

these noxious environmental changes can harm people’s health and wellbeing, particularly

respiratory functioning. Climate change can influence respiratory health by directly promoting or

aggravating respiratory diseases or by increasing exposure to risk factors for respiratory diseases

[3]. Air pollution and climate change are inextricably linked. The most severe respiratory health

effects of air pollution are attributable to particulate matter and ozone, according to

epidemiological studies [3]. Previous studies have also suggested that exposure to air pollution

can lead to the development as well as exacerbation of asthma [4].

Asthma is influenced by biological, social, and environmental factors throughout the

course of an individual's lifetime. However, asthma disproportionately impacts communities of

color and low socioeconomic status [14]. There is a one-and-half-fold increase in the prevalence

of asthma among individuals of low socioeconomic status (SES) compared with those of high

SES. Moreover, extensive research conducted over the past decades support that low SES and

environmental exposures connected to poverty are substantially associated with the development

of asthma, and poor asthma outcomes [14]. Behavioral factors such as sedentary lifestyle,

smoking, unhealthy diets, and obesity in individuals with asthma have been found to have

increased negative effects from pollutant exposure [11]. Communities with low SES are

characterized by low-income, low educational attainment, lower quality home environments,

increased stress, polluted air and water, and high crime rates. These factors perpetuate a cycle of

poor health management and intervention in low SES neighborhoods which leaves these



communities to be disproportionately affected by asthma in terms of prevalence rates and disease

morbidity [11].

The complex nature of asthma leads it to be influenced by a variety of risk factors. These

factors are non-modifiable (genetics and sex), and modifiable (environment and behavior) risks.

Current evidence suggests causal roles for modifiable exposures on asthma such as obesity,

unhealthy diet, and indoor or outdoor pollutants [15]. Furthermore, exposure to land use

contaminants from living near an industrial park have been associated with increased risk of

asthma in adults [6]. Both environmental and behavioral factors have been associated with

increased asthmatic symptoms [8].

The goal of this paper is to substantiate public health research on many different parts of

the neighborhood environment, with a focus on air pollution as it correlates to increased asthma

incidence on a neighborhood scale. This is accomplished in two parts. We first created a dataset

of census tract-level factors potentially associated with increased asthma symptoms, with an

emphasis on socioeconomic disparities, neighborhood demographics, and neighborhood

proximity to polluting sources. Using this dataset, we then applied advanced statistical and

spatial modeling in RStudio to illustrate which factors are most highly associated with rates of

asthma incidence and where these increased rates of asthma occur spatially across the nation. In

this part, we developed a multivariate linear regression model to examine a variety of factors

associated with asthma while making considerations for air pollution on a neighborhood scale.

Commonly in the United States, minority populations are concentrated in neighborhoods with a

low overall socioeconomic status. We define socioeconomic status in this paper as

socioeconomic status and social vulnerability level. Moreover, we use factors such as estimated

percent of all people living in poverty, estimated per capita income, estimated percent of all



households that rent a home or own a home, estimated percent of people with a high school

diploma, and predominant racial or ethnic group. We are interested in determining if low

socioeconomic status as we define it and in terms of our considerations for correlation factors

listed previously on a neighborhood scale shows that these neighborhoods are disproportionately

vulnerable to the effects of climate change, namely air pollution.

Analyzing the impact on asthma prevalence on a neighborhood scale by a variety of

elements related to environmental quality, behavioral factors, socioeconomic status, educational

attainment, neighborhood characteristics, modifiable risk factors, and comorbidities can facilitate

a greater understanding of how these factors interact simultaneously with the complex exposures

to air pollution and how this affects asthma prevalence. This research paper aims to ultimately

identify areas that are disproportionately impacted by climate change with an emphasis on

environmental justice in public health.

Methods

The data used for this research was collected at the census tract level. The source for the

data collection at the census tract level was PolicyMap. PolicyMap is an interactive tool that

allows you to set geographical boundaries and define variables of interest to gather data on the

defined areas in terms of the variables of interest. The variables of interest were selected on the

basis of prior evidence from studies analyzing environmental predictors of asthma, and variables

were selected due to their nature as a risk factor of asthma. We used this tool due to the extensive

dataset that is available and its accessibility. Furthermore, we were able to analyze

demographics, incomes and spending, housing, quality of life, economy, education, and health

through PolicyMap [12]. This facilitated the means for us to create a comprehensive dataset



encompassing the entirety of the United States at the census tract level that included variables of

interest for the purposes of the study. These variables of interest include estimated percent of

adults reporting to have asthma in 2018 (eparha18), predominant racial or ethnic group between

2013-2017 (preg13_17), estimated percent of all people living in poverty as of 2015-2019

(epaplp15_19), estimated per capita income between 2015-2019 (epci15_19), estimated percent

of people with a high school diploma (eppwhsd), estimated percent of all households that rent a

home or own a home between 2015-2019 (epahr15_19 & epaho15_19), socioeconomic status

social vulnerability level as of 2018 (sessv18), social vulnerability level as of 2018 (svl18),

estimated median age of all people between 2015-2019 (emaap15_19), estimated percent of

adults ever diagnosed with hypertension (epaedhbp), estimated percent of adults reporting to be

obese (BMI >30) (eparo), estimated percent of adults reporting to be physically inactive in the

past 30 days (eparpip_30d), estimated percent of adults ever diagnosed with hyperlipidemia

(epaedhc), estimated percent of adults ever diagnosed with heart disease (epaedhd), estimated

ratio of men to women (number of males per hundred females) (ermtw_nm_per100f), estimated

percent of adults ever diagnosed with COPD, emphysema, or chronic bronchitis in 2018

(epaed_copd_emphy_cb_18), estimated percent of adults reporting to have ever smoked

cigarettes (eparhesc), life expectancy at birth as of 2010-2015 (leab10_15), cooling degree days

2008 (cddr08), heating degree days 2008 (hddr08), estimated percent of adults reporting 14 or

more days of poor physical health in the past 30 days in 2018 (epar14_ormdpph_p30d_18), and

estimated percent of adults ever diagnosed with depression in 2018 (epaedd18), . Each one of

these factors was included in a dataset of 72371 census tract levels.

PolicyMap served as the centralized source from which we gathered our data from. The

original source of the data for a variety of variables utilized in the study is the Behavioral Risk



Factor Surveillance System (BRFSS). The BRFSS is the nation’s premier health-related

telephone survey that collects data across all 50 states about U.S. residents regarding their

health-related behaviors, chronic conditions, and use of preventive services [2]. The variables

used in the study from the BRFSS include estimated percent of adults reporting to have asthma

in 2018 (eparha18), estimated percent of adults ever diagnosed with hypertension (epaedhbp),

estimated percent of adults reporting to be obese (BMI >30) (eparo), estimated percent of adults

reporting to be physically inactive in the past 30 days (eparpip_30d), estimated percent of adults

ever diagnosed with hyperlipidemia (epaedhc), estimated percent of adults ever diagnosed with

heart disease (epaedhd), estimated percent of adults ever diagnosed with COPD, emphysema, or

chronic bronchitis in 2018 (epaed_copd_emphy_cb_18), estimated percent of adults reporting to

have ever smoked cigarettes (eparhesc), life expectancy at birth as of 2010-2015 (leab10_15),

cooling degree days 2008 (cddr08), heating degree days 2008 (hddr08), estimated percent of

adults reporting 14 or more days of poor physical health in the past 30 days in 2018

(epar14_ormdpph_p30d_18), and estimated percent of adults ever diagnosed with depression in

2018 (epaedd18).

The original source of the remainder of variables utilized in this study are derived from

the United States Census and the American Community Survey (ACS). The variables derived

from the census and ACS include predominant racial or ethnic group between 2013-2017

(preg13_17), estimated percent of all people living in poverty as of 2015-2019 (epaplp15_19),

estimated per capita income between 2015-2019 (epci15_19), estimated percent of people with a

high school diploma (eppwhsd), estimated percent of all households that rent a home or own a

home between 2015-2019 (epahr15_19 & epaho15_19), socioeconomic status social

vulnerability level as of 2018 (sessv18), social vulnerability level as of 2018 (svl18), estimated



median age of all people between 2015-2019 (emaap15_19), and estimated ratio of men to

women (number of males per hundred females) (ermtw_nm_per100f).

The air quality data we used in this study is data on particulate matter (PM), and ozone.

This data was collected from the EPA and merged with our census tract dataset. Annual O3

concentrations were assigned to each participant’s residence census tract using the EPA Fused

Air Quality Surface Using Downscaling data, which is available for the years after 2002 [10]. A

Bayesian space-time downscaler model is used to “fuse” daily 8-hour maximum O3

concentrations at the census tract centroid. The downscaler model develops a relationship

between observed and modeled concentrations, and uses that relationship to spatially predict

measurements at new locations in the spatial domain based on input data. Estimates are based on

National Air Monitoring Stations/State and Local Air Monitoring Stations and

Model-3/Community Multiscale Air Quality model data in 12 × 12-km grids. We aggregated

daily data to annual averages [10].

We used our dataset to create a correlation matrix to illustrate the correlation of asthma

prevalence with the variety of other factors in our dataset. Moreover, we developed a linear

regression model to most effectively integrate a variety of factors associated with asthma while

making considerations for air pollution on a neighborhood scale. Furthermore, we used our

dataset to develop maps to show the distribution of variables across the United States.



Results

The results from the creation of our correlation matrix of all variables used in our study

illustrate how asthma and other variables are correlated with each other, in some cases positively

correlated and in other cases negatively correlated. There is a positive correlation of 0.5 between

estimated percent of adults reporting to have asthma in 2018 and neighborhood makeup in terms

of percent black people, which can be

seen in Fig. 1. Moreover, there is a

negative correlation of -0.6 between

estimated percent of all people living

in poverty as of 2015-2019 with

estimated per capita income between

2015-2019. A positive correlation of

0.6 was found between estimated

percent of all people living in poverty

as of 2015-2019 and estimated percent

of all households that rent a home

between 2015-2019. Comparatively,

we found that there was a negative

correlation of -0.7 between estimated percent of all people living in poverty as of 2015-2019

with estimated percent of all households that own a home between 2015-2019. Estimated percent

of all people living in poverty as of 2015-2019 was negatively correlated with life expectancy at

birth as of 2010-2015, with a value of -0.6.



We found that there was a positive correlation of 0.6 between estimated percent of adults

ever diagnosed with high blood pressure or hypertension and estimated percent of adults

reporting to be obese (a body mass index of 30 or greater). Similarly, we found a positive

correlation of 0.6 between estimated percent of adults ever diagnosed with high blood pressure

and estimated percent of adults reporting to be physically inactive in the past 30 days. There is a

positive correlation of 0.8 between estimated percent of adults ever diagnosed with high blood

pressure and estimated percent of adults ever diagnosed with high cholesterol or hyperlipidemia.

In the same respect, a positive correlation of 0.8 exists between estimated percent of adults ever

diagnosed with high blood pressure and estimated percent of adults ever diagnosed with heart

disease. A positive correlation of 0.8 exists between estimated percent of adults ever diagnosed

with high blood pressure and estimated percent of adults ever diagnosed with chronic obstructive

pulmonary disease (COPD), emphysema, and chronic bronchitis in 2018.

Furthermore, there is a positive correlation of 0.7 between estimated percent of adults

ever diagnosed with high blood pressure and estimated percent of adults reporting 14 or more

days of poor physical health in the past 30 days in 2018. We also found a positive correlation of

0.9 between estimated percent of adults ever diagnosed with heart disease and estimated percent

of adults ever diagnosed with COPD, emphysema, and chronic bronchitis in 2018.



The mapping of estimated percent of adults reporting to have asthma in 2018 enabled us

to visualize the prevalence of asthma rates across the country. As illustrated in Fig. 2, the highest

rates of asthma exist in the Four Corners region which includes Arizona, Utah, Colorado, and

New Mexico. The Four Corners region is surrounded by Native American reservations, and is

home to the Navajo Nation, which is the largest Native American reservation in the United

States. Furthermore, the highest rates of asthma in the country exist in Arizona. The high rates of

asthma that exist in Arizona, which can be seen in Fig. 2, illustrate a stark contrast of asthma

rates across the nation. No other state in the U.S.A has asthma rates as high as Arizona, or across



such a great area. This could be due to people moving to the desert hoping to avoid developing

asthma, or alleviate respiratory illnesses [13].

We also mapped the socioeconomic status social vulnerability level as of 2018 at the

census tract level across the country in Fig. 3. The highest rates of socioeconomic status social

vulnerability level as of 2018 is seen in the northern states of the U.S.A. States such as North

Dakota, Minnesota, South Dakota, Wyoming, and Nebraska experience the highest rates of

socioeconomic status social vulnerability level. Moreover, we mapped the concentration of

particulate matter levels by census tract across the country. The highest concentrations of

particulate matter exist in California, Washington, and a moderate concentration across the

midwest and south. This could be due to the large metropolitan complexes in California, and the

high rate of wildfires in the region. The midwest and south could have a moderate concentration

of particulate matter due to the large amounts of industry in the region.



Table 1 represents a summary of the minimum, maximum, median, mean, standard

deviation, and interquartile range of the variables used in the study. We also included a column

detailing the number of not applicable (NA) for the variety of variables. The NA’s represent

missing data at the census tract level.

Table 2 contains the findings from our variable selection for our linear regression

modeling. We identified the variables that held significance from our all variable linear

regression model. We selected these variables to be used in our adjusted variable linear

regression model, the results of which can be found in Table 4.

Table 3 contains the coefficient values, standard errors, and P-values from our all variable

linear regression model. The all variable linear regression model has an adjusted R-squared value

of 0.6585, and a multiple R-squared value of 0.6589. We used the all variable linear regression



model to identify variables of significance, to be used in our adjusted variable linear regression

model.

Table 4 represents the

results of our adjusted variable

linear regression model. We

used our all variable linear

regression model to identify

variables that are significant to

be used in our adjusted

variable linear regression

model. The adjusted variable

linear regression model has an

adjusted R-squared value of

0.6284, and a multiple

R-squared value of 0.6286.

Table 5 represents the results

from our revised adjusted

linear regression model. This

model is the same as the

adjusted model, except for the

factors included. We

substituted preg13_17 for blkp, whip, hisp, and asip to clarify the predominant racial and ethnic

groups in a neighborhood. Moreover, we eliminated the factors cddr08 and hddr08 to simplify



the model. The revised adjusted linear regression model has a multiple R-squared value of

0.6675, and an adjusted R-squared value of 0.6673. The interpretation of the coefficients in our

models is described in the following

examples. For our revised adjusted

linear regression model in Table 5, a

one unit increase in eparo will result

in a decrease of 0.07 units of

estimated percent of adults reporting

to have asthma in 2018. This

decrease is because the coefficient of

eparo is negative. A positive

coefficient example in Table 5 is

eparhesc, for a one unit increase in

eparhesc there will be an increase of

0.0453 units of estimated percent of

adults reporting to have asthma in

2018. The R-squared value for all

three models in our study falls in

between 0.50 and 0.70. This means

that our model has a moderate fit. In

other words, the movements or

variation of our dependent variables

are moderately explained by the movements of our independent variable.



Discussion

The findings of this study are consistent

with previous studies analyzing the associations of

environmental quality and adult asthma prevalence

[6]. We found that there are higher rates of asthma

in neighborhoods that have high rates of exposure to contaminants such as particulate matter.

These findings substantiate previous public health research on outdoor air pollution and



increased rates of asthma [7]. Furthermore, we found that there is a positive correlation between

individual factors and increased rates of asthma. For example, we found that there is a positive

correlation between estimated percent of adults reporting to have asthma and neighborhood

makeup in terms of percent black people living in the neighborhood. This finding is consistent

with data published by the Asthma and Allergy Foundation of America [1].

For the purposes of this study we utilized an all variable linear regression model to

identify variables and factors that have significance. We used these identified significant

variables and factors in an adjusted variable linear regression. Over 50% of the variables used in

this study held significance. The variables that hold significance can be found in Table 2.

Furthermore, two of five factors used in this study held significance. The variables that are not

significant may be attributable to the reason that this study is focused on evaluating

neighborhood and environmental exposures and asthma. Therefore, we are not accounting for

individual-level risk factors, which may have a large effect on asthma rates that are not captured

by our model. In our revised adjusted linear regression model we found that for a one unit

increase in estimated percent of adults reporting to have 14 or more days of poor physical health

in the past 30 days in 2018 there is a 0.210 unit increase in estimated percent of adults reporting

to have asthma in 2018. This finding is consistent with our expectations of poor health being

associated with increased asthma prevalence. We also found in our model that for a one unit

increase in percent Black people in a neighborhood there is a 1.98 unit increase in estimated

percent of adults reporting to have asthma in 2018. This finding and direction of this coefficient

is consistent with our expectations as previous studies have substantiated that Black people have

1.25 times the asthma prevalence when compared to the US general population [14]. For a one

unit increase in particulate matter and ozone there is a decrease of 0.120 and 0.00206 units



respectively in estimated percent of adults reporting to have asthma in 2018. The direction of

these findings is not consistent with our expectations as previous research has substantiated that

long term exposure to ozone and particulate matter is associated with respiratory diseases [10].

The findings of our study are important because they serve to substantiate previous public

health research on different parts of the neighborhood environment, with a focus on air pollution

as it correlates to increased asthma incidence on a neighborhood scale. Moreover, the results of

this study hold statistical significance, which can be used to inform data driven decisions

regarding the enactment of policy with an emphasis on environmental justice.

The strengths of this analysis reside in applying analytical approaches on neighborhood

levels of asthma rates while evaluating the characteristics of these neighborhoods, in order to

identify vulnerable neighborhoods and the characteristics that are associated with high

prevalence of asthma. Another strength of this study is that we created a dataset at the census

tract level, by collecting data from multitudes of sources. Literature and previous studies

infrequently study the associations between environmental quality, behavioral factors,

socioeconomic status, educational attainment, neighborhood characteristics, modifiable risk

factors, and comorbidities to asthma prevalence. The weaknesses of this study are that this study

is focused on evaluating neighborhood and environmental exposures and asthma, we are not

accounting for individual-level risk factors, which may have a large effect on asthma rates that

are not captured by our model. This may explain the R-squared values and the overall fit of our

model, along with insignificant variables in our all variable linear regression model. This study

fills a research gap in terms of analyzing neighborhood and environmental predictors of asthma

in the U.S.A.



Conclusion

The use of advanced statistical and spatial methods of analysis on asthma prevalence as it

correlates on a neighborhood scale to environmental quality, behavioral factors, socioeconomic

status, educational attainment, neighborhood characteristics, modifiable risk factors, and

comorbidities is an area of sparse research. By cultivating a greater understanding of how these

factors interact simultaneously the strategic optimization of neighborhood level interventions can

be implemented for asthma prevention. Comprehensive datasets at the census level from multiple

sources maximizes the impact of interventions at the community scale. Coupling these

comprehensive datasets with advanced statistical and spatial analysis while emphasizing

environmental justice will be needed to improve asthma prevalence rates and adapt to climate

change.
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