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Introduction 

 

Current research indicates that lung cancer is the one of the riskiest diseases causing people’s death. 

Cancers cause high morbidity and mortality. Considering carrying an epidemiological study to 

help reduce morbidity of lung cancer, we build a statistical model and a risk assessment to find out 

potential relationship among the geographic distribution, cigarette consumption, air pollution, 

socioeconomic status and lung cancer incidence rate. 

 

Risk Assessment is the process of estimating the possible harm to human health and the 

environment when potentially hazardous materials remain on a site. Risk assessments are being 

used more frequently as a tool to meet regulatory requirements, characterize sites, identify 

remedial needs, assess remedial alternatives and select a remedial action. 

 

Geographic information system (GIS) is a powerful assessment tool to represent health data in a 

visual format by linking statistical and thematic data on maps. It can integrate all risk factors 

systematically to identify problematic regions. Relevant variables can be mapped individually at 

local geographic scales with data from databases such as U.S. Census, etc., which will contribute 

to build an integrated analysis at larger scales combining all variables into one single predictive 
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model through weighted average and other statistical methods. Since human health and 

environmental health are intimately intertwined, it is necessary to introduce an economic approach 

to reduce the number of people suffering from lung cancer through risk assessments. 

 

Background research  

 

Many scientific researchers have found that the most significant factor causing lung cancer is the 

long-term exposure to cigarette consumption. Meanwhile, passive smoking has also made a 

significant increase in the morbidity of lung cancer. It is found that the lung cancer mortality rate 

in California was 28% lower than rest of the country in 2014, the most recent year with available 

data. The study’s authors attributed California’s low of lung cancer death rate to the state’s early 

and aggressive anti-smoking initiatives. If California had had the same lung cancer mortality as 

the average of other states, roughly 4,700 more California residents would have been exposed to 

fatal risk in 2014. Those terminal patients would have spent additional $546 million in 

hospitalization in 2014, according to a CALmatters analysis vetted by public health experts at UC 

San Francisco and UC San Diego. When continued earnings and other economic contributions of 

saved lives are taken into consideration, savings have been topped up to $1.5 billion in 2014 only. 

(Levin, "Analysis: Low Number of Lung Cancer Deaths Saved California More than Half a 

Billion") 

 

However, starting from 2014, lung cancer rate in California stopped declining and began to 

increase a little bit. It is suggested that air pollution might lead to excess lung cancer risk since 

overwhelming potential evidence has raised possibility that the ubiquity of outdoor air pollution, 
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which are mainly caused by emissions from vehicles, factories, and coal-fired power plants, has 

become a significant risk leading to lung cancer. Comparing with tobacco smoking, although the 

excess risk associated with air pollution is relatively lower, the total population burden raising 

from outdoor air pollution is extremely high. 

 

In 2013, the World Health Organization (WHO) International Agency for Research on Cancer 

concluded that particulate matter in outdoor air could cause pollution. To clean up the matters, the 

U.S. Environmental Protection Agency (EPA) along with state and local governments began 

taking an action called “Clean Air Act”. This landmark law is proved to be one of the nation’s 

premier public health improvement measures. (Davidson and Norbeck, "Federal Leadership in 

Clean Air Act Implementation") 

 

Lung cancer is a preventable disease which can be combated and effectively eliminated through 

detection and intervention. The most desirable approach would be screening all counties in the 

state for related factors. Although several counties may not have sufficient resources to implement 

such action, most counties should be able to screen a portion of the risk factors for living residents. 

An effective starting point is to create a risk assessment, which can possibly point out potential 

areas of contamination under specific criteria. Once a risk assessment is created, health workers 

can take effective measures to further eliminate relevant risks. 

 

Methodology 
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Because we want to figure out whether several factors, especially air pollution, is highly correlated 

with lung cancer, we need to collect relevant data including API index and adult cigarette 

consumption rate at county level, which are not easy to locate because a few counties do not have 

equipment for measuring the air quality while cigarette consumption is a relatively secret number 

in the tobacco industry due to business and competitive reasons. Therefore, we tried to gather data 

from several databases but found it time-consuming to clean and combine data without the same 

format. Since 4 of 58 counties in California do not have any API index record, we dropped those 

4 counties to ensure the precise outcome of the research. 

 

Meanwhile, limitations were found at the statistical level when we tried to run regression analysis 

to see if the variables are statistically significant and which is the most important factor leading to 

lung cancer. However, the coefficient of AQI index has an unexpected sign, which indicates that 

the equation might have an omitted variable. As we could not find out what exact variable is 

omitted after trial and error, we divided the AQI index into quartiles as dummy variables (e.g. 

AQI1 = AQI index ranking between 1% and 25% of the entire AQI index data) to eliminate the 

negative effect of omitted variables. Though we now have more reasonable regression outcome, 

omitted variables remain a limitation of the analysis. 

 

First step of the project is assessing the variables needed in a risk assessment for lung cancer. 

According to the Health Department, people who bear the greatest risks are adults ranging from 

50 to 70, those who are among minority groups and who lives below the poverty line, which is 

$25,100 per year for families with four people announced by the U.S. Department of Health and 

Human Services (HHS). 
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Second step is accessing all relevant data: cigarettes (adults 18 and older who smoked cigarettes 

by counties in California), air quality (local environmental quality, including CO and PM index), 

age, and socioeconomic status (minority, family income). 

 

Based on the information collected from the US Census Bureau, we created a demographic table 

with five nice and neat columns. The table was organized with a column of age groups by year. 

For example, columns representing adults aging between 50 and 54 years old, 55 and 59 years old, 

60 and 64 years old, 65 and 69 years old, and 70 and 74 years old. Next, race groups were broken 

down into categories representing minorities. Meanwhile, a poverty line was set at $24,999 to 

divide low-income populations into those with annual income under $10,000, between $10,001 

and $14,999, and $15,000 and $24,999. The poverty line was not set at $24,999 rather than $25,100, 

which is the federal poverty line announced by HHS, because the annual income data ranging from 

$25,000 to $25,100 is not available at the U.S. Census Bureau. 

 

 

Table 1 - Age 
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Table 2 – Family Income 

 

After we merged the columns of family income, which is step 2, to get the total number of 

California residents living under poverty line, we transformed variables, which are adults from 50 

to 74 years old, minorities, AQI index, adult cigarette consumption rate, and number of people 

living under poverty line a percentage of the total population at county level. A column indicating 

county group id number was added for the later joining process in GIS. 

 

 

Table 3 – Cleaned Data 
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Final step is ranking variables both individually and jointly by weighted average, analyzing and 

visualizing relevant information through ArcMap. The lowest value of each category received the 

lowest ranking and the highest value received the highest ranking. Then each column of ranked 

value was added together and averaged to get a total risk value at county level. We ranked the 54 

counties base on the sum of each variable to find out the riskiest areas in California of getting lung 

cancer.   

 

 

Table 4 – Risk Data Combination 

 

Through regression analysis, we found that cigarette consumption is the most important variable 

causing lung cancer while air pollution and other variables are also statistical significant. Then we 

use calculated integrated risk using equally weighted average of all variables visualize the 

correlation between lung cancer incidence rate and risky factors so that the reader could clearly 

find out how strong each factor is correlated with lung cancer morbidity. 
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Table 5 – Risk Ranking 

 

When data cleaning work was finished, we use ArcMap to join to the attributes with California 

counties shapefile to further visualize the data. Then we generated the risk ranking by colors, which 

ensured that the reader would find it easy distinguishing the risk categories. Five separate maps 

were generated to visualize each individual variable, which would allow readers to associate 

him/herself with specific living areas. 

 

Results 

 

Results of the analysis provide a clear picture of the geographic distribution of potential risky areas 

of getting lung cancer.  
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As we can see, among the 54 counties in California (excluding the 4 counties without AQI index 

record), Alpine County, Fresno County, San Bernardino County, Los Angeles County and 

Riverside County have the most severe risk of leading their residents to lung cancer. 
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In the big picture, Southern California residents are generally living riskier areas with greater 

exposure to air pollution, one of the major factors that may cause lung cancer. But this does not 

indicate that air pollution is the top-one factor leading to lung cancer because cigarette is always 

the top killer of humans’ lung health. Instead, we can conclude that air pollution is an extremely 

important issue which should call more attention because it does worsen people’s lung health. 

More importantly, comparing with cigarette, air pollution is an issue that can be improved or even 

solved in a foreseeing method. 



  

11 

 

 

When we compare the analysis outcome with actual lung cancer incidence rate distribution in 

California, it is found that Northern California is seeing more lung cancer patients than Southern 

California per 100,000 residents. On one hand, this is possibly due to the larger number of older 

population in Northern California because age has a significant impact on getting lung cancer. On 

the other hand, we could have omitted unknown variables which would further explain the existing 

lung cancer morbidity distribution in California. However, it remains meaningful to raise people’s 

concerns on air pollution because it is more practical and foreseeable to take direct measures 

through public policy and social activities to improve air quality rather than focusing on other 

factors in the short term.  

 

Conclusion 
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The risk assessment managed to find out the significant correlation between several risky factors 

and lung cancer for residents in California. According to the findings, greater public awareness 

should be raised to seek optimal solutions of mitigating relatively heavy air pollution in southern 

California through public policies and other methods as a practical action to reduce risks of getting 

lung cancer for California residents. 

 

Meanwhile, this risk assessment could be the starting point for any further lung cancer project, the 

future project will be able to quantify how effective a risk assessment can be by measuring up 

predicted risk areas to actual risk areas. Moreover, it is expected that future research will find out 

what exact variables are omitted other than our variable selection in the risk assessment. 
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Data Source 

 

1. CDC (https://data.cdc.gov/) 

2. Gateway to Global Aging Data (https://g2aging.org) 

3. EPA (https://www.epa.gov/outdoor-air-quality-data) 

4. United States Census Bureau (https://www.census.gov/) 

5. USGS (https://www.usgs.gov/products/data-and-tools/gis-data) 

6. Los Angeles Almanac (http://www.laalmanac.com/social/so24.php) 
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