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AbstractCandace M. Kammerer, PhD

Assessment of Risk Factors for Lung Cancer Incidence in Pennsylvania 

Prital Patel, MPH

University of Pittsburgh, 2020

Abstract

With over 6,000 deaths yearly, lung cancer is one of the leading causes of death in Pennsylvania. Smoking is the greatest risk factor linked to lung cancer onset with meta-analyses showing a relative risk of 8.43. While extensive research has been done on the relationship of smoking to development of lung cancer, less is known about possible effects of other risk factors such as low air quality, food environment index and as well as possible effects of fracking (measured as the total number of wells and number of violations). Most of these risk factors have been associated with an increased risk of lung cancer, but less is known about possible impacts that a combination of these risk factors has on lung cancer incidence. The public health significance of this study is that if a combination of these risk factors plays a meaningful role in the risk of lung cancer, public health professionals could develop targeted interventions to reduce the impact of these factors and therefore decrease the number of cases and deaths due to lung cancer. 
In this study, I assessed the possible effects of these factors on differences in lung cancer incidence rates across different Pennsylvania (PA) counties. I compared the lung cancer incidence rates, along with rates of smoking, air quality levels, food environment indexes and amounts of fracking wells across the 67 PA counties. Across the counties, incidence of lung cancer ranged from 46.7 to 78 cases per 100,000 individuals from 2012-106. As expected, across counties, the incidence of lung cancer increased significantly with the percentage of smokers (r=0.29, p<0.05). Although an increased food environment index (signifying increased access to food) was not significantly correlated with decreased lung cancer incidence (r = -0.25, p>0.05), it was correlated with a decrease in the percentage of smokers within counties. This latter result is consistent with several previous studies in humans and mice. Furthermore, the mean food environment index and mean percent of smokers differed between counties with fracking wells and counties without fracking wells (t-test p-value < 0.001 for both). These results indicate that the relationship between lung cancer incidence, smoking, access to food, and fracking (as a proxy for geography) is complex and needs additional study. No other factors were correlated with lung cancer incidence. 
In conclusion, as expected, smoking rates are significantly correlated with lung cancer incidence. The other risk factors had minimal, if any, effects, but the relationship with food access and smoking, and lung cancer needs additional study. However, measures of several risk factors were population summary statistics, and the sample size (67 counties) was relatively small, thus the power to detect effects was low. Future analysis, with more precise measures and across counties (and/or sub regions within counties) and across multiple states, will provide better insight on the impact of a combination of different risk factors on lung cancer incidence rates. 
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[bookmark: _Toc8115841][bookmark: _Toc49948780]Background
Lung cancer is the second most common cancer in both men and women in the United States(de Groot, Wu, Carter, & Munden, 2018). There were 218,299 new cases of lung and bronchus cancer and 148,869 deaths due to lung cancer reported in the US in 2016. The incidence rate of lung cancer in the US was 56 per 100,000 people with a death rate of 39 per 100,000(Group, 2019). It is estimated that in 2019, there will be 228,150 new cases identified in the U.S. Lung cancer is one of the leading causes of death in Pennsylvania with reports estimating over 6,000 deaths per year (Alteri R, 2019).
Although the incidence of lung cancer is higher in men than women, the trend in decreasing incidence rates is better for men than women. According to the Surveillance, Epidemiology, and End Results (SEER) Cancer Statistics Review from 1975-2016, the incidence of new invasive lung cancer cases in men in the US has declined from 89.53 per 100,000 in 1975 to 57.04 in 2016. In contrast, the incidence in women increased from 1975 to 2005 (incidence = 24.52 in 1975 and 53.85 in 2005) but has begun to decrease (incidence = 45.10 in 2016 (Howlader et al., 2019).
[bookmark: _Toc49948781][bookmark: _Toc22821010][bookmark: _Toc22821058][bookmark: _Toc22821224][bookmark: _Toc22800638][bookmark: _Toc22821225]Cost of Lung Cancer
For people enrolled in Medicare, the monthly healthcare costs during the pre-diagnosis phase was determined to be around $861of which the patient was liable for paying $84 of it. The costs increased with year of diagnosis as well as age at diagnosis. The cost of surgery at the age of 70 in 2017 was $30,096 of which the patient had to pay $1,738. Although costs of the surgery have been decreasing by $257 every year, the patient liability cost has increased by $22 every year(Sheehan et al., 2019).. The costs varied from $802 per month for patients post-surgery to $7469 per month for patients that needed chemotherapy and radiation (Sheehan et al., 2019). Patient liability costs in traditional Medicare are not always paid out-of-pocket by the patient fully which could explain the increase in liability cost. Some patients have employee sponsored supplemental coverage, some have Medi-gap coverage and some may be dually eligible for Medicaid (Cipriano et al., 2011).
[bookmark: _Toc49948782][bookmark: _Toc22821227]Risk Factors for Developing Lung Cancer
[bookmark: _Toc49948783]Tobacco Usage
The strongest risk factor for lung cancer is tobacco usage (Association, 2018). A meta-analysis identified an increased relative risk (RR= 8.43) for current smokers in North America. This meta-analysis compiled information from 287 studies to estimate the relative risk for North America as well as other countries. The relationship between tobacco usage and lung cancer can be seen with the increasing of risk of lung cancer with the increasing amount of tobacco smoked, duration smoking, and with earlier age of starting smoking as well as the duration of quitting(Lee, Forey, & Coombs, 2012). A four-year study done in in patients in different California hospitals also gave evidence that connected high cigarette usage with cancer. The study used a group of patients who were diagnosed with lung cancer and a control group of patients who were in the hospital for a condition other than cancer or a chest disease. Out of 518 lung cancer participants in the study, 484 of the cases had a history of cigarette smoking (Breslow, Hoaglin, Rasmussen, & Abrams, 1954). Tobacco products contain over 3,500 chemicals and more than 55 carcinogens. Carcinogens are chemicals that are known to damage DNA. Repeated tobacco usage and exposure to these carcinogens can cause disruptions in the DNA repair mechanism resulting in abnormal cell growth and eventually tumors which lead to cancer(Shields, 2002).
	The social patterns of tobacco usage in the different sexes may account for the differing trends of lung cancer. Women started smoking later than men due to historical social norms; until the late 19th century cigarette-smoking was considered unacceptable around women (de Groot et al., 2018). Due to the , the occurrence of smoking cessation has started after the decline of smoking in men. 
	In addition to tobacco usage, genetic susceptibility, as well as other environmental factors, such as second hand smoking, socioeconomic status (SES), air pollution, and diet also contribute to the onset of lung cancer. 
[bookmark: _Toc49948784]Lung Cancer in Never Smokers
While lung cancer is strongly associated with tobacco usage, there is still a large minority of patients who have lung cancer but have never smoked. About 10-17% of lung cancer cases that occur annually in the US are in never smokers(Samet et al., 2009). There are about 17,000-26,000 yearly deaths in the US from lung cancer in people who have never smoked(Rivera & Wakelee, 2016). Although these people did not smoke, other risk factors may have contributed to the onset of lung cancer in these individuals. 
[bookmark: _Toc49948785]Environmental Factors
[bookmark: _Toc49948786]Second Hand Smoke
The carcinogens released from the side stream smoke of a smoker can increase the concentration of tobacco-related carcinogens that a non-smoker is exposed to. Although people may not smoke, being around smokers increases their risk of lung cancer. Over 50 studies showed an increased lung cancer risk (RR = 1.84) in women from being married to a cigarette smoker. The studies were conducted in America as well as different counties and the results were then compiled together to form conclusions. The studies all had different populations with one study population being 243 male and female adenocarcinoma and squamous cell lung cancer cases in China and another being 919 male and female lung cancer cases in California(Samet et al., 2009). A study was done in Utah in two different counties that were similar in regard to low mortality rates due to respiratory cancer as well as low smoking rates. Once a steel mill was constructed in one of the counties, there was a substantial increase in air pollution in that county. This resulted in substantial differences in lung cancer incidences within 15 years of the increase in air pollution. Though the county with air pollution had a higher incidence rate of lung cancer, a third county in Utah which already had higher smoking rates but was unaffected by the steel mill air pollution, still had the highest rates of lung cancer of the 3 counties. While air pollution may be linked to an increase risk of cancer, tobacco usage has a tremendous effect on lung cancer risk(Cohen & Pope, 1995). 
[bookmark: _Toc49948787]Diet 
Fruits and vegetables that contain carotenoids as well as other antioxidants have been hypothesized to decrease lung cancer risk. A meta-analysis of prospective studies showed an 8-18% decreased risk of lung cancer with diets that included a higher intake of fruits and vegetables (400 mg/day). Another meta-analysis concluded that an increase of 20mg/day of flavonoid intake was linked to a 10% decreased risk of developing lung cancer (Vieira, 2017). 
[bookmark: _Toc49948788]Socioeconomic Status 
The population of men and women who have less than a high school education was found to have a higher lung cancer rate ratio relative to men and women who were college educated. A population survey along with a national longitudinal mortality study was used to gather information about the health as well as demographic characteristics of 50,000 families across America. The survey was done by the U.S. Bureau of the Census for the Bureau of Labor Statistics. Out of a total study population of 1,135 cases of lung cancer in men, the number of men with lung cancer that did not have a high school education was 493 with a RR of 3.01. Out of a population of 701 females with lung cancer, 246 of them did not have a high school degree and had a RR of 2.02. There may be a link to socioeconomic status, which is often associated with level of education as well as income, and lung cancer incidence and the stage at which it is diagnosed (Clegg et al., 2009). People with higher education are more likely to have better access to healthcare and resources that may help them get treatment leading to an increased chance of survival(de Groot et al., 2018).The longitudinal mortality study found that families with an annual income of less than $12,500 had cancer incidence rates of up to 1.7 times more than families with an annual income of $50,000 or more(Clegg et al., 2009) . 
[bookmark: _Toc49948789]Racial Disparities
The longitudinal mortality study also found that Mexicans in America had an overall lower rate of cancer with the rate ratio =0.73 whereas non-Hispanic black men had a higher overall lung cancer rate with a rate ratio = 1.73(Clegg et al., 2009). The Centers for Disease Control and Prevention (CDC) released a report that summarized the racial and ethnic disparities in lung cancer incidence rates between 1998 and 2006 using SEER data and the CDC’s National Program of Cancer Registries (NPCR). The investigators stated that the incidence of lung cancer was lowest in the Asian/Pacific Islander racial group with a rate of 38.4 per 100,000. The racial group with the highest incidence was Black with a rate of 76.1 per 100,000. Hispanics had a much lower rate (37.3/100,00) when compared to non-Hispanic ethnicities (71.9/100,000)(Prevention, 2010). 
Another study evaluated the level of adherence to cancer treatment guidelines in the United States. The study reported that out of 441,812 lung cancer cases in the National Cancer database, only 62.1% of subjects received treatment that was within the guidelines recommended by the National Comprehensive Cancer Network. Non-Hispanic Blacks were less likely to receive the guideline recommended treatment than non-Hispanic whites with an odds ratio of 0.78(Blom, Ten Haaf, Arenberg, & de Koning, 2019). The CONCORD-2 study looked at lung cancer survival rates in the United States by race and stage between 2001 and 2009. This study covered patients that were diagnosed in 37 states which covered 80% of the US population. State-specific and race-specific life tables and age-standardization was used to correct survival for the mortality rates. The study found that between 2004 and 2009, the 5-year survival among black patients with lung cancer was 14.9 % while the survival among white patients was 19.4%. The survival ranged between states but showed that black patients were found to have lowered 5- year survival(Richards et al., 2017). 
[bookmark: _Toc49948790]Genetic Susceptibility to Lung Cancer
Mutations in tumor suppression genes may also increase a person’s risk of lung cancer. The KRAS gene is often found to be mutated in non-small cell lung cancer (NSCLC) patients. Other tumor suppression genes include TP53 and STK11 which are both common in lung adenocarcinomas. All of these mutations are associated with lung cancer, but the mechanisms differ. For example, STK11 mutations are strongly linked to the suppression of the immune surveillance response while the TP53 mutation is linked to enhanced tumor cell proliferation(Schabath et al., 2016). Therefore, people with mutations in these genes may present with different types of tumors and responses. A case control study (n=556) within an African American and Caucasian population showed that participants with a certain TP53 mutation genotype (codon 72 Arg/Pro + Pro/Pro) had 2-fold increased odds for getting lung cancer. The TP53_11 polymorphism was indicative of worsened lung cancer prognosis and mortality while the TP_53 polymorphism predicted an improved cancer prognosis in Caucasians(Mechanic et al., 2007).
[bookmark: _Toc49948791]Lung Cancer in Pennsylvania
Lung cancer is the third most common cancer diagnosis in Pennsylvania after female breast cancer and prostate cancer, but it is the top leading cause of cancer death with an age adjusted mortality rate of 41 per 100,000 people. According to the United States Cancer Statistics, the incidence of lung cancer in Pennsylvania is 62.9 per 100,000 people with 10,941 new cases reported in 2016(Group, 2019). Forest county in PA has the highest number of new lung cancer cases with 78 cases per 100,000 while Philadelphia had the second highest with a rate of 77 per 100,000. Forty-five new cases were reported in Forest county between 2012 and 2016 while 6,252 cases were reported within those years in Philadelphia. The county with the lowest rate of new cases of lung cancer is Centre County with a rate of 46.7 per 100,000(Group, 2019).
The age-adjusted rate of lung cancer peaked in PA in 2005 with a rate of 71.8 per 100,000 cases but has declined steadily to 62.9 per 100,000 in 2016. Since the population of Pennsylvania is growing, the number of deaths has not decreased but the death rate has gone down from 55.1 deaths per 100,000 in 2000 to 41 per 100,000 in 2016(Group, 2019).
There may be a combination of factors outside of the commonly known ones that result in the different rates of lung cancer incidence in the different counties of Pennsylvania. 
[bookmark: _Toc49948792]Shale Gas and the Possible Health Effects of Fracking 
Another issue that affects Pennsylvanians is shale gas. There are 7,788 active wells all around Pennsylvania and they have a total of 4,006 violations since January 2009. Some of the violations, according to State Impact Pennsylvania, include “failure to properly store, transport, process or dispose of a residual waste.” and “discharge of pollultional material to waters of Commonwealth” (D. D. Amico C, Detrow C, Stiles M, 2011). These violations may result in the release of carcinogenic components that may lead to lung cancer in individuals who come in contact with the carcinogens. A study published in the journal of Toxicology and Applied Pharmacology treated cells with back water from Bradford County, PA to check for the cytotoxic activity resulting from shale run off water. The cells that were transformed by the back water formed tumors in athymic nude mice, thus demonstrating  that the run-off water can stimulate malignant cell formation in vitro(Yixin Yao, 2011).  Thus, the number of well violations may be a proxy for increased risk of lung cancer.
[bookmark: _Toc36217551][bookmark: _Toc36217552][bookmark: _Toc49948793]Hypothesis and Specific Aims 
The incidence of lung cancer deaths ranges from 28.2 deaths per 100,000 to 53.6 deaths per 100,000 people across the 67 counties in PA. Although tobacco use is the strongest risk factor for development of lung cancer, other factors may also contribute to the differences in incidence of lung cancer. In some counties, lung cancer may be related to fracking violations and the carcinogens released by it, as well as other risk factors including higher tobacco usage, overall low air quality and food environment indexes. The goal of this project was to assess whether these factors, either singly or in combination with each other, influenced lung cancer incidence across the counties of Pennsylvania. 
To achieve this goal, I 
(1) Performed t-tests to test for differences in lung cancer incidence, as well as the risk factors, between counties with and without active fracking wells
(2)  assessed the correlations between incidence of lung cancer and the risk factors, as well as the relationships among the factors, both overall and for counties with and without active fracking wells.
(3) Performed regression analyses between incidence of lung cancer and the different risk factors overall
(4) Performed stepwise linear regression analyses of the possible effects of the risk factors on lung cancer incidence within counties with and without active fracking wells.

The public health significance of this project is that knowledge of specific factors that affect differences in lung cancer incidence may enable health professionals to develop interventions that mitigate these effects. By knowing what factors affects incidence in specific counties, public health practitioners can develop targeted interventions and campaigns to decrease the risk, and subsequently, reduce the occurrence of cancer in that county. 
[bookmark: _Toc49948794]Description of The Data Set
[bookmark: _Toc49948795]County Health Rankings
The first data set used comes from the County Health Rankings. This website provides publicly available annual data that can be used to assess how health is influenced by where a person lives. It is broken down per state which is then broken down to the county level. The counties are ranked against each other in categories like health outcomes which include over all rank, length of life and quality of life. The other major category is health factors which can be broken down into overall rank, “health behaviors: adult smoking, adult obesity, food environment index, physical inactivity, access to exercise opportunities, excessive drinking, alcohol-impaired driving deaths, sexually transmitted infections and teen births, clinical care: uninsured, primary care physicians, dentists, mental health providers, preventable hospital stays, mammography screening, and flu vaccinations, social economic factors : high school graduation, some college, unemployment, children in poverty, income inequality, children in single-parent households, social associations, violent crime and injury deaths, and finally physical environment factors : air pollution - particulate matter, drinking water violations, severe housing problems, driving alone to work and long commute - driving alone” (County Health Rankings & Roadmaps, 2019). Additional measures include demographic information, health behaviors, clinical care, social and economic factors and physical environment which have additional factors not included in the two major categories (County Health Rankings & Roadmaps, 2019). The data is useful because the ranking against each county allows for a comparison to be made between counties to show how different factors change the rank per county.
The county health ranking website uses data that is collected through the “Behavioral Risk Factor Surveillance System (BRFSS”. This is a telephone survey that started being conducted annually in all the states in 2011. Households with landlines or cellphones get selected through state-based random digital dial (RDD) which is done by the state health department in association with the Centers of Disease Control and Prevention (CDC). The dataset used was extracted from these surveys and published on the website ("Centers for Disease Control and Prevention," 2014).
All people over the age of 18 in Pennsylvania who were willing to respond to the phone survey were included in the data which was weighed using iterative proportional fitting to rank and reflect population distributions in the different counties. Some limitations to this data set include the fact that these BRFSS measures are based on self-reported information and thus cannot be validated with medical records leading to the potential of some incorrectly reported responses. Some members of the population may not have access to a telephone or have sufficient service and thus, as a result, may not be able to participate in the survey ("Centers for Disease Control and Prevention," 2014). 
[bookmark: _Toc49948796]Pennsylvania County Health Profiles
The Pennsylvania County Health Profiles data set was also used in the data analysis. These profiles of all the counties were created by the Pennsylvania Health Department and included statistics on different health factors and outcomes such as population, deaths, births, cancer incidence and diseases as well as factors such as smoking and obesity. A CSV of all the data from the report is public and downloadable for free. This study included data from the BRFSS but also used data from the Pennsylvania state department of health’s data tool: The Enterprise Data Dissemination Informatics Exchange (EDDIE) (Pennsylvania Department of Health, 2019). Together, these tools comprise an extensive report of statistics compiled from all 67 counties.
[bookmark: _Toc49948797]United States Cancer Statistics: Data Visualizations
The third data set used was from the United States Cancer Statistics: Data Visualizations tool. This website includes official federal data statistics on the rate of new cancers, rate of cancer deaths, number of new cancers and number of cancer deaths in each state. This information can also be broken up into county data. The data includes all cancers but can be separated by cancer type and includes information about cancers by sex and ethnicity. The cancer incidence and mortality is also presented as trend data from 1996 to 2016 of which 96% of the US population is a part of the incidence data and 100% of the US population is included in the mortality data. The survival as well as incidence estimates cover about 93% of the total population. All the data may be visualized as charts, maps and tables and may be exported into CVS files. The information about the new cancer cases was derived from the CDC’s National Program of Cancer Registries (NPCR) and NCI’s Surveillance, Epidemiology, and End Results (SEER) Program (U.S. Cancer Statistics Working Group, 2019). 
[bookmark: _Toc49948798]Pennsylvania Counties with Active Wells
The final data set comes from the State Impact website. (http://stateimpact.npr.org/pennsylvania/drilling/counties/). This website includes data about the Marcellus Shale gas wells that were reported to the state Department of Environmental Protection (DEP) in the second half of 2014. The DEP is in charge of the regulation of oil-and-gas drilling in Pennsylvania and released a report twice a year of all the active wells in the state until 2015. The state now releases a monthly report, but the data is no longer updated on the website. The data set included the number of wells in each county as well as any violations that were reported on active wells from January 2009 through March 2015 (D. D. Amico C, Detrow S, Stiles M., 2015). The site lists the top counties by wells and also by violations and total cost of violations. 


[bookmark: _Toc49948799]Methods
[bookmark: _Toc49948800]Data collection
[bookmark: _Toc49948801]Rate of Lung Cancer
The incidence rate of lung cancer (per 100,000 individuals) from 2012-2016 in each county was obtained from the United States Cancer Statistics: Data Visualizations tool (https://gis.cdc.gov/Cancer/USCS/DataViz.html). The study population included residents of Pennsylvania counties who had a new case of lung cancer reported to the cancer registry between 2012 and 2016. The data was downloaded as a CSV file and information regarding rate of lung cancer in each county was moved to excel so that it could be uploaded to Stata, a statistical and data science software (Appendix A). A histogram of lung cancer rate by county was plotted in Stata.
[bookmark: _Toc49948802]Number of Wells and Violations
The number of wells and well violations in each county was obtained from the State Impact NPR Shale Play site (http://stateimpact.npr.org/pennsylvania/drilling/counties/) that had information about natural gas drilling in Pennsylvania. The data was then put into excel and uploaded to Stata. A map (Figure 1) of all the counties with wells was created using mapchart.net to see the distribution of wells across the state. Active wells were present in 34 counties in Pennsylvania, and these wells were primarily located in the upper left half of Pennsylvania. 
[bookmark: _Hlk40701632][image: ]
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[bookmark: _Toc49948820]Figure 1: A map highlighting all the counties with one or more wells in red
[bookmark: _Toc49948803]Percent of Smokers in Counties
The percent of smokers in each Pennsylvania county was obtained from the Pennsylvania Department of Health, Health Profile’s Data set (https://www.health.pa.gov/topics/HealthStatistics/HealthyPeople/Documents/current/county/index.aspx#download-data). The data was downloaded as a CSV file and was separated out in excel so that the percentage of smokers data could be uploaded to Stata. Figure 2 is a frequency histogram of the percent of smokers in each county in Pennsylvania. As can be seen, the percent of smokers ranges from 10-25% within each county and in most counties, greater than 18% of adults were smokers.
 [image: ]
[bookmark: _Toc49948821]Figure 2: Histogram of the percent of smokers in each county in Pennsylvania 
[bookmark: _Toc49948804]Food Environment Index in Counties
The food environment index was taken from the 2015-2016 data on the County health Rankings website (https://www.countyhealthrankings.org/app/pennsylvania/2019/measure/factors/133/map). The index ranges from 0 which is considered the worst to 10 which is considered best in terms of access to healthy food and food insecurity in the county. 
[bookmark: _Toc49948805]Air Pollution in Counties
The measure of air pollution in each county was obtained from the 2014 data on the County Health Ranking website (https://www.countyhealthrankings.org/app/pennsylvania/2019/measure/factors/125/map). The site reported the average daily density of fine particulate matter in micrograms per cubic meter. 
[bookmark: _Toc49948806]Statistical Methods
Initially, I assessed whether the means of any of the variables differed between the “fracking” and “no fracking” counties using t-tests (Table 2). 
I next assessed how each factor, separately, was associated with lung cancer rate. Because smoking is a known, strong risk factor for development of lung cancer, this analysis was done to see how each factor influenced lung cancer rates in the counties. Using Stata, I first calculated all the pairwise correlation coefficients between the six variables, lung cancer rate, wells, well violations, % of smokers, food environment index and air pollution for each county (Figure 3)(StataCorp, 2017). The data was then divided into two groups by fracking status. All the counties that had active wells (34 counties) were categorized as “yes”, and all the counties without wells (33) were categorized as “no”. Pairwise correlation coefficients were estimated separately within the two groups in order to see if relationships among the variables differed between “fracking” and “no fracking” counties (Figure 4). 

I further investigated the relationship between lung cancer incidence and the risk factors using linear regression analyses using Stata (Figures 5-9). Finally, a stepwise linear regression analysis was done within the fracking and non-fracking groups to determine whether a combination of variables influenced incidence of lung cancer across counties (Table 3).


[bookmark: _Toc49948807]Results
Table 1 shows the characteristics of each variable for the 67 counties in PA.  The mean incidence of lung cancer across all 67 counties in PA was 63.07 per 100,000 individuals. The minimum rate was 46.7/100,000 in Centre county and the maximum rate was 78/100,000 in Forest county (Table 1). The mean number of active wells across all 67 counties was 116.23 wells, however, 33 of the counties had no active wells.  For counties with active wells, the number of wells ranged from 1 to 1146, with a mean of 229.05 wells. Similarly, the average number of well violations was 59.79 violations across all 67 counties, whereas the mean number of well violations among the 34 counties with active wells was 117.82. The percentage smokers ranged from 10% in Bucks county to 25% in Lackawanna county; the mean percent of smokers over all counties was 20.13 (Table 1). The lowest food environment index was 6.9 for Philadelphia county and the highest index was 8.9 for Adams county; the average index was 8.5. Finally, Allegheny county had the highest level of air pollution, 13.3 particles per g/m3 , while Tioga county had the lowest level of all the counties, 8.5particles per g/m3. The mean air pollution level across all the counties was 10.46particles per g/m3.







[bookmark: _Toc49948816]Table 1: Characteristcs of the data (including mean, minimum and maximum) overall and with and without active fracking wells

	Variable
	Mean
Min-Max
	Mean
(Counties with Wells)
	Mean (Counties without Wells)
	T-test mean difference
(p-value)

	Incidence of Lung Cancer by 100,000 from 2012-2016 in County
	63.07
(46.7-78)
	63.72
	62.41
	-0.7572
(0.452)

	# of Wells in Counties 
	116.03
(0-1146)
	229.05
	0
	n/a

	# of Violations in Wells 
	59.79
(0-7950)
	117.82
	0
	n/a

	% of Smokers in Counties 
	20.13
(10-25)
	21.71
	18.52
	-4.57
(<0.0001)

	Food Environment Index (FEI) in Counties
	8.12
(6.9-8.9)
	7.9
	8.3
	3.4848
(0.0009)

	Air pollution in Counties
	10.46
(8.5-13.3)
	10.36
	10.56
	0.8326
(0.408)



[bookmark: _Toc49948808]Mean differences between counties with and without fracking
I tested whether mean lung cancer incidence and the means of the risk factors differed between counties with active fracking wells and counties without active wells (Table 1). Mean lung cancer incidence did not differ between the two groups (mean difference = -1.309; t-statistic = -0.7572; p value = 0.4517.  Also, the levels of air pollution, measured as density of fine particulate matter in micrograms per cubic meter, did not differ between the two groups (mean difference = 0.199 ; t-statistic = 0.8326; p value = 0.408)
In contrast, the mean precentage of smokers was significantly (p-value < 0.0001) lower in counties without fracking than in counties with fracking, mean percent smoking was 18.5 versus 21.7, respectively. Also, the mean food environment index in counties with fracking was significantly lower than the mean in counties without fracking, 7.9 units versus 8.3 units respectively, p-value = 0.009. 
[bookmark: _Toc49948809]Correlations among lung cancer incidence and risk factors
	In additional to testing for mean differences among the variables, I tested for possible trends. I calculated Pearson pairwise correlation coefficients between all of the variables across all counties (Table 2), as well as for counties with and without fracking wells (Table 3). 
Correlation coefficients in bold were significant at a P≤ 0.05 or lower. 
As can be seen in Table 2, lung cancer incidence overall was significantly correlated with the percent of smokers (r= 0.29; p-value = 0.0171), and food environment index (r=0.2536; p-value of 0.0324). The percent of smokers was also significantly correlated with food environment index (r= -0.3818; p-value = 0.0014). Number of fracking violations was significantly associated with number of active wells (r= 0.8132; p-value < 0.0001) and air pollution (r = -0.4183; p-value = 0.0138. 
Table 3 displays the correlation among variables in counties without active wells (above the diagonal) and in counties with active wells (below the diagonal). Because the counties without fracking wells had no data for number of wells or number of violations, the correlation with these two variables could not be calculated. The relationships between variables in counties with and without fracking wells were generally similar to those seen overall, but the correlations were not significant in both groups. For example, the incidence of lung cancer was positively correlated with percent of smokers in counties with and without fracking (r=0.190 and r=0.358, respectively, but was only significant in the counties without fracking (p-value>0.05 and p-value=0.040, respectively). Percent of smokers was negatively correlated, and significant, with food environment index (r=-0.419; p=0.015)) among counties without fracking wells. However, it was positively correlated (r=0.21), but non-significant in counties with fracking wells.
[bookmark: _Toc49948817]Table 2: Pairwise correlation table
	Correlation Coefficients
	lung cancer
	violations
	wells
	smokers
	food environment index
	air pollution

	lung cancer
	1
	
	
	
	
	

	violations
	-0.1635
	1
	
	
	
	

	wells
	0.0334
	0.8132
	1
	
	
	

	smokers
	0.2904
	-0.0624
	-0.0819
	1
	
	

	food environment index
	-0.2536
	0.2217
	0.1727
	-0.3818
	1
	

	air pollution
	0.1496
	-0.4183
	-0.2303
	-0.151
	-0.1755
	1



[bookmark: _Toc49948818]Table 3: Pairwise correlation table separated by fracking groups : counties without wells above the diagonal and counties with wells below the diagonal
	Correlation Coefficients
	lung cancer
	violations
	wells
	smokers
	food environment index
	air pollution

	lung cancer
	1
	N/A
	N/A
	0.3581
	-0.2865
	0.1256

	violations
	-0.1635
	1
	N/A
	N/A
	N/A
	N/A

	wells
	0.0334
	0.8132
	1
	N/A
	N/A
	N/A

	smokers
	0.1905
	-0.0624
	-0.0819
	1
	-0.4187
	-0.1061

	food environment index
	-0.184
	0.2217
	0.1727
	0.213
	1
	-0.1901

	air pollution
	0.1872
	-0.4183
	-0.2303
	-0.1773
	-0.2907
	1


[bookmark: _Toc36905175][bookmark: _Toc36905213][bookmark: _Toc36217570][bookmark: _Toc49948810]Regression Analyses of Incidence of Lung Cancer and Risk Factors
I further investigated the relationship between the incidence of lung cancer per 100,000 individuals in relation to each of the variables of interest. As expected, as the percent of smokers in a county increased, the rate of lung cancer also increased (Figure 3). 
[image: ]

[bookmark: _Toc49948822]Figure 3: Graph of rate of lung cancer in relation to percentage of smokers
[image: ]In contrast to the relationship between lung cancer incidence and smoking, I observed no relationship between lung cancer rates per 100,000 individuals and number of wells in a county, r= 0.03, ns). 








[bookmark: _Toc49948823]Figure 4: Graph of rate of lung cancer in relation to wells
The incidence of lung cancer per 100,000 individuals decreased slightly in relation to well violations (Figure 5), however, this result is likely due to a single outlier in the lower right quadrant and the relationship was non-significant. 
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[bookmark: _Toc49948824]Figure 5: Graph of rate of lung cancer in relation to well violations

[image: ]As can be seen in Figure 6, as the food environment index increased – reflecting less food insecurity - the rate of lung cancer decreased across counties, although this relationship was not significant r= -0.25, p>0.05. 








[bookmark: _Toc49948825]Figure 6: Graph of rate of lung cancer in relation to the food environment index
Finally, Figure 7 shows the positive relationship between the average daily density of fine particulate matter and the incidence of lung cancer across all counties, r= 0.15, although this trend was not significant (Figure 7).
[image: ]
[bookmark: _Toc49948826]Figure 7: Graph of the rate of lung cancer in relation to air pollution
[bookmark: _Toc49948811]Stepwise regression analysis
I also performed stepwise regression analysis to test whether multiple risk factors influenced incidence of lung cancer within each of the two groups, that is, counties with active wells and counties without active wells. The risk factors included in the analyses for the counties with fracking wells included the variables: smokers, food environment index, airpollution, number of wells and number of violations. The risk factors included in the stepwise regression analyses of counties with no fracking included percent smokers, food environment index and air pollution. None of the factors for either group was significant, mostly likely because of the small sample size (n≤ 34 for each group); although percent smokers was ~p-value= 0.10. 
[bookmark: _Toc49948819]Table 4: Stepwise regression analysis of risk factors for lung cancer incidence in counties with and without fracking
	Stepwise Regression
	Counties with Fracking
	Counties without Fracking

	Variable
	P-Value for inclusion
	P-Value for inclusion

	Smokers
	0.155
	0.105

	Food environment index
	0.298
	0.516

	Air pollution
	0.626
	0.449

	Wells
	0.120
	n/a

	Violations
	0.169
	n/a




[bookmark: _Toc49948812]Conclusions
Lung cancer is the third most common cancer diagnosis in Pennsylvania, but the incidence of lung cancer ranges from 46.7 cases per 100,000 to 78 cases per 100,000 people across the 67 counties in PA. The reasons for this difference are unclear. Although tobacco use is well-known to be the strongest risk factor for development of lung cancer, not every individual who develops lung cancer is a smoker. Thus, other factors may also contribute to the differences in incidence of lung cancer across counties in Pennsylvania, such as poor air quality or possible negative consequences of natural gas fracking.  In this study, I assessed whether differences in lung cancer incidence across counties may be related to tobacco usage, overall low air quality, food environment, and the negative consequences of natural gas extraction (fracking). The goal of my study was to assess whether these variables, either singly or in combination with each other, influenced lung cancer incidence across the counties of Pennsylvania. 
Results of my study showed no significant differences in mean lung cancer incidence (p=0.45) or air quality (p-value=0.40) between counties with or without fracking (Table 1). In contrast, the mean percent of smokers was significantly higher (p-value<0.0001) and the mean food environment index was significantly poorer (p-value=0.0009) in counties with fracking versus counties without fracking. Because smoking is well known as a risk factor for lung cancer (Breslow et al., 1954), these results are somewhat counterintuitive. However, the sample size is relatively small (< 35 counties in each group) and these variables represent total results per county, not the results from individuals who smoke and subsequently do, or do not, develop lung cancer. A few of these issues are discussed in the section on limitations below.
I next assessed whether these environmental and behavioral variables were correlated with lung cancer incidence, and each other, across all 67 counties, as well as for counties with and without fracking. Except for percentage of smokers, no other variables were associated with lung cancer incidence over all counties (Table 2) or within fracking or non-fracking counties (Table 3). Over all counties, the correlation between lung cancer incidence and percent of smokers was significant (r=0.29, p-value =0.017, Figure 3). As stated above, this correlation is between summary statistics, thus it does not indicate causation and could be false. However, because the risk for smokers to develop lung cancer is well-known and large (RR= 8.43,(Lee et al., 2012)), I expected to see a relationship across counties. 
Several variables were significantly correlated with each other. Counties with a higher percentage of smokers had a lower food environment index, that is, poorer access to food (r = -0.38, p-value = 0.0014, Table 2). Food environment index and percentage of smokers differed significantly between counties with and without fracking. Furthermore, as food environment index increased, lung cancer incidence decreased over all counties, although this correlation was not significant (r = -0.25, p>0.05). Other investigators have reported similar results in humans and mice. A meta-analysis of prospective studies reported an 8-18% decreased risk of lung cancer among individuals consuming a diet high in fruits and vegetables (Vieira, 2017). Hosler and Michaels (2017) analyzed health interview and food environment assessment data on 1,917 ethnically diverse adults from 2013 and 2014 in New York. They reported that diets that comprised of 1 or less serving of fruits and vegetables daily, increased the odds of smoking by a factor of 2 compared to those who consumed 5 or more servings (OR 2.5). Furthermore, they reported that factors such as: food insecurity, receiving benefits from supplemental nutrition program, using a food pantry or living in an area where nutritional food is limited or in low access, as well as shopping at stores that had minimal options for healthy foods all were associated with considerably greater odds of smoking (Hosler & Michaels, 2017). Based on results of their experiments in mice, Mineur and colleagues (2011) concluded that nicotine decreases food intake by activation of α3β4 nicotinic acetylcholine receptors, thus it serves as an appetite suppressant. Mice that were given the drug, cytisine, which works in a similar way as nicotine in targeting α3β4 nicotinic acetylcholine receptors, consumed half as much food as mice that were not treated with the drug (p <0.001). The researchers also discovered that the drug activated the melanocortin pathway in the brain which signals satiety after a full meal (Mineur et al., 2011). These results indicate that the relationship between incidence of lung cancer, smoking, and food environment index, is complex, and should be investigated further.
The number of wells and the number of violations per county were highly correlated (r=0.81, P-value ≤ 0.0001, Table 2 and Table 3). This high correlation most likely indicates that, in general, as the number of wells increases, so does the probability that a violation will occur. Other factors may also affect the number of well violations, for example, the range of violations per year differs among different drilling companies (see Table 1,(Kelso, 2016)). However, neither the number of wells nor the number of violations was correlated with lung cancer incidence. 
Although counties with high mean particulate matter density in air had higher incidence of lung cancer, this correlation was not significant (Figure 7). Intriguingly, counties with higher number of well violations also had a lower density of particulate matter in the air (r=-0.418, p-value = 0.013). The reasons for this correlation are unclear, however, one possibility is that counties with more violations are rural counties, and rural counties tend to have lower levels of particulate matter air pollution. Counties with more violations could also be in areas with lower populations, leading to less man-made pollution and a lower density of particulate matter. To test this theory, I ran a correlation between county population size and the number of violations within counties with fracking. The correlation coefficient was -0.1221 with a p value of 0.495, showing that well violations was not correlated with county population size. 
[bookmark: _Toc106513529][bookmark: _Toc106717787]	In conclusion, as expected, percent of smokers within a county was significantly correlated with lung cancer incidence. Furthermore, the relationship between food access, smoking, and lung cancer incidence needs additional study. The other risk factors appeared to have minimal, if any, effects, but the absence of any relationships are likely due to several limitations of the study as described below.
[bookmark: _Toc49948813]Limitations
A major limitation of this study is the sample size – Pennsylvania has 67 counties – Which was then further categorized into two groups, fracking and non-fracking counties (n = 34 and n=33 respectively). The small sample sizes decreased the power of the analysis. In addition, the variables were summary statistics, e.g., percent of smokers and lung cancer incidence within each county. Thus, they were relatively crude measures that did not reflect differences among regions within a county. For example, food access, smoking rates, and air pollution (as measured by density of particulates in the air) are likely to differ among rural versus urban settings. Additional analyses of summary statistics for counties across multiple states would be more powerful. However, analyses of risk factors measures on individuals versus populations are also needed. 
This study had several other limitations. Many of the environmental and behavioral risk factors have different effects on act males and females or are more prevalent in one sex, and these differences would affect lung cancer incidence. However, the databases I used did not report summary statistics by sex. 
Another limitation to the study is that the location of the fracking wells is not known, therefore wells that reside in specific counties may actually be closer to towns in neighboring, non-fracking counties, than to towns within the fracking county. Thus, specific towns may be affected by the results of fracking, even though the county that the town is in does not have any wells. 
An additional limitation is that the measurements for air pollution are only crude estimates. Air pollution data was defined as average daily density of fine particulate matter in micrograms per cubic meter and does not take into consideration what type of particulate matter is being calculated. Since particulate matter can include things like dust and smoke as well as carcinogens, it is difficult to differentiate between which counties have more carcinogens in the air as opposed to counties that just have high amounts of dust and smoke. 
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	County
	Age Adjusted Rate
	Case Count
	Population

	Centre County
	46.7
	371
	796480

	Union County
	47.3
	134
	225838

	Lancaster County
	51.4
	1755
	2666436

	Susquehanna County
	48.7
	166
	210565

	Snyder County
	51.2
	138
	201967

	Bucks County
	60.6
	2533
	3129659

	Bedford County
	53.1
	209
	245555

	Cameron County
	62.1
	28
	24142

	Elk County
	62.8
	154
	155284

	Chester County
	53.2
	1603
	2560250

	Clinton County
	61.2
	159
	197302

	Columbia County
	53.3
	240
	334174

	Franklin County
	61.8
	654
	762258

	Juniata County
	59.4
	107
	122320

	Somerset County
	52.7
	313
	380645

	Adams County
	66.1
	469
	506839

	Allegheny County
	68.4
	5773
	6155847

	Butler County
	63.7
	787
	927668

	Crawford County
	66.5
	412
	435832

	Fulton County
	70
	78
	73317

	Blair County
	69.7
	630
	626817

	Bradford County
	64.1
	299
	309845

	Cambria County
	59.3
	630
	687820

	Berks County
	64.6
	1677
	2073168

	Clarion County
	53.3
	147
	194722

	Clearfield County
	62.4
	364
	404360

	Erie County
	65.5
	1158
	1395933

	Huntingdon County
	58.8
	189
	228930

	Luzerne County
	69.8
	1600
	1594919

	Indiana County
	53.5
	315
	436050

	Dauphin County
	64.3
	1088
	1360876

	Armstrong County
	62.6
	323
	336114

	Cumberland County
	53.2
	857
	1218209

	Montgomery County
	53.5
	2830
	4076222

	Lehigh County
	62.6
	1396
	1792298

	Beaver County
	74.5
	943
	844761

	Forest County
	78
	45
	37229

	Carbon County
	67.5
	324
	320890

	Northampton County
	63.1
	1292
	1500473

	Philadelphia County
	77
	6252
	7819367

	Lebanon County
	62.9
	605
	683795

	Mifflin County
	68.6
	242
	232608

	Lycoming County
	66.4
	516
	580335

	McKean County
	70.1
	205
	212121

	Jefferson County
	63.3
	208
	222261

	Fayette County
	72.8
	729
	669549

	Wyoming County
	70.2
	145
	139843

	York County
	66.5
	1865
	2202484

	Sullivan County
	67.6
	39
	31268

	Lackawanna County
	67.9
	1012
	1063213

	Pike County
	61
	262
	279103

	Wayne County
	61.3
	263
	259280

	Westmoreland County
	63.5
	1806
	1794440

	Greene County
	70.5
	180
	187887

	Tioga County
	63.6
	201
	209435

	Potter County
	59.3
	86
	86103

	Warren County
	59.8
	193
	203326

	Washington County
	69.8
	1064
	1039235

	Mercer County
	59.7
	510
	572007

	Delaware County
	67
	2308
	2813004

	Northumberland County
	66.2
	464
	467605

	Venango County
	69.5
	285
	266849

	Perry County
	67.9
	209
	229142

	Monroe County
	70.5
	736
	837261

	Montour County
	62.7
	87
	91663

	Lawrence County
	71.3
	494
	443946

	Schuylkill County
	68.5
	727
	725890
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