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Abstract

Background: Rural populations face many health disadvantages compared to urban areas. There 

is a critical need to better understand the current lung cancer screening landscape in these 

communities to identify targeted areas to improve the impact of this proven tool.

Methods: Data from the County Health Rankings of New Hampshire and Vermont was reviewed 

for population density, distribution of adult smokers, and level of education compared to the 

distribution of Lung Cancer Screening Facilities throughout these two states.

Results: Screening programs in southern counties of Vermont with lower levels of education 

have decreased access. In New Hampshire, there are no programs within 30 miles of the areas with 

the largest distribution of smokers, and decreased access in some areas with the lowest levels of 

education.

Conclusions: Improving equitable access to high-quality screening services in rural regions and 

the creation of targeted interventions to address decreased access in areas of high tobacco use and 

low education is vital to decreasing the incidence of latestage presentations of lung cancer within 

these populations.
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Introduction

Lung cancer persists as the leading cause of cancer death among men and women in the 

United States,1 and mortality rates in rural populations are even higher when compared 

to their urban counterparts.2,3 Despite recent advances in medical therapy,4,5 and surgical 

technique,6,7 treatment efforts at the earliest stage have proven most promising.8,9 While 

those diagnosed at an early stage have an estimated 5-year survival of 46%,10 survival of 

all patients diagnosed with lung cancer remains poor at 22%.11 In 2011, data from the 

National Lung Screening Trial (NLST), a multi-institutional randomized controlled trial 

of 53,454 patients, formally demonstrated the utility of lung cancer screening. It reported 

a 20% lung specific mortality reduction and an overall mortality reduction of 6.7% in 

a “high-risk” cohort that underwent low-dose computed tomography (LDCT).12,12 As a 

result of the findings, many professional organizations published guidelines recommending 

annual low-dose CT for “high-risk” patients, defined as those (1) 55–80 years of age, (2) 

with at least a 30 pack-year smoking history, (3) who are current or former smokers who 

have quit in the last 15 years.13,14,15,16,17 Though LDCT has been shown to decrease both 

lung-specific and overall mortality through early detection, today, less than 4% of eligible 

high-risk patients participate in screening.18 It is estimated that this number is much lower in 

rural populations,19 thus, the need to identify the factors that effectively promote successful 

participation in early detection efforts in this cohort is essential.20

Estimates show rural areas have nearly twice the lung cancer incidence of the largest 

metropolitan areas.2 While only accounting for 15% of the U.S. population,21 rural cohorts 

represent a disproportionately high percentage of the screening-eligible population (23%). 

Two key challenges to rural lung cancer screening include a higher rate of tobacco use 
and lower educational achievement; influences known to be associated with decreased 

participation in screening efforts and increased rates of lung cancer.2

Rural smokers are an important group to engage with screening since their risk for lung 

cancer is thought to be amplified by younger age at start of use, greater cumulative 

tobacco smoke inhalation compared to their urban peers, and higher rates of nicotine 

dependence and second-hand smoke exposure.22 Efforts to engage rural smokers have 

proven challenging, and research has suggested smokers were less likely to perceive a 

survival benefit and/or believe that surgery could help their screen detected cancer.22 Other 

studies have demonstrated that fatalistic concerns and anxiety about having a CT scan 

predicted lower screening intentions and follow-through.23 In contrast, higher education 

level relates to early detection efforts, as it is a crucial predictor of participation in cancer 

screenings.24 People with higher educational achievement are more likely to participate 

in screenings for cervical, breast, and colorectal cancer.25,26 Screening interventions must 

target smokers and less educated patients to counteract these findings. Additional efforts 

to survey the current geographic distribution of accredited screening facilities in relation to 

these factors are necessary to understand barriers to screening utilization.

Quiafe et al. noted, “the effectiveness of any lung cancer screening program depends in part, 

upon uptake, and any inequalities in participation ultimately have the potential to exacerbate 
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inequalities in lung cancer survival”.27 This highlights the critical need to better understand 

the current screening landscape in rural populations to create targeted interventions that 

will increase uptake and potentially improve survival. The intent of this study was to 

evaluate population density, distribution of adult smokers and education level compared to 

the location of lung cancer screening facilities throughout Vermont and New Hampshire. 

Gaining a better understanding of the geographic accessibility to accredited screening 

facilities of these “high-risk” groups is vital to enable the development of evidenced-based 

engagement strategies to ensure that the reach of future screening initiatives is equitable.

Materials and methods

Modeled after America’s Health Rankings, which has ranked states on certain health 

indicators since 1990, County Health Rankings provide reports at the county level regarding 

health differences by location and race-ethnicity. This offers a deeper understanding 

of health at the community level. We surveyed these rankings with respect to county 

population, percentage of adult smokers, high school graduation rate, and percentage of 

adults with “some” post-secondary education for both New Hampshire and Vermont as 

these two states comprise our central catchment areas. Choropleths were obtained from 

the County Health Rankings and then superimposed with the locations of accredited and 

non-accredited Lung Cancer Screening Facilities in both states using the American College 

of Radiology screening statistics. We defined “accredited lung cancer screening centers” as 

facilities that meet the basic criteria as specified by the American College of Radiology 

(ACR) to be considered “accredited”.28 This includes (1) specific accreditation of the low-

dose CT scanner through the ACR CT Accreditation Program, (2) a screening protocol that 

meets minimum technical specifications, (3) and participation in the ACR Lung Cancer 

Screening Registry.

Decreased access to a screening facility was initially defined a priori as counties 

located more than 30 miles away, or greater than a 30-min drive from the Dartmouth-

Hitchcock Medical Center (DHMC) Lung Cancer Screening program in Lebanon, New 

Hampshire. This distance was chosen as the average RUCA scores increase from 7 

to 9 at approximately 30 miles, there are few main highways, and the travel time 

increases to greater than 1 h for this commute. The choropleths were charted using 

the sum population for population distribution in Fig.1A. The percent of population 

was used for distribution of adult smokers, and both levels of education: high school, 

and some college, for Fig. 1B, C, and 1D. Statistical averages were performed by the 

County Health Rankings using their Statistical Model. For more information, please 

refer to https://www.countyhealthrankings.org/explore-health-rankings/measures-data-

sources/county-health-rankings-model?componentType=health-factor&componentId=10.

Results

According to the County Health Rankings, Vermont has a population of 624,594 people 

with 18.1% aged 65 and older.29 Chittenden is the highest populated county (Fig. 1A). New 

Hampshire has a population of 1,334,795 with 17% of the population age 65 and older.33 

Hillsborough, Rockingham, and Merrimack are the highest populated counties (Fig. 1A). 
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Approximately 17% of the population in Vermont are classified as “current adult smokers” 

The counties with the highest smoking prevalence include Rutland and Bennington in the 

Southwest corner, and Orleans and Caledonia counties in the Northeast corner. 18% of 

New Hampshire residents were classified as “current everyday smokers” with the highest 

smoking counties including Cheshire county in the Southwest and Coos county in the 

Northeast.

The average distance traveled by patients living in areas of decreased access with either 

high tobacco use or low education levels was 80.6 miles (range of 37.6–129.3 miles); well 

above our designated 30 miles, and well above previously reported distances of “long travel 

times for cancer care” (50 miles) in other studies.30,31,32,33 Windsor and Rutland counties 

in Vermont were the only regions located less than 50 miles away from DHMC at 37.6 and 

48.8 miles respectively.

The accredited lung cancer screening facilities in Vermont appear to be well distributed with 

centers located both in the highest populated county (Chittenden; Fig. 1A), and the counties 

with the highest smoking populations (Rutland, Orleans and Caledonia; Fig. 1B). In New 

Hampshire, screening facilities are also well distributed in regards to population density with 

locations in Hillsborough, Rockingham and Merrimack counties (Fig. 1A). However, there 

are no programs available to the areas with the largest distribution of smokers in Cheshire 

and Coos counties (Fig. 1B).

Regarding education, in Vermont, the accredited screening centers are located in the areas 

with the highest percentage of those that have completed high school, while none of the 

less-educated counties have access to an accredited center (Windham, Bennington, Windsor 

and Essex; Fig. 1C & D). In New Hampshire, though Merrimack County has facilities 

in both the East and West, Belknap, a county with the lowest levels of education, does 

not have a nearby facility (Fig. 1C). In counties with the lowest levels of those that have 

completed some college, no facilities were located in either Vermont (Essex County) or New 

Hampshire (Coos County, Fig. 1D).

Discussion

Despite the randomized, controlled National Lung Screening Trial12 and subsequent 

analyses demonstrating both significant disease-specific and overall mortality reductions,34 

it is estimated that screening is underutilized with less than 3.7% of qualifying high-risk 

patients participating.18 Recruitment and enrollment numbers in rural populations are even 

more discouraging,19 and the reasons for this are likely multifactorial. Systemic barriers 

have included required shared decision making, a tool unique to lung cancer screening 

which can be impacted by provider knowledge and patient health literacy.35 Reduced 

radiologist capacity has limited the ability to process the number of screens relative to 

the number at risk.36 Furthermore, provider concerns regarding LDCT false positive rates, 

potential complications of follow-up biopsies, and feasibility of implementing LDCT in their 

respective health care settings represent a significant challenge.37 The need to better address 

risk for low participation is imperative to address this public health dilemma.
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Rural areas are estimated to cover 97% of the nation’s land area, but contain less than 

20% of the population according to U.S. Census Data.38 Compared to urban populations, 

rural inhabitants are more likely to own their home, have served in the military, have an 

older median age (51 vs 45), have a lower median income, and are less likely to have 

obtained a bachelor’s degree or higher.38 Historically, rural populations were composed of 

non-Hispanic Whites, which is similar to the current composition of New Hampshire and 

Vermont. However, over the last 70 years, the face of rural and small-town America has 

slowly evolved resulting in increasing racial and ethnic diversity.39 Hispanic and Asian 

populations are the fastest growing minority groups in both urban and rural areas, while 

Black/African-American (AA) populations have remained the largest minority group in rural 

cities.39 This influx has not uniformly distributed across the United States with specific 

racial and ethnic groups settling in specific regions of the US.39 While these demographic 

inconsistencies can limit some analytic evaluations between rural populations located in 

different geographic areas, comparisons are still possible.

Because the non-majority race and ethnic groups in rural communities are often 

underrepresented, these inhabitants have a higher rate of being impoverished and/or 

medically disenfranchised, and cancer diagnoses are disproportionally present.40 Given their 

location and distance from academic tertiary and quaternary hospitals, it is often challenging 

to provide appropriate and evidence-based oncologic care.41 Specifically regarding lung 

cancer care, we know that rural populations are thought to have an increased risk for 

developing lung cancer due to higher rates of smoking and lower educational achievement.2 

Furthermore, these cohorts have been shown to have less geographic access to screening 

facilities overall, which may affect enrollment into and utilization of lung cancer screening 

programs as investigated in our study.42 Both Vermont and New Hampshire have an above 

average incidence of lung cancer compared to the national incidence of 63 cases/100,000 

persons (66.7 cases and 68.1 cases/100,000, respectively).33 However, distribution of lung 

cancer screening programs is also above the national average of 4.8 centers/million in both 

Vermont (8.0 centers/million people), and New Hampshire (9.0 centers/million people).33 

Nevertheless, these populations lag significantly in the number of eligible patients enrolled 

in screening programs when compared to the distribution of “high-risk” individuals residing 

within these states.33

The County Health Rankings were designed to determine why a state that appears to 

have adequate resources would still have deficiencies in health-promoting behaviors by 

examining the landscape at the county level. We found that while lung cancer screening 

facilities in New Hampshire and Vermont were fairly well distributed in regards to the most 

populated areas, the regions with the highest tobacco use had decreased access to accredited 

facilities. Moreover, the accredited centers were located in areas with the greatest number 

of high school graduates, and those that had completed “some college”, leaving the less 

educated areas with decreased access.

Attitudes expressed among smokers towards lung cancer screening are complex. They have 

varied between those that perceive screening as too much effort or unnecessary due to the 

lack of respiratory symptoms,43 those that are crippled by emotional barriers developed 

secondary to the stigma associated with smoking,44 and more specifically, those that that are 
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reluctant to participate secondary to worry, fatalism, avoidance, and believing oneself too 

old to gain benefit.45 Hence, this is a population that is less likely to participate in screening 

and is at the highest risk.

Education level and a participants’ willingness to participate in screening are closely related. 

In addition to having an increased overall desire to participate in screening efforts, previous 

studies have indicated that people with higher levels of education tend to have better 

decision-making abilities, leading to greater engagement in risk-control behaviors, while 

people with lower levels of education tend to have more fatalistic beliefs about cancer.46 

These beliefs reduce the likelihood that they will take the initiative themselves to use offered 

opportunities for early detection.47,48 Lower education levels, worse socioeconomic status, 

increased smoking rates, higher incidence of lung cancer and a fatalistic attitude are all 

factors in the lower survival associated with lung cancer in rural regions.

It is imperative that screening interventions geographically target the areas where those 

that carry this risk are most heavily populated. The implementation of mobile screening 

units to reach more patients or organizing rides or carpooling for those with transportation 

challenges has been proposed to overcome some of these issues.49 While there are benefits 

to centralized screening facilities including standardization and efficiency, this must be 

weighed against the risk of lower participation because of a longer distance to screening 

sites. Second, engagement of local general practitioners and providers to promote screening 

appears to be key to improving utilization rates. General practitioners have strong persuasive 

power in convincing their patients to undergo cancer screening,50,51 and people with lower 

levels of education are more likely to participate in cancer screening at the urging of 

a provider or a screening program than at their own initiative.24 Furthermore, patients’ 

perceptions of their physicians’ confidence in cancer screening is an important predictor of 

compliance with recommendations, as provider confidence communicates the importance 

of screening to the patient.24 As those with less education need more guidance, advice, or 

persuasion from these third parties (providers or invitation letters from screening programs) 

to participate in screening, arming those at the front line with a local screening facility will 

be key, even if it means potentially sacrificing some of the efficiency and standardization of 

centralized screening.

Taking this a step further, if we are successful with these efforts, it is expected that 

more early stage lung cases will be identified that require thoracic surgical intervention.52 

Previous examinations of the availability of the thoracic workforce has demonstrated a 

declining density of surgeons nationwide and in lesser populated states such as rural areas 

due to an aging and retiring workforce.52 Comparing urban versus rural areas, the difference 

in thoracic density is slowly widening, with the most pronounced differences appreciated in 

areas located between small adjacent rural communities.52 The declining thoracic surgeon 

population combined with the higher prevalence of lung cancer in rural communities and 

recent changes to increase reimbursement policy for screening mandate critical attention 

be paid to ensure readiness for the influx of patients needing care should screening efforts 

be successful. While the Northeast currently holds a disproportionate share of the thoracic 

surgery workforce given the high density of surgeons,52 it is imperative that we prepare for 

the increased need in other rural areas and the nation as a whole.
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To our knowledge, this is the first study to explore the location of lung cancer screening 

in relation to the distribution of “high-risk” health factors in “high-risk” populations. While 

this study provides valuable insight into the screening landscape in rural populations in 

Northern New England and its relation to smoking rates and educational inequalities, it is 

subject to limitations. The reporting of the County Health Rankings somewhat limits the 

interpretation of the results. The most recent data regarding tobacco use are from 2016. 

The most recent educational data was obtained over a period from 2013 to 2017. It is 

possible rates of smoking and education have shifted during this time period and though 

the shift is probably small, the magnitude cannot be determined. Second, the collection 

of educational data combines information obtained from multiple sources including state-

specific sources, EDFacts (a U.S. Department of Education Initiative to use performance 

data to guide policy), and the American Community Survey. Continuity of methods among 

these sources in terms of data-gathering may differ leading to inconsistent data. Third, 

although lung cancer screening was introduced in 2012, inquiry into why it has not been 

rigorously adapted is fairly new. The problem of low enrollment in lung cancer screening 

is a global issue, and research efforts have focused on evaluating low enrollment in all 

eligible patients rather than the factors involved in specific populations. Consequently, 

little research has occurred to how best engage specific groups or cohorts. While factors 

relating to smoking have been studied, the link with education has been developed from 

prior knowledge regarding patient behaviors towards other cancer screenings, such as those 

for colorectal, cervical or breast cancer, not specifically for lung, which may lead to 

incorrect assumptions. Last, as mentioned earlier, due to the changing demographics of 

rural populations, correlations to other rural populations in different geographic areas must 

be carefully undertaken with close examination of other features to avoid overgeneralization.

Conclusions

Despite the fact that designated low-dose chest CT screening centers have increased by 

greater than eight times since their inception in 2014, disparities still exist in the distribution 

of accredited locations. When specifically evaluating distribution in rural populations, this 

disparity is even more profound. Our data shows these deficiencies are especially true in 

the rural areas of the Northern New England with high tobacco use and lower levels of 

education. This gap in access is troubling, given the higher incidence and later presentation 

of lung cancer in this and other populations compared to more populated settings. Improving 

access to high-quality screening in rural regions is critical. Furthermore, the concentration 

of patients and providers limits our utility of “surgeon density” and restricts our ability 

to compare our rural population with trends in the Northeast. Identifying areas of need, 

followed by the creation of targeted interventions to address issues of access in areas of high 

tobacco use and low education is vital to increasing the incidence of early presentation, and 

decreasing morbidity and mortality within these high-risk, vulnerable rural populations.
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Fig. 1. 
Choropleths demonstrating population estimates (1A), tobacco use (1B), and education 

levels (1C & 1D), in Vermont and New Hampshire. Regarding population, the color 

spectrum assigned to Vermont was green while the color spectrum applied to New 

Hampshire was blue. Lighter color denoted decreasing frequency, while darker colors 

denoted increasing frequency. A light and dark shade of orange was used to represent 

the non-accredited and accredited lung cancer screening centers in Vermont and New 

Hampshire, respectively.
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