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Abstract

Background—Breast and cervical cancer incidence vary by urbanicity, and several ecological 

factors could contribute to these patterns. In particular, cancer screening or other 

sociodemographic and healthcare system variables could explain geographic disparities in cancer 

incidence.

Methods—Governmental and research sources provided data on 612 counties in the Surveillance, 

Epidemiology, and End Results program for rural-urban continuum code, socioeconomic status 

(SES) quintile, percent non-Hispanic white residents, density of primary care physicians, cancer 

screening, and breast and cervical cancer incidence rates (2009–2013). Ecological mediation 

analyses used weighted least squares regression to examine whether candidate mediators explained 

the relationship between urbanicity and cancer incidence.

Results—As urbanicity increased, so did breast cancer incidence (β̂=0.23, p<.001). SES quintile 

and density of primary care physicians mediated this relationship, while percent non-Hispanic 

white suppressed it (all p<.05); county-level mammography levels did not contribute to the 

relationship. After controlling for these variables, urbanicity and breast cancer incidence were no 

longer associated (β̂=0.11, p>.05). In contrast, as urbanicity increased, cervical cancer incidence 
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decreased (β̂=−0.33, p<.001). SES quintile and density of primary care physicians mediated this 

relationship (both p<.05); percent non-Hispanic white and Pap screening levels did not contribute 

to the relationship. After controlling for these variables, the relationship between urbanicity and 

cervical cancer incidence was still statistically significant (β̂=−0.13, p<.05).

Conclusions—County-level SES and density of primary care physicians explained the 

relationships between urbanicity and breast and cervical cancer incidence. Improving these factors 

in more rural counties could ameliorate geographic disparities in breast and cervical cancer 

incidence.
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Urban/rural differences in breast and cervical cancer incidence: The 

mediating roles of socioeconomic status and provider density1

The Surveillance, Epidemiology, and End Results (SEER) program estimated that, in 2013, 

annual age-standardized breast cancer incidence was 125 per 100,000 women and cervical 

cancer incidence was 8 per 100,000 women (Howlader et al., 2016). However, the burden of 

these cancers is not distributed equally across the United States: breast cancer incidence is 

higher, and cervical cancer incidence is lower, in urban areas compared to rural areas 

(Fogleman, Mueller, & Jenkins, 2015; Singh, 2011). One recent study found that, compared 

to rates in rural areas, breast cancer incidence rates were 9% higher in urban areas and 

cervical cancer incidence rates were 15% lower in urban areas (Blake, Moss, Gaysynsky, 

Srinivasan, & Croyle, 2017). Contrasting the associations of these cancers with potential 

local influences on health, such as sociodemographics (Pruitt, Shim, Mullen, Vernon, & 

Amick, 2009; Singh, Williams, Siahpush, & Mulhollen, 2011) and healthcare factors 

(Belasco, Gong, Pence, & Wilkes, 2014; Doescher & Jackson, 2009), can inform 

interventions aiming to reduce urban/rural disparities in cancer outcomes and improve 

overall population health (Wells & Horm, 1998).

While both breast and cervical cancer have screening tests, their associations with cancer 

incidence differ. In the short term, mammography screening is associated with increased 

breast cancer incidence (through (1) earlier diagnosis of pre-symptomatic cancers and (2) 

overdiagnosis of indolent breast cancer tumors that would have never progressed (Bleyer & 

Welch, 2012; Marcus, Prorok, Miller, DeVoto, & Kramer, 2015)), although this relationship 

is dynamic over time and generally reaches a steady state after screening has disseminated in 

the population (Feuer & Wun, 1992). In the long term, mammography screening is 

associated with decreased breast cancer mortality (Das, Feuer, & Mariotto, 2005; Nelson et 

al., 2016). In contrast, Pap screening is associated with reduced cervical cancer incidence 

((1) through earlier detection of pre-symptomatic cancers and (2) by allowing the removal of 

cervical lesions before they develop into cancer) (Smith, Cokkinides, Brooks, Saslow, & 

1Abbreviations: CI=Confidence interval; FIPS=Federal Information Processing Standard; SEER=Surveillance, Epidemiology, and 
End Results; SES=Socioeconomic status; USDA=United States Department of Agriculture; WLS=Weighted least squares
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Brawley, 2010). Like cancer incidence rates, cancer screening also varies geographically, 

with higher participation in mammography and Pap screening among women living in urban 

areas compared to rural areas (Casey, Thiede Call, & Klingner, 2001; Coughlin, Thompson, 

Hall, Logan, & Uhler, 2002; Doescher & Jackson, 2009). Currently, the U.S. Preventive 

Services Task Force recommends biennial mammography screening for women ages 50–74 

years and triennial Pap screening for women ages 21–65 years (with other options for 

cervical cancer screening including human papillomavirus testing) (U. S. Preventive 

Services Task Force, 2016; U.S. Preventive Services Task Force, 2016).

Other area-level factors that may influence urban/rural differences in cancer incidence 

include local socioeconomic status (SES) (Pruitt et al., 2009; Singh et al., 2011), racial/

ethnic composition (Singh et al., 2011), and access to primary care providers (Belasco et al., 

2014; Doescher & Jackson, 2009). Area sociodemographics and healthcare system factors 

are associated with cancer outcomes (Kish, Yu, Percy-Laurry, & Altekruse, 2014; Kohler et 

al., 2015; Singh, Miller, Hankey, & Edwards, 2004) and screening (Continelli, McGinnis, & 

Holmes, 2010; Phillips, Kerlikowske, Baker, Chang, & Brown, 1998), but most previous 

studies have evaluated these factors in isolation and have not evaluated whether they explain 

urban/rural differences in cancer incidence.

Thus, we hypothesized that county-level (1) SES, (2) racial/ethnic composition, (3) density 

of primary care providers (a measure of access to preventive services (Continelli et al., 

2010)), and (4) cancer screening rates would mediate the relationship between urbanicity 

and breast or cervical cancer incidence. Figure 1 illustrates the full paths and 

interrelationships of the potential mediation analysis. Examining how area-level variables 

work together to influence disparities in cancer screening and outcomes could support the 

development of locally-targeted interventions (Andrews et al., 1994; Kish et al., 2016; Wells 

& Horm, 1998). Evidence supporting each of these candidate mediation pathways would 

highlight different targets for interventions aiming to ameliorate urban/rural differences in 

counties’ cancer incidence rates.

Materials and Methods

Data sources and measures

Independent variable: Urbanicity—After each Census, United States Department of 

Agriculture (USDA) (2013) develops a 9-point rural-urban continuum to summarize 

urbanicity in each county, based on population, urbanization, and adjacency to metro areas. 

The 2013 codes reflect data derived from the 2010 Census. The present analysis reverse-

coded the USDA codes such that higher values reflected greater urbanicity. The USDA 

continuum codes can be treated as continuous or categorical (1–3=metropolitan/urban, and 

4–9=non-metropolitan/rural) indicators (United States Department of Agriculture, 2013). 

Previous studies of the USDA continuum codes have analyzed the association between 

urbanicity and cancer outcomes, including screening (Litaker & Tomolo, 2007), incidence 

(Bernard, Cooper Robbins, McCaffery, Scott, & Skinner, 2011), stage of diagnosis (Paquette 

& Finlayson, 2007), and survival (Modesitt, Huang, Shelton, & Wyatt, 2006), treating the 

codes as either continuous or categorical.
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Mediating variables—We accessed data on four potential county-level mediators: SES, 

racial/ethnic composition, primary care physician density, and cancer screening.

SES was measured with an index in SEER drawing upon seven county-level indicators from 

the 2010 Census (Yost, Perkins, Cohen, Morris, & Wright, 2001; Yu, Tatalovich, Gibson, & 

Cronin, 2014) including median household income, proportion working class, and an index 

of education. Counties were assigned to quintiles based on the U.S. distribution to reflect 

relative positioning in the SES hierarchy, with higher quintiles reflecting higher SES. Each 

SES quintile contains approximately equal population (i.e., not equal numbers of counties, 

although each cell contains >5% of the observations). To capture the ordinal nature of this 

variable, we treated SES quintile as continuous.

To summarize county racial/ethnic composition, we gathered the percent of residents who 

self-identified as non-Hispanic white in the 2010 Census (U.S. Census Bureau, 2014). Thus, 

higher levels of the proportion of non-Hispanic whites in a county indicates lower 

concentrations of racial/ethnic minorities in the population.

Density of primary care providers came from the 2010 Area Health Resource File (2016) 

and reflected the number of non-federal primary care physicians per 1,000 people in the 

county, with higher values reflecting higher physician density. Previous studies have 

evaluated physician density as a proxy for healthcare access, demonstrating associations 

with health indicators (Belasco et al., 2014; Continelli et al., 2010; Macinko, Starfield, & 

Shi, 2007). In addition, the density of primary care providers is associated with other area-

level measures of healthcare access and utilization (Kravet et al., 2008; Rabinowitz & 

Paynter, 2002).

Finally, cancer screening rates came from the Small Area Estimates for Cancer Risk Factors 

& Screening Behaviors (National Cancer Institute, Division of Cancer Control and 

Population Sciences, Statistical Methodology & Applications Branch, 2016; Raghunathan et 

al., 2007) developed by National Cancer Institute. These estimates draw on multiple years of 

data (2008–2010) from two population-based health surveys to account for survey biases 

and develop stable estimates at the county level (Raghunathan et al., 2007). Estimates used a 

weighted average of local direct estimates to the extent available, but increasingly 

substituted modeled estimates as a function of county covariates as the direct estimates 

became more unstable. From the Small Area Estimates, we gathered data on county 

mammography levels (i.e., the estimated percentage of women age 40 or older who received 

a mammogram in the previous two years) and Pap screening levels (i.e., the estimated 

percentage of women age 18 or older who received a Pap test in the previous three years).

Dependent variables: Cancer incidence rates—Data on breast and cervical cancer 

incidence rates came from SEER (National Cancer Institute, 2016). Established in 1973, 

SEER now includes 18 cancer registries covering 30% of the U.S. population (National 

Cancer Institute, 2016). We generated five-year (2009–2013) age-standardized estimates of 

breast cancer incidence and cervical cancer incidence per 100,000 women for each county in 

SEER, excluding the Alaska Native Tumor Registry (which does not include information on 

counties) (k=612) and suppressing data for counties with fewer than 5 cases.

Moss et al. Page 4

Womens Health Issues. Author manuscript; available in PMC 2018 November 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



We matched counties’ variables using Federal Information Processing Standard (FIPS) 

codes, developed by U.S. Census Bureau (2015) to uniquely identify each U.S. county.

Statistical analysis

As a preliminary step, we examined the distribution of characteristics of SEER counties by 

generating the minimum, Q1 (i.e., 25th percentile), mean, median, Q3 (i.e., 75th percentile), 

and maximum of each study variable. In addition, we generated the frequency and 

percentage of counties at each level of urbanicity and SES.

Next, we conducted simple mediation analyses using ecological weighted least squares 

(WLS) (Cohen, Cohen, West, & Aiken, 2003) regressions to test whether the candidate 

mediator variables could individually explain the relationship between urbanicity and breast 

or cervical cancer incidence rates. Specifically, these analyses examined the bivariate 

relationship between urbanicity and cancer incidence (estimating the unadjusted c path, or 

total effect). Then, we examined the relationship between urbanicity and cancer incidence 

when controlling for each mediator (estimating the adjusted c’ path, or direct effect). As part 

of this analysis, we also estimated the associations between urbanicity and each mediator (a 
paths) and between each mediator and cancer incidence (b paths). Then, we determined if 

controlling for the mediators affected the strength and/or direction of the main association 

by calculating whether the difference between the c and c’ paths (i.e., the indirect effect) was 

statistically significant (Hayes, 2009). Finally, we conducted complex mediation analyses 

modeling all four candidate mediators simultaneously, separately for breast or cervical 

cancer incidence. For each of the component mediators, we calculated their indirect effect as 

the product of the respective a and b paths.

To evaluate the statistical significance of each indirect effect, we repeated the WLS 

regression analyses with 10,000 bootstrapped datasets (Hayes, 2009) (generated with PROC 

SURVEYSELECT in SAS, sampled with replacement) and ordered the resulting estimates 

of each indirect effect by magnitude. We examined the observations corresponding to the 

upper and lower bounds of the 95%, 99%, and 99.9% confidence intervals to determine if 

they contained 0 (i.e., indicated statistical non-significance at the .05, .01, and .001 p value, 

respectively). Bootstrapping is preferred to other methods of evaluating indirect effects in 

mediation because it requires fewer assumptions about the distributional properties of the 

estimates (Hayes, 2009). In addition, for complex mediation models, we summarized the 

relative contribution of each mediation pathway to explaining the relationship between 

urbanicity and cancer incidence by dividing the estimate of each indirect effect by the sum 

of all the indirect effects, expressed as percentages (MacKinnon, 2008).

WLS regression models weighted observations by the inverse measure of error associated 

with the dependent variable (Cohen et al., 2003). Models estimating a paths versus c paths or 

c’ and b paths used different dependent variables; thus, we weighted models predicting SES, 

racial/ethnic composition, and primary care provider density by county population; 

screening rate by the inverse of the variance associated with small area estimates; and cancer 

rate by the inverse of the variance associated with each county’s estimates of breast or 

cervical cancer incidence. Previous research has demonstrated that mediation analysis is 

robust to using different model specifications (MacKinnon, 2008).
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Sensitivity analyses probed the robustness of our findings. We reran the mediation analyses 

(1) using one weight for all models (the inverse of the variance of the cancer incidence rates) 

and excluding counties (2) in the top 10% of population (k=61) (these counties likely were 

more heterogeneous than remaining counties) and (3) in the bottom 10% of population 

(k=61) (estimates of these counties’ cancer screening levels were based more on modeled 

rather than observed data, given their small sample size).

We present standardized regression coefficients (β̂) to summarize the relationships among 

study variables and evaluate statistical mediation; these coefficients are equivalent to partial 

correlation coefficients in that they range from −1 to +1. Hereafter, “mediation” refers to 

indirect effects that attenuate (or explain away) the magnitude of the c path coefficient by 

producing c’ path coefficients closer to 0, and “suppression” refers to indirect effects that 

increase the magnitude of the c path coefficient. We treated all study variables as continuous. 

Mediation analyses used complete case analysis, excluding counties with suppressed cancer 

data. County cancer incidence rates were calculated using SEER* Stat (Surveillance 

Research Program, National Cancer Institute). All analyses were conducted using SAS 

version 9.3 (Cary, NC).

Results

Counties in the analytic sample spanned the entire 9-point rural-urban continuum and 

distribution of SES quintiles (Table 1). Across counties, 73.8% of the population was non-

Hispanic white, with 0.44 primary care providers per 1,000 residents. On average, 67.1% of 

(age- and sex-appropriate) residents had received a recent mammogram, and 73.2% had 

received a recent Pap screening.

Breast cancer incidence

County age-adjusted breast cancer incidence rates ranged from 0 to 205.2 cases per 100,000 

women per year; on average, breast cancer incidence was 116.3 per 100,000 (Table 1). As 

urbanicity increased, so did breast cancer incidence (c path: β̂BU=0.23, p<.001) (Table 2).

In simple mediation analysis, SES quintile, primary care provider density, and 

mammography rate mediated the relationship between urbanicity and breast cancer 

incidence (all p<.05) (Table 2). For example, after controlling for SES quintile, the 

association between urbanicity and breast cancer incidence changed from 0.23 (c path) to 

0.11 (c’ path; p<.05). Thus, the indirect effect (i.e., difference between the c path and c’ path 

estimates) was 0.12 (95% confidence interval[CI]=0.09, 0.15). That is, controlling for SES 

quintile reduced the relationship between urbanicity and breast cancer incidence. In contrast, 

percent non-Hispanic white suppressed the relationship between urbanicity and breast 

cancer incidence. After controlling for this variable, the association between urbanicity and 

breast cancer incidence changed from 0.23 (c path) to 0.26 (c’ path; p<.001); thus, the 

indirect effect was −0.03 (95% CI=−0.05, −0.01). That is, controlling for percent non-

Hispanic white strengthened the relationship between urbanicity and breast cancer 

incidence.
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In complex mediation analysis, after controlling for all four candidate mediators, the 

relationship between urbanicity and breast cancer incidence changed from 0.23 to 0.11 (p>.

05; βB̂U·SWPR in Figure 2). SES quintile and primary care provider density maintained their 

mediating effects on this relationship, while percent non-Hispanic white again had a 

suppression effect (Table 3). Specifically, urbanicity was positively associated with SES 

quintile, which in turn was positively associated with breast cancer incidence (Figure 2); 

controlling for SES quintile changed the main effect between urbanicity and breast cancer 

by 0.09 (95% CI=0.05, 0.13), or 81% of the total indirect effect (Table 3). Similarly, 

urbanicity was positively associated with primary care provider density, which was 

positively associated with breast cancer incidence; controlling for this variable changed the 

main effect by 0.06 (95% CI=0.04, 0.09), or 57%. In contrast, urbanicity was negatively 

associated with percent non-Hispanic white, which was not associated with breast cancer 

incidence; controlling for this variable changed the main effect by −0.04 (95% CI=−0.07, 

−0.01), or −36%. Mammography rate was not a significant mediator of the relationship 

between urbanicity and breast cancer incidence when controlling for the other variables.

Cervical cancer incidence

County age-adjusted cervical cancer incidence rates ranged from 0 to 32.9 cases per 100,000 

women per year; on average, cervical cancer incidence was 8.4 per 100,000 (Table 1). As 

urbanicity increased, cervical cancer incidence decreased (c path: β̂CU=−0.33, p<.001) 

(Table 2).

In simple mediation analysis, SES quintile, primary care provider density, and Pap screening 

rate mediated the relationship between urbanicity and cervical cancer incidence (all p<.05) 

(Table 2). For example, after controlling for SES quintile, the association between urbanicity 

and cervical cancer incidence changed from −0.33 (c path) to −0.12 (c’ path; p>.05). Thus, 

the indirect effect was −0.20 (95% CI=−0.25, −0.16). That is, controlling for SES quintile 

reduced the relationship between urbanicity and cervical cancer incidence. Percent non-

Hispanic white was not a significant mediator of the relationship between urbanicity and 

cervical cancer incidence.

In complex mediation analysis, after controlling for all four candidate mediators, the 

relationship between urbanicity and cervical cancer incidence changed from −0.33 to −0.13 

(p<.05; βĈU·SWPR in Figure 3). SES quintile and primary care provider density maintained 

their mediating effects on this relationship (Table 3). Specifically, urbanicity was positively 

associated with SES quintile, which in turn was negatively associated with cervical cancer 

incidence (Figure 3); controlling for SES quintile changed the main effect between 

urbanicity and cervical cancer by −0.13 (95% CI=−0.18, −0.09), or 82% of the total indirect 

effect (Table 3). Similarly, urbanicity was positively associated with primary care provider 

density, which was negatively associated with cervical cancer incidence; controlling for this 

variable changed the main effect by −0.05 (95% CI=−0.08, −0.03), or 32%. Percent non-

Hispanic white and Pap screening rate were not significant mediators of the relationship 

between urbanicity and cervical cancer incidence when controlling for the other variables.
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Sensitivity analysis

When repeating the complex mediation analyses (1) using one weight for all models and 

excluding counties (2) in the top 10% of population and (3) in the bottom 10% of 

population, the direction, magnitude, and statistical significance of the observed 

relationships generally remained the same (Supplementary Table S1).

Discussion

In ecological mediation analysis of 612 counties, we found that compared to more rural 

counties, more urban counties tended to have higher rates of breast cancer incidence and 

lower rates of cervical cancer incidence. Researchers have increasingly documented the role 

of geography in health disparities research, both independent from and in conjunction with 

more traditional health disparities by race/ethnicity and socioeconomic status (Bell, Hoskins, 

Pickle, & Wartenberg, 2006; Chandra & Skinner, 2004; Diez Roux & Mair, 2010; Fogleman 

et al., 2015). Geographic health disparities, such as the differences in cancer incidence by 

urbanicity, point to potential modifiable influences on health that can affect entire regions 

and potentially also affect other health disparities (Andrews et al., 1994; Kish et al., 2016; 

Wells & Horm, 1998). The observed associations between urbanicity and breast and cervical 

cancer incidence were partly mediated by county-level SES and the density of primary care 

providers, both of which tended to be higher in urban areas. The urban/rural differences in 

cancer incidence can be partly (for breast cancer) or completely (for cervical cancer) 

explained by these latter variables. In addition, the percent of non-Hispanic white residents 

suppressed the relationship between urbanicity and breast cancer, indicating that differences 

in breast cancer by urbanicity could be even greater if racial/ethnic composition were equal 

across counties. County rates of cancer screening emerged as mediators in the simple 

models, but after controlling for the other variables, screening was no longer a significant 

mediator of the relationship between urbanicity and incidence. These analyses demonstrated 

potential explanations for the established relationships between urbanicity and breast and 

cervical cancer incidence rates.

These ecological analyses complement studies on other factors related to geographic 

differences in breast and cervical cancer incidence, including individual-level and contextual 

risk factors. For example, attitudes and perceptions related to cancer vary by urbanicity 

(Bryant & Mah, 1992; Lantz, Weigers, & House, 1997), and these psychosocial differences 

could drive lower rates of screening in rural areas compared to urban areas. Other 

individual-level characteristics relevant to screening also vary by urbanicity, such as health 

literacy (Zahnd, Scaife, & Francis, 2009) and insurance status (Hartley, Quam, & Lurie, 

1994; Larson & Hill, 2005). Additional contextual risk factors related to screening and 

urbanicity were outside the scope of the present paper, including transportation issues 

(Arcury et al., 2005; Belasco et al., 2014; Khan-Gates, Ersek, Eberth, Adams, & Pruitt, 

2015), medical infrastructure (Brems, Johnson, Warner, & Roberts, 2006; Peipins et al., 

2012; Yabroff et al., 2005), and environmental exposures (Snedeker, 2001).
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Implications for practice and/or policy

County-level differences in breast cancer incidence across the rural-urban continuum were 

mediated by SES quintile and density of primary care providers. Specifically, compared to 

rural counties, urban counties had higher SES and density of providers, and these factors 

were in turn associated with higher breast cancer incidence. These two variables explained 

significant portions of the main effect between urbanicity and breast cancer incidence, and 

controlling for them reduced the magnitude of this association. Previous studies have linked 

sociodemographics (such as SES) and healthcare access to breast cancer rates (Kish et al., 

2014; Kohler et al., 2015; Pruitt et al., 2009; Singh et al., 2011), but to our knowledge, no 

studies have used these variables simultaneously to explain geographic differences in breast 

cancer incidence. At the individual level, SES (Adler, Boyce, Chesney, Folkman, & Syme, 

1993) and healthcare access (Baker, Sudano, Albert, Borawski, & Dor, 2001) are typically 

associated with reductions in disease, although there is some evidence that SES (measured at 

the census tract level) and some subtypes of breast cancer incidence are positively correlated 

(Akinyemiju, Pisu, Waterbor, & Altekruse, 2015). The present findings, at the county level, 

suggest that contextual factors denoted by higher SES and healthcare access might account 

for the excess burden of breast cancer in urban versus rural areas (although screening was 

also correlated with SES and physician density). In contrast, compared to rural counties, 

urban counties had lower concentrations of non-Hispanic whites, which in turn had a non-

significant positive association with breast cancer incidence. This measure of racial/ethnic 

composition suppressed the association between urbanicity and breast cancer incidence: If 

the county-level concentration of non-Hispanic whites were equal across counties, 

urbanicity and breast cancer incidence might be even more positively associated than the 

presently-observed relationship. Individual-level differences in breast cancer by race may 

contribute to these ecological associations (Kohler et al., 2015). Taken together, urban/rural 

differences in SES, percent non-Hispanic white, and primary care provider density 

completely explained the association between urbanicity and breast cancer incidence at the 

county level.

The relationships observed for cervical cancer were slightly different than for breast cancer. 

First, the main effect between urbanicity and cancer was reversed: breast cancer incidence 

was higher, while cervical cancer incidence was lower, in more urban versus more rural 

areas (Blake et al., 2017; Singh, 2011). Second, in complex mediation analysis, only SES 

and primary care provider density mediated the relationship between urbanicity and cancer 

incidence; neither percent non-Hispanic white nor Pap screening rate contributed to the 

ecological associations (although Pap screening rate did mediate the association in the 

preliminary models). Again, the county-level SES and healthcare access context appear to 

explain the urban/rural differences in cancer incidence, but these factors were associated 

with overall reductions in cervical cancer incidence (versus increases in breast cancer 

incidence). Third, even after controlling for all four candidate mediators, the association 

between urbanicity and cervical cancer incidence was still statistically significant (while the 

association for breast cancer incidence was not), indicating that significant variation in 

cervical cancer across the rural-urban continuum remained. In complex mediation analyses, 

these relationships lost statistical significance. Taken together, urban/rural differences in 

SES (Coughlin, King, Richards, & Ekwueme, 2006; Liu, Wang, Waterbor, Weiss, & Soong, 

Moss et al. Page 9

Womens Health Issues. Author manuscript; available in PMC 2018 November 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



1998) and primary care provider density (Coughlin, Leadbetter, Richards, & Sabatino, 2008) 

partially explained the association between urbanicity and cervical cancer incidence at the 

county level.

Strengths and limitations

The present study had several strengths and limitations. In terms of strengths, we used 

several high-quality data sources to contextualize the sociodemographic and healthcare 

environments in counties across the U.S. In particular, SEER is a virtually complete, 

population-based collection of high-quality cancer registries. The study also used a 9-level 

continuum of urbanicity; many studies use dichotomous indicators of urbanicity, but using 

the continuum allowed more fine-grained examination of differences in cancer incidence 

across geographic differences. Finally, our findings were robust to sensitivity analyses.

In terms of limitations, the unit of analysis was the county, which means that (1) inferences 

cannot extend to the individual level, and (2) the distribution of study variables could be 

misleading because they reflect characteristics of counties regardless of the population size 

contained within. Intra-county heterogeneity could lead to overgeneralizations of ecological 

associations, and other studies have used smaller units, such as census tracts (Meilleur et al., 

2013); however, data availability precluded this approach in the current study. Using the 

USDA rural-urban continuum codes to measure urbanicity could be problematic in that the 

nine categories may not truly represent a continuous construct; however, previous studies 

have evaluated this continuum as a continuous measure, and across studies of urbanicity, 

studies using this indicator find similar results to studies using other indicators, such as 

rural-urban commuting area codes (Meilleur et al., 2013). As noted above, our analyses 

covered only the SEER areas, so the findings may not be generalizable to the rest of the 

country. Of note, SEER prioritizes geographic areas with high proportions of people from 

underrepresented groups (such as Hispanics and Native Hawaiian/Pacific Islander) (National 

Cancer Institute, 2016), so the results may be more germane for racial/ethnic minorities than 

for non-Hispanic whites. In addition, we used a self-reported measures of cancer screening, 

and validation studies have indicated that the sensitivity and specificity of self-report versus 

clinical records are suboptimal (Rauscher, Johnson, Cho, & Walk, 2008). In addition, we 

could not discern between screening and diagnostic mammograms/Pap tests. These latter 

two limitations could have led to an overestimation of screening rates. Residual confounding 

is another limitation of this analysis; like all research studies, we could not control for all 

potential variables that could influence the primary relationship. Further, the relationship 

between cancer screening and incidence rates is very dynamic (Feuer & Wun, 1992), and 

our models may have obscured some of this nuance. Finally, our analysis focused only on 

main effects among independent, mediating, and dependent variables. While we tested for 

interactions between urbanicity and the mediating variables in their associations with cancer 

rates, only one out of eight terms was statistically significant, and we decided to limit the 

current study to main effects. Future studies may probe further for complex relationships 

among ecological variables related to urban/rural differences in cancer incidence.

Moss et al. Page 10

Womens Health Issues. Author manuscript; available in PMC 2018 November 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Conclusions

County-level SES and primary care provider density explained the urban/rural differences in 

breast and cervical cancer incidence rates. Improving SES and increasing primary care 

provider density in rural areas, perhaps through supplemental programs such as student loan 

relief to physicians who practice in these counties, could help ameliorate the geographic 

disparities in cancer incidence. While such interventions could result in decreases in cervical 

cancer incidence in rural areas, based on the observed pathways in Figure 2, they may have 

the unintended negative consequence of increasing breast cancer incidence in rural areas, 

potentially as a result of overdiagnosis, earlier diagnosis, or other factors. Caution will be 

necessary in developing such interventions and, if necessary, expanding oncology capacity 

in these areas. These interventions could reduce the geographic disparities in breast and 

cervical cancer incidence rates currently observed across the rural-urban continuum.
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Figure 1. 
Conceptual model for complex mediation analysis of the association between county 

urbanicity and cancer incidence rates, without and with adjustment for four simultaneous 

mediators: socioeconomic status (SES) quintile, percent non-Hispanic white population, 

physician density per 1,000 residents, and cancer screening rate. Subscripts of pathway 

estimates reflect coefficients of the association between dependent and independent 

variables, and control variables, if applicable (e.g., β̂IU·SWPR is the coefficient for cancer 

incidence regressed on urbanicity, adjusted for SES quintile, non-Hispanic white density, 

physician density, and screening rate).
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Figure 2. 
Complex mediation analysis depicting the association between county urbanicity and breast 

cancer incidence rates, without and with adjustment for four simultaneous mediators: 

socioeconomic status (SES) quintile, percent non-Hispanic white population, physician 

density per 1,000 residents, and mammography screening rate. Pathways estimates are 

standardized coefficients of the association between the indicated variables, with subscripts 

reflecting dependent and independent variables, respectively, and control variables, if 

applicable (e.g., β̂BU·SWPR is the coefficient for breast cancer incidence rate regressed on 

urbanicity, adjusted for SES quintile, non-Hispanic white density, physician density, and 

mammography rate). All models control for clustering within states and are weighted by 

variance associated with the dependent variable. *p<.05; **p<.01; ***p<.001.
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Figure 3. 
Complex mediation analysis depicting the association between county urbanicity and 

cervical cancer incidence rates, without and with adjustment for four simultaneous 

mediators: socioeconomic status (SES) quintile, percent non-Hispanic white population, 

physician density per 1,000 residents, and Pap screening rate. Pathways estimates are 

standardized coefficients of the association between the indicated variables, with subscripts 

reflecting dependent and independent variables, respectively, and control variables, if 

applicable (e.g., β̂CU·SWPR is the coefficient for cervical cancer incidence rate regressed on 

urbanicity, adjusted for SES quintile, non-Hispanic white density, physician density, and Pap 

screening rate). All models control for clustering within states and are weighted by variance 

associated with the dependent variable. *p<.05; **p<.01; ***p<.001.
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Table 2

Estimates of indirect (mediated) effects of county socioeconomic status quintile, percent non-Hispanic white 

population, physician density per 1,000 residents, and cancer screening rate (separately) on the associations 

between urbanicity and breast and cervical cancer incidence rates.

c path c′ path Indirect effect

Est. 95% CI

Mediator Breast cancer incidence

βB̂S βB̂S·M

SES quintile 0.23 *** 0.11 * 0.12 (0.09, 0.15)

Percent non-Hispanic white 0.23 *** 0.26 ** −0.03 (−0.05, −0.01)

Primary care provider density 0.23 *** 0.17 ** 0.06 (0.04, 0.09)

Mammography rate 0.23 *** 0.21 *** 0.02 (0.00, 0.05)

Cervical cancer incidence

βĈS βĈS·M

SES quintile −0.33 *** −0.12 −0.20 (−0.25, −0.16)

Percent non-Hispanic white −0.33 *** −0.34 *** 0.01 (−0.01, 0.03)

Primary care provider density −0.33 *** −0.28 ** −0.05 (−0.07, −0.03)

Pap screening rate −0.33 *** −0.30 *** −0.03 (−0.05, −0.00)

Note. Beta coefficients are standardized coefficients of the association between county urbanicity and cancer incidence rates; c path estimates do 
not adjust for the mediator, and c’ path estimates adjust for the mediator. Estimates of the indirect effects are the difference between c and c’ path 
estimates. All models control for clustering within states and are weighted by the inverse variance of the cancer incidence rate.

*
p<.05

**
p<.01

***
p<.001.

Est.=estimate; CI=confidence interval; SES=socioeconomic status; β̂=standardized betas (subscripts reflect dependent and independent variables, 
respectively, and control variables, if applicable).
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Table 3

Estimates of indirect (mediated) effects of county socioeconomic status quintile, percent non-Hispanic white 

population, physician density per 1,000 residents, and cancer screening rate (modeled simultaneously) on the 

associations between urbanicity and breast and cervical cancer incidence rates.

Indirect
effect est. 95% CI

% total
indirect

effect

Mediator Breast cancer incidence

SES quintile 0.09 (0.05, 0.13) *** 81%

Percent non-Hispanic white −0.04 (−0.07, −0.01) * −36%

Primary care provider density 0.06 (0.04, 0.09) *** 57%

Mammography rate 0.00 (−0.02, 0.02) −2%

Total 0.12 (0.07, 0.16) *** 100%

Cervical cancer incidence

SES quintile −0.13 (−0.18, −0.09) *** 82%

Percent non-Hispanic white 0.01 (−0.01, 0.04) −7%

Primary care provider density −0.05 (−0.08, −0.03) *** 32%

Pap screening rate 0.01 (−0.02, 0.05) −7%

Total −0.19 (−0.25, −0.13) *** 100%

Note. Estimates of the indirect effects are the difference between standardized estimates of the c path (unadjusted association between urbanicity 
and cancer incidence rate) and c’ path (association between urbanicity and cancer incidence rate adjusting for all four mediators). The “Total” of 
the indirect effects is the sum of the component indirect effects (rounded). All models control for clustering within states and are weighted by 
variance associated with the dependent variable.

*
p<.05

**
p<.01

***
p<.001.

Est.=estimate; CI=confidence interval; SES=socioeconomic status.
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