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Abstract

Background—Educational attainment (EA) is inversely associated with colorectal cancer risk. 

Colorectal cancer screening can save lives if precancerous polyps or early cancers are found and 

successfully treated. This study aims to estimate the potential productivity loss (PPL) and 

associated avoidable colorectal cancer–related deaths among screen-eligible adults residing in 

lower EA counties in the United States.

Methods—Mortality and population data were used to examine colorectal cancer deaths (2008–

2012) among adults aged 50 to 74 years in lower EA counties, and to estimate the expected 

number of deaths using the mortality experience from high EA counties. Excess deaths (observed–

expected) were used to estimate potential years life lost, and the human capital method was used 

to estimate PPL in 2012 U.S. dollars.

Results—County-level colorectal cancer death rates were inversely associated with county-level 

EA. Of the 100,857 colorectal cancer deaths in lower EA counties, we estimated that more than 

21,000 (1 in 5) was potentially avoidable and resulted in nearly $2 billion annual productivity loss.

Conclusions—County-level EA disparities contribute to a large number of potentially avoidable 

colorectal cancer–related deaths. Increased prevention and improved screening potentially could 

decrease deaths and help reduce the associated economic burden in lower EA communities. 

Increased screening could further reduce deaths in all EA groups.
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Impact—These results estimate the large economic impact of potentially avoidable colorectal 

cancer–related deaths in economically disadvantaged communities, as measured by lower EA.

Introduction

Colorectal cancer is a leading cause of suffering and cancer-related deaths in white, black, 

and Hispanic men and women in the United States (1). Each year, over 135,000 Americans 

are told they have colorectal cancer and more than 50,000 die from this disease. These 

numbers are expected to continue to increase as the population ages (2–3). Screening can 

reduce the number of incident cases and deaths by finding and removing preinvasive polyps, 

or by finding cancers at an early stage where treatment is more effective (4).

The risk of being diagnosed and dying from colorectal cancer increases in people aged 50 

years and older (1). In 1995, the U.S. Preventive Services Task Force (USPSTF) 

recommended screening for colorectal cancer using FOBT or sigmoidoscopy among 

asymptomatic patients over the age of 50 years (5). These recommendations have evolved 

over time and have come to include recommendations for colonoscopy as well. In 2008, the 

USPSTF issued a revised recommendation that average risk adults 50 to 75 years of age be 

screened for colorectal cancer but concluded that evidence was insufficient to prioritize 

among screening tests (6). According to the Behavioral Risk Factor Surveillance System and 

National Health Interview Survey, the percentage of U.S. adults aged 50–75 years who self-

reported receipt of recommended colorectal cancer screening tests has increased over the 

past decade in all racial/ethnic groups, and in all income and educational attainment groups 

(7–9). Screening rates were highest in women, whites, non-Hispanics, and those over the age 

of 65 years, and was positively associated with educational attainment and income.

Colorectal cancer incidence and death rates have been declining for the past several decades, 

likely the result of long-term declines in risk factors impacting incidence, with steeper 

declines since 2000, primarily attributed to screening (10). Declines in colorectal cancer 

incidence rates have not been equal in all racial, ethnic, and socioeconomic groups: among 

white Americans, incidence declined in both low and moderate poverty areas but not in 

high-poverty areas; among blacks, a modest decline was only seen in males living in low-

poverty areas (11).

One measure of the economic burden of cancer is to estimate the potential years of life lost 

(PYLL), and the associated potential productivity loss (PPL) from these deaths. This study 

aims to estimate the economic burden resulting from these potentially avoidable deaths 

between 2008 and 2012 among 50–74 years old (USPSTF recommended age group) 

residents of lower educational attainment counties.

Materials and Methods

Mortality data were based on underlying cause of death information on death certificates 

filed in the 50 states and the District of Columbia (DC) and complied by the Centers for 

Disease Control and Prevention (CDC) National Vital Statistics System (12). For these 

analyses, we selected colorectal cancer deaths grouped by year of death (2008–2012). 

Population data were race-, ethnicity-, and sex-specific county population estimates from the 
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2010 U.S. Census and modified by the Surveillance, Epidemiology, and End Results (SEER) 

Program (13). Modifications incorporated bridged, single-race estimates that were derived 

from multiple-race categories and accounted for known issues in certain counties, including 

adjustment for populations displaced in Louisiana, Alabama, Mississippi, and Texas 

following hurricanes Katrina and Rita in 2005. Data from the U.S. American Community 

Survey files for 2008–2012 were used to derive measures of socioeconomic position (14). 

County-level educational attainment was based on the percentage of county residents, all 

races combined, aged ≥25 years, with at least a bachelor’s degree. We created equal 

population quintiles (Q1–5), with counties categorized by educational attainment as follows: 

Q1: ≥36.19%; Q2: 29.66–36.18%; Q3: 25.91–29.65; Q4: 18.88–25.90%; and Q5: <18.88%.

SEER*stat software (15) was used to calculate 5-year age-specific and age-standardized 

death rates per 100,000 population and rate ratios by sex and race/ethnicity [all races, non-

Hispanic white (NHW), non-Hispanic black (NHB), and Hispanic]. Because of small 

numbers and lack of corresponding race-specific life tables, separate analyses were not 

performed for American Indian/Alaska Native or Asian or Pacific Islander, although these 

groups are included in the all races combined estimates. Analyses included data from all 50 

states and the District of Columbia.

We described trends in age-standardized colorectal cancer death rate among people aged 50 

and 74 years by county-level educational attainment quintile, sex, and grouped year of death. 

To estimate avoidable, excess deaths, we first estimated the number of expected colorectal 

cancer deaths between 2008 and 2012 by applying the 5-year age-specific death rate from 

counties with high educational attainment (Q1) to corresponding population estimates from 

counties with medium (Q2–3) and low (Q4–5) educational attainment. Excess deaths were 

calculated as observed minus expected deaths. Using the 2010 U.S. race/ethnicity- and sex-

specific life tables (16), we used life expectancy to estimate PYLL which involved 

multiplying the number of excess deaths by the average remaining life expectancy in years 

among decedents. Because age at death was categorized, the midpoint of the 5-year age 

group was used as the descendants’ year of death. We then summed PYLL estimates to 

obtain overall PYLL estimates by race/ethnicity and age and sex.

We used the human capital approach to estimate lifetime mortality-related PPL (17). We 

estimated productivity loss by multiplying the number of excess deaths by the present value 

of (decedents’) future lifetime earnings. Estimated earnings including both market and 

household production, by 5-year age groups for men and women in the United States using 

data from the American Time Use Survey for year 2003. Hourly earnings and household 

production were used to derive estimates of first annual, then lifetime productivity. Estimates 

of earnings reflect factors such as life expectancy, the labor force participation rate, and the 

anticipated growth rate in productivity, and the imputed value of housekeeping services (e.g., 

cooking, cleaning, and child care). We applied these estimates based on a 3% discount rate 

(which was used to estimate the present value of future earnings estimates). We also 

conducted sensitivity analyses by applying estimates based on 0% and 5% discount rates. 

All estimated productivity was converted to 2012 U.S. dollars using the consumer price 

index (18).

Weir et al. Page 3

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2018 March 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Results

Between 2008 and 2012, colorectal cancer death rates among decedents aged 50–74 years 

were inversely associated with county-level education attainment in all major racial/ethnic 

groups (Fig. 1). Death rates were higher in men (37.5) compared with women (24.1) for all 

racial/ethnic groups; similar patterns were observed by race/ethnicity with the highest in 

NHB, followed by NHWs, and lowest in Hispanics (Table 1). Compared with decedents 

residing in high educational attainment (Q1) counties, rates were higher in medium (Q2–3) 

and highest in lower (Q4–5) educational attainment counties, in all racial/ethnic groups and 

both sexes, with the exception of Hispanic women where the colorectal cancer death rate in 

lower-educational attainment counties was not statistically significantly different from the 

colorectal cancer death in high educational attainment counties.

The highest death rate was observed in NHB men (63.2) residing in counties with lower-

educational attainment and lowest among Hispanic women (16.3) residing in counties with 

high educational attainment. Among NHB men, the rate in the high educational attainment 

counties (52.3) was greater than the rate in low educational attainment group in NHW men 

(40.1) and Hispanic men (34.5). Similar results were seen among women.

Table 2 shows age-standardized colorectal cancer death rates by race/ethnicity, sex; expected 

and excess colorectal cancer deaths and estimated PYLL among decedents aged 50 to 74 

years who resided in counties with medium and lower-educational attainment, separately, 

and combined from 2008 through 2012. In total, 100,857 deaths (59,131 males and 41,726 

females; Table 1) occurred in medium and low-educational attainment counties combined; 

21,042 (13,336 males and 7,706 females) deaths were considered potentially avoidable. 

Proportionately more excess deaths occurred in men compared with women; and in counties 

with the low versus medium educational attainment, in all racial/ethnic groups with the 

exception of Hispanic women where women in medium educational attainment counties had 

more excess deaths than women in low-educational attainment counties.

Table 3 shows the PYLL was greater in males (276,169) than females (186,069) in each 

racial/ethnic group; and among residents of low-educational attainment counties compared 

with medium educational attainment counties with the exception of Hispanics and black 

women where PYLL were greater in the medium educational attainment counties.

Table 3 and Fig. 2 show potential productivity loss (PPL) from potentially avoidable 

colorectal cancer deaths among men and women who resided in counties with medium and 

low-educational attainment between 2008 through 2012, separately and combined. Using a 

0%, 3%, and 5% discount rate, combined PPLs were estimated to be $8,483 million, $6,393 

million, and $5,457 million, respectively, in men; and $4,926 million, $3,536 million, and 

$2,946 million, respectively, in women. Estimates of PPL were higher in men compared 

with women; in NHWs compared with NHBs and lowest in Hispanics; and in residents of 

counties with low-educational attainment compared with medium educational attainment, 

with the exception of Hispanic men and women where the PPL was greater among 

decedents who resided in counties with medium educational attainment counties.
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Discussion

Colorectal cancer is a leading cause of premature death in the United States. Colorectal 

cancer death rates have decreased in men and women; however, as this study has shown, 

large socioeconomic disparities persist in all major racial and ethnic group, and represent a 

large number of potentially avoidable deaths. In this study, we estimated that of the 100,897 

colorectal cancer deaths among decedents between 50 and 74 years of age that occurred in 

counties with medium and low-educational attainment, more than 21,000 deaths (just over 1 

in 5), may have been related to factors associated with lower educational attainment. These 

deaths resulted in approximately $9.9 billion dollars in lost productivity over a 5-year 

period, or a nearly a 2 billion dollar annually loss. Productivity losses due to cancer 

mortality are large and growing (19–20) and, as this study has shown, disproportionately 

impact counties that are already economically disadvantaged, as these decedents are no 

longer contributing to the economic wellbeing of their families or communities.

In the early 1980s, colorectal cancer death rates were more common among the affluent but 

toward the end of the last century, death rates decreased in more affluent groups (21, 22). As 

a result, colorectal cancer death rates are now more common in the less affluent groups. A 

number of health behaviors such as consumption of red meat, alcohol, smoking and lack of 

physical activity, and chronic conditions such as obesity and diabetes have been shown to 

raise the risk of developing colorectal cancer (23, 24) and been shown to be associated with 

educational attainment and income (25). In the most recent time period (2008–2012), the 

lower colorectal cancer death rates among higher socioeconomic groups may reflect the 

impact of colorectal cancer screening. While screening rates have increased in all 

socioeconomic groups, rates actually increased the most in higher socioeconomic group (5, 

8–9, 26). Consistent with this observation, there was a decline in late-stage colorectal cancer 

incident cases in white men and women residing in low and moderate poverty areas between 

1992 and 2004 but no decline among white men and women residing in high-poverty areas 

(11).

Black men and women have higher rates of colorectal cancer incidence and deaths than 

whites (1). In our study, the racial disparities were stark: black men residing in low 

socioeconomic counties had a colorectal cancer death rate that was nearly four times higher 

than the rate observed among Hispanic women residing in high socioeconomic counties; and 

black men and women residing in high educational attainment counties had higher colorectal 

cancer death rates than white men and women residing in low education attainment counties. 

Microsimulations of mortality data have been used to explore the racial disparities in 

colorectal cancer death rates and found that approximately half of the differences could be 

explained by lower screening rates and lower stage-specific survival (27). Screening rates 

between white and blacks have narrowed in recent years (7–9). However, it may take years 

before the gap in mortality rates begins to narrow, if at all. Disparities may remain because 

of differences in stage-specific survival which appear to be the result of differences in access 

to high quality health care (28). Therefore, eliminating potentially avoidable premature 

deaths will depend on additional factors including, but not limited to, timely follow-up of 

patient with positive tests, and initiation and completion of evidence-based treatment.
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These socioeconomic and racial disparities represent a large number of potentially avoidable 

premature deaths. Our methods for estimating potentially avoidable deaths were 

straightforward. Over the 5-year period, we estimated that of all colorectal cancer deaths, 

approximately 27% (8,995) in males and 22% (5,055) in females residing in low educational 

attainment counties and approximately 17% (4,341) in males and 14% (2,651) females 

residing in medium educational attainment counties were potentially avoidable. Higher 

percentages of excess deaths were estimated in low educational attainment counties among 

all major racial and ethnic groups with the exception of Hispanic women where a higher 

percentage of excess deaths was estimated among residents of medium educational 

attainment counties. These findings are based on recent U.S. vital statistics data which are 

considered reliable for reporting Hispanic origin (29).

The distribution of colorectal cancer deaths in the population is determined by the 

underlying risk of dying within the population and the size and age structure of the 

population. Geospatial analyses has been used to identify areas of the United States with 

usually high age-adjusted rates (risk) of colorectal cancer deaths (30). Combining risk of 

death with estimates of excess deaths might help target screening and treatment 

interventions so as to achieve maximum impact.

An even larger number of colorectal cancer deaths could likely be avoided if screening rates 

were increased to meet the Healthy People 2020 target for colorectal cancer screening 

(70.5% of adults aged 50 to 75 years received a colorectal cancer screening; ref. 31). The 

National Colorectal Cancer Roundtable initiated a more ambitious goal to increase 

colorectal cancer screening rates to 80% by 2018 (32). According to their estimates, 

achieving this goal could potentially avert approximately 203,000 premature deaths between 

2013 and 2030 (33) or approximately 11,000 colorectal cancer deaths per year. And further 

benefit might follow from re-evaluating age-based screening guidelines and improving 

screening completion among older adults (34). The USPSTF has just recently updated their 

guidance regarding colorectal cancer screening in adults aged 76 to 85 years, noting that 

screening would be most appropriate among older adults who are healthy enough to undergo 

treatment if colorectal cancer is detected and do not have comorbid conditions that would 

substantially limit their life expectancy (35).

Long-term, increased efforts aimed at the primary prevention of colorectal cancer, such as 

reduction of exposure to known colorectal cancer risk factors (23–24) and health promotion 

among colorectal cancer survivors (36), would further reduce colorectal cancer death.

Strengths and Limitation

Our estimates of potentially avoidable deaths are conservative compared to the study by 

Jemal and colleagues (35) in which it was estimated that approximately half of colorectal 

cancer deaths among those between the ages of 24 and 64 years could have been prevented if 

the death rate in each racial and ethnic group was as low (i.e., favorable) as the rate observed 

in the most educated non-Hispanic white group in the five states with the lowest colorectal 

cancer death rates. Such an estimate presents a best case scenario.
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Our study employed an ecologic design and used county-level educational attainment to 

estimate excess colorectal cancer deaths in lower educational-attainment counties. We chose 

to use educational-attainment because of its positive association with screening, which has 

been shown to reduce both colorectal cancer incidence and death rates. County was the 

smallest area-based measure available in the National Vital Statistics System. County 

measures are a crude proxy for an individual’s educational attainment because there may be 

a lack of uniformity among residents living in the same county.

Estimates of the value of lost productivity that resulted from potentially avoidable colorectal 

cancer deaths includes the value of future lost salaries and wages, and the value of 

household activities such as cooking, cleaning, and child care. As such, these estimates 

reflect the additional economic burden born by counties that are already economically 

disadvantaged. Our estimates are based on deaths and do not include other indirect costs or 

monetary losses associated with time spent receiving medical care, time lost from work, that 

is, lost productivity associated with morbidity. These costs are incurred by informal 

caregivers and families as well as patients. Examining the costs associated with diagnosing 

and treating these cancers would contribute to a more complete picture of the overall 

economic benefit if routine screening, diagnosis, and follow-up care were available to all 

screen-eligible men and women residing in lower socioeconomic communities.
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Figure 1. 
Age-standardized colorectal cancer death rates (ASDR) among ages 50–74 years by county-

level educational attainment* and sex, all races combined (2008–2012). NOTE: County-level 

educational attainment was categorized from high to low educational attainment according 

to the percentage of residents ages ≥25 years graduated college as follows: Q1, ≥36.19%; 

Q2, 29.66%–36.18%; Q3, 25.91%–29.65; Q4: 18.88%–25.90%; and Q5: <18.88%.
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Figure 2. 
Potential productivity loss (PPL) due to potentially avoidable excess colorectal cancer deaths 

among decedents ages 50–74 years in counties with medium-and low-educational attainment 

by sex and race/ethnicity (2008–2012). NOTE: County-level educational attainment was 

categorized from high to low educational attainment according to the percentage of residents 

ages ≥25 years graduated college as follows: Q1, ≥36.19%; Q2: 29.66%–36.18%; Q3, 

25.91%–29.65; Q4, 18.88%–25.90%; and Q5, <18.88%.
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