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Abstract 
 

Background: The Patient Protection and Affordable Care Act (ACA) mandated that 

insurers provide coverage of certain preventive care services recommended by the United 

States Preventive Services Task Force (USPSTF) without patient cost sharing. The 

covered preventive services include breast, colon and cervical cancer screenings. The 

ACA made these preventive services available for much of the U.S. population including 

the previously uninsured. Reviewing use of preventive services is a logical step in 

determining the effectiveness of the ACA in improving the health status of individuals in 

the United States.  Further research is needed to determine the factors that lead to 

increased likelihood of utilizing preventive care, the ACA’s impact on preventive care 

utilization and the cost effectiveness of receiving preventive care. 

 

Objective: This project employs a retrospective longitudinal quasi-experimental design 

to answering three research questions.  

1. Has the utilization of screenings for cancer of the colon, cervix or breast, for those 

of appropriate age for the services and who maintained continuous medical 

insurance coverage before and after the implementation of the ACA (September 

23, 2010), changed as measured by screening rates following implementation?  

2. Are individual-level and area-level socio-demographic characteristics, as defined 

in Andersen’s Behavior Model of Health Services Use, associated with receipt of 

mammography, colon and cervical cancer screening among age appropriate 

individuals with commercial insurance? 
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3. Is breast cancer screening most cost effective than not screening for women over 

the age of 40? 

 

Methods:   

The first study leveraged commercial medical claims to create a multivariate logistic 

regression model to match individuals (1:1) in treatment and comparison groups via 

propensity scoring. Monthly procedure prevalence rates over the study period (2007-

2014) were calculated as well as prevalence rates for the proportion of procedures with 

greater than 0 cost sharing. A ‘differenced’ interrupted time series regression analysis 

was conducted with the primary outcome variable the rate of preventive service 

utilization per person per month. 

 

The second study used a repeated cross-sectional design. A multivariate binomial logistic 

regression analysis was conducted to determine whether pre-disposing, enabling and 

contextual characteristics defined by Andersen’s Behavioral Model of Health Services 

Use are associated with receipt of cancer screenings in a commercially insured group of 

age appropriate individuals with continuous medical coverage. Individuals who did not 

receive a preventive cancer screening were used as a comparison group.  

 

The third study utilized a Markov cost-utility model to evaluate costs, outcomes and cost 

effectiveness of screening mammography. The target population was women of the 

United States. Model inputs were based on data taken from the Surveillance, 
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Epidemiology and End Results data, and several studies found through a literature 

review. 

 

Results:   

 

Study 1: The mammography, colonoscopy, and cervical screening cohorts contained 

16,156, 29,946, and 26,188 individuals respectively, equally split between treatment and 

comparison groups. The results from this study demonstrate the overall trend in 

utilization of preventive mammography and cervical cancer screening slightly decreased 

as a result of the Affordable Care Act cost sharing benefit policy change. There was a 

non-significant decrease for colonoscopy utilization as a result of the ACA policy 

change. 

 

Study 2: Disparities in utilization were observed for each cancer screening. Variables 

identified as significant predictors of receiving a cancer screening included residence in a 

high-income zip code, having a regular primary care physician after the affordable care 

act cost sharing benefit changes were implemented, having insurance coverage that 

includes pharmacy benefits, and residing in the southern region of the United States. 

 

Study 3: The Cost Effectiveness plane shows that no mammography screening is 

completely dominated by mammography screening. This means that the costs of not 

screening are more than screening and the effectiveness of not screening is less than the 

effectiveness of mammography screening in detecting cancer. 
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Conclusion: 

Regular screening for breast, cervical and colon cancer can reduce the prevalence of the 

disease and have significant positive health impacts for the patient. While the ACA is not 

having the desired effect of increasing the uptake of cancer services in a commercially 

insured population, new policies that consider the impact of socio-economic disparities in 

the decision to seek care may be more successful.  While cancer screenings may be cost 

effective, the decision to seek care is a personal one, that in recent times have been highly 

politicized. Further research is required to fully understand the complete cost benefit 

impact of cancer screenings. Policy makers can use this information to craft policies to 

benefit the health of their constituents and promote the transition to accountable care in 

their communities. 
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Introduction 

Explanation of the Problem 

The Patient Protection and Affordable Care Act (ACA), passed in 2010, fundamentally 

altered health care in the United States. The landmark legislation included many 

innovative changes to how health care is administered in the United States1. These 

include eliminating lifetime and annual maximum benefits, prohibiting the rescission of 

insurance policies, prohibiting the denial of insurance and increased charges based on a 

pre-existing condition, and requiring insurance plans to cover, at no charge to the insured 

individuals, certain preventive services and immunizations2. The ACA provides the 

groundwork to move health care to more proactive accountable care.  

 

Provisions such as the preventive service coverage with no cost sharing allow individuals 

to take control of their health with early diagnosis of potentially serious conditions such 

as cancer3.  Utilization of preventive cancer screenings can provide a benchmark to 

evaluate aspects of the ACA. This project seeks to evaluate the impacts of the ACA by 

examining utilization trends, factors that predict the use of, and the cost effectiveness of 

preventive cancer screenings. Policy makers can use this information to craft policies to 

increase uptake of preventive cancer screenings which will benefit the health of their 

constituents and promote the transition to accountable care in their communities. 

  

Specific Aims  

This work has three specific aims which are used to lay the foundation of the analysis and 

to inform three separate manuscripts. 
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Specific Aim 1: Literature Review and Synthesis 

To conduct a literature review to establish the background and significance of the work. 

The literature review will focus on understanding the benefits of receiving selected 

preventive cancer screenings among individuals and health systems, the burden of disease 

that currently exists in the population,  the factors that act as barriers or predictors to 

receiving preventive care for populations in the U.S., the cost effectiveness of selected 

preventive services and to explore ways to increase the uptake of preventive services. 

Specific Aim 2: Research Design and Implementation 

To use data obtained from the literature review and UnitedHealth Group claims and 

billing data to conduct a retrospective longitudinal study to evaluate changes in the 

utilization rates of specific preventive cancer screenings covered, with no cost sharing, 

following the implementation of the ACA. The study will be separated into three 

manuscripts each focusing on a separate research question. 

Research Question 1  

Has the utilization of screenings for cancer of the colon, cervix or breast, for those 

of appropriate age for the services and who maintained continuous medical 

insurance coverage before and after the implementation of the ACA (September 

23, 2010), changed as measured by screening rates in the two years following 

implementation?  

Research Question 2 

Are individual-level and area-level socio-demographic characteristics, as defined 

in Andersen’s Behavioral Model of Health Services Use, associated with receipt 
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of mammography, colon and cervical cancer screening among age appropriate 

individuals with commercial insurance? 

Research Question 3 

Is breast cancer screening most cost effective than not screening for women over 

the age of 40? 

Specific Aim 3: Policy Analysis  

Information obtained from this research can be used by policy makers to evaluate the 

effectiveness of the ACA in meeting its stated goals. A specific aim of this project is to 

use the findings from Specific Aims one and two to develop recommendations for policy 

makers on ways to increase utilization of preventive services, to improve health outcomes 

and reduce health care costs. 

Dissertation Format 

This dissertation contains three manuscripts ready for publication. Appendix B contains 

the manuscript “Utilization and Cost Sharing for Preventive Cancer Screenings,” which 

evaluates the trends in utilization of preventive cancer screenings in relation to the 

implementation of the Affordable Care Act.  Appendix C contains the manuscript 

“Receipt of Preventive Services in Privately Insured Adults,” which assesses the 

predictors of receiving a preventive cancer screening in a commercially insured 

population. Appendix D contains the manuscript “A Markov Model to Review Screening 

Mammography.” The manuscript uses a Markov cost utility model to evaluate the 

effectiveness of receiving a mammography screening for women over the age of 40.  
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The remainder of this document summarizes the methods and relevant results from each 

paper and discusses the implications.  

 

I am solely responsible for data collection, analysis, and writing of the manuscripts in all 

appendices.  
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Background and Significance 
 

Affordable Care Act and Preventive Services 

The ACA has been implemented using a phased approach, with the final legislation 

changes originally scheduled to be implemented in 20184. The ACA has mandated that 

preventive care procedures rated as A or B by the U.S. Preventive Services Task Force, 

such as certain immunizations (Hepatitis A and B, HPV, Influenza, Measles Mumps and 

Rubella, Tetanus, Diphtheria, and Pertussis)  and screenings (for diabetes, vision, HIV, 

cholesterol, blood pressure, obesity, depression, and cancer including colorectal, breast, 

and cervical) be covered at no cost to the individual3. The coverage of preventive services 

was implemented in 2010; however, this only applied to individuals with pre-existing 

health insurance.  In 2011 and 2012, 76 million Americans with private health insurance 

gained preventive service coverage without cost sharing, including nearly 30 million 

women and over 18 million children5. Individuals without insurance are eligible for these 

services after selecting a plan on a health insurance market place and submitting payment 

for the first month of coverage6.   

Benefits of Preventive Services  

Use of preventive care services provides an opportunity to assist adults to live longer 

healthier lives and reduce the prevalence and incidence of disease7.  The ACA expansion 

makes preventive care services available for much of the population, including the 

previously uninsured. Reviewing use of preventive services is a logical step in 

determining the effectiveness of the ACA in improving the health status of individuals in 

the United States.  This work focuses specifically on cancer screenings (breast, cervical 

and colorectal). 
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Screening mammography has been shown to reduce breast cancer mortality among 

individuals of certain age groups8; increased detection of mammography drives breast 

cancer incidence rates9. Increasing rates of screening mammography leads to a reduction 

in late stage breast cancer diagnosis and an increase in early stage cancer diagnosis10. 

Colonoscopy has been associated with a reduction of incidence of colorectal cancer in 

Whites11.  Cervical cancer deaths in the United States have decreased dramatically since 

the implementation of widespread cervical cancer screening12. Estimates indicate that up 

to 49% of expected cases of cervical cancer may be prevented by using cervical cancer 

screening13.   

Burden of Disease 

Cancer is a major public health problem and is the second leading cause of death in the 

United States14. Using data from the National Cancer Institute’s Surveillance, 

Epidemiology, and End Results (SEER) program since 1973, researchers have estimated 

the incidence, mortality and survival rates for cancers in the U.S.14. The researchers 

estimated that in 2018 there will be 268,000 new cases of breast cancer, 97,000 new 

colon cancer cases and 13,000 new cases of cervical cancer14. The researchers estimated 

there will be 50,000 deaths due to colorectal cancer, 41,000 deaths due to breast cancer, 

and 4,000 deaths due to cervical cancer in 201814. 

 

There are variations in the burden of disease among racial/ethnic groups, gender, age and 

regions of the country14. Breast cancer is the most common cancer among all racial and 

ethnic groups9,14. Colorectal cancer (CRC) incidence and mortality rates are highest 

among African Americans, who lag behind Whites in CRC screening rates11. Cervical 
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cancer incidence rates are higher among Hispanics than Whites or African Americans14. 

African American men have the highest overall cancer incidence and death rates, almost 

double those of Asian/Pacific Islander men who have the lowest rates14.  

 

Regional variation in incidence and mortality of cancer exist as well. Colorectal cancer 

incidence rates in the U.S. vary widely by geographic area, with individuals living in the 

northeast having the highest prevalence of disease and screening11. Individuals living in 

the south have higher incidence rates of breast cancer14. The disparities are likely due to 

regional variations in risk factors such as tobacco use, diet, and access to screening and 

treatment, which are influenced by socio-economic factors, legislative policies, and 

proximity to medical services 11,14.   

 

With early treatment, long term costs to treat these conditions can be minimized. The 

Agency for Healthcare Research and Quality (AHRQ) estimated that the direct medical 

costs for cancer in the U.S. in 2014 was $87.3 billion15.  As the population ages this 

number will undoubtedly grow. Increasing access to preventive services has the potential 

to not only increase the health of the population but reduce the costs of treating these 

conditions.  

 

Barriers and Predictors to receiving Preventive Services 

Several barriers prevent many Americans from receiving preventive services. Disparities 

in preventive service utilization rates exist by race/ethnicities, income level, age and 

insurance status indicating the potential impact of several barriers7,16. Barriers to 

receiving a colorectal cancer screening include cost, lack of access to health care, lack of 
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health insurance, lack of knowledge about need for screening, income, education, fear 

and embarrassment11. Similarly, barriers to receiving a mammogram include not having 

insurance, insurance not paying for the exam, age, lack of knowledge about need for 

screening, inadequate provider capacity, lack of accessibility to provider services, and 

health literacy17 18,19. Barriers to receiving cervical cancer screening include lack of 

insurance, high deductibles and copayments, lack of a usual source of care20, lack of 

knowledge about screening or recommended screening intervals, lack of transportation, 

and lack of nearby providers19. Inconvenience, search costs, and waiting times to see 

providers are all factors that can undermine a patients’ willingness or ability to seek 

preventive care 21.  

 

Several researchers have investigated the barriers to receiving preventive services. Devoe 

et al. (2003) conducted a multi-variate analysis of Medical Expenditure Panel Survey 

data from 1996 to determine the association of insurance coverage and having a usual 

source of care on receiving preventive services22. The researchers reviewed preventive 

services that included breast exam/mammography, blood pressure and cholesterol checks, 

routine physical, and other services. They found a correlation between having insurance 

and a regular source of care and receiving these services; individuals with insurance were 

more likely to have received preventive services in the most recent 12 months than were 

those without insurance 22. 

 

Lack of health insurance coverage has been shown to reduce the use of some preventive 

services, including periodic health exam, blood pressure screening, cholesterol screening, 

Pap smear, clinical breast exam, and screening mammography23. In a study conducted 

http://europepmc.org/abstract/med/9415792/?whatizit_url_gene_protein=http://www.uniprot.org/uniprot/?query=Pap&sort=score


 

19 

 

using data from safety net clinics in Oregon, researchers modeled associations between 

amount of time with insurance and rates of receipt of lipid screening, influenza 

vaccination, nephropathy screening (urine micro-albumin), and HbA1c (glycol-

hemoglobin) screening24. The researchers found that persons with partial or no coverage 

during the 3-year study period were less likely to receive most preventive services 

compared with those with continuous coverage24. This shows the importance of insurance 

coverage in receiving preventive care services. 

Several of the identified barriers also act as predictors of receiving a screening test. 

Research has identified several predictors of receiving preventive services including 

receiving a health maintenance visit, age, insurance coverage and type, number of visits 

in the last two years and marital status25,26. Socio-economic status as indicated by 

education and income have been identified as important predictors for cancer 

screenings26. When reviewing predictors of receiving a mammogram or Pap test 

specifically, researchers found that having health insurance coverage increased the 

likelihood of receiving a breast or cervical cancer screening26. Finally women who 

reported having a usual source of care were four times more likely to receive a 

mammogram or Pap test26, showing the importance a primary care provider has in 

improving preventive service utilization rates. 

Preventive Service Utilization and Insurance Type 

Saloner et al. (2015) examined the association between directly measured availability of 

new patient appointments and actual use of primary care preventive services by patients 

likely to be enrolled in Medicaid versus private insurance21. The researchers found that 

the relationship differs by insurance status; individuals with private insurance who had 
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access to a higher availability of appointment times did not have greater use of preventive 

care, whereas for a Medicaid population there was increased utilization of preventive 

services with increased appointment availability21. This further demonstrates the 

relationship between preventive care utilization and insurance status. 

 

Individuals with Medicare provide a unique population to study preventive screening 

utilization rates. In 2005, Medicare began covering an initial preventive exam screening 

known as the “Welcome to Medicare” visit 27. Uptake of this screening has been low, 

approximately 3% of eligible enrollees 27. In 2011, Medicare began covering an annual 

wellness visit at no charge to the patient 27. Studying the Medicare population in 

California, researchers identified a 26% increase in preventive visits among fee-for-

service patients, which is still lower than the rate among individuals with private 

insurance or those in a Medicare HMO27. This further shows an association between 

insurance coverage and preventive service utilization rates. 

 

The ACA also includes an optional expansion (at the discretion of each state) of 

Medicaid to all individuals (age <65) earning less than 138 percent of the federal poverty 

level, with the provision of subsidies for individuals earning between 138 percent and 

400 percent of the federal poverty level 2.  While Oregon did not have sufficient 

resources to enroll all eligible individuals with incomes less than 138 percent of the FPL, 

state officials employed a partial approach to Medicaid expansion by creating a lottery 

and selecting members for expansion from  a wait list 28. Researchers then studied this 

lottery population to understand service usage after the transition to Medicaid coverage. 
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They found that emergency use increased by approximately 40  percent compared to a 

control group, over a broad range of services including primary care treatment28.  This 

suggests that policies need to be implemented to inform Medicaid beneficiaries of the 

benefits of seeking healthcare through a primary care provider rather than through 

emergency departments. Ensuring an adequate supply of primary care providers to meet 

this new demand becomes extremely important. 

Cost Effectiveness of Preventive Care 

The cost effectiveness of preventive care depends on several factors including being 

targeted to the appropriate population and the frequency of screening.  Much research has 

been done in determining the cost effectiveness of cancer screening. Cancer screening is 

based on the principle that it is best to detect tumors early to maximize treatment 

effectiveness. Determining the appropriate frequency of screening tests is important to 

minimizing the screening costs to the overall health care system and maximizing the 

health benefit for the patient.  

 

The American Cancer Society currently recommends that women age 40 years or older 

have a yearly mammogram for as long as they are in good health, and that high-risk 

women (i.e., with a family history or genetic tendency) undergo both MRI and 

mammography every year29. In meta-analysis early screening has been shown to be 

effective in reducing breast cancer mortality by between 20-35% in women age 50 to 69 

and slightly less in women age 40 to 49 at 14 year follow up 30. The earlier screening 

begins the higher the rate of false positive results. Researchers in California found that 
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biennial screening starting at age 50 years was the most cost effective strategy for 

mammography screening (as opposed to annual screening starting at age 40)31. 

 

Colorectal cancer screening is recommended once every ten years beginning at age 5011. 

The incidence of colorectal cancer is age dependent, both the effectiveness and cost of 

one-time colonoscopy depend on the age at which the initial screening is performed32. 

Researchers have found that screening for colorectal cancer appears cost-effective 

compared to no screening33.  Researchers have identified the most cost effective strategy 

for colorectal cancer screening as receiving a colonoscopy every 10 years or a 

combination of an annual fecal occult blood test and sigmoidoscopy every five years33. 

Ness et al. conducted a cost utility analysis and determined that colonoscopy screening 

between 50 and 54 years of age is cost-effective compared to no screening or screening at 

older ages in both men and women32. 

 

The U.S. Preventive Services Task Force recommends screening for cervical cancer in 

women aged 21 to 65 with a Pap test every three years12.  Several studies have 

determined the cost effectiveness of cervical cancer screening by screening interval34-36. 

Mandelblatt et al. found that the maximum savings in lives were achieved by screening 

every two years until death beginning at age 2035. The cost effectiveness of screening 

appears to reduce dramatically after age 6535. 

 

Cost effectiveness analysis can provide important information on the benefits of a 

procedure versus not receiving treatment. The decision to delay screening could lead to 
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potentially unwanted medical expenses and reduced health outcomes. No preventive 

screening test is 100% efficacious and the decision to receive screening could lead to 

unnecessary invasive procedures due to a false positive diagnosis. While the information 

obtained from a cost-effective analysis is useful, any model is predicated on the 

assumptions input into the model, therefore, careful consideration should be made of the 

health situation of a patient. 

 

Provider Availability and Knowledge of Benefit 

Because primary care providers render or provide referrals for the large majority of 

preventive care and wellness services, including cancer screenings to nonelderly adults, 

access to primary care providers is often considered a prerequisite to increased utilization 

of preventive care—one of the objectives of the ACA21. Hofer et al. conducted a study to 

determine the impact of the expansion of coverage to 138% of the federal poverty level 

under the ACA37. Using secondary data sets they calculated the number of uninsured by 

state, estimated the annual number of physician visits for the population and extrapolated 

that to determine the number of new physicians required to accommodate the new 

population of insurance seekers 37. They observed a large and statistically significant 

difference in the number of primary care visits by adults’ insurance status (insured adult 

males had 1.98 more visits than uninsured) 37. The study estimated an additional 4,307-

6,940 primary care physicians will be needed to meet the new demand 37.  

Blewett et al. conducted a study of high-risk individuals and their understanding of health 

insurance in Minnesota38. Minnesota is unique as it has a well-developed safety net 

system for high risk individuals and manages these individuals through the Minnesota 

Comprehensive Health Association (the country’s oldest and largest high risk pool) 38. 
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These individuals were forced to seek health care from the exchanges beginning in 2014 

(this includes more than 300,000 individuals) 38. To assess the level of understanding of 

this change the researchers conducted a mail-based survey of the high-risk members in 

Minnesota. They found many of the respondents worried about having to pay more 

(higher deductibles, premiums, and co-pays) and a possible decline in their quality of 

care. The researchers identified cost as a key barrier to accessing health care services 38.  

 

Knowledge of the ACA preventive service benefit and lack of access to a primary care 

provider are two potential pitfalls to achieving the ACA goal of expanding access to care. 

Minorities are substantially more likely than Whites to be uninsured, live in poverty and 

report not having a usual source of care26. Developing policies that maximize physician 

availability to medically underserved areas of critical need could dramatically improve 

preventive service utilization rates in areas with high poverty and low insurance 

coverage. Further research is needed to provide tangible data to policy makers to drive 

decisions to push resources to these underserved areas. 

 

Future of the Affordable Care Act 

In 2017, the Republican led Congress passed the Tax Cuts and Job Act39, which reduced 

the tax penalty for the individual mandate to obtain minimum essential health coverage 

from 2.5% to zero percent. In 2018, a federal judge in Texas struck down the individual 

mandate penalty of zero percent as unconstitutional, as it no longer can be sustained as an 

exercise of congress’s tax power40. The judge then struck down the entire ACA stating it 

was impossible to sever the individual mandate from the rest of the law40. The battle over 

the constitutionality of the law is far from finished with several democratically controlled 



 

25 

 

states challenging the ruling, the supreme court is expected to review the case in the 

future40. With the upcoming presidential election cycle pushing healthcare as a major 

political point for each party the results of this study can be used to inform policy makers 

debating changes to the law or pushing their own healthcare plan.   

Present Study 
The study utilized a quasi-experimental design. The first part of the study is a 

retrospective analysis of longitudinal medical claims for individuals who received 

colonoscopy, mammography or cervical cancer screenings. The second part of the study 

is a binomial logistic regression analysis to determine factors that are associated with 

receiving a preventive cancer screening (colonoscopy, mammography, Pap test). The 

third part of the study is a cost effectiveness analysis of mammography screening to 

determine whether beginning mammography at age 40 is more cost effective than not 

screening. This chapter represents and overview of the study design, data source and 

methods used for each manuscript, detailed analysis and methods for each research 

question can be found in the appended papers. 

Data Source 

Data from an eight-year period (2007-2014) was obtained from UnitedHealth Group, 

which maintains longitudinally linked computerized claims research databases. These 

databases contain information about members including their medical, pharmaceutical 

and lab claims. The database includes claims for all medical services submitted to the 

health plans for reimbursement/payment. Medical claims include ICD-9/10 diagnosis and 

procedure codes, Current Procedure Terminology (CPT), codes and revenue codes. 

Additional data sources include the American Community Survey and the Washington, 
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Wyoming, Alaska, Montana and Idaho’s (WWAMI) Rural Health Research Center’s 

rural urban commuting area codes (RUCA). Data from the National Cancer Institute’s 

Surveillance, Epidemiology and End Results database was used to inform the 

mammography cost effectiveness analysis. 

Methods 

Research Question 1 

Has the utilization of screenings for cancer of the colon, cervix or breast, for those of 

appropriate age for the services and who maintained continuous medical insurance 

coverage before and after the implementation of the ACA (September 23, 2010), 

increased as measured by screening rates in the two years following implementation? 

Data Analysis Plan 

Potential impacts of the ACA are likely most apparent in non-grandfathered health plans, 

i.e., group health plans that were created or individual health insurance policies that were 

purchased after March 23, 2010 and are therefore required to follow ACA provisions 

regarding no-cost coverage of selected screening procedures. In contrast, grandfathered 

plans (created/purchased before March 23, 2010) do not have the same ACA coverage 

requirements. For beneficiaries in non-grandfathered plans, UnitedHealth Group provided 

coverage for colonoscopy, mammography and cervical cancer screening with no cost 

sharing beginning September 23, 2010, provided the procedure was conducted in-

network.  Using September 2010 as the median point, claims data was extracted from 

UnitedHealth Group for an eight-year period, 2007-2014. This will provide data four 

years before and after the implementation of the preventive services benefit.  
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Population 

For breast cancer screening (recommended every two years for women age 50 to 74) 

commercially insured women between the ages of 50 and 65 with continuous enrollment 

during the entire study period with no evidence of previous mastectomy were selected. 

For colorectal cancer screening (colonoscopy recommended every 10 years beginning at 

age 50) commercially insured individuals between the ages of 50 and 65 with continuous 

enrollment during the entire study period and no evidence of previous colorectal cancer, 

or a Fecal Occult Blood Test (FOBT) in the previous 12 months, were selected. 

Individuals receiving multiple colonoscopies are counted as only receiving one 

colonoscopy as the subsequent colonoscopies are likely diagnostic rather than preventive. 

For cervical cancer screening (recommended every three years for women age 21-65), 

commercially insured individuals between the ages of 21 and 65 with continuous 

enrollment during the entire study period and no evidence of previous hysterectomy were 

selected. Individuals with diagnoses of human immunodeficiency virus (HIV), end stage 

renal disease (ESRD), hospice care, and individuals with an active cancer diagnosis were 

excluded from the analysis. 

Statistical Analysis  

The population for each cancer screening is separated into two groups, based on 

enrollment in grandfathered or non-grandfathered insurance plans. A propensity scoring 

model is used to balance covariates between the two groups to reduce secondary sources 

of bias in the results of the analysis; the models were evaluated for variable correlation 

and multicollinearity. The two groups are then compared for differences in overall 

utilization of the preventive screening, proportion of screenings with greater than zero 

cost sharing and the degree to which this changed following the implementation of the 
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ACA. An aggregate-level “differenced” interrupted time series regression analysis will be 

used to examine whether the change in cost sharing policy was associated with a change 

in screening utilization following the methodology of Mehta et al41. All analyses were 

carried out using SAS version 9.4 (SAS Institute, Cary, North Carolina). 

Outcomes 

The primary outcome variable is the rate of preventive cancer screening per person-

month. Monthly screening utilization rates for all eligible individuals are calculated for 

each screening type; a utilization rate is calculated as the total number of procedures over 

the total eligible population per month.  A screening is defined as an individual having at 

least one claim during a given month with a diagnosis, procedure or revenue code 

indicating a screening event (Appendix A - Cancer Screening Codes). For the interrupted 

time series analysis, the outcome of interest is the aggregate difference between the rate 

of cancer screening for the intervention and comparison group. This is determined at each 

monthly interval by calculating the difference between the rate of screening in the 

intervention group (non-grandfathered plans) and the comparison group (grandfathered 

plans).  

Research Question 2  

Are individual level and area-level socio-demographic characteristics associated with 

receipt of mammography, colon and cervical cancer screening among individuals with 

commercial insurance? 

Data Analysis Plan 

Much of the current literature on barriers to receiving preventive services focus on the 

Medicaid or Medicare population. To answer the second research question, data from 
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non-grandfathered members enrolled in private insurance is used to calculate multiple 

binomial logistic regression models for each cancer screening. Independent (predictor) 

variables used to determine association with preventive screenings include age, race, 

family size, region of country, whether they see a primary care physician, residence in a 

high-income zip code, and urban/rural location. The region of country will be correlated 

with zip code level data provided by the United States Internal Revenue Service. 

Individuals were considered to live in a high income zip code if the median salary for the 

zip code was at least $50,000 according to the American Community Survey42. 

Population 

The population to answer this research question is taken from the propensity matched 

population used to answer research question one. Data from individuals in non-

grandfathered plans is selected based on the recommended age for specific cancer 

screenings. For mammography, individuals between the ages of 40 and 65 are selected. 

For cervical cancer screening, individuals between the ages of 21 and 65 are selected, and 

for colon cancer screening, individuals between the ages of 50 and 65 are selected. The 

same exclusions are applied to the population (individuals with diagnoses of HIV, ESRD, 

Hospice care, prior cancer screening or FOBT, and individuals with an active cancer 

diagnosis). 

Variables 

Variables were selected for inclusion in the analysis based on Andersen’s Behavioral 

Model of Health Services Use43,44. This model defines three categories that impact access 

to care, pre-disposing factors such as demographics, enabling characteristics such as 

insurance coverage and income, and contextual need characteristics such as co-
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morbidities43,44. Variables assessed as predictors of receiving a preventive cancer 

screening include pre-disposing factors such as patient age, gender, region of the country 

(based on Census region), race; enabling characteristics such as residence in a high 

income zip code, residence in a rural zip code, access to a primary care provider and 

contextual characteristics such as family size and a weighted indicator of the patient’s 

overall health risk, the Charlson Co-morbidity Index. Each of these factors have the 

potential to influence an individual’s decision to seek health services including 

preventive care. 

Statistical Analysis  

Descriptive statistics of the population and bivariate analysis of each predictor variable 

with receipt of cancer screenings are calculated. The models show the probabilities of 

receiving a cancer screening as an effect of the individual (age, gender, race, co-

morbidities) and area level (residence in high income zip code, residence in rural zip 

code) covariates.  A multivariate regression is then conducted for each preventive 

screening sample with all variables to yield adjusted odds ratios. The models were 

evaluated for variable correlation and multicollinearity. Chi-square tests were used to 

determine significance of a relationship and odds ratios were used to determine the 

magnitude of the relationship. Utilization charts are created to review the effect of each 

variable on receipt of the preventive cancer screenings.   

Outcomes 

The outcome under investigation will be the receipt of a cancer screening for breast, 

colon or cervical cancer. The identification of the screening follows the same 

methodology as research question one. A comparison group will be obtained from 
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individuals who did not receive a cancer screening in their claims data during the study 

period. For trend charts, the outcome variable is receipt of a cancer screening, with a 

compliance rate calculated as percent compliant with screening over total eligible 

population per month.  

Research Question 3  

Is breast cancer screening most cost effective than not screening for women over the age 

of 40? 

Data Analysis Plan 

To answer the third research question, a Markov cost-utility model was constructed to 

evaluate costs, outcomes and cost effectiveness of screening mammography. The target 

population was women of the United States. Model inputs were based on data taken from 

the Surveillance, Epidemiology and End Results data, and several studies found through a 

literature review. 

Statistical Analysis  

A Markov cost-utility model to compare the lifetime costs and health benefits of having 

mammography was constructed. A lifetime horizon to age 100 was used to capture 

lifetime costs and utility values associated with breast cancer treatment. Discounting was 

factored at 0.03, as this the rate recommended by the Panel on Cost-Effectiveness and 

Health in Medicine45. Procedure Costs, incidence rates and utility values were taken from 

a review of the literature.  

Univariate sensitivity analyses were done for age, and costs of mammography.  A two-

way sensitivity analysis was conducted for starting age of mammography and net 

monetary benefits. A Monte Carlo simulation was run, and a probabilistic sensitivity 
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analysis was conducted.  A clinical effectiveness acceptability curve and CE plane graph 

were produced.   

Model Structure  

The model included six distinct health states based on the natural progression of breast 

cancer. The health states are as follows: healthy (no breast cancer), ductal carcinoma in 

situ (DCIS), invasive breast cancer categorized by localized, regional or distant invasive 

breast cancer, and death. Ductal carcinoma in situ is the presence of abnormal cells inside 

a milk duct in the breast. DCIS is considered the earliest form of breast cancer, is 

noninvasive, and non-life threatening, however it does require treatment to prevent it 

from becoming invasive46. 

Model Data Sources 

Model inputs were based on data taken from the Surveillance, Epidemiology and End 

Results data, and several studies found through a literature review. Incidence rates of in 

situ and invasive cancer were estimated from Surveillance, Epidemiology and End 

Results data 47.  To estimate the proportion of invasive breast cancer in local, regional 

and distant stages, data was taken from Schousboe et al48. Cost for mammography were 

taken from CMS data for the National Medicare Reimbursement amount for code G202 

(screening mammography- digital). Disutility of in situ and invasive breast cancers were 

estimated by Lidgren et al. in a sample of 361 Swedish women with localized, recurrent, 

or metastatic breast cancer, according to time since diagnosis49.  

Results 

This section highlights relevant results from each study, for a more indepth description of 

the results see the appropriate appendices.  
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Research Question 1 

The one-to-one propensity matching algorithm selected 16,156 individuals for 

mammography, 29,946 for colonoscopy and 26,188 for cervical screening, equally split 

between treatment and comparison groups. The matching resulted in significantly 

improved covariate balance for each cancer screening. For all three screenings, after 

matching no variables showed a standard difference of greater than +/- 10 percent.  For 

all three cancer screenings a majority of the population in the treatment and comparison 

groups saw a primary care provider (87.77% vs. 85.55%), lived in a high-income zip 

code (74.97% vs. 75.42%) and lived in an urban area (96.05% vs. 96.04%). 

 

Month over month mammography utilization was relatively steady for both treatment and 

comparison groups until the last part of 2013, where a drop in procedures was observed 

for non-grandfathered plans. Colonoscopy utilization saw a similar drop in non-

grandfathered plans in 2014. Cervical cancer screening utilization rates saw a significant 

increase for both groups beginning in 2011, followed by a downward trend until the end 

of the study period. For each cancer screening the number of procedures with greater than 

zero cost sharing decreased after the ACA policy change removed cost sharing as a 

barrier to receiving the screening. 

 

In the time series regression analysis, the coefficient for Postslope, which captures the 

continuing effect of the policy change, was statistically significant for all three screening 

procedures. The coefficient showed a negative trend for mammography, indicating that 

the policy change resulted in a decrease of .439 in the rate per 1,000 members of 

mammography screenings. Similarly, the cervical cancer screening model showed a 
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significant negative trend for the postslope coefficient demonstrating a decrease in 

utilization per 1,000 members of .2488. The colonoscopy model also showed a 

statistically significant result for the post slope coefficient indicating the utilization of this 

preventive service decreased by 0.0329 procedures per 1,000 members as a result of the 

cost sharing benefit policy change. 

 

The results from this study demonstrate the overall trend in utilization of preventive 

mammography and cervical cancer screening slightly decreased as a result of the 

Affordable Care Act cost sharing benefit policy change. There was a non-significant 

decrease for colonoscopy utilization as a result of the ACA policy change. 

Research Question 2  

During the study period, 66% of individuals in the mammography sample received a 

screening, 11% received a colonoscopy, and 52% received a cervical screening. 

Individuals in each study tended to live in high income, urban zip codes and have a 

regular primary care physician. The study population for each cancer screening test was 

mostly Caucasian and resided primarily in the Pacific region.  Individuals who received a 

cancer screening were more likely to have a visit with a primary care physician after the 

ACA changes were implemented. 

 

For the mammography study the Asian population had the highest average screening rate, 

while the Hispanic population had the lowest rate. In the colonoscopy study the 

Caucasian population had the highest average screening rate, while the Asian population 

had the lowest rate. In the cervical screening study, the Asian population had the highest 
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average screening rate, while the Black population had the lowest. All study groups saw 

rising utilization rates during the first half of the study period followed by downward 

utilization trends after the ACA cost sharing changes were implemented. 

 

Individuals living in the Midwest, Northeast and South showed higher receipt of cancer 

screenings than individuals living in the Pacific region. Individuals living in a high-

income zip code showed slightly higher utilization for the colonoscopy and cervical 

screening study groups, but slightly lower utilization rates for mammography screening. 

Individuals that had a primary care physician after the ACA changes were implemented 

had much higher utilization rates across all cancer screenings. For the colonoscopy 

screening sample females had on average higher utilization of colonoscopy than males 

during the study period. 

 

The multivariate model that controlled for all variables in the study to yield adjusted odds 

ratios identified several variables as significant predictors of receiving a cancer screening.  

Predisposing factors identified as significant predictors included age, residence in the 

pacific region and race. Enabling factors identified as significant predictors included 

having a PCP after the ACA benefit changes, residing in a high-income zip code, and 

having pharmacy coverage as part of their insurance benefit package. Family size, a 

contextual characteristic, was associated with an increased likelihood of receiving a 

mammography or colonoscopy. 
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Research Question 3 

The results indicated, at a willingness to pay threshold of $50,000, the net monetary 

benefit of mammography screening decreases with age. The highest net monetary benefit 

occurs at age 40 and decreases until leveling out at age 82.  

 

The Cost Effectiveness plane shows that no mammography screening is completely 

dominated by mammography screening. This means that the costs of not screening are 

more than screening and the effectiveness of not screening is less than the effectiveness 

of mammography screening in detecting cancer.  It should be noted that the reduction in 

effectiveness is small. 

Discussion 
This study evaluated the Patient Protection and Affordable Care Act using two groups of 

commercially insured individuals who maintained continuous insurance coverage from 

2007 to 2014. The results from this study demonstrate the overall trend in utilization of 

preventive cancer screenings covered with no cost sharing slightly decreased as a result 

of the Affordable Care Act cost sharing benefit policy change. This is in line with similar 

research that has found the removal of cost sharing for preventive services has resulted in 

no or little change in utilization rates50-54. Several of these studies suffer from a short post 

policy change analysis period of nine months to one year. 

 

The second study used an administrative claims dataset to evaluate the relationship 

between area-level sociodemographic characteristics and the receipt of preventive cancer 

screenings among age appropriate individuals with commercial insurance.  The results of 

this study indicate that uptake of preventive cancer screenings is hindered by several 
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socio-economic disparities including race, income, region of the country, relationship 

with a primary care provider and family size. The findings from this study confirm results 

previously published using national surveys such as the Medical Expenditure Panel 

Survey55,56. 

 

Screening rates were low when compared to national averages for colonoscopy and 

cervical screening57,58.  Comparing screening rates across studies is difficult due to 

methodological differences in the classification of a procedure, time period, and data 

sources. As an example, cervical screening is often reported as the total number of 

women to receive a screening over a three-year time period, which is the recommended 

interval for screening. Orwat et al., using UnitedHealthcare claims data found that 

screening rate for women age 21 to 64 was 82.9% for 2007 to 200957. Mimicking their 

logic, I obtain a screening rate of 83% for 2009, confirming the validity of my dataset. 

 

The first two studies only consider screenings billed as preventive, not diagnostic. In 

order to be paid as preventive the screening procedures need to be submitted to the 

insurer using specific procedure or diagnosis code combinations (Appendix A). The study 

only included colonoscopies, not other forms of covered colorectal cancer screening, 

such as FOBT, FIT or sigmoidoscopies. Focusing on preventive screenings and 

traditional tests may have contributed to the lower colonoscopy screening rates identified 

in the study. It’s possible that working age individuals in the population do not prioritize 

cancer screenings. 
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Richman et al., using Medical Expenditure Panel Survey (MEPS) data from 2009 to 

2012, found the self-reported colonoscopy screening rate in privately insured adults 

between the ages of 50 and 65 to hover between 18.9 and 20.9%, and for adults between 

the ages of 40 to 49 to hover between 1.8 and 3.0%54. The study did not differentiate 

between non-grandfathered and grandfathered plans. The second study of this dissertation 

found higher colonoscopy screening rates after the ACA was implemented; however, was 

focused just on non-grandfathered plans. The colonoscopy population in the second study 

had a mean age of 50.49, these early age individuals may prioritize cancer screenings 

differently. More research is needed to understand the attitude of the early age 

appropriate population in this study.  

 

The third study used a Markov cost utility model to define the cost effectiveness of 

receiving a mammography screening. The results demonstrate the mammography 

screening is most cost effective compared to no screening. This means that the costs of 

not screening are more than screening and the effectiveness of not screening is less than 

the effectiveness of mammography screening in detecting cancer. It should be noted that 

the reduction in effectiveness is small. 

 

The decision to be screened for cancer is a personal one that has been highly politicized. 

Between 2000 and 2010 the recommended intervals for receiving breast, colorectal and 

cervical cancer screenings were drastically changing59. Guideline changes occurred in 

several organizations including the American Cancer Society and the United States 

Preventive Services Task Force for breast cancer screening in 2002, 2007 and 2009, for 
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cervical cancer screening in 2002, 2007, and 2012, and for colorectal cancer screening in 

2001, 2003, 2006, and 2008 12,29,59,60. This information was regularly in the news and may 

have caused individuals to seek or delay care61-64. The potential bias from outside events 

such as these is not controlled for in the analysis and may impact the results of this study. 

It’s possible that consumers were not aware of the change in cost sharing for preventive 

cancer screenings. Studies have shown that consumers have poor knowledge of the 

ACA’s preventive screening cost sharing benefit65,66 67,68. 

 

It is possible that an outside event, not accounted for was impacting utilization rates, for 

example the economic recession of the late 2000’s. Dorn et al. reviewed screening 

colonoscopy rates before and after the economic recession that began in 200769. The 

researchers found that during the recession insured individuals reduced their use of 

screening colonoscopy69.  Other researchers have identified a decreased in utilization of 

health services and health spending, and an increase in the number of uninsured as a 

result of the economic recession70.  

 

Socio-economic disparities prevent some individuals from receiving recommended 

preventive screenings. Potential strategies to address these disparities include crafting 

targeted public health communication campaigns to promote the benefits of screenings to 

specific populations that have low utilization rates, providing screening incentives such 

as a free tote bag or gift card to a restaurant, or a workplace reimbursement to a health 

savings account. Further research is needed to assess the effectiveness of these 

intervention strategies. 
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Limitations 
The first study presents several limitations. First the aggregated differenced approach is 

only robust in instances of comparing the same populations. While populations were 

matched based on continuous enrollment, gender and age groupings, differences not 

defined in the dataset (i.e., education level, English fluency, state or plan incentives for 

primary care, etc.) may have an impact on the utilization rates in each period and group. 

The difference in difference approach minimizes the potential bias of these unobservable 

factors that may be associated with preventive service utilization; however, bias may still 

be present. This represented a significant limitation as several key variables were not 

present in the data (i.e., primary language).  

 

Grand fathered plans were not required to cover preventive services with no cost sharing. 

It’s possible that some plans considered grandfathered were already covering these 

services with no cost sharing or made the change at the same time as non-grandfathered 

plans. I did not review the plan benefit design of each plan included in the grandfathered 

plan groups. This could represent a significant source of bias in the results.   

 

The second study was informed by the Behavioral Model of Health Services Use which 

defines several factors that could inform a person’s desire to seek medical services. The 

model does not factor in every possible confounding factor, and several factors 

considered are not available in medical claims data. Several additional factors could 

impact the results of the analysis including family assistance, length of time at primary 

residence, education level, English language proficiency, etc. These factors are generally 

not available in medical claims data and therefore are out of the scope of this project.  
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The third study is based on a model calculated with a limited set of input data. Further 

analysis is required to determine the effectiveness of breast cancer screening. Additional 

information can be added to the model including information on breast density, family 

history, genotype (BRCA1 or BRCA 2) screening frequency and history of breast 

biopsy48. Breast cancer mortality rates have decreased as a result of increased screening 

for mammography. The model did not factor in this improvement, and it is likely that if 

mortality reductions are higher for a specific stage of cancer (i.e., higher mortality 

reduction in localized versus regional) then the costs per quality of life year gained for 

mammography may be overestimated. 

 

Conclusions 
Preventive services have the potential to significantly improve the health of the 

population. Offering these services as a benefit through the Affordable Care Act positions 

the health care system to begin providing accountable care. The results of this study 

demonstrate that the ACA is not significantly increasing the usage of preventive services, 

even though these services are now “free” to the consumer. The results further 

demonstrate that the Affordable care act has not sufficiently removed barriers to 

receiving a screening and that disparities are still seen within socio-demographic classes. 

The research demonstrates that mammography screening is cost effective at an early age 

and the current recommendations of beginning screening at 45 may not be sufficient to 

capture the entire benefit of the screening.  

 

Policy makers can use the results from this work to craft programs and policies that 

further address the barriers to receiving preventive services. Any policy created hoping to 
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improve the uptake of health services needs to consider the implications of socio-

economic disparities in the decision to seek treatment. Providing ethnically sensitive 

information to the patient at time of enrollment in their insurance plan may increase 

knowledge of benefits and reduce disparities in the commercially insured population.  

Additional research is required to determine the most appropriate method for stratifying 

cancer risk and tailoring screening programs to those most at risk for developing invasive 

cancer.   
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Appendix A - Cancer Screening Codes 
 
Table 1. Cancer Screening Codes and Exclusions 

Service 

Test 

Interval Inclusion Codes Exclusions 

Mammography  2 years  

•HCPCS codes: G0202, 

77052, 77057  

• Revenue code: 0403  

 HIV, ESRD, Hospice 

care, and individuals 

with an active cancer 

diagnosis  

Colonoscopy 10 years 

• HCPCS codes: G0105, 

G0120, G0121, G0122, 74263 

• Procedure codes: 44388, 

44389, 44392, 44394, 45378, 

45380, 45381, 45384, 45385, 

45388 

• Diagnosis Codes: V16.0, 

V18.51, V18.59, V70.0, 

V76.41, V76.50, V76.51  

HIV, ESRD, Hospice 

care, and individuals 

with an active cancer, 

Individuals receiving a 

Fecal Occult Blood Test 

within the previous 12 

months  

 

Note: Procedure codes 

are paid as preventive if 

billed with a HCPCS 

code or diagnosis code 

listed 

Cervical 

Screening 3 years 

•HCPCS codes:  

Group 1: G0101, G0123, 

G0124, G0141, G0143, 

G0144, G0145, G0147, 

G0148, Q0091, P3000, 

P3001,  

Group 2: 88141-3, 88147-8, 

88150, 88152-5, 88164-7, 

88174-5  

• Diagnosis codes: V70.0, 

V72.31, V72.32, V76.2 

HIV, ESRD or Hospice 

care, Active cancer, 

screening after 

hysterectomy           

Note: Code Group two 

is only paid as 

preventive if billed with 

a diagnosis code listed 
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Appendix B – Paper 1: Utilization and Cost Sharing for 

Preventive Cancer Screenings 

Title: Utilization and Cost sharing for Preventive Cancer Screenings 

Abstract 

Objective: The Patient Protection and Affordable Care Act (ACA) eliminated cost 

sharing for preventive cancer screenings beginning in September 2010. The impact of 

this policy change is not completely clear. This paper examines the policy change’s 

impact on three preventive screenings among commercially insured individuals covered 

by UnitedHealth Group. 

 

Study Design: A retrospective longitudinal quasi-experimental design was utilized. 

Three preventive cancer screenings were reviewed, mammography, colonoscopy and 

cervical screening. Individuals in grandfathered plans were used as a comparison group 

as they were not subject to the cost sharing benefit changes of the ACA. 

 

Methods: A multivariate logistic regression model was used to match individuals (1:1) in 

treatment and comparison groups via propensity scoring. Monthly procedure prevalence 

rates over the study period (2007-2014) were calculated as well as prevalence rates for 

the proportion of procedures with greater than 0 cost sharing. A ‘differenced’ interrupted 

time series regression analysis was conducted with the primary outcome variable the rate 

of preventive service utilization per person per month. 

 

Results: The mammography, colonoscopy, and cervical screening cohorts contained 

16,156, 29,946, and 26,188 individuals respectively, equally split between treatment and 

comparison groups. The results from this study demonstrate the overall trend in 

utilization of preventive mammography and cervical cancer screening slightly decreased 
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as a result of the Affordable Care Act cost sharing benefit policy change. There was a 

non-significant decrease for colonoscopy utilization as a result of the ACA policy 

change. 

 

Conclusion: The results from this study indicate that the ACA’s cost benefit policy 

change is not having the desired impact of increasing preventive screening utilization. 

Further research is needed to determine whether providing information about the cost 

sharing benefit at policy renewal and enrollment is a feasible method of increasing uptake 

of these services.  
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Introduction 

The Patient Protection and Affordable Care Act (ACA) of 2010 mandated that preventive 

care procedures rated as A or B, including certain cancer screenings, by the U.S. 

Preventive Services Task Force (USPSTF) be covered at no cost to the individual3. This 

benefit change was implemented on September 23, 2010, with health insurance plans 

required to offer the cost sharing benefit upon plan renewal. Among the preventive 

services rated A or B by the USPSTF are cancer screenings including mammography, 

colonoscopy and cervical screening. The ACA expansion makes preventive care services 

available for much of the population, including the previously uninsured. Reviewing use 

of preventive services is a logical step in determining the effectiveness of the ACA in 

improving the health status of individuals in the United States.   

Literature Review: Cost Sharing 

Cost sharing is defined as raising the effective price of a service to dissuade people from 

using too much of the service71. In health care cost sharing has been implemented in the 

form of co-pays and co-insurance. A Co-pay is defined as a fixed amount an individual 

pays for a covered health care service, and varies by the type of service72. Co-insurance is 

defined as the patient’s share of the costs of a covered health care service, calculated as a 

percent of the allowed amount for the service72. Generally, a patient will pay co-

insurance and co-pays plus any deductibles they may owe.  

 

The impact of cost sharing has been extensively studied in the literature. The first study 

to review the impact of cost sharing on physician services was published by Scitovsky 

and Snyder73. The researchers reviewed the introduction of co-insurance into Group 

Health Plan, a comprehensive medical care plan offered at Stanford University in the 
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1960s73. After this plan was implemented utilization was realized to be underestimated 

and premiums were raised between 6 and 8 percent and a 25% co-insurance provision 

was applied73. The researchers reviewed utilization of physician services in 1966 before 

the co-insurance was introduced and 1968, the first full calendar year after the 

introduction of the co-insurance73. 

 

The researchers found that the introduction of co-insurance led to a substantial reduction 

in the use of physician services73. A per capita decline in physician services use by 

24.1%, and a per capita cost reduction by 23.8%73. The significant decrease in utilization 

is extremely important. This study demonstrates the power that cost sharing has on 

reducing overall costs and utilization of health care services. There is one significant 

drawback however, the study also reported a 7% increase in the number of individuals 

who did not see a physician during the year73. 

 

Solanki et al. evaluated the impact of cost sharing on the utilization of clinical preventive 

services 74. The researchers utilized sixteen logit models to assess variation in receiving 

recommended preventive care as a function of cost sharing with different health plan 

types 74.  The effect of cost sharing was measured as the percentage of change in the 

probability of receiving recommended preventive care in the cost sharing group 

compared to the non-cost sharing group. They found the effect of deductibles/co-

insurance had a greater negative effect than copayments alone.   

 

In the mid 1970’s California conducted an experiment on co-pays with their Medi-Cal 

(welfare) population75. In this experiment from 1972-1973 the State of California 

required a sample of individuals eligible for Medi-Cal (California’s Medicaid program) 
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to pay a dollar for each of their first two visits to a provider each month, and 50 cents for 

each of the first two prescriptions they had filled each month75. The results of the 

experiment showed that copayments reduced beneficiary overutilization, and a decline in 

preventive care, however it did not completely control overutilization75. The researchers 

found  a 6.7% decrease in utilization for prescription drugs when co-pays were 

instituted75. 

 

In the Rand Health Insurance Experiment (HIE) researchers reviewed the effect of cost 

sharing on the use of outpatient medical care for specific diagnoses76. The HIE was a 

large scale randomized controlled trial of alternative forms of health care financing 

sponsored by the Department of Health and Human Services conducted between 1974 

and 198276. The researchers found that when compared to free care, cost sharing reduced 

the probability of any medical contact during a year across a wide spectrum of 

ambulatory care diagnoses, with the strongest effect of cost sharing occurring in poor 

children76.  The study reviewed 24 categories of medications and found that cost sharing 

produced a lower probability of any use in a year among adults76.  

 

Chandra et al. found similar results to the RAND HIE using data from the 

Commonwealth Care program in Massachusetts 77. They studied the effect increasing 

copayments had on low-income adults in Massachusetts in July 2008. They found that 

low income individuals who are chronically ill, especially those with diabetes, high 

cholesterol and asthma have a lower price elasticity of demand77. They also found no 

evidence that would indicate that reduced use of outpatient services leads to increased 

demand for hospital services and more complex care 77. 
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Cost sharing can have a significant impact on procedure utilization. Removing cost 

sharing for procedures that have a high likelihood of preventing future health care use can 

have a significant impact on the effectiveness of the healthcare system. Understanding 

the impact of the removal of cost sharing for preventive services in a commercial 

population could allow policy makers to successfully craft policies that maximize long 

term system wide cost savings while simultaneously driving procedure utilization and 

improving overall health. This paper seeks to understand the impact of the cost sharing 

benefit policy change for preventive services on a commercially insured population by 

evaluating utilization rates before and after the ACA. 

Methods 

The primary objective of this study was to examine the utilization of preventive cancer 

screenings before and after the enactment of the ACA’s cost sharing benefit. To 

accomplish this a retrospective longitudinal study with a pre- and post- period with 

comparison group design was employed. Health plans or policies created or purchased on 

or before March 23, 2010 were not required to follow the cost sharing benefit changes of 

the ACA. These plans are referred to as grandfathered plans and represent an ideal 

simulated control group for comparisons.  

 

The study is broken into two periods, the pre-ACA period, occurring from January 1, 

2007 to September 22, 2010, and the post ACA period, from September 23, 2010 to 

December 31, 2014. The treatment group consisted of individuals with commercial 

insurance enrollment that were in a non-grandfathered plan at the beginning of the study 

period. The comparison group consisted of individuals with commercial insurance in a 
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grandfathered plan at the beginning of the study period. Utilization trends were compared 

within and between treatment and comparison groups for each of three cancer screenings, 

mammography, colonoscopy, and cervical. A time series regression analysis was 

conducted to assess the impact of the cost sharing policy change on the utilization of each 

of the preventive cancer screenings. 

Data 

Medical claims data from UnitedHealth Group was utilized for this analysis. These 

databases contain de-identified data including membership, provider and ancillary data 

for over 24 million members and includes longitudinal records dating back to 1993. The 

database includes fully adjudicated pharmacy, medical and lab claims that provide 

detailed utilization and cost information from inpatient and outpatient settings. Claims 

and member demographic information were extracted from these datasets from 2006 to 

2014. Member demographic information was correlated with the Internal Revenue 

Service individual income tax zip code data to determine residence in a high income zip 

code42. 

Outcomes 

Mammography, colonoscopy, and cervical cancer screening tests were identified in 

medical claims by diagnosis, procedure and revenue codes (Appendix I).  For 

mammography and colonoscopy, individuals with an age greater than or equal to 50 and 

less than 65 were selected. For cervical screening individuals with an age greater than or 

equal to 21 and less than 65 were selected. Individuals could age in and out of the study. 

These age ranges follow the recommended screening intervals for each screening test, 
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with an upper age limit of 65 as it is likely that at this age the members transition from 

commercial insurance to Medicare. 

Main Predictor 

The primary outcome variable is the rate of preventive screenings per person-month. 

Monthly screening utilization rates were calculated for each screening test for eligible 

individuals in each group. A screening was defined to occur if an individual has at least 

one claim during a given month with a diagnosis, procedure or revenue code indicating a 

screening event based on the codes listed in Appendix I. Cost sharing was evaluated 

based on a derived amount from the claim that included the amount of co-insurance, the 

co-pay and the deductible for the preventive screening. 

Covariates 

Covariates were identified from the database and literature and included patient age, 

gender, region of the country (based on Census regions), race, residence in a high-income 

zip code, residence in a rural zip code, family size, utilization of a primary care doctor, 

and a weighted indicator of the patient’s overall health risk. Residence in a rural zip code 

was defined using the Washington, Wyoming, Alaska, Montana and Idaho’s (WWAMI) 

Rural Health Research Center’s rural urban commuting area codes78. High income zip 

codes were defined as having a median salary of greater than or equal to $50,000 based 

on data reported through IRS income tax statistics42.  

 

The Charlson Comorbidity Index (CCI) was used as a weighted indicator of a patients’ 

health risk. The CCI considers the number and the seriousness of comorbid conditions 

and outputs a risk score that indicates the patients risk for succumbing to the comorbid 
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conditions in the next year79. Seventeen conditions were considered by the CCI including 

myocardial infarction, congestive heart failure, peripheral vascular disease, 

cerebrovascular disease, Diabetes, renal disease, liver disease, cancer, and HIV/AIDS79.  

These conditions were calculated using ICD-9 diagnosis codes on diagnosis positions one 

through three on the medical claim.  

Subpopulation 

The populations were grouped based on grandfathered plan status. Individuals in a 

grandfathered plan were considered the comparison group as they were not subject to the 

cost sharing changes implemented by the ACA. Individuals in non-grandfathered plans 

were considered the treatment group. The ACA went into effect on September 23, 2010; 

this month is considered the inflection point for assessing any changes in procedure 

utilization rates. There were 36,667 members in the mammography sample, 68,138 in the 

colonoscopy sample and 61,468 in the cervical screening sample. The flow diagram for 

selection of individuals is presented in Appendix I. 

Exclusion Criteria 

Individuals with HIV, end stage renal disease, or in hospice care were excluded from the 

analysis as they are likely not seeking preventive services. Individuals with an active 

cancer diagnosis prior to their preventive screening were excluded. For mammography, 

individuals receiving a mastectomy prior to their mammography were excluded. For 

colonoscopy, individuals receiving a fecal occult blood test (FOBT) in the 365 days prior 

to their colonoscopy were excluded; the FOBT looks for blood in the stool and is 

generally followed by a diagnostic colonoscopy as opposed to a preventive colonoscopy. 
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For cervical cancer screening, individuals receiving a hysterectomy procedure were 

removed from the analysis. 

Propensity Score Matching 

A multivariate logistic regression model was used to calculate a propensity score for each 

condition following the methodology defined by Rosenbaum80.  The model controlled for 

all covariates. The propensity score indicates the probability of being assigned to the 

treatment group.  If two subjects have the same propensity score and one is in the 

comparison group and one in the treatment group, they are equally likely to be in a non-

grandfathered plan based on their covariates. 

 

A matching algorithm was used to match members from the treatment and comparison 

groups based on their propensity score81. Matches first occurred at the eighth decimal 

point, then seventh, then sixth, then fifth, etc., until no further matches could be made. If 

a match did not occur the member was recycled into the available match pool. The 

propensity score matched samples were then used as the basis for the analysis. 

 

The propensity score models were evaluated for variable correlation and 

multicollinearity. A correlation matrix was created to test the appropriateness of the 

variables in each model. The variance inflation factor (VIF) and condition index were 

calculated for each propensity score model to determine if any of the predictor variables 

were collinear. Collinearity was not detected in the mammography, colonoscopy or 

cervical cancer models.  
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Histograms were utilized to review the results of the propensity score analysis before and 

after the matching occurred to assess balance. Standardized differences and two 

independent sample t-tests were used to compare the difference in the covariates between 

the pre- and post- matched sample. The standardized difference compares the difference 

in means in units of the pooled standard deviation82. A standard difference of 10% or less 

was used as a benchmark to indicate a negligible difference in the mean of a covariate 

between treatment and comparison groups82. 

Data Analytics 

Descriptive statistics of the population were examined for each comparison and treatment 

group after matching by propensity score. The utilization rate of each preventive service 

was calculated by taking the total number of individuals receiving a procedure during a 

specific month and dividing by the total procedure eligible population. Utilization charts 

were created to trend the procedure prevalence rate for each procedure during the time 

period. Utilization rates were statistically compared between and within plans using T-

tests; differences were considered significant at the α=0.05 level. 

 

For the analysis of cost sharing, individuals were selected who received procedures with 

greater than zero cost sharing. Cost sharing was defined as the summed amount of the 

charged co-insurance, co-pay and deductible amounts for a specific procedure. The 

amounts must have occurred on the same date of service and claim line as the preventive 

screening. The percentage of greater than 0 cost sharing was defined as the number of 

procedures with cost sharing greater than 0 divided by the total number of procedures for 

a given month. All analysis was conducted using SAS EG version 6.1 (SAS Institute, 
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Cary, North Carolina), with charts and graphs being produced with Microsoft Excel 2013 

(Microsoft, Redmond, Washington). 

Interrupted Time Series Regression 

To determine whether the change in cost sharing policy was associated with the change in 

service utilization after the implementation of the Affordable Care Act,  an aggregate-

level “differenced” interrupted time series was utilized following the methodology of 

Lagarde and Penfold83,84. The outcome of interest was the aggregate difference between 

the rate of preventive service utilization for the treatment and comparison group 

standardized to 1,000 members. This was calculated at each monthly interval and resulted 

in 96 data points. A generalized linear regression model was used to determine the 

interaction. The specification of the linear regression equation is as follows:  

 

𝑌𝑡 = 𝛽0 + 𝛽1
∗𝑡𝑖𝑚𝑒 + 𝛽2

∗𝑃𝑜𝑙𝑖𝑐𝑦_𝐶ℎ𝑎𝑛𝑔𝑒 +  𝛽3
∗ 𝑝𝑜𝑠𝑡𝑠𝑙𝑜𝑝𝑒 +  𝜀𝑡 

 

Where 𝑌𝑡 represents the aggregated difference in preventive service utilization between 

the non-grandfathered and grandfathered groups at time t.  The continuous variable t 

represents time from the start of the study with January 2007 set at 1 and December 2014 

set at 96. Policy_change is a dummy variable coded zero before, and one after the cost 

sharing policy change. Postslope is a second dummy variable coded as zero up to the last 

point before the cost sharing policy change and coded sequentially from one after the 

policy implementation. 

 

 𝛽0 captures the baseline level of the outcome at time 0 (beginning of the time period). 𝛽1
∗ 

estimates the structural trend or growth rate in utilization, independently from the 

intervention. 𝛽2
∗ estimates the immediate impact of the intervention or the change in level 
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in the outcome of interest after the intervention. 𝛽3
∗  reflects the change in trend or growth 

rate in outcome after the intervention and 𝜀𝑡 represents the random error in the model.   

 

A Durbin-Watson statistic was used to test for the presence of autocorrelation. Lag 

periods were defined based on the recommended frequency of each cancer screening. 

Positive autocorrelation was detected all three cancer screening models. One auto-

regressive error term was added to the mammography model for a lag period of two 

months. Three auto-regressive error terms were added to the colonoscopy model for lag 

periods of 11, 20, and 22 months. One auto-regressive error term was added to the 

cervical screening model to correct for first order autocorrelation.  

Results 

Descriptive Statistics of Population 

Descriptive statistics of the pre-matched study population are presented in Appendix III. 

The non-grandfathered members for all three cancer screenings primarily resided in 

urban areas in the pacific region of the United States.  The grandfathered plan members 

primarily resided in high income urban zip codes spread across the South, Northeast and 

Midwest regions of the country; with a larger proportion living in the south; and had a 

higher percentage of visits with a primary care doctor both before and after the ACA 

changes were implemented when compared with the non-grandfathered members. For the 

mammography and colonoscopy cohorts, members in both grandfathered and non-

grandfathered plans were primarily Caucasian (62.67% vs. 79.49%), with a similar 

median age (51 vs. 50) and mean family size (2.42 vs 2.68). The cervical cancer group 
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was younger with a median age of 44 for grandfathered members and 43 for non-

grandfathered members but had a similar mean family size (2.40 vs 2.70).  

Propensity Score Matching 

Results of the propensity score matching are presented in Appendix II . The one-to-one 

matching algorithm selected 16,156 individuals for mammography, 29,946 for 

colonoscopy and 26,188 for cervical screening, equally split between treatment and 

comparison groups. The matching resulted in significantly improved covariate balance 

for each cancer screening. For mammography, prior to matching there were fourteen 

variables showing a standard difference greater than +/-10%; post-match no variables 

showed a standard difference of greater than +/- 10 percent.  For colonoscopy and 

cervical screening, there were twelve covariates showing a standard difference of greater 

than +/- 10 percent before matching, while after matching all variables were under the 10 

percent threshold.   

 

Histograms showing the propensity score balance pre-and post-match are presented in 

Appendix II The histograms graphically represent the propensity score distribution for 

the treatment and comparison group before and after the matching algorithm, with 

additional histograms showing the overlay of the propensity score distribution. After 

matching for each model, the propensity score distribution is close to identical, indicating 

the matching algorithm selected appropriate cases and controls, with similar propensity 

scores, to minimize selection bias. 
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Sample Characteristics by Procedure 

Descriptive statistics of the post-matched study population are presented in Appendix III. 

For the mammography sample the mean age in the treatment group was 50.53 (SD 5.59), 

and in the comparison group 50.55 (SD 5.60).  Over four-fifths of the individuals in both 

treatment and comparison groups had seen a primary care provider (PCP) prior to the 

implementation of the Affordable Care Act (89.37% vs. 86.61%). Both groups saw a 

slight drop in patients with a PCP visit occurring after the ACA changes were 

implemented (87.72% vs. 84.35%).  

 

The majority of the individuals in both groups lived in urban areas (95.91% vs 96.11%) 

and resided in a high-income zip code (73.83 vs. 75.39%). At the start of the analysis 

period the mean family size for the treatment and comparison groups was equivalent (2 

(SD 1.53 vs. 1.49)). The majority of both treatment and comparison groups from the 

mammography cohort were identified as Caucasian (79.03% vs. 79.67%).  The 

mammography treatment and comparison groups were dispersed throughout the country 

with about 42% residing in the South, 24% in the Pacific region, 22% in the Midwest and 

about 11% in the Northeast.  

 

The colonoscopy sample displayed similar covariate balance between treatment and 

comparison groups, including gender (53.78% female vs. 54.62%), median age (50, SD 

5.63), percent with a PCP prior to the ACA (85.01% vs. 81.91%), percent in an urban zip 

code (95.90% vs. 96.23%), and percent in a high income zip code (73.90% vs 75.00%). 

Both groups were primarily from the South (43.10% vs. 42.70%) and Pacific (25.20% vs. 

23.86%) regions. The majority of both populations were Caucasian (78.78% vs. 79.30%). 
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The mean family size was essentially equivalent in both groups 2.61 (SD 1.51) vs. 2.59 

(SD 1.48), for treatment and comparison groups, respectively.  

The Cervical cancer screening cohort saw a larger standard deviation of age for both 

treatment and comparison groups. The mean age was 43 (SD 13.16) in the intervention 

group and 44 (SD 13.16) in the comparison group.  Similar to the other preventive 

screening groups, the majority of the population in the treatment and comparison groups 

saw a PCP (87.77% vs. 85.55%), lived in a high-income zip code (74.97% vs. 75.42%) 

and lived in an urban area (96.05% vs. 96.04%). The population in both groups was again 

segmented to the Southern (41%), Pacific (~24%), and Midwest (22%) regions of the 

U.S. The race distribution of the treatment and comparison groups mimicked that of the 

colonoscopy and mammography samples, with the majority of individuals being 

Caucasian (78.05% vs. 77.52%). 

Analysis of Non-Matched Population 

Descriptive statistics of the non-matched population are presented in Appendix III. The 

non-matched samples from each cohort were more likely to be Caucasian, reside in the 

pacific region, in an urban, high income zip code. The non-matched non-grandfathered 

population across all three cancer screenings showed lower primary care visits than 

members enrolled in a grandfathered plan, both before and after the ACA changes were 

implemented. The leftover populations for each cancer screening had differences in 

several variables used in the propensity score model, including race, region, and percent 

with a primary care doctor before and after the ACA was implemented. These differences 

contributed to the matching algorithm being unable to find a suitable match that 

adequately balanced all co-variates. 
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Utilization Trends 

Overall Utilization 

 

Appendix IV Utilization trend charts for each cancer screening, along with the statistical 

comparison between and among groups are presented in Appendix VI. Month over month 

mammography utilization was relatively steady for both groups until the last part of 2013, 

where a reduction in procedures was observed for non-grandfathered plans. Colonoscopy 

utilization saw a similar drop in non-grandfathered plans in 2014. Cervical cancer 

screening utilization rates saw a significant increase for both groups beginning in 2011, 

followed by a downward trend until the end of the study period.  

 

When comparing within plans (Table 9), statistically significant increases in utilization 

(α=0.05) before and after the ACA was implemented were seen in all three cancer 

screenings for both grandfathered (GF) and non-grandfathered (Non-GF) plans. Cervical 

screenings in both grandfathered and non-grandfathered plans saw the steepest increase 

in mean utilization rates before and after the ACA mandated changes (Non-GF 1.17 vs 

1.98, GF 0.96 vs. 2.40). When comparing utilization rates between grandfathered and 

non-grandfathered plans (Table 10), statistically significant differences in utilization after 

the ACA was implemented were observed for all three cancer screening tests, with 

grandfathered plans showing higher utilization than non-grandfathered plans. Cervical 

screening utilization was statistically different before the ACA was implemented with 

non-grandfathered plans having higher utilization of the procedure. 
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Cost sharing >0 Utilization 

The utilization trend of procedures occurring with greater than zero cost sharing is 

presented in Appendix V. For each cancer screening the number of procedures with 

greater than zero cost sharing decreased after the ACA policy change. Table 11 shows the 

comparison within plans before and after the ACA was implemented, while Table 12 

shows the comparison between plans. When comparing utilization within plans, all three 

cancer screenings showed significant utilization differences (α=0.05) for both 

grandfathered and non-grandfathered plans, with the largest difference seen in the 

colonoscopy grandfathered group.  When comparing between treatment and comparison 

groups, before the ACA cost sharing policy change there were significant differences in 

utilization for cervical screenings and mammography (p<.0001). After the policy change 

there were significant differences in utilization between treatment and comparison group 

for mammography (p<.0052), and colonoscopy (p<.0003).  

Aggregated Time Series Analysis 

Coefficients of interest for the differenced interrupted time series analysis are presented 

in Appendix VI. The overall trend as indicated by the coefficient for time was not 

statistically significant for all three models (positive for mammography and cervical 

screening, negative for colonoscopy).  The coefficient for policy change, which shows 

the immediate effect of the policy change, showed a non-statistically significant positive 

effect for colonoscopy and mammography and a negative effect for cervical screening. 

While non-statistically significant, the mammography model indicates the policy change 

was associated with a 4.536 increase in the procedure rate per 1,000 members of 

preventive mammography screenings immediately after the policy change. 
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The coefficient for Postslope, which captures the continuing effect of the policy change, 

was statistically significant for all three screening procedures. The coefficient showed a 

negative trend for mammography, indicating that the policy change resulted in a decrease 

of .439 in the rate per 1,000 members of mammography screenings. Similarly, the 

cervical cancer screening model showed a significant negative trend for the postslope 

coefficient demonstrating a decrease in utilization per 1,000 members of .2488. The 

colonoscopy model also showed a statistically significant result for the post slope 

coefficient indicating the utilization of this preventive service decreased by 0.0329 

procedures per 1,000 members as a result of the cost sharing benefit policy change. 

Discussion 

This study evaluated the Patient Protection and Affordable Care Act using two groups of 

commercially insured individuals who maintained continuous insurance coverage from 

2007 to 2014. The results from this study demonstrate the overall trend in utilization of 

preventive cancer screenings covered with no cost sharing slightly decreased as a result 

of the Affordable Care Act cost sharing benefit policy change. This is in line with similar 

research that has found the removal of cost sharing for preventive services has resulted in 

no or little change in utilization rates50-54. Several of these studies suffer from a short post 

policy change analysis period of nine months to one year. 

 

Busch et al. studied the elimination of cost sharing for preventive services at Alcoa, a 

large aluminum manufacturer, in 200450. The researchers found that the removal of cost 

sharing for preventive services, coupled with an increase in cost sharing for other 

services, did not significantly change the use of preventive services including 
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colonoscopy and cervical cancer screening50. The researchers indicated that the short 

study period, one year after policy change, may have biased the results as consumers 

were not yet fully aware of the plan benefit changes50. 

 

Khatami et al., studying preventive service utilization in the University of Texas Health 

Plan found that when co-pays are waved a moderate increase in utilization of 

colonoscopy occurs85. The researchers further investigated breast and cervical cancer 

screening and found no statistically significant changes in utilization rates for 

mammography or PAP smear85.  This study similarly suffers from a shortened post policy 

study period. The recommended screening interval for colonoscopy is ten years and a 

longer study window may be required to adequately review the impact of a benefit policy 

change for this preventive service. 

 

Mehta et al. reviewed preventive service use before and after the ACA cost sharing 

benefit change in small business health plans offered through Humana51. They found that 

the reduction in cost sharing did not increase rates of colonoscopy or mammography to a 

significant degree for individuals in small business plans51.  The researchers also 

reviewed the rates of colonoscopies coded specifically as preventive and found no 

significant changes in utilization51. The current study differs as it included 51 months of 

data after the policy changed as opposed to nine to twelve months. The longer runout 

period allows for rates to normalize and provides a better view of the impact of the policy 

change. 
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The percentage of procedures occurring with zero cost sharing was decreasing before the 

ACA policy change for all three procedures studied. This reflects the efforts of 

UnitedHealth Group to include potential ACA benefits for preventive services before the 

ACA was implemented. A small percentage of preventive screenings still had cost 

sharing associated after the ACA policy change. This is likely occurring due to the way 

providers are billing for services.  If a provider conducts a mammography screening and 

an office visit is billed during the same visit, the insurance plan may still impose cost 

sharing for the office visit, and the claim line would show cost sharing associated with 

the claim.  

 

It is possible that an outside event, not accounted for in the model, was impacting 

utilization rates, for example the economic recession of the late 2000’s. Dorn et al. 

reviewed screening colonoscopy rates before and after the economic recession that began 

in 200769. The researchers found that during the recession insured individuals reduced 

their use of screening colonoscopy69.  Other researchers have identified a decreased in 

utilization of health services and health spending, and an increase in the number of 

uninsured as a result of the economic recession70.  

 

Between 2000 and 2010 the recommended intervals for receiving breast, colorectal and 

cervical cancer screenings were drastically changing59. Guideline changes occurred in 

several organizations including the American Cancer Society and the United States 

Preventive Services Task Force for breast cancer screening in 2002, 2007 and 2009, for 

cervical cancer screening in 2002, 2007, and 2012, and for colorectal cancer screening in 
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2001, 2003, 2006, and 2008 12,29,59,60. This information was regularly in the news and may 

have caused individuals to seek or delay care61-64. The potential bias from outside events 

such as these is not controlled for in the analysis and may impact the results of this study. 

 

It’s possible that consumers were not aware of the change in cost sharing for preventive 

cancer screenings. Studies have shown that consumers have poor knowledge of the 

ACA’s preventive screening cost sharing benefit65,66 67,68. Further research is needed to 

determine the extent that the cost sharing policy benefit was understood by consumers 

after the policy change. Researchers have shown that consumer knowledge of preventive 

service prices have a substantial positive effect on the use of preventive services86. 

Potential policy solutions to increase uptake of these services would include providing 

educational material at time of enrollment related to the importance of the preventive 

cancer screening and the cost sharing benefit. Further research is required to determine if 

this information may compel individuals to seek preventive care. 

Limitations 

The analysis presents several limitations. First the aggregated differenced approach is 

only robust in instances of comparing the same populations. While populations were 

matched based on continuous enrollment, gender and age groupings, differences not 

defined in the dataset (i.e., education level, English fluency, state or plan incentives for 

primary care, etc.) may have an impact on the utilization rates in each period and group. 

The difference in difference approach minimizes the potential bias of these unobservable 

factors that may be associated with preventive service utilization; however, bias may still 
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be present. This represented a significant limitation as several key variables were not 

present in the data (i.e., primary language).  

 

For specific conditions, the time period of the analysis may not be sufficient to see the 

potential impact from the ACA. The recommended interval of screenings for 

colonoscopy is every ten years. The data utilized for this analysis covered an eight-year 

period. It’s possible that parts of the population either had their colonoscopy just before 

the study period or were planning to receive one right after the end of the study period. 

Further analysis will be required with a longer study period to completely evaluate the 

potential bias from a shorter study timeframe. 

 

Finally, the population selected for this study was primarily Caucasian and resided in 

urban high-income zip codes. The study population represents a group of age specific, 

commercially insured individuals and is not generalizable to the United States population. 

The study had limited representation of minority groups, and others that may have 

benefited from the Affordable Care Act including individuals who purchased insurance 

through the healthcare marketplace. Further research is needed on these groups to 

determine disparities associated with receipt of preventive cancer screenings and the 

potential policy solutions to increase utilization. 

Conclusion 

This study adds to the existing literature on preventive service utilization by determining 

the relationship between the Affordable Care Act’s cost sharing benefit and utilization 

rates. The ACA has not had a significant positive impact on utilization rates for 
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colonoscopy, mammography or cervical cancer screening in a commercially insured 

population. Further research is required to determine ways to increase uptake of 

preventive cancer screenings aside from removing cost sharing for the procedures. 

Further research should focus on other factors that may impact utilization of a preventive 

cancer screening including family history, knowledge of the cost sharing reduction 

benefit, knowledge of an individual’s insurance plan, and existing use of the health care 

system. Providing information about no-cost preventive screenings at time of plan 

enrollment may compel individuals to seek preventive care. 
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Appendix I  

 
Table 2. Cancer Screening Codes and Exclusions 

Service 

Test 

Interval Inclusion Codes Exclusions 

Mammography  2 years  

•HCPCS codes: G0202, 

77052, 77057  

• Revenue code: 0403  

 HIV, ESRD, Hospice 

care, and individuals with 

an active cancer 

diagnosis  

Colonoscopy 10 years 

• HCPCS codes: G0105, 

G0120, G0121, G0122, 

74263 

• Procedure codes: 44388, 

44389, 44392, 44394, 

45378, 45380, 45381, 

45384, 45385, 45388 

• Diagnosis Codes: 

V16.0, V18.51, V18.59, 

V70.0, V76.41, V76.50, 

V76.51  

HIV, ESRD, Hospice 

care, and individuals with 

an active cancer, 

Individuals receiving a 

Fecal Occult Blood Test 

within the previous 12 

months  

Cervical Screening 3 years 

•HCPCS codes: G0101, 

G0123, G0124, G0141, 

G0143, G0144, G0145, 

G0147, G0148, Q0091, 

P3000, P3001, 88141-3, 

88147-8, 88150, 88152-5, 

88164-7, 88174-5  

• Diagnosis codes: V70.0, 

V72.31, V72.32, V76.2 

HIV, ESRD or Hospice 

care, Active cancer, 

screening after 

hysterectomy 
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Consort Diagram 
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Figure 1. Consort Diagram of Patient Sample Selection 
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Appendix II  

Mammography Propensity Score Matching Results and Evaluation of 

Balance 
Figure 2. Mammography Before

 

Figure 3. Mammography After
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Figure 3. Comparative Histogram of Mammography Propensity Score before Matching

 

 
Figure 4. Comparative Histogram of Mammography Propensity Score after Matching
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Table 3. Variable Balance Check Mammography 

Variable 

Description 

Pre 

Match 

Case 

Mean 

Pre 

Match 
Comp-

arison 

Mean 

Pre 

Match 

Diff 

Pre 

Match 

Stand 

Diff 

(%) 

Post 

Match 

Case 

Mean 

Post 

Match 
Comp-

arison 

Mean 

Post 

Match 

Diff 

Post 

Match 

Stand 

Diff 

(%) 

AGE_2007 51.0161 50.4384 0.5776 10.14 50.5535 50.5276 0.0259 0.46 

MALE_1 0 0 0   0 0 0   

URBAN_IND 0.9769 0.9579 0.0191 10.76 0.9591 0.9611 -0.002 -1.01 

Pre_ACA_PCP 0.4952 0.8963 -0.4012 -96.88 0.8937 0.8661 0.0276 8.5 

POST_ACA_PCP 0.4159 0.8813 -0.4653 -111.6 0.8772 0.8435 0.0337 9.73 

PHARMACY_ 

COVERAGE 

0.7613 0.6763 0.085 18.99 0.7931 0.7822 0.0109 2.66 

FAMILY_SIZE 2.4162 2.6827 -0.2665 -17.78 2.6205 2.6214 -0.001 -0.07 

HIGH_INCOME_ZIP 0.7774 0.757 0.0204 4.83 0.7383 0.7539 -0.0156 -3.58 

RACE_CAUCASIAN 0.6267 0.7949 -0.1682 -37.76 0.7903 0.7967 -0.0064 -1.59 

RACE_ASIAN 0.0962 0.029 0.0672 27.99 0.0276 0.0295 -0.0019 -1.12 

RACE_HISPANIC 0.1604 0.0535 0.1069 35.11 0.065 0.0616 0.0033 1.37 

RACE_BLACK 0.0311 0.032 -0.0009 -0.52 0.0292 0.023 0.0062 3.88 

RACE_UNKNOWN 0.0856 0.0906 -0.0049 -1.74 0.0879 0.0891 -0.0012 -0.44 

MIDWEST_REGION 0.0813 0.2434 -0.1621 -45.06 0.2168 0.2234 -0.0067 -1.61 

NORTHEAST_REGION 0.037 0.2053 -0.1683 -53.38 0.1089 0.1175 -0.0085 -2.7 

PACIFIC_REGION 0.7266 0.1492 0.5774 143.1 0.2478 0.2324 0.0155 3.62 

SOUTH_REGION 0.1551 0.4022 -0.247 -57.32 0.4265 0.4267 -0.0002 -0.05 

WGTCC 0.0886 0.1618 -0.0731 -17.89 0.1529 0.146 0.0069 1.57 
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Colonoscopy Propensity Score Matching Results and Evaluation of Balance 
Figure 5. Colonoscopy Before

 

Figure 6. Colonoscopy After
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Figure 7. Comparative Histogram of Colonoscopy Propensity Score before Matching

 

Figure 8. Comparative Histogram of colonoscopy Propensity Score after Matching
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Table 4. Variable Balance Check - Colonoscopy 

Variable 

Description 

Pre 

Match 

Case 

Mean 

Pre 

Match 
Comp-

arison 

Mean 

Pre 

Match 

Diff 

Pre 

Match 

Stand 

Diff 

(%) 

Post-

Match 

Case 

Mean 

Post-

Match 
Comp-

arison 

Mean 

Post-

Match 

Diff 

Post-

Match 

Stand 

Diff 

(%) 

AGE_2007 51.1142 50.608 0.5061 8.81 50.7035 50.6527 0.0508 0.9 

MALE_1 0.4635 0.4582 0.0053 1.07 0.4622 0.4538 0.0084 1.69 

URBAN_IND 0.9756 0.9598 0.0158 8.96 0.959 0.9623 -0.0033 -1.72 

Pre_ACA_PCP 0.4627 0.8595 -0.3968 -92.34 0.8501 0.8191 0.031 8.35 

POST_ACA_PCP 0.3925 0.8444 -0.4519 -105.1 0.8331 0.7964 0.0367 9.46 

PHARMACY_COVERAGE 0.7707 0.6683 0.1024 22.95 0.7857 0.7695 0.0162 3.9 

FAMILY_SIZE 2.4455 2.677 -0.2315 -15.4 2.6061 2.5875 0.0186 1.24 

HIGH_INCOME_ZIP 0.7804 0.7574 0.0229 5.44 0.739 0.75 -0.011 -2.53 

RACE_CAUCASIAN 0.6254 0.7922 -0.1668 -37.35 0.7878 0.793 -0.0052 -1.28 

RACE_ASIAN 0.0983 0.0296 0.0688 28.38 0.0279 0.0312 -0.0033 -1.93 

RACE_HISPANIC 0.1655 0.0593 0.1062 34.12 0.0709 0.0667 0.0042 1.66 

RACE_BLACK 0.0273 0.0292 -0.0019 -1.12 0.0265 0.0235 0.003 1.92 

RACE_UNKNOWN 0.0835 0.0898 -0.0063 -2.24 0.0869 0.0856 0.0013 0.45 

MIDWEST_REGION 0.0761 0.2267 -0.1506 -42.98 0.2041 0.2151 -0.011 -2.69 

NORTHEAST_REGION 0.0379 0.216 -0.1781 -55.5 0.1129 0.1193 -0.0064 -2 

PACIFIC_REGION 0.7283 0.1537 0.5746 141.88 0.252 0.2386 0.0134 3.1 

SOUTH_REGION 0.1577 0.4036 -0.2459 -56.9 0.431 0.427 0.004 0.81 

WGTCC 0.1082 0.1823 -0.0741 -14.69 0.1698 0.1573 0.0125 2.34 
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Cervical Screening Propensity Score Matching Results and Evaluation of 

Balance 
Figure 9. Cervical Screenings Before 

 
Figure 10. Cervical Screening After 
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Figure 11. Comparative Histogram of Cervical Propensity Score before Matching

 

 
Figure 12. Comparative Histogram of Cervical Propensity Score after Matching 
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Table 5. Variable Balance Check Cervical Screening 

Variable 

Description 

Pre 

Match 

Case 

Mean 

Pre 

Match 
Comp-

arison 
Mean 

Pre 

Match 

Diff 

Pre 

Match 

Stand 

Diff 

(%) 

Post-

Match 

Case 

Mean 

Post-

Match 
Comp-

arison 
Mean 

Post-

Match 

Diff 

Post-

Match 

Stand 

Diff 

(%) 

AGE_2007 41.6784 40.7701 0.9083 6.99 40.9579 40.9921 -0.0342 -0.26 

MALE_1 0 0 0  0 0 0  

URBAN_IND 0.9773 0.962 0.0153 8.9 0.9605 0.9604 0.0002 0.08 

Pre_ACA_PCP 0.4821 0.8858 -0.4037 -96.38 0.8777 0.8555 0.0222 6.54 

POST_ACA_PCP 0.3992 0.8674 -0.4682 -111.1 0.8556 0.8285 0.027 7.42 

PHARMACY_COVERAGE 0.7603 0.6727 0.0876 19.53 0.795 0.783 0.0121 2.96 

FAMILY_SIZE 2.3989 2.6951 -0.2963 -18.98 2.6559 2.6577 -0.0018 -0.11 

HIGH_INCOME_ZIP 0.7763 0.7655 0.0108 2.57 0.7497 0.7542 -0.0044 -1.03 

RACE_CAUCASIAN 0.5868 0.7748 -0.188 -41.17 0.7805 0.7752 0.0053 1.27 

RACE_ASIAN 0.1019 0.0357 0.0662 26.37 0.0314 0.0365 -0.0051 -2.83 

RACE_HISPANIC 0.1945 0.0644 0.1301 39.49 0.0729 0.0743 -0.0014 -0.53 

RACE_BLACK 0.0321 0.0325 -0.0004 -0.21 0.0293 0.0262 0.0031 1.91 

RACE_UNKNOWN 0.0847 0.0926 -0.0079 -2.78 0.0858 0.0878 -0.0019 -0.68 

MIDWEST_REGION 0.0842 0.2414 -0.1572 -43.59 0.2212 0.2261 -0.005 -1.19 

NORTHEAST_REGION 0.0367 0.2147 -0.178 -55.75 0.112 0.1188 -0.0067 -2.1 

PACIFIC_REGION 0.7296 0.1484 0.5811 144.45 0.2491 0.2369 0.0122 2.85 

SOUTH_REGION 0.1496 0.3955 -0.2459 -57.46 0.4177 0.4182 -0.0005 -0.11 

WGTCC 0.0642 0.1185 -0.0543 -15.42 0.1117 0.1097 0.0021 0.54 
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Appendix III 

Descriptive Statistics of Population – Pre-Match 
Table 6. Characteristics of Overall Population 

 Mammography Colonoscopy Cervical 

 

Non-

Grandf

athered 

(Interv

ention) 

Grandf

athered  

Non-

Grandf

athered 

(Interv

ention)  

Grandf

athered  

         

Non-

Grandf

athered 

(Interv

ention) 

Grandf

athered  

Individuals (n) 24,068 12,599 

      

44,881  

      

23,257  

    

40,530  

    

20,938  

Percent Female - - 53.65% 54.18% - - 

Mean age (years) 51.02 50.44 51.11 50.61 41.68 40.77 

  Median age (years) 51 50 51 50 44 43 

  SD of age (years) 5.81 5.59 5.83 5.67 12.89 13.11 

Percent with Primary 

Care Doctor – Pre- 

ACA  49.52% 89.63% 46.27% 85.95% 48.21% 88.58% 

Percent with Primary 

Care Doctor – Post - 

ACA 41.59% 88.13% 39.25% 84.44% 39.92% 86.74% 

Percent in high income 

zip code (>$50,000) 77.74% 75.70% 78.04% 75.74% 77.63% 76.55% 

Percent in urban zip 

code 97.69% 95.79% 97.56% 95.98% 97.73% 96.20% 

Mean family size  2.42 2.68 2.45 2.68 2.40 2.70 

 SD Family size 1.49 1.51 1.49 1.52 1.54 1.58 

 Median Family Size 2 2 2 2 2 2 

Percent Asian 9.62% 2.90% 9.83% 2.96% 10.19% 3.57% 

Percent Black 3.11% 3.20% 2.73% 2.92% 3.21% 3.25% 

Percent Caucasian 62.67% 79.49% 62.54% 79.22% 58.68% 77.48% 

Percent Hispanic 16.04% 5.35% 16.55% 5.93% 19.45% 6.44% 

Percent Unknown Race 8.56% 9.06% 8.35% 8.98% 8.47% 9.26% 

Region        

 Midwest 8.13% 24.34% 7.61% 22.67% 8.42% 24.14% 

 Northeast 3.70% 20.53% 3.79% 21.60% 3.67% 21.47% 

 Pacific 72.66% 14.92% 72.83% 15.37% 72.96% 14.84% 

 South 15.51% 40.22% 15.77% 40.36% 14.96% 39.55% 

Percent with Pharmacy 

Coverage 76.13% 67.63% 77.07% 66.83% 76.03% 67.27% 
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Descriptive Statistics of Population – Non-Matched 
Table 7. Characteristics of Non-Matched Cohort 

 Mammography Colonoscopy Cervical 

 

Non-

Grandf

athered 

(Interv

ention) 

Grandf

athered  

Non-

Grandf

athered 

(Interv

ention)  

Grandf

athered  

         

Non-

Grandf

athered 

(Interv

ention) 

Grandf

athered  

Individuals (n) 16,002 4,533 

   

29,908  

      

8,284  

    

27,436  

     

7,844  

Percent Female - - 53.58% 53.38% 100.0% 100.0% 

Mean age (years) 51.21 50.01 51.32 50.53 42.02 40.40 

  Median age (years) 51 49 51 50 44 43 

  SD of age (years) 5.89 5.65 5.92 5.73 12.74 13.01 

Percent with Primary 

Care Doctor – Pre-ACA  24.02% 58.39% 26.88% 93.26% 29.32% 93.63% 

Percent with Primary 

Care Doctor – Post-

ACA 5.26% 35.41% 17.20% 93.13% 18.14% 93.23% 

Percent in high income 

zip code (>$50,000) 79.85% 76.95% 80.11% 77.09% 78.89% 78.43% 

Percent in urban zip 

code 98.67% 95.46% 98.40% 95.52% 98.52% 96.47% 

Mean family size  2.31 2.80 2.37 2.84 2.28 2.76 

 SD Family size 1.46 1.54 1.47 1.57 1.49 1.60 

 Median Family Size 2 3 2 3 2 3 

Percent Asian 13.21% 2.47% 13.36% 2.67% 13.56% 3.44% 

Percent Black 3.18% 4.21% 2.78% 3.95% 3.35% 4.31% 

Percent Caucasian 54.31% 80.30% 54.41% 79.07% 49.44% 77.40% 

Percent Hispanic 20.78% 2.98% 21.28% 4.59% 25.25% 4.79% 

Percent Unknown Race 8.52% 10.04% 8.18% 9.73% 8.41% 10.06% 

Region        

 Midwest 0.89% 26.41% 1.20% 24.78% 1.88% 26.70% 

 Northeast 0.01% 36.58% 0.04% 39.08% 0.07% 37.48% 

 Pacific 97.19% 0.02% 96.67% 0.02% 95.89% 0.08% 

 South 1.90% 37.00% 2.08% 36.12% 2.16% 35.75% 

Percent with Pharmacy 

Coverage 74.35% 48.42% 76.32% 48.55% 74.38% 48.87% 
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Descriptive Statistics of Population – Post Match 
Table 8. Characteristics of Preventive Screening Cohorts 

 Mammography Colonoscopy Cervical 

 

Non-

GF GF 

Non-

GF GF 

Non-

GF GF 

Individuals (n) 8,078 8,078 14,973 14,973 13,094 13,094 

Percent Female 100.00% 100.00% 53.78% 54.62% 100.00% 100.00% 

Mean age (years) 50.55 50.53 50.70 50.65 40.96 40.99 

  Median age (years) 50 50 50 50 43 44 

  SD of age (years) 5.60 5.59 5.63 5.63 13.16 13.16 

Percent with Primary  

Care Doctor- Pre-ACA  89.37% 86.61% 85.01% 81.91% 87.77% 85.55% 

Percent with Primary 

Care Doctor – Post–ACA 87.72% 84.35% 83.31% 79.64% 85.56% 82.85% 

Percent in high income  

zip code (>$50,000) 73.83% 75.39% 73.90% 75.00% 74.97% 75.42% 

Percent in urban zip  

code 95.91% 96.11% 95.90% 96.23% 96.05% 96.04% 

Mean family size  2.62 2.62 2.61 2.59 2.66 2.66 

 SD Family size 1.53 1.49 1.51 1.48 1.60 1.57 

 Median Family Size 2 2 2 2 2 2 

Percent Asian 2.76% 2.95% 2.79% 3.12% 3.14% 3.65% 

Percent Black 2.92% 2.30% 2.65% 2.35% 2.93% 2.62% 

Percent Caucasian 79.03% 79.67% 78.78% 79.30% 78.05% 77.52% 

Percent Hispanic 6.50% 6.16% 7.09% 6.67% 7.29% 7.43% 

Percent Unknown Race 8.79% 8.91% 8.69% 8.56% 8.58% 8.78% 

Region        

 Midwest 21.68% 22.34% 20.41% 21.51% 22.12% 22.61% 

 Northeast 10.89% 11.75% 11.29% 11.93% 11.20% 11.88% 

 Pacific 24.78% 23.24% 25.20% 23.86% 24.91% 23.69% 

 South 42.65% 42.67% 43.10% 42.70% 41.77% 41.82% 

Percent with 

Pharmacy Coverage 79.31% 78.22% 78.57% 76.95% 79.50% 78.30% 
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Appendix IV  

 

Mammography Utilization Trend 

 
Figure 13. Prevalence of Mammography Utilization by Month 
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Colonoscopy Utilization Trend 

 
Figure 14. Prevalence of Colonoscopy Utilization by Month 
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Cervical Cancer Screening Utilization Trend 

 
Figure 15. Prevalence of Cervical Cancer Screening Utilization by Month 
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Statistical Comparison of Utilization between and within Plans 
Table 9. Utilization Comparison within Plans 

 Non-Grandfathered Grandfathered 

Cancer Screening 

Before 

ACA 

After 

ACA Before ACA After ACA 

Mammography     
Mean 2.11% 2.51% 2.23% 2.90% 

Standard Deviation 0.32% 0.64% 0.30% 0.34% 

p-value 0.0001* <.0001* 

Colonoscopy     
Mean 0.18% 0.29% 0.18% 0.36% 

Standard Deviation 0.05% 0.09% 0.05% 0.08% 

p-value <.0001* <.0001* 

Cervical Screening     
Mean 1.17% 1.98% 0.96% 2.40% 

Standard Deviation 0.10% 0.69% 0.10% 0.63% 

p-value <.0001* <.0001* 
* Significant at the α=0.05 level 
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Table 10. Utilization Comparison between Plans 

 

 

 

  

 Before ACA After ACA 

Cancer 

Screening 

Non- 

Grand-

fathered 

Grand-

fathered 

Non- 

Grand-

fathered 

Grand-

fathered 

Mammography    
Mean 2.11% 2.23% 2.51% 2.90% 

Standard 

Deviation 0.32% 0.30% 0.64% 0.34% 

p-value 0.0899 0.0002* 

Colonoscopy    
Mean 0.18% 0.18% 0.29% 0.36% 

Standard 

Deviation 0.05% 0.05% 0.09% 0.08% 

p-value 0.7649 <.0001* 

Cervical Screening    
Mean 1.17% 0.96% 1.98% 2.40% 

Standard 

Deviation 0.10% 0.10% 0.69% 0.63% 

p-value <.0001* 0.0017* 
* Significant at the α=0.05 level 
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Appendix V  

Mammography > $0 Cost Sharing Utilization Trend 

 
Figure 16. Prevalence of Mammography with >0 Cost Sharing by Month 
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Figure 17. Prevalence of Mammography with >0 Cost Sharing by Year 
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Colonoscopy > $0 Cost Sharing Utilization Trend 
 

Figure 18. Prevalence of Colonoscopy with >0 Cost Sharing by Month 
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Figure 19. Prevalence of Colonoscopy with >0 Cost Sharing by Year 
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Cervical Cancer Screening > $0 Cost Sharing Utilization Trend 

 
Figure 20. Prevalence of Cervical Cancer Screening with >0 Cost Sharing by Month 
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Figure 21. Prevalence of Cervical Cancer Screening with >0 Cost Sharing by Year 
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Statistical Comparison of Greater than $0 Cost Sharing Utilization between 

and within Plans  
 

Table 11. Cost Sharing >$0 Utilization Comparison within Plans 

 Non-Grandfathered Grandfathered 

Cancer Screening Before ACA After ACA Before ACA After ACA 

Mammography     
Mean 10.40% 1.55% 6.80% 2.31% 

Standard Deviation 4.25% 1.15% 1.88% 1.53% 

p-value <.0001* <.0001* 

Colonoscopy     
Mean 15.82% 2.13% 19.02% 4.92% 

Standard Deviation 8.58% 2.64% 8.04% 4.60% 

p-value <.0001* <.0001* 

Cervical Screening     
Mean 6.92% 2.08% 4.17% 2.26% 

Standard Deviation 2.08% 1.46% 1.77% 0.86% 

p-value <.0001* <.0001* 
* Significant at the α=0.05 level 
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Table 12. Cost Sharing > $0 Utilization Comparison between Plans 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix VI  

Aggregated Difference Interrupted Time Series Analysis 

 
Table 13. Aggregated Difference in Preventive Service Utilization for Grandfathered vs. Non-Grandfathered Plans 

 Mammography Colonoscopy Cervical 

 Coefficient 

(SE) 

P-

value 

Coefficient 

(SE) 

P-

value 

Coefficient 

(SE) 

P-

value 

Time 0.0725 

(0.0741) 

0.3307 -0.0069 

(0.0107) 

0.5214 0.0233 

(0.0511) 

0.6491 

Policy_Change 4.5342 

(2.4142) 

0.0636 0.4745 

(0.383) 

0.2186 -1.5254 

(1.6836) 

0.3673 

Postslope -0.439 

(0.0989) 

<0.001 -0.0329 

(0.0117) 

0.0061 -0.2488 

(0.0674) 

0.0004 

Post Policy captures the absolute difference in percent screened between the study groups in the month immediately 

following the policy change 

Postslope captures the continuing effect of the policy change in successive time periods; the change in slope after the 

policy was implemented 

 

 

 Before ACA After ACA 

Cancer Screening 

Non- 

Grand 

fathered 

Grand- 

fathered 

Non- 

Grand- 

fathered 

Grand- 

fathered 

Mammography    
Mean 10.40% 6.80% 1.55% 2.31% 

Standard Deviation 4.25% 1.88% 1.15% 1.53% 

p-value <0.0001* 0.0052* 

Colonoscopy    
Mean 15.82% 19.02% 2.13% 4.92% 

Standard Deviation 8.58% 8.04% 2.64% 4.60% 

p-value 0.0746 0.0003* 

Cervical Screening    
Mean 6.92% 4.17% 2.08% 2.26% 

Standard Deviation 2.08% 1.77% 1.46% 0.86% 

p-value <0.0001* 0.4424 

* Significant at the α=0.05 level 
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Appendix C – Paper 2: Receipt of Preventive Services in 

Privately Insured Adults 

Abstract 

Objective: Are individual level and area-level socio-demographic characteristics 

associated with receipt of mammography, colon and cervical cancer screening among 

individuals with commercial insurance? 

 

Study Design: A repeated cross-sectional design of age appropriate men and women who 

maintained continuous enrollment in a non-grandfathered health plan from 2007 to 2014 

was used to determine the relationship between socio-demographic variables and 

utilization of the preventive cancer screenings. A multi-variable binomial logistic 

regression analysis was conducted to determine whether pre-disposing, enabling and 

contextual characteristics defined by Andersen’s Behavioral Model of Health Services 

Use are associated with receipt of cancer screenings in a commercially insured group of 

age appropriate individuals with continuous medical coverage. Individuals who did not 

receive a preventive cancer screening were used as a comparison group.  

 

Methods: This study analyzed United Health Group medical claims data to identify 

potential variables associated with receipt of cancer screenings for cervical, breast and 

colon cancer in a privately insured population. The dependent variable is receipt of a 

specific cancer screening, while the independent variables included age, gender, family 

size, region of the country, race, residence in a higher income zip code, rural or urban 

residence, and having a primary care provider. There were 24,068 members in the 

mammography sample, 44,881 in the colonoscopy sample and 40,530 in the cervical 

screening sample. 
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Results: During the study period, 66% of individuals in the mammography sample 

received a screening, 11% received a colonoscopy, and 52% received a cervical 

screening. The study population for each cancer screening test was mostly Caucasian and 

resided primarily in the Pacific region.  Disparities in utilization were observed for each 

cancer screening. Variables identified as significant predictors of receiving a cancer 

screening included residence in a high-income zip code, having a regular primary care 

physician after the affordable care act cost sharing benefit changes were implemented, 

having insurance coverage that includes pharmacy benefits, and residing in the southern 

region of the United States.  

 

Conclusion: Regular screening for breast, cervical and colon cancer can reduce the 

prevalence of the disease and have significant positive health impacts for the patient. 

Socio-economic disparities, driven by enabling factors, can impact the usefulness of these 

screening tests. Any policy created hoping to improve the uptake of health services needs 

to consider the implications of socio-economic disparities in the decision to seek 

treatment.  
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Introduction 

Cancer is a major public health problem and is the second leading cause of death in the 

United States87. Preventive cancer screenings, specifically screenings for breast, cervical 

and colon cancer, can effectively reduce the expected cases and late stage diagnosis of 

cancer8-10,88. Despite the success of screening programs several barriers to receiving 

preventive screenings have been identified including age, income, access to a health care 

provider, insurance status, education, lack of knowledge about need for a preventive 

service, lack of a routine source of care and cost7,11,16-21,25,26,89. These social-economic 

barriers have the potential to reduce health equity by limiting the uptake of preventive 

cancer screenings. 

 

The Patient Protection and Affordable Care Act (ACA) tried to address several socio-

economic disparities by providing states the option to expand Medicaid to 138% of the 

federal poverty level (FPL), and providing subsidies to low and middle income 

individuals (138-400% of FPL) to purchase insurance on the Marketplace2.  To further 

ensure health equity the ACA removed cost sharing for several preventive services 

including cancer screenings for breast, cervical and colon cancer3,90. Despite these efforts, 

there are still significant socio-economic disparities in the rate and speed of decline of 

cancer mortality91. In 2019, it’s estimated that there will be 385,860 new cases of breast, 

cervical and colon cancer, and 97,530 deaths87. By removing socio-economic disparities 

researchers suggest as many as 22% of these deaths could be prevented91. 

 

Significant research has been conducted on barriers to receiving preventive services in 

the uninsured, Medicare or Medicaid populations55,92.  Comparatively little research has 
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been focused on the privately insured. The majority of Americans are covered by private 

insurance93, with employer based coverage the most common94.  Understanding the 

barriers to receiving preventive cancer screenings in this population can inform policies 

to minimize the burden of disease to the individual and the health care system, and target 

policies that ensure health equity in the twenty first century. This paper seeks to define 

individual level and area-level socio-demographic characteristics associated with receipt 

of mammography, colonoscopy and cervical cancer screening among age appropriate 

individuals with commercial insurance. 

Methods 

Data 

This study uses data from UnitedHealth Group’s Nominative Health Information (dNHI) 

database. The dNHI database contains records for over 101 million members and 

includes longitudinally linked, statistically de-identified data dating to 1993. Medical and 

demographic information were extracted from 2007 to 2014. Age appropriate men and 

women who maintained continuous enrollment in a non-grandfathered health plan during 

the study period were selected for the study. Non-grandfathered plans were subject to the 

changes implemented by the Affordable Care Act, including the removal of cost sharing 

for receiving preventive cancer screenings; this change went into effect in September 

2010.  

Age ranges of 50 to 65 were used for mammography and colonoscopy and 21 to 65 for 

cervical screening as these are the ages the United States Preventive Services Task Force 

recommends for each screening. An upper age limit of 65 was used as this is the age that 

individuals are required to enroll in Medicare. Individuals with HIV, ESRD or in hospice 
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care were excluded from the analysis as well as individuals who received a screening 

after a diagnosis of cancer. Individuals receiving a fecal occult blood test in the 12 

months prior to a colonoscopy procedure were excluded as it’s likely the colonoscopy is 

diagnostic and not preventive. There were 24,068 members in the mammography sample, 

44,881 in the colonoscopy sample and 40,530 in the cervical screening sample. 

Variables 

Variables were selected for inclusion in the analysis based on Andersen’s Behavioral 

Model of Health Services Use43,44. This model defines three categories that impact access 

to care, pre-disposing factors such as demographics, enabling characteristics such as 

insurance coverage and income, and contextual need characteristics such as co-

morbidities43,44. Variables assessed as predictors of receiving a preventive cancer 

screening include pre-disposing factors such as patient age, gender, region of the country 

(based on Census region), race; enabling characteristics such as residence in a high 

income zip code, residence in a rural zip code, access to a primary care provider and 

contextual characteristics such as family size and a weighted indicator of the patient’s 

overall health risk, the Charlson Co-morbidity Index. Each of these factors have the 

potential to influence an individual’s decision to seek health services including 

preventive care. 

 

Individuals were considered to live in a high income zip code if the median salary for the 

zip code was at least $50,000 according to the American Community Survey42. Residence 

in an urban or rural location was defined based on the Washington, Wyoming, Alaska, 

Montana and Idaho’s (WWAMI) Rural Health Research Center’s rural urban commuting 
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area codes78.  Diagnosis codes were used to identify seventeen indicators of comorbid 

conditions including cerebrovascular disease, diabetes, renal disease, and liver disease. 

These indicators were used to calculate the Charlson Comorbidity Index score to 

determine a patients risk for succumbing to their comorbid conditions in the next year79.  

To assess the level of healthcare access, a variable was created to indicate use of a 

primary care physician based on provider category codes indicating primary care; this 

variable was assessed both before and after the Affordable Care Act cost sharing changes 

were implemented. 

 

The primary outcome variable for this study is the receipt of three preventive screenings 

for breast, cervical and colorectal cancer.  The Healthcare Common Procedure Coding 

System and International Classification of Disease Version 9.0 were used to identify each 

screening procedure. These services were identified in medical claims by diagnosis, 

procedure and revenue codes (Appendix I).  Members with continuous enrollment in non-

grandfathered health plans who did not receive a preventive cancer screening during the 

study period were used for statistical comparisons.  

Analysis 

A total of 53 univariate logistic regressions were conducted, eighteen for the 

mammography and cervical sample and seventeen for the colonoscopy sample, to yield 

unadjusted odds ratios (95% confidence interval). The models show the probabilities of 

receiving a cancer screening as an effect of the individual (age, gender, race, co-

morbidities) and area level (residence in high income zip code, residence in rural zip 

code) covariates.  A multivariate regression was then conducted for each preventive 
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screening sample with all variables to yield adjusted odds ratios. Chi-square tests were 

used to determine significance of a relationship and odds ratios were used to determine 

the magnitude of the relationship.  

 

Descriptive statistics were calculated for each population, and statistical significance was 

declared at the P>0.05 level.  Utilization charts were created to review the effect of each 

variable on receipt of the preventive cancer screenings.  All statistical analyses were 

performed using SAS EG version 7.1 (SAS Institute, Cary, NC). Microsoft Excel 

(Microsoft, Redmond, WA) was used to produce the utilization charts. 

 Results 

Descriptive Statistics 

Descriptive statistics of the study population for each cancer screening are summarized in 

Appendix II (Table 15). The average age of participants in the mammography study who 

received a mammography was 51.45(SD 5.08), and 50.20(SD 6.91) for those who did 

not. The average age of participants in the colonoscopy study who received a 

colonoscopy was 50 (SD 4.65), and 51 (SD 5.96) for those who did not. The average age 

of individuals in the cervical study was 41.33 (SD 11.45) for those who received a 

cervical cancer screening, and 45 (SD 14.26) for those who did not.  

 

During the study period, 66% of individuals in the mammography sample received a 

screening, 11% received a colonoscopy, and 52% received a cervical screening. 

Individuals in each study tended to live in high income, urban zip codes and have a 

regular primary care physician. The study population for each cancer screening test was 
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mostly Caucasian and resided primarily in the Pacific region.  Individuals who received a 

cancer screening were more likely to have a visit with a primary care physician after the 

ACA changes were implemented.  

Appendix III summarizes the trends in utilization of services during the time period by 

race, region, urban/rural indicator, high income zip code indicator, and primary care 

physician indicator. The colonoscopy screening population includes utilization trends by 

gender. Bivariate and adjusted multi-variate regression results are presented in Appendix 

VI. Each variable utilized in the model is summarized below.  

Race 

Disparities in utilization were observed between races for each screening study group. 

For the mammography study the Asian population had the highest average screening rate, 

while the Hispanic population had the lowest rate. In the colonoscopy study the 

Caucasian population had the highest average screening rate, while the Asian population 

had the lowest rate. In the cervical screening study, the Asian population had the highest 

average screening rate, while the Black population had the lowest. All study groups saw 

rising utilization rates during the first half of the study period followed by downward 

utilization trends after the ACA cost sharing changes were implemented. 

Region 

Individuals living in the Midwest, Northeast and South showed higher receipt of cancer 

screenings than individuals living in the Pacific region. During the study period 

mammography utilization was relatively flat across regions except for the Pacific which 

showed a large increase in year over year utilization until 2010 and then began leveling 

out. Colonoscopy and cervical screening saw an increase in utilization beginning in 2010 
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and 2011 respectively and then a downward trend during the second half of the study 

period. On average the Northeast had the highest procedure utilization for cervical 

screening, while the South region had the highest for mammography and colonoscopy 

screening. 

High Income Zip Code 

Individuals living in a high-income zip code showed slightly higher utilization for the 

colonoscopy and cervical screening study groups, but slightly lower utilization rates for 

mammography screening. Individuals living in a high-income zip code showed a sharp 

increase in screening utilization beginning in 2010, this was followed by a downward 

trend beginning in 2012 for cervical screening and 2013 for colonoscopy screening. A 

similar downward trend was observed in mammography screening, with a peak in 

utilization seen in 2010 and a slow decline thereafter.  

Urban/Rural Indicator 

Individuals living in urban regions showed slightly lower average utilization rates for all 

three cancer screenings. Individuals living in rural areas showed higher utilization for all 

cancer screenings prior to the ACA cost sharing changes, with a steep drop in utilization 

during the last two years of the study period. A similar drop was observed for individuals 

living in urban areas across all three cancer screenings. Individuals living in urban areas 

had higher utilization after the ACA chances were implemented in 2010. 

Primary Care Physician Indicator  

Individuals with primary care physicians before the Affordable Care Act cost sharing 

benefit changes were implemented had much higher utilization across all cancer 

screenings. The rate of cancer screenings began to decrease in 2012 for mammography 
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and cervical screening and in 2013 for colonoscopy screen. Individuals that had a primary 

care physician after the ACA changes were implemented had much higher utilization 

rates across all cancer screenings. Decreases in utilization rates were found in the 

mammography sample beginning in 2011, in the cervical sample beginning in 2012, and 

in the colonoscopy sample beginning in 2013. These trends were seen in individuals with 

and without a primary care provider after the ACA changes were implemented. 

Gender 

For the colonoscopy screening sample females had on average higher utilization of 

colonoscopy than males during the study period. Utilization peaked for females in 2012 

and then followed a slow decline during the last part of the study period. For males, 

utilization peaked in 2013, followed by a faster rate of decline to end the study period. 

For both genders, utilization was much higher after the ACA changes were implemented.   

Regression Analysis  

Appendix IV shows the results of the adjusted and unadjusted regression analysis. The 

following section highlights the multivariate model that controlled for all variables in the 

study to yield adjusted odds ratios.  

Pre-Disposing Factors 

Pre-disposing factors include items that exist prior to the patient seeking care, such as 

demographics. Age showed a significant effect on receipt of all three cancer screenings. 

For each year increase in age the likelihood of receiving a colonoscopy decreased by 2%. 

A .3% decrease in the likelihood of receiving a cervical screening was observed with a 

one unit increase in age. For mammography screening, for each year increase in age the 

likelihood of receiving a mammography screening increased by 6%.  
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Residence in the Pacific region of the United States was statistically significant for 

receipt of mammography, colonoscopy and cervical cancer screenings. Individuals in the 

Pacific region were 97% (1.797-2.174) more likely to receive mammography than a non- 

Pacific region resident. Individuals in the Pacific region were 19.7% (0.738-0.873) less 

likely to receive colonoscopy, and 14.5% (0.8-0.913) less likely to receive cervical 

screening.  Individuals residing in the Northeast were 21.3% (0.669-0.926) less likely to 

receive mammography screening than an individual not residing in the Northeast region. 

Individuals residing in the Midwest were 22% (0.714-0.853) less likely to receive a 

cervical cancer screening than an individual not residing in the Midwest. 

 

Race was a significant predictor for several of the cancer screenings. For mammography, 

individuals of the Asian and Black races were more likely to receive a screening, 21.7% 

(1.059-1.399, and 23.1% (1.009-1.502), respectively. Caucasians were 10.9% (0.801-

0.99) less likely to be screened. For colonoscopy, Asians and Hispanic races were less 

likely to be screened, 16.4% (0.702 – 0.97) and 14.3% (0.753 – 0.976), respectively. For 

cervical cancer screening, Asians were 31% (1.009-1.502) more likely to be screened, 

while Blacks were 21.2% (0.689-0.902) less likely to be screened.  

 

Gender did not show a significant effect for colonoscopy. 

Enabling Factors 

Enabling characteristics are features that could empower a person to seek care including 

insurance coverage, income or a relationship with a primary care provider (PCP). Having 
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a primary care provider before and after the ACA cost sharing benefit changes were 

implemented was significantly associated with all three cancer screening tests. 

Individuals with a PCP before the ACA were 69.6% (0.269-0.344) less likely to receive 

mammography, 69.2% (0.24-0.396) less likely to receive colonoscopy, and 46.3% 

(0.491-0.588) less likely to receive a cervical cancer screening. After the ACA 

individuals with a PCP were 7.9 times more likely to receive mammography, 6.75 times 

more likely to receive colonoscopy, and 4.43 times more likely to receive cervical cancer 

screening.  

 

Individuals residing in a high-income zip code were significantly more likely to receive a 

cancer screening. These individuals were 16.8% (1.086-1.257), 26.4% (1.169-1.366), and 

23.9% (1.177-1.304) more likely to be screened for breast, colon and cervical cancer 

respectively. Individuals with pharmacy coverage as part of their insurance package were 

3.323 (3.092-3.571) times more likely to receive a breast cancer screening, 1.468 (1.347-

1.598) times more likely to receive a colonoscopy screening, and 1.763 (1.672-1.858) 

times more likely to receive a cervical screening. Residence in an urban location was not 

a significant factor in receipt of preventive cancer screenings. 

Contextual Characteristics 

Contextual characteristics add context to the decision to be screened and include such 

items which may make someone more likely to seek care such as family size or existing 

comorbidities. Family size was associated with an increased likelihood of receiving a 

mammography or colonoscopy. As family size increased there was a 5% (1.03-1.072) 

higher chance of receiving a mammography, and a 3.1% (1.011-1.052) higher chance of 
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receiving a colonoscopy.  Individuals with a higher Charlson Co-morbidity Index (CCI), 

indicating more co-morbidities were more likely to be screened for each cancer screening 

in unadjusted estimates, however in adjusted estimates the CCI did not have a significant 

impact on screenings. 

Discussion 

Using an administrative claims dataset this study evaluated the relationship between area-

level sociodemographic characteristics and the receipt of preventive cancer screenings 

among age appropriate individuals with commercial insurance.  The results of this study 

indicate that uptake of preventive cancer screenings is hindered by several socio-

economic disparities including race, income, region of the country, relationship with a 

primary care provider and family size. The findings from this study confirm results 

previously published using national surveys such as the Medical Expenditure Panel 

Survey55,56. Two studies that have focused on the commercially insured population using 

claims data sources have found mixed results. 

 

In 2017 Davies et al. analyzed Medicare and Commercial claims using Oregon's All 

Payer All Claims Database to review predictors of colorectal cancer screening95. The 

researchers reviewed multiple modes of colon cancer screening including both diagnostic 

and screening colonoscopies, fecal occult blood tests, and flexible sigmoidoscopy. They 

found that individuals had greater odds of receiving a screening if they were female, 

commercially insured, urban residents with established access to a primary care 

provider95.  The current study confirmed these results finding gender to be a non-

significant positive predictor for receiving a colonoscopy and having a primary care 
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provider was a significant positive predictor across all three cancer screenings after the 

ACA cost sharing changes were implemented. Methodological differences in the 

classification of a rural area are the likely driving force of the difference in significance 

of the urban indicator variable.  

 

Davies et al. defined three categories based on the RUCA codes, (urban (>50,000 

population), rural (2500-49,999) and frontier (<2500)) to find that residence in an urban 

zip code was slightly correlated with higher screening rates (OR 1.14, 95% CI 1.07–

1.21)95. The current study did not find residence in an urban zip code to be a significant 

predictor for any cancer screenings; however, individuals living in rural areas had lower 

screening rates after the ACA cost sharing benefit was implemented in 2010 for all three 

cancer screenings. Fewer health care options exist for rural residents and many are forced 

to drive long distances to receive medical care. Several strategies could be implemented 

to combat the lack of healthcare providers in rural areas including mobile screenings96, 

incentives for providers to live and practice in rural areas, such as the Arizona Loan 

Repayment Program97, and continued support of Title VII and Title VIII training 

opportunities98. Each of these solutions ensure that rural residents have access to 

healthcare services which can increase the uptake of preventive cancer screenings to 

alleviate the burden of cancer on the healthcare system.  

 

The second study, conducted by Peppercorn et al., evaluated the relationship of socio-

demographic variables to receipt of mammography screening using claims data from the 

National Rural Electric Cooperative Association99. The authors used a repeated 
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regression model to evaluate changes in utilization over time and to assess how screening 

mammography rates varied based on age, rural residence, income, and education (based 

on the patient's zip code)99. The researchers found that residence in a rural location was 

associated with modestly lower rates of mammography screening (0.96 (0.93‐0.99)). This 

is in line with the findings from this paper that found slightly lower rates of utilization 

after the ACA changes were implemented; however, urban/rural status was not a 

significant predictor of receiving a screening in adjusted odds ratios. 

 

Similarly Orwat et al. analyzed UnitedHealthcare data to review the rates of 

recommended screenings for breast and cervical cancer in a privately insured population 

of eligible women57. They found that women who saw rural physicians were less likely to 

obtain breast or cervical screenings compared to women who saw urban physicians57. 

The researchers defined the urban/rural location based on the health care provider’s zip 

code using the CMS rural/urban designation system.  In the current study the rural/urban 

indicator is based off the RUCA score for the patient’s zip code, with RUCA’s separated 

into two categories urban (>50,000 population), and rural (<2500).  This difference in 

classification methods used to define urban or rural status make comparison between 

studies difficult.  

 

The results from this study indicate that each race approaches cancer screenings 

differently. For example, being black was a significant positive predictor of receiving a 

mammography, but a significant negative predictor for receiving a cervical cancer 

screening. Using a convenience sample of individuals in consumer driven health plans 
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provided by two large employers, researchers were able to show that individuals with 

higher health literacy used less health services100. It’s possible that the more affluent 

population of individuals with employer-based insurance coverage in the present study 

have higher health literacy that informs their opinions and ideas about their perceived risk 

for screening. Variations in perceived risk for cancer, racial beliefs, and health literacy all 

work together to inform a person’s decision to seek care, further research is needed to 

delineate the impact each of these factors has on preventive cancer screenings.  

 

Continuous medical insurance coverage has been demonstrated to be an effective tool in 

increasing the uptake of preventive services24, often because it improves access to 

primary care providers. The current study demonstrates the importance of having a 

primary care provider in the commercially insured population. Individuals with a PCP 

after the ACA was implemented were significantly more likely to receive preventive 

screenings. This aligns with similar research which has demonstrated that a relationship 

with a primary care provider can increase uptake of mammography101, colonoscopy102, 

and cervical cancer screening26. Individuals with insurance and a regular source of care 

are more likely to receive preventive services than those without insurance22.  

 

Using Surveillance, Epidemiology, and End Results data researchers have shown Blacks 

and Hispanics have higher colon cancer mortality and incidence rates when compared to 

other races87.  New testing methods may improve the uptake of these services in at risk 

populations. New tests such as CT Colonography (CTC) and Fecal Immunochemical 

Testing (FIT) are less invasive, have similar results and could improve screening rates in 
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underserved populations103,104. The present study only evaluated traditional colonoscopy 

screening and found that all races had low screening rates with Asians and Hispanics 

having the lowest.  These populations may derive significant benefit from using the less 

invasive testing methods as they become more widely accepted. 

 

The decision to seek health care services is impacted by several factors. Creating policies 

to adequately address these factors so that all patients start on a level playing field is key 

to accomplishing expanded preventive services in the future. The ACA removed cost 

sharing for preventive services, however this has not had a significant impact on the 

uptake of these services. After the implementation of the cost sharing benefit of the ACA, 

disparities in utilization and access still exist in many populations105-107. Further research 

is required to inform policies that promotes uptake of services while being cognizant of 

the existing socio-economic barriers defined in this paper.  

Limitations 

This study has several limitations that impact the generalizability of the results. First the 

study is based on an age specific sample of privately insured members. The study does 

not include members in Medicare or Medicaid or the uninsured. These populations make 

up a significant part of the national health insurance market, as 21% have Medicaid, 14% 

have Medicare and 9% are uninsured93. The study did not evaluate health literacy, or the 

understanding of the health system, which has been shown to be a key factor in utilizing 

preventive services108, especially in minority populations65,109. 

The results of the study may be exacerbated by the changing requirements to obtain 

screening during the study period 12,29,59,60.  Some patients may have used the frequently 
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changing recommendations to delay their screenings and this could impact the results of 

the study. Several studies have demonstrated that consumers were not fully aware of the 

benefits of the ACA including the removal of cost sharing benefit65,66 67,68.  This 

information could impact a consumer’s decision to seek care and effect the results of this 

study. 

 

While the Behavioral Model of Health Services Use defined several factors that could 

inform a person’s desire to seek medical services, it does not factor in every possible 

confounding factor. This study does not differentiate the races beyond Asian, Black, 

Caucasian or Hispanic. Each of these populations is made up of ethnically diverse 

subpopulations that could influence health decisions differently. For instance, a Hispanic 

person with Mexican heritage could be less likely than a Hispanic person with Puerto 

Rican heritage to receive a colonoscopy. The ethnic differentiation within racial groups 

requires further research.  

Conclusion 

This study demonstrates the importance of considering socio-economic disparities when 

crafting health policy. Regular screening for breast, cervical and colon cancer can reduce 

the prevalence of the disease and have significant positive health impacts for the patient. 

Socio-economic disparities can impact the usefulness of these screening tests. Any policy 

created hoping to improve the uptake of health services needs to consider the 

implications of socio-economic disparities in the decision to seek treatment. Providing 

information to the patient at time of enrollment in their insurance plan may increase 

knowledge of benefits and reduce disparities in the commercially insured population.   
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Appendix I  

Identification criteria for preventive screenings 
Table 14. Cancer Screening Codes and Exclusions 

Service 

Test 

Interval Inclusion Codes Exclusions 

Mammography  2 years  

•HCPCS codes: 

G0202, 77052, 77057  

• Revenue code: 0403  

 HIV, ESRD, Hospice care, and 

individuals with an active cancer 

diagnosis  

Colonoscopy 10 years 

• HCPCS codes: 

G0105, G0120, 

G0121, G0122, 

74263 

• Procedure codes: 

44388, 44389, 44392, 

44394, 45378, 45380, 

45381, 45384, 45385, 

45388 

• Diagnosis Codes: 

V16.0, V18.51, 

V18.59, V70.0, 

V76.41, V76.50, 

V76.51  

HIV, ESRD, Hospice care, and 

individuals with an active cancer, 

Individuals receiving a Fecal 

Occult Blood Test within the 

previous 12 months  

 

Note: Procedure codes are paid as 

preventive if billed with a 

HCPCS code or diagnosis code 

listed 

Cervical 

Screening 3 years 

•HCPCS codes:  

Group 1: G0101, 

G0123, G0124, 

G0141, G0143, 

G0144, G0145, 

G0147, G0148, 

Q0091, P3000, 

P3001,  

Group 2: 88141-3, 

88147-8, 88150, 

88152-5, 88164-7, 

88174-5  

• Diagnosis codes: 

V70.0, V72.31, 

V72.32, V76.2 

HIV, ESRD or Hospice care, 

Active cancer, screening after 

hysterectomy                         

Note: Code Group two is only 

paid as preventive if billed with a 

diagnosis code listed 
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Appendix II 

Descriptive Statistics of Study Population 
Table 15. Descriptive Statistics of Study Population 

  Mammography Colonoscopy Cervical 

  

Didn't 

Receive 
Received 

Didn't 

Receive 
Received 

Didn't 

Receive 
Received 

Individuals (n) 8,299 15,769 39,814 5,067 19,534 20,996 

Percent Female 100% 100% 53.62% 53.86% 100% 100% 

Mean age (years) 50.20 51.45 51.19 50.49 42.06 41.33 

  Median age (years) 49 51 51 50 45 43 

  SD of age (years) 6.91 5.08 5.96 4.65 14.26 11.45 

Percent with  

Primary Care Doctor  

Pre ACA 

47.91% 50.36% 44.35% 61.40% 41.00% 54.92% 

Percent with  

Primary Care Doctor 

 Post ACA 

30.20% 47.59% 36.61% 60.06% 27.93% 51.08% 

Percent in high  

income zip code 

 (>$50,000) 

77.67% 77.77% 77.83% 79.61% 76.46% 78.71% 

Percent in urban zip 

code 
97.75% 97.67% 97.64% 96.98% 97.70% 97.75% 

Mean family size  2.33 2.46 2.43 2.58 2.35 2.44 

 SD Family size 1.47 1.50 1.49 1.52 1.52 1.56 

 Median Family Size 2 2 2 2 2 2 

Percent Asian 7.96% 10.50% 10.15% 7.34% 9.37% 10.95% 

Percent Black 2.65% 3.35% 2.73% 2.80% 3.57% 2.88% 

Percent Caucasian 65.84% 61.00% 61.89% 67.63% 58.62% 58.74% 

Percent Hispanic 15.18% 16.49% 16.94% 13.42% 19.95% 18.98% 

Percent Unknown Race 8.36% 8.67% 8.29% 8.80% 8.49% 8.44% 

Region              

 Midwest 8.36% 8.00% 6.92% 13.03% 7.59% 9.19% 

 Northeast 4.52% 3.27% 3.65% 4.93% 2.75% 4.52% 

 Pacific 72.29% 72.86% 74.59% 58.95% 78.39% 67.91% 

 South 14.83% 15.87% 14.84% 23.09% 11.27% 18.38% 

Percent with  

Pharmacy Coverage 
59.51% 84.87% 76.00% 85.49% 68.53% 83.01% 
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Appendix III 

Mammography Utilization Charts 

 
Figure 22. Mammography Utilization by Race

 

 
Figure 23. Mammography Utilization by Region
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Figure 24. Mammography Utilization by High Income Zip Code

 

 

Figure 25. Mammography Utilization by Rural/Urban Indicator
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Figure 26. Mammography Utilization by Primary Care (PCP) Indicator - Pre-ACA

 

 
Figure 27. Mammography Utilization by Primary Care (PCP) Indicator - Post-ACA
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Colonoscopy Utilization Charts 
Figure 28. Colonoscopy Utilization by Race
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Figure 29. Colonoscopy Utilization by Region 
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Figure 30. Colonoscopy Utilization by High Income Zip Code (HIZC)

 

 
Figure 31. Colonoscopy Utilization by Urban/Rural Indicator
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Figure 32. Colonoscopy Utilization by Primary Care Physician (PCP) Indicator – Pre-ACA 

 

 
Figure 33. Colonoscopy Utilization by Primary Care Physician (PCP) Indicator – Post-ACA

 

  

0.00%

1.00%

2.00%

3.00%

4.00%

5.00%

6.00%

2007 2008 2009 2010 2011 2012 2013 2014

%
 C

o
m

p
lia

n
t

No PCP

PCP

0.00%

1.00%

2.00%

3.00%

4.00%

5.00%

6.00%

7.00%

2007 2008 2009 2010 2011 2012 2013 2014

%
 C

o
m

p
lia

n
t

No PCP

PCP



 

129 

 

Figure 34. Colonoscopy Utilization by Gender
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Cervical Screening Utilization Charts 
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Figure 35. Cervical Screening Utilization by Race 

Figure 36. Cervical Screening Utilization by Region 
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Figure 37. Cervical Screening Utilization by High Income Zip Code (HIZC)  

 
 
 

Figure 38. Cervical Screening Utilization by Urban/Rural Indicator 
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Figure 39. Cervical Screening Utilization by Primary Care Physician (PCP) Indicator – Pre-ACA 

 
 

 
Figure 40. Cervical Screening Utilization by Primary Care Physician (PCP) Indicator - Post-ACA 
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Appendix IV 

Odds Ratios and Confidence Intervals  
Table 16. Odds Ratios and Confidence Intervals () 

Variable Mammography Colonoscopy Cervical Screening 

Age     

OR 1.038 (1.033-1.043) * 0.979 (0.974-0.984) * 0.996 (0.994-0.997) * 

Adj OR 1.062 (1.057-1.068) * 0.98 (0.975-0.986) * 0.997 (0.995-0.998) * 

Gender    

OR N/A 0.99 (0.934-1.05) N/A 

Adj OR N/A 1.036 (0.975-1.1) N/A 

Urban    

OR 0.965 (0.808-1.153) 0.777 (0.654-0.924) * 1.025 (0.9-1.168) 

Adj OR 0.853 (0.7-1.039) 0.9 (0.749-1.081) 1.042 (0.906-1.198) 
Primary Care  

Physician Pre ACA    

OR 1.103 (1.046-1.164) * 1.996 (1.88-2.119) * 1.753 (1.685-1.824) * 

Adj OR 0.304 (0.269-0.344) * 0.308 (0.24-0.396) * 0.537 (0.491-0.588) * 
Primary Care  

Physician Post ACA    

OR 2.099 (1.984-2.221) * 2.604 (2.453-2.764) * 2.694 (2.585-2.808) * 

Adj OR 7.902 (6.94-8.996) * 6.751 (5.262-8.661) * 4.434 (4.042-4.864) * 

Caucasian    

OR 0.812 (0.768-0.858) * 1.287 (1.209-1.369) * 1.005 (0.966-1.046) 

Adj OR 0.891 (0.801-0.99) * 0.984 (0.884-1.096) 0.934 (0.867-1.007) 

Asian    

OR 1.355 (1.233-1.489) * 0.702 (0.628-0.784) * 1.19 (1.116-1.27) * 

Adj OR 1.217 (1.059-1.399) * 0.836 (0.72-0.97) * 1.31 (1.191-1.441) * 

Hispanic    

OR 1.103 (1.025-1.187) * 0.76 (0.698-0.827) * 0.94 (0.895-0.987) * 

Adj OR 0.992 (0.877-1.123) 0.857 (0.753-0.976) * 1.002 (0.921-1.091) 

Black    

OR 1.272 (1.085-1.492) * 1.029 (0.862-1.229) 0.801 (0.717-0.894) * 

Adj OR 1.231 (1.009-1.502) * 1.053 (0.856-1.295) 0.788 (0.689-0.902) * 

Family Size    

OR 1.065 (1.046-1.085) * 1.068 (1.048-1.089) * 1.038 (1.025-1.052) * 

Adj OR 1.05 (1.03-1.072) * 1.031 (1.011-1.052) * 0.993 (0.979-1.006) 

High Income Zip code    

OR 1.006 (0.944-1.072) 1.112 (1.035-1.196) * 1.138 (1.086-1.193) * 

Adj OR 1.168 (1.086-1.257) * 1.264 (1.169-1.366) * 1.239 (1.177-1.304) * 

CCMI    

OR 1.204 (1.11-1.305) * 1.077 (1.017-1.141) * 1.11 (1.04-1.184) * 

Adj OR 1.085 (0.995-1.184) 0.978 (0.918-1.042) 0.941 (0.879-1.006) 
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Pharmacy Coverage 

OR 3.818 (3.589-4.061) * 1.861 (1.715-2.019) * 2.244 (2.141-2.352) * 

Adj OR 3.323 (3.092-3.571) * 1.468 (1.347-1.598) * 1.763 (1.672-1.858) * 

Midwest Region    

OR 0.953 (0.865-1.05) 2.014 (1.84-2.205) * 1.233 (1.149-1.323) * 

Adj OR 0.967 (0.855-1.094) 1.259 (1.13-1.403) 0.78 (0.714-0.853) * 

Northeast Region    

OR 0.713 (0.623-0.817) * 1.372 (1.196-1.574) * 1.67 (1.499-1.859) * 

Adj OR 0.787 (0.669-0.926) * 0.875 (0.753-1.018) 0.994 (0.88-1.124) 

Pacific Region    

OR 1.029 (0.97-1.092) 0.489 (0.46-0.52) * 0.583 (0.558-0.61) * 

Adj OR 1.977 (1.797-2.174) * 0.803 (0.738-0.873) * 0.855 (0.8-0.913) * 

South Region**    

OR 1.083 (1.006-1.167) * 1.723 (1.605-1.85) * 1.773 (1.676-1.876) * 

Adj OR N/A N/A N/A 

* Significant Chi-square (α=0.05)   
**Variable not included in adjusted model as it's a linear combination of other region variables 
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Appendix D – Paper 3: A Markov Model to Review 

Mammography Usage 

Title: A Markov Model to Review Mammography 

Abstract 

Objective: To review current literature and answer the question “Is breast cancer 

screening most cost effective than not screening for women over the age of 40?” 

 

Study Design: A Markov cost-utility model was constructed to evaluate costs, outcomes 

and cost effectiveness of screening mammography. The target population was women of 

the United States. Model inputs were based on data taken from the Surveillance, 

Epidemiology and End Results data, and several studies found through a literature 

review. 

 

Methods: A Markov cost-utility model to compare the lifetime costs and health benefits 

of having mammography was constructed. A lifetime horizon to age 100 was used to 

capture lifetime costs and utility values associated with breast cancer treatment. 

Discounting was factored at 0.03. The model included six distinct health states based on 

the natural progression of breast cancer. The health states are as follows: healthy (no 

breast cancer), ductal carcinoma in situ (DCIS), invasive breast cancer categorized by 

localized, regional or distant invasive breast cancer, and death. Univariate sensitivity 

analyses were done for age, and costs of mammography.  A two-way sensitivity analysis 

was conducted for starting age of mammography and net monetary benefits. A Monte 

Carlo simulation was run, and a probabilistic sensitivity analysis was conducted.  A 

clinical effectiveness acceptability curve and CE plane graph were produced.  
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Results: The Cost Effectiveness plane shows that no mammography screening is 

completely dominated by mammography screening. This means that the costs of not 

screening are more than screening and the effectiveness of not screening is less than the 

effectiveness of mammography screening in detecting cancer. 

 

Conclusion: The cost effectiveness analysis shows that mammography screening is a 

cost-effective method to reducing breast cancer mortality when compared to the absence 

of breast cancer screening. Regardless of the results of this analysis, the decision to be 

screened for breast cancer is a personal one that has been highly politicized. Further 

research is required to fully understand the complete cost benefit impact of breast cancer 

screening. 
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Introduction 

Breast cancer is the most common cancer diagnosed among women in the United 

States87. Breast cancer is the second leading cause of cancer deaths among women87. 

Recently there has been much debate surrounding the clinical efficacy of receiving breast 

cancer screenings 110-112. Breast cancer screening is based on the principle that it is best to 

detect tumors early, when they are too small to be palpated113. Clinical data show a strong 

correlation between the size of breast cancer and the likelihood of metastases in axillary 

lymph nodes or in distant organs 114. Conventional wisdom holds that even though there 

may be side effects to screening (i.e., false positive results), catching a cancer early 

increases the likelihood of survival and outweighs the negatives associated with 

misdiagnosis.  

 

The American Cancer Society currently recommends that women age 40 years or older 

have a choice to start yearly mammogram for as long as they are in good health and that 

high-risk women (i.e., with a family history or genetic tendency) undergo both MRI and 

mammography every year29. In meta-analysis early screening has been shown to be 

effective in reducing breast cancer mortality by between 20-35% in women age 50 to 69 

and slightly less in women age 40 to 49 at 14 year follow up 30. However, the earlier 

screening begins the higher the rate of false positive results. Researchers in Spain, 

utilizing discrete time series models, found that a start age of 45-46 versus 50-51 

increased both false positive results (OR=1.20; 95% CI: 1.13-1.26) and false positive 

invasive procedures (OR=1.43 (95% CI; 1.18-1.73))115. 
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Gotzsche et al. published an in-depth meta-analysis in 2013 on breast cancer screening. 

They reviewed several randomized control trials comparing mammographic screening 

with non-mammographic screening116. The authors found eight eligible trials that 

included 600,000 women with an age range of 39 to 74 years 116. The researchers found 

that trials with adequate randomization did not find an effect of screening on total cancer 

mortality, including breast cancer, after ten years (RR 1.02, 95% CI 0.95 to 1.10) or on 

all-cause mortality after 13 years (RR 0.99, 95% CI 0.95-1.03)116.  However, total 

lumpectomies and mastectomies were significantly larger in the screened group.  

 

The researchers further state that if you assume screening reduces mortality by 15%, and 

that over-diagnosis and overtreatment is at 30% that for every 2,000 women invited for 

screening through ten years, one will avoid dying of breast cancer, and ten healthy 

women , who would not have been diagnosed if there had not been screening, will be 

treated unnecessarily 116. Furthermore, more than 200 women will experience important 

psychological distress including anxiety and uncertainty for years because of false 

positive findings116. Research such as this has fueled the recent debates on the efficacy of 

mammography screening for breast cancer. Further research is required to determine the 

cost effectiveness of screening mammography. The objective of this paper is to answer 

the following research questions “Is breast cancer screening most cost effective than not 

screening for women over the age of 40?” 

Methods 

 

A Markov cost-utility model was constructed to evaluate costs, outcomes and cost 

effectiveness of screening mammography. The target population was women of the 
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United States. Model inputs were based on data taken from the Surveillance, 

Epidemiology and End Results data, and several studies found through a literature 

review. 

 

Model Structure 

 

A Markov cost-utility model to compare the lifetime costs and health benefits of having 

mammography was constructed. A lifetime horizon to age 100 was used to capture 

lifetime costs and utility values associated with breast cancer treatment. Discounting was 

factored at 0.03, as this is the recommended rate from the Panel of Cost Effectiveness in 

Health and Medicine45. The model included six distinct health states based on the natural 

progression of breast cancer. The health states are as follows: healthy (no breast cancer), 

ductal carcinoma in situ (DCIS), invasive breast cancer categorized by localized, regional 

or distant invasive breast cancer, and death. Ductal carcinoma in situ is the presence of 

abnormal cells inside a milk duct in the breast. DCIS is considered the earliest form of 

breast cancer, is noninvasive, and non-life threatening; however, it does require treatment 

to prevent it from becoming invasive 46. 

 

All women start in the healthy state and could stay healthy, die or transition to DCIS or 

one of the invasive breast cancer states. Back transitions (i.e., from invasive breast cancer 

to DCIS) were not included. The model can be seen in Figure 41. Invasive breast cancer 

is a tunnel state. A person diagnosed with invasive breast cancer will have the cancer 

immediately staged based on tumor size, growth, and whether it has metastasized. The 

cancer will be categorized into three separate health states, localized invasive breast 
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cancer, regional invasive breast cancer or distant invasive breast cancer. Localized 

invasive breast cancer is defined as invasive cancer localized to the breast, it has not 

spread to the lymph nodes117. Regional invasive breast cancer is defined as a larger tumor 

that has spread to regional lymph nodes of the breast and surrounding area117. The cancer 

has not metastasized to other areas of the body. Invasive distant breast cancer is defined 

as a cancer originating in the breast tissue that has spread beyond the breast and regional 

lymph nodes to other parts of the body. Breast Cancer most commonly spreads to the 

bones, liver and lung117. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Breast Cancer Incidence Rates 

 

Incidence rates  of in situ and invasive cancer were estimated from Surveillance, 

Epidemiology and End Results data (Table 17)47. In Situ breast cancer incident rate was 

calculated via a lookup table to use age-dependent incident rates reported by SEER, from 

1975-2010. The overall incidence for in situ breast cancer from 1975 to 2010 was 22.86 

Figure 41. Markov Model of Possible Transition States 
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per 100,000 women. The incidence rate has risen from 5.83 per 100,000 women in 1975 

to 33.83 per 100,000 women in 2010 47. This represents a 5.8 fold increase, in contrast 

the incidence of invasive breast cancer has only risen 1.20 over the same time period 47. 

Mammography was seldom used prior to 1980 48, and DCIS is non-life threatening 46. It 

appears likely that the majority of DCIS discovered with mammography would not 

develop into invasive breast cancer and would not be known to exist prior to widespread 

use of mammographic screening.  

 

The model assumes that the age-specific relative risk of in situ breast cancer in the 

absence of mammography to be 0.31 times that of the age-specific rates from 1975-2010 

in the SEER data. This is calculated by taking the invasive breast cancer incident rate 

increase between 1975 and 2010 and multiplying by the incidence rate of in situ breast 

cancer in 1975, divided by the overall incidence of in situ breast cancer from 1975 to 

2010 as reported in SEER data. The age specific relative risk of those receiving 

mammography is calculated as 1.276. This is calculated by taking the overall incidence 

rate of in situ breast cancer from 1975 plus the excess risk of in situ breast cancer versus 

invasive breast cancer, divided by the overall incidence of in situ breast cancer from 

1975-2010.  

 

The model assumes that the age-specific relative risk of invasive breast cancer in the 

absence of mammography to be 1.023 times that of the age-specific rates from 1975-2010 

in the SEER data. This is calculated by taking the invasive breast cancer incident rate 

increase between 1975 and 2010 and multiplying by the incidence rate of invasive breast 
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cancer in 1975, divided by the overall incidence of invasive breast cancer from 1975-

2010 as reported in the SEER data. The age specific relative risk of those receiving 

mammography is taken from SEER data. Breast cancer age adjusted mortality rates were 

taken from SEER data for the female population47.  To estimate the proportion of 

invasive breast cancer in local, regional and distant stages, data was taken from 

Schousboe et al 48.  

 
Table 17. Breast Cancer Incidence Rates (per 100,000) 

Age at Diagnosis In Situ 
Incidence Rate 

Invasive Incident 
Rate 

Mortality 
(Female) 

In situ IR Abs 
of Mamm. 

Invasive IR Abs of 
Mamm. 

40-44 39.8 122.2 13.5 12.17 125.06 

45-49 61.2 187.7 21.4 18.72 129.09 

50-54 73.3 222.8 31.7 22.42 228.01 

55-59 75.0 268.3 43.4 22.94 274.58 

60-64 89.3 346.2 57.1 27.32 354.30 

65-69 102.1 413.2 69.5 31.23 422.87 

70-74 98.5 424.6 81.8 30.13 434.53 

75-79 92.0 439.6 101.6 28.14 449.88 

80-84 70.6 419.8 129.6 21.60 429.62 

85+ 35.1 357.0 182.6 10.74 365.35 
 

Breast Cancer Costs 

Cost for mammography were taken from CMS data for the National Medicare 

Reimbursement amount for code G202 (screening mammography- digital); the price for a 

mammography screening was $108.80118.  The mean cost of false positive mammography 

follow up treatment was taken from Tosteson et al. and adjusted to 2018 dollars using the 

Consumer Price Index Inflation Calculator119,120. The false positive rate of mammography 

screening was taken from Otten et al.121. Thus, the overall cost for mammography 

screening was calculated as the cost of a mammogram + the cost of a false positive 

mammogram, times the proportion of mammograms that are false positive. This left a 
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value of $183.62 (adjusted to 2018 dollars) for the cost of mammography in the model. 

Direct medical costs of breast cancer were taken from Schousboe et al. and adjusted to 

2018 dollars (Table 18) 48. 

Table 18. Breast Cancer Treatment Costs 

Breast Cancer Treatment  

(Scaled to 2018 cost) 

Initial Continuing Terminal Average 

DCIS  $10,225  $894     n/a $6,101  

Localized $13,462  $636  $36,439  $18,488  

Regional $25,453  $3,689  $43,131  $26,440  

Distant $39,310  $11,566  $60,496  $40,744  

 

Health Utilities 

Disutility of in situ and invasive breast cancers were estimated by Lidgren et al in a 

sample of 361 Swedish women with localized, recurrent, or metastatic breast cancer, 

according to time since diagnosis49. The researchers utilized the EQ-5D self-classifier and 

a direct time trade off question to estimate the health related quality of life in different 

breast cancer disease states49. Patients in the first year after a primary breast cancer had a 

mean EQ-5D index value of 0.696, patients in their first year after a recurrence had a 

mean value of 0.779, and patients who had not had a primary breast cancer diagnosis or a 

recurrence during the previous year had a mean value of 0.779. Patients with metastatic 

breast cancer reported a mean value of 0.685, with a main driver in the reduction of 

quality of life being pain and discomfort as well as anxiety and depression. The disutility 

values are reported in Table 19. 
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Table 19. Disutility Values for Breast Cancer Patients 
  

 

Results 

Univariate sensitivity analyses were done for age, and costs of mammography.  A two-

way sensitivity analysis was conducted for starting age of mammography (Table 20) and 

net monetary benefits (Table 21). A Monte Carlo simulation was run, and a probabilistic 

sensitivity analysis was conducted.  A clinical effectiveness acceptability curve and CE 

plane graph were produced.  

 

The CE acceptability curve was not included in the output. The results indicated that 

mammography screening was the dominate treatment and was cost effective across all 

willingness to pay threshold. An ICER was calculated (Table 22) that showed for every 

patient that does not receive mammography screening there is an additional cost of $513 

(due to later diagnosis of disease) and a corresponding reduction in screening 

effectiveness by 0.33. The results indicated, at a willingness to pay threshold of $50,000, 

the net monetary benefit of mammography screening decreases with age (Figure 42).  

 

The Cost Effectiveness plane (Figure 43) shows that no mammography screening is 

completely dominated by mammography screening. This means that the costs of not 

Age Healthy DCIS 

1st 

Year 

DCIS 

Later 

Years 

Average Local 

1st 

Year 

Local 

Later 

Years 

Regional 

1st Year 

Regional 

Later 

Years 

Distant 

1st 

year 

Distant 

Later 

years 

40 0.859 0.777 0.859 0.818 0.727 0.842 0.647 0.777 0.842 0.715 

50 0.845 0.764 0.845 0.8045 0.715 0.828 0.636 0.765 0.828 0.703 

60 0.812 0.734 0.812 0.773 0.687 0.796 0.611 0.735 0.796 0.676 

70 0.788 0.712 0.788 0.75 0.667 0.772 0.593 0.713 0.772 0.656 

80 0.762 0.689 0.762 0.7255 0.645 0.747 0.574 0.69 0.747 0.634 
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screening are more than screening and the effectiveness of not screening is less than the 

effectiveness of mammography screening in detecting cancer.  It should be noted that the 

reduction in effectiveness is small. 

 

Table 20. Sensitivity Analysis - Age 

Age Strategy Cost Incr. Cost Eff Incr. Eff. C/E Incr C/E (ICER) 

40 Mammography $3,996.15 0.00 32.85 0.00 $121.65 0.00 

46 Mammography $4,293.67 0.00 32.71 0.00 $131.26 0.00 

42 Mammography $4,513.31 0.00 32.56 0.00 $138.62 0.00 

58 Mammography $4,664.81 0.00 32.41 0.00 $143.93 0.00 

64 Mammography $4,668.48 0.00 32.27 0.00 $144.67 0.00 

70 Mammography $4,541.43 0.00 32.12 0.00 $141.39 0.00 

76 Mammography $4,368.33 0.00 31.98 0.00 $136.60 0.00 

82 Mammography $4,206.56 0.00 31.88 0.00 $131.95 0.00 

88 Mammography $4,174.78 0.00 31.86 0.00 $131.04 0.00 

94 Mammography $4,174.78 0.00 31.86 0.00 $131.04 0.00 

100 Mammography $4,174.78 0.00 31.86 0.00 $131.04 0.00 

 

 
Table 21. Sensitivity Analysis - Cost of Mammography 

C_Mamm_SCRN Strategy Cost Incr. 
Cost 

Eff Incr. 
Eff 

C/E Incr. 
C/E 
(ICER) 

$       - Mammography $3,976.10 0.00 32.85 0.00 115.27 0.00 

$45.90 Mammography $3,981.11 0.00 32.85 0.00 115.41 0.00 

$91.81 Mammography $3,986.13 0.00 32.85 0.00 115.56 0.00 

$137.71 Mammography $3,991.13 0.00 32.85 0.00 115.7 0.00 

$183.61 Mammography $3,996.15 0.00 32.85 0.00 115.85 0.00 
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Figure 42. Sensitivity Analysis Monetary Benefit of Mammography Start Age 

 
 
 

Figure 43. CE Plane 
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Table 22. ICER Values 

All Strategy Cost 

Incr. 

Cost Eff 

Inc 

Eff ICER  NMB C/E 

undominated mamm $4,327.49  32.99   $1,727,489 131.18 

abs. 

dominated 

no 

mamm $4,496.82 169.33 32.66 

-

0.33 

-

513.1 $1,710,143 137.69 

 

Limitations 

The model was calculated with a limited set of input data. Further analysis is required to 

determine the effectiveness of breast cancer screening. Additional information can be 

added to the model including information on breast density, family history, genotype 

(BRCA1 or BRCA 2) screening frequency and history of breast biopsy 48. Breast cancer 

mortality rates have decreased as a result of increased screening for mammography. The 

model did not factor in this improvement, and it is likely that if mortality reductions are 

higher for a specific stage of cancer (i.e., higher mortality reduction in localized versus 

regional) then the costs per QALY gained for mammography may be overestimated. 

Conclusion 

Researchers in California found that biennial screening starting at age 50 years was the 

most cost effective strategy for mammography screening (as opposed to annual screening 

starting at age 40)31. Schousboe et al. found that biennial mammography is cost effective 

for women age 40 to 49 and 50-59; however, this analysis factored in breast density, as 

evaluated by radiologic examination, as well as family history of breast cancer. The 

model described here assumed screening every year; however, the low reduction in 

effectiveness of mammography by age indicates that biennial screening (or screening 

every 3 to 4 years) may be equally effective as annual screening. This analysis suggests 
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that screening mammography is cost effective for women when compared to the absence 

of mammography.  

 

Policy makers can use the information included in this model to make informed decisions 

about recommendations for breast cancer screening. Additional research is required to 

determine the most appropriate method for stratifying breast cancer risk and tailoring 

screening programs to those most at risk for developing invasive breast cancer. The cost 

effectiveness analysis shows that mammography screening is a cost-effective method to 

reducing breast cancer mortality when compared to the absence of breast cancer 

screening. Regardless of the results of this analysis, the decision to be screened for breast 

cancer is a personal one that has been highly politicized. Further research is required to 

fully understand the complete cost benefit impact of breast cancer screening. 

 


