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ABSTRACT 

TRENDS AND RACIAL DISPARITIES IN BREAST CANCER SCREENING 

Objective:   (i) To describe the national trend of mammogram 

screening, clinical breast examination and breast cancer screening from 

2000 to 2010 by race. (ii) To estimate racial disparities for mammogram 

screening, clinical breast examination and breast cancer screening from 

2000 to 2010. 

Methods: Medical Expenditure Panel Survey (MEPS) data from 2000 to 

2010 was used for the analysis.  All females with age ≥40 years were 

included in the study. Outcome variables were mammogram screening 

(MS), clinical breast examination (CBE) and breast cancer screening 

(BCS). MS and CBE were defined as those females who received MS and 

CBE respectively in previous one or two years. BCS was defined as those 

who received MS and CBE (both) in previous one or two years. Main 

independent variable was race categorized as non-Hispanic whites 

(NHW), non-Hispanic blacks (NHB), Hispanics and others. Descriptive 

analysis was conducted to describe the national trends in MS, CBE and 

BCS for each year from 2000 to 2010 by race. Bivariate and multivariate 

logistic regression was conducted to identify racial disparities in MS, 
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CBE and BCS; and non-linear Blinder Oaxaca decomposition was 

conducted to decompose disparities in explained and unexplained 

component. 

Results: Final cohort consisted of 79,068 females (weighted sample 

size= 764,361,258). MS, CBE and BCS rates were almost stable 

throughout the decade. In multivariate logistic regression, NHB (OR: 

1.27, 95% CI: 1.16-1.40, p<.0001) and Hispanics (OR: 1.27, 95% CI: 

1.16-1.40, p<.0001) reported higher odds of receiving MS. For BCS use, 

NHB (OR: 1.31, 95% CI: 1.21-1.42, p<.0001) and Hispanics (OR: 1.22, 

95% CI: 1.12-1.32, p<.0001) reported higher odds of receiving 

screening for BCS. For CBE, NHB (OR: 1.43, 95% CI: 1.29-1.58, p<.0001) 

reported higher odds and Hispanics (OR: 0.81, 95% CI: 0.74-0.9, 

p<.0001) reported lower odds of receiving CBE compared to NHW. Non-

linear decomposition was conducted to decompose disparity between 

NHW and Hispanics.  For MS, total disparities explained by observed 

covariates were found to be 175.19%, for CBE, it was found to be 

281.07% and for BCS, it was 160.48%. In our study, we found insurance 

to be the biggest driver of disparities, followed by usual source of care 

in all three types of screening.  
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Conclusion: Trends for MS, CBE and BCS were stable from 2000 to 

2010 raising concerns about impact of guidelines revised during this 

period. Bivariate and multivariate logistic regression indicated that a 

disparity does exist in all three types of screening. In our study, we 

found insurance and usual source of care were contributing maximum 

towards disparities. In order to enhance screening among Hispanics, 

national program/interventions should target these factors.  
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CHAPTER 1  

INTRODUCTION AND STATEMENT OF PROBLEM 

1.1 Breast Cancer  

According to National Cancer Institute, definition of breast cancer 

(BC) is ‘cancer that forms in tissues of the breast, usually the ducts (tubes 

that carry milk to the nipple) and lobules (glands that make milk). It occurs 

in both men and women, although male breast cancer is rare’. 

1.1.1 Incidence  

Breast cancer (BC) is the most frequently diagnosed non-skin cancer, 

accounting for nearly 1 in 3 cancers diagnosed in US women (Breast Cancer 

Facts and Figures 2011-2012, ACS). As per American Cancer Society (ACS), 

232,340 new cases of invasive breast cancer along with 64,640 new cases of 

in situ breast cancer are estimated to occur among women in the US during 

2013; with approximately 85% cases of ductal carcinoma in situ (DCIS) 

(Cancer Facts and Figures, 2013). In situ breast cancer incidence rates 

increased 2.8% per year from 2005 to 2009. Also it is estimated that one in 

eight women in the U.S. will be diagnosed with breast cancer in her lifetime 

(Breast Cancer Facts and Figures 2011-2012, ACS).  

1.1.2 Mortality 

American cancer society stated that among women, breast cancer is 

the second most common cause of cancer death in women (after lung cancer) 
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with an estimated 39,620 breast cancer deaths in 2013. A steady decline in 

BC mortality rates has been observed since 1990. From 1997 to 2008, rates 

decreased 3.2% per year in women younger than 50 years and 2% per year 

in women 50 years and older (Altekruse, Kosary & Krapcho, 2010). Reduced 

mortality rate may represents progress in earlier detection, improved 

treatment, and possibly decreased incidence (Berry et al, 2005).  

1.1.3 Economic Burden 

In spite of declining mortality rates, breast cancer still levy a 

significant economic burden on the society. National cost of cancer care in 

2010 was estimated to be $124.57 billion USD; female breast cancer 

accounted for highest cost of $16.50 billion. In 2020, the cost of cancer care is 

projected to be $172.77 billion. Under base case scenario, cost of breast 

cancer is estimated to be $20.5 billion and with 2% increase in overall 

medical costs, it is estimated to be $23.2 billion dollars (Breast Cancer Facts 

and Figures 2011-2012, ACS). 

1.1.4 Breast Cancer and Age 

Increasing age is a significant risk factor for BC incidence and 

mortality. The risk of developing BC is minimal before age 40 but increases 

significantly at age 40 and continues to follow a linear trend with advancing 

age throughout woman’s lifetime. 95% of new cases and 97% of breast 

cancer deaths occurred in women 40 years of age and older. During 2004-

2008, the median age at the time of breast cancer diagnosis was 61 years. 
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This means that 50% of women who developed breast cancer were 61 years 

of age or younger at the time of diagnosis (Breast Cancer Facts and Figures 

2011-2012, ACS). 

 

Figure 1.1 Probability of developing Breast Cancer by Age (Source: American 

Cancer Society) 

 

1.1.5 Breast Cancer and Race 

BC rates also vary depending on race and ethnicity. BC incidence rates 

are higher in non-Hispanic white women compared to African American 

women for most age. However, African American women have a higher 

incidence rate before 40 years of age and are more likely to die from breast 

cancer at every age. Incidence and death rates for breast cancer are lower 

among women of other racial and ethnic groups than among non-Hispanic 
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white and African American women (Breast Cancer Facts and Figures 2011-

2012, ACS). 

 

Figure 1.2  Female Breast Cancer Incidence (2004-2008) and Mortality (2003-

2007) Rates by Race and Ethnicity 

 Risk Factors 

Some of the common risk factors leading to BC are (NCCN Guidelines for 

Breast Cancer Risk Reduction): 

� Familial/Genetic factors: Family history, suspected BRCA 1/2, TP53, PTEN, 

or other gene mutation 

� Demographics: Age, ethnicity/race 

� Reproductive history: Age at menarche, parity, age at first live birth, age at 

menopause 

� Environmental factors: Prior thoracic irradiation before age 30 (e.g. to treat 

Hodgkin’s disease), hormone therapy, alcohol consumption 
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� Other factors: Number of breast biopsies, atypical hyperplasia or lobular 

carcinoma in situ (LCIS), breast density, body mass index (BMI) 

1.2 Early Detection of Breast Cancer 

Breast cancer screening (BCS) plays crucial role in diagnosing BC at 

early stages when treatment is most affordable. BCS means checking a 

woman's breasts for cancer before there are signs or symptoms of the 

disease. Three main tests are used to screen the breasts cancer. For BCS, 

mammogram screening (MS) and clinical breast examination (CBE) are 

considered primary tools available to healthcare providers. 

Mammogram: A mammogram is an X-ray of the breast. 

Mammograms are the best method to detect breast cancer early when it is 

easier to treat and before it is big enough to feel or cause symptoms. 

Clinical breast exam: A clinical breast exam is an examination by a 

doctor or nurse, who uses his or her hands to feel for lumps or other changes. 

Breast self-exam: A breast self-exam is when woman checks her own 

breasts for lumps, changes in size or shape of the breast, or any other 

changes in the breasts or underarm (armpit). 

1.2.1 Breast Cancer Screening Recommendations 

Recommendations from five major health care organizations are 

summarized in Table 1.1.  Most organizations in the United States support 

the use of mammography for average-risk women age 40 years and older; 

however, differences include the recommended starting age for screening 



Page 6 of 92 

 

and the screening interval (Table 1.1). American Cancer Society guidelines 

for breast cancer screening: update 2003, recommends annual screening (MS 

and CBE) for women age ≥ 40 years.  Recommendations from other 

organizations are also consistent with ACS recommendation.  However, U.S. 

Preventive Services Task Force (USPSTF) updated its previous 

recommendation on breast cancer screening for average-risk women.  
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Table 1.1  Breast Cancer Screening Recommendations 

American Cancer 

Society (ACS)1 

American College 

of Obstetricians 

and Gynecologists 

(ACOG)2 

National 

Comprehensive 

Cancer Network 

(NCCN)3 

Susan g. Komen for 

the Cure® 4 

National Cancer 

Institute 

(NCI)5 

U.S. Preventive 

Services Task 

Force  

(USPSTF)6 

Mammography 

Every year 
beginning at age 40. 

Every year 
beginning at age 40. 

Every year 
beginning at age 40. 

Every year 
beginning at age 40. 

Every 1-2 years 
beginning at age 40. 

Informed decision-
making with a health 
care provider  ages 
40-49. Every 2 years  
ages 50-74. 

Clinical Breast Examination 

Every year 
beginning at age 40. 

Every year 
beginning at age 40 

Every year 
beginning at age 40. 

Every year 
beginning at age 40 

No specific  
recommendation 

Not enough evidence 
to recommend for or 
against. 

Source: 

1. American Cancer Society: American Cancer Society guidelines for the early detection of cancer. American Cancer Society, update, 

2003. 

2. American College of Obstetricians and Gynecologists: ACOG Committee on Practice Bulletins-Gynecology. ACOG Practice Bulletin 

Number 42: breast cancer screening. ACOG Pract Bull, 2003;101, 821-831. 

3. National Comprehensive Cancer Network:  NCCN GUIDELINES FOR DETECTION, PREVENTION, & RISK REDUCTION: Breast Cancer 

Screening and Diagnosis. Version 1. 2013. 

4. Susan g. Komen for the Cure®: Komen SG. Breast Cancer Screening Recommendations for Women at Average Risk. 

5. National Cancer Institute: National Cancer Institute. Mammograms.    

6. U.S. Preventive Services Task Force : US Preventive Services Task Force. Screening for breast cancer: US Preventive Services Task 

Force recommendation statement. Annals of Internal Medicine, 2009; 151, 716-726.
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1.2.2 Benefits of Breast Cancer Screening  

The benefits of screening for breast cancer can be summarized as 

follows: 

1. Early detection of breast cancer in a woman unaware of the existence of said 

lesion. 

2. Multiple treatment option and prevention of death from breast cancer. 

3. The reassurance that when screening tests are truly negative, there is 

comfort in knowing that a breast cancer or premalignant condition is 

unlikely to be present (Greif, 2010). 

4. The reduced costs to society of treating breast cancer detected at an earlier 

stage (Max, 2010). 

 

1.2.3 Effectiveness of Breast Cancer Screening 

Effectiveness of mammography in reducing the risk of dying from 

breast cancer has been demonstrated in various randomized trial as well as 

population based screening evaluation. Recently Cochrane Analysis was 

conducted based on the existing literature for mammographic screening, 

where the 600,000 women in 7 eligible randomized controlled trials were 

randomized to a program offering regular mammographic screening or no 

regular mammographic screening (Gotzsche & Nielsen, 2009).  A statistically 

significant reduction in breast cancer mortality was observed among women 

undergoing regular MS. Another large cohort study among women followed 

for 12.5 years demonstrated that 75% of all breast cancer deaths occurred in 
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the 20% of women not participating in regular mammography screening 

(Cady et al, 2005). Several RCTs and case control studies support the 

evidence that MS significantly reduces breast cancer mortality. Thus early 

detection of BC through timely MS is one of the most effective methods for 

decreasing breast cancer mortality as well as leading to a greater range of 

treatment options, including less-aggressive surgery (e.g., lumpectomy vs. 

mastectomy) and less-aggressive adjuvant therapy (Cancer facts and figures 

2010). The National Healthcare Quality Report and the National Healthcare 

Disparities Report use mammography screenings as the most common 

indicator of healthcare quality AHRQ (National healthcare disparities report, 

2009). Furthermore, many institutions and states in the country (e.g., 

California and Ohio) have widely adopted mammography screening as an 

objective healthcare quality and equity indicator on the "report cards" 

(Healthy Ohioans, 2010).  Despite the fact that MS is considered accurate tool 

for detecting BC, not all breast cancer are detected by MS (Breast Cancer 

Facts and Figures 2011-2012, ACS). Also, some BC detected by 

mammography may still have poor prognosis. There is convincing evidence 

that MS reduces BC mortality, with a greater absolute reduction for women 

aged 50 to 74 years than for women aged 40 to 49 years (USPSTF, 2009). The 

strongest evidence for the greatest benefit is among women aged 60 to 69 

years.  As per ACS, among women 75 years or older, evidence of benefits of 

MS is lacking; but risk of developing BC does not stop at this age and so, it is 

recommended by ACS that annual MS continue for “as long as a woman is 
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healthy” (ACS Guideline, 2003). Also, the 5-year relative survival rate is 

higher lower among women diagnosed with breast cancer at 40 years of age 

or older (90%) (Breast Cancer Facts and Figures, 2011-2012).  

CBE is an important component of BCS and role of CBE appears to be 

complementary to MS (Meissner , Breen & Yabroff , 2003). Even though the 

evidence to support its effectiveness is limited, studies indicate that CBE 

performed in community-based screening programs can detect breast 

cancers as effectively as CBEs performed in clinical trials (Bobo, Lee & 

Thames, 2000). CBE is helpful for detection and evaluation of the 8% to 17% 

of breast cancers not seen by mammograms (Green & Taplin, 2003; Goodson 

et al., 2005). In addition, CBE may be important for women who do not 

receive regular mammograms, either because mammography is not 

recommended (i.e., women aged 40 and younger) or because some women 

do not receive screening mammography consistent with recommended 

guidelines (Baines, 2000; smith et al., 2003).  CBE along with MS is desirable 

for women age 40–49 where MS alone is less sensitive compared to older 

women (Baines, 1997).  Also CBE is being recommended by major 

organizations. American Cancer Society recommends CBE as part of a 

periodic health examination, preferably at least every 3 years for women in 

their 20s and 30s and annually among asymptomatic women aged 40 years 

or older. The Susan G. Komen Breast Cancer Foundation also recommends 

CBE at least every 3 years among women aged 20 to 39 and annually 

beginning at age 40. Annual CBE beginning at age 40 is also recommended by 
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the American College of Obstetricians and Gynecologists and the American 

College of Radiology. The American Medical Association recommends CBE 

every 1 to 2 years for women aged 40 to 49 years and annually beginning at 

50 years of age. Additionally, the National Breast and Cervical Cancer Early 

Detection Program (NBCCEDP) are mandated under law to provide both MS 

and CBE for the early detection of BC. 

Recent studies suggest a decline in the rates of mammography use. 

Between 1987 and 2000, the percentage of women in the U.S. aged 40 years 

who reported that they had a mammogram in the previous 2 years increased 

dramatically, from 39.1% to 70.1% (Swan et al., 2003), and already exceeded 

the Healthy People 2010 target of 70% (USDHHS, 2000). After rapid 

increases until 2000, rates stabilized between 2000 and 2003 (Meissner , 

Breen & Yabroff , 2003) and then again the rates dropped in 2005 (Breen et 

al., 2007). 

1.3 Healthy People Objectives 

1.3.1 Healthy People, 2010 (HP2010) 

Regarding breast cancer screening, HP2010 goal was to increase to 

70% the proportion of women aged 40 and older who had received a 

mammogram within the previous 2 years regardless of race/ethnicity or 

social class (US Department of Health and Human Services (HHS), 2000). No 

separate goals were set to address CBE for 2010. Even though this goal was 

met during early years, the rates of MS declined by 2010 and thus HP2010 
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objective of increasing the MS screening to 70% among women aged 40 and 

older was not met (Clarke et al., 2010). Also various studies indicated the 

prevalence of disparities in MS utilization.  

1.3.2 Healthy People, 2020 (HP2020) 

For MS, goal of HP2020 is to increase screening to 81.1% for women 

aged 50 -74 years. It further aims at reducing the existing disparities in 

racial/ethnic subgroups (US Department of Health and Human Services 

(HHS)). 

1.4 Statement of Problem 

Because of the lack of effective prevention strategies, BC 

mortality/morbidity reduction efforts must rely on screening and early 

detection of disease with routine screening mainly MS, CBE or both. Optimal 

utilization of BCS, adherence to screening guidelines, could reduce breast 

cancer-related mortality and morbidity through early detection of the 

disease. Unfortunately in over-all population of US, optimal utilization of BCS 

(MS) has been consistently low. Instead of achieving the HP2010 goal of 70%, 

MS rates declined by 2010. Even though CBE plays a complimentary role to 

MS and is recommended by majority of organizations, information available 

on the utilization of CBE is limited. Racial/ethnic disparities in screening 

utilization also persist.  As ACS recommendation has been followed by major 

health care organizations, it would be interesting to see trends in BCS 

utilization (MS, CBE and both) from 2000 to 2010 - especially by race as per 
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ACS recommendation. It would also be interesting to evaluate the factors 

contributing towards racial disparities in breast cancer screening practices. 

 

1.5 Significance 

This study will identify the trends in comprehensive breast cancer 

screening (MS, CBE and both) among subpopulation of women aged 40 years 

and older from 2000 to 2010. This will help in better understanding of the 

utilization patterns of overall breast cancer screening and to design 

interventions targeting these subgroups for successfully enhancing the 

screening. Also, this study will identify factors contributing to racial/ethnic 

disparities. Identification of these factors will help policy makers in devising 

policies and interventions targeting these factors; which will further help in 

reducing the racial disparities which is ultimate goal of Healthy People, 2020.  
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CHAPTER 2  

LITERATURE REVIEW AND  

RESEARCH OBJECTIVE 
 

This chapter reviews the information available in the literature for 

breast cancer screening utilization trends and racial/ethnic disparities in 

breast cancer screening use.  It also describes possible gaps in literature 

followed by research objectives and hypothesis for this study.  

 

2.1     Trends in utilization of breast cancer screening by age and race 

Mammography has been demonstrated to reduce breast cancer 

mortality by detecting breast cancer early, when treatment is most effective.  

As per the study conducted in 1999 using Behavioral Risk Factor Surveillance 

System (BRFSS), MS utilization increased substantially in the 1990s. MS 

utilization among women aged greater than or equal to 40 years was 

reported to increase from 63.9% in 1989 to 84.8% in 1997 (Blackman, 

Bennett and Miller, 1999).  Authors reported that the proportion of women 

receiving mammogram as a part of their routine checkup also increased from 

53.1% in 1989 and 76.9% in 1997. The proportion of women receiving MS 

and CBE each year also increased from 55.0% in 1990 to 70.3% in 1997. Also, 

the proportion of mammogram received by black women was equal to those 
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received by white women; lower proportion being reported among Hispanics 

compared to non-Hispanics. This was the period when MS became widely 

accepted method for early detection of BC and thereby reducing BC 

mortality.   

According to findings published in CDC report (2007) using BRFSS, 

the proportion of women (age ≥ 40 years) who received MS in last two years 

decreased from 76.4 % in 2000 to 74.6 % in 2005 (Centers for Disease 

Control and Prevention, 2007); however, a slight increase (76.1%) was seen 

in 2006 (Ryerson et al., 2008), which was still lower compared to 2000. This 

trend also continued for non-Hispanic Blacks, non-Hispanic Whites and 

Hispanics.  

Breen et al. (2007) assessed trends and patterns in mammography 

use from 2000 and 2005 using National Health Interview Survey (NHIS). 

Estimates from the 2005 NHIS showed a decline compared with 2000 (from 

70% to 66%). MS use also declined among women aged 40-49, 50 - 64 and ≥ 

65 years in 2005 compared to 2000. Rate of MS was lower in non-Hispanic 

Black for the years 2000 and 2005 compared to non-Hispanic Whites. 

Hispanics also had lower rate of MS compared to non-Hispanic Black and 

non-Hispanic Whites (Breen et al., 2007). 

Another study conducted by Breen et al. (2011) compared the trend 

in mammography screening using National Health Interview Survey (NHIS) 

for 2000, 2005 and 2008. Findings reported that mammography rates 

declined, from 2000 (70.1%) to 2005 (68.3%), and increased from 2005 to 
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2008 (68.5%).  MS rates were still lower in 2008 compared to 2000. Rate of 

MS increased for Hispanics from 60.7% (2000) to 62.8 % (2008); whereas 

rates of MS decreased for non-Hispanics White from 72% in 2000 to 69.9% 

in 2005 and again decreased to 69.4% in 2008 (Breen et al., 2010). 

Health, United States, 2011(National Center for Health Statistics) 

reported the trends in of MS utilization. Rates of MS were highest in 2000 

(70.4%) which declined in 2010 (66.5%).  MS rates declined from 2000 to 

2005, it slightly rose in 2008 and then again declined in 2010. This trend also 

continued for non-Hispanics Whites, non-Hispanics Blacks and Hispanics 

(National Center for Health Statistics - Health, United States, 2011). 

Miranda et al. (2012) examined MS utilization among U.S. women of 

ages 40 years to 75 years from 1997-2007 MEPS dataset. Time trends for 

mammography were largely flat. Past 2-year MS use statistically increase in 

2002 (72.8%) compared to 1996, followed by a slight decline lasting into 

2007 (70.3%). Time trends were not significant for Puerto Ricans, Cubans, 

and Mexicans. The other Latinas group, Blacks, and non-Latino Whites 

presented a small, albeit significant, increase over time. 

Clarke et al. (2012) assessed the trends in adherence to cancer 

screening among general population as well as cancer survivors using NHIS 

from 1999 to 2010. Authors reported that US general population failed to 

meet the HP2010 goal of BCS with 69.4% women reported MS. Average CBE 

rates also dropped at the rate of 4.3% annually (Clarke et al., 2012).  

2.1.1  Summary and Gaps in Literature 



Page 17 of 92 

 

Most of the studies discussed above are related to utilization of MS using 

various national level datasets; very few studies focus on the utilization of CBE. Even 

though, overall trends reported by most of studies are similar, trends in utilization 

by race are conflicting.  

Literature suggests a serious gap in research in terms of utilization. Despite 

the fact that ACS recommends includes annual screening by MS and CBE, no studies 

are conducted to study trends in utilization of MS, CBE and both. Additionally, 

research suggest that Black, Latina, Native American, and Asian women are less 

likely than White women to receive adequate mammography screenings (Smith-

Bindman et al., 2006). As various healthcare organizations recommend MS and CBE 

every year or once in every 2 years, it would be interesting to see trends in use of 

MS, CBE and both from 2000 to 2010 - especially by race as per healthcare 

organizations recommendation.  
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2.2 Racial/Ethnic Disparity in Breast Cancer Screening 

There are numerous evidences exist in literature which shows racial/ethnic 

disparity for morbidity, mortality, access to healthcare and quality of care (Isaacs 

and Schroeder, 2004; Kirby et al., 2006; Nelson, 2003; Smedley et al., 2002; 

Steinbrook, 2004).  According to Institute of Medicine 2003 report, “Unequal 

Treatment: Confronting Racial and Ethnic Disparities in Healthcare”, racial and 

ethnic minority groups receive lower quality/quantity of health care compared to 

majority peoples (Nelson, 2003; Smedley et al., 2002).  Elimination (not reduction) 

of racial/ethnic health care disparity was one of the overarching goals of Healthy 

people 2010 but we failed to achieve it (Keppel and Pearcy, 2009).  Now, it is again 

set as one of the top health priority in Healthy People 2020 goals. 

 

Figure 2.1 Institute of Medicine’s definition of racial/ethnic healthcare 

disparity (Source: Smedley, et al., 2002) 
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Jazieh & Buncher (2002) compared mammography rates in a state 

level study in Arkansas, based on race and age, to identify disparities in 

obtaining MS from Arkansas Mammography Data Collection. Mammography 

rates were compared by patient age and race. Older African American 

women were less likely to obtain mammograms than younger women of the 

same race (7.23% vs 8.02%), while older white women were more likely to 

obtain mammograms than younger white women (11.64% vs 11.31%). 

African Americans were less likely to obtain mammograms in both age 

groups (Jazieh & Buncher, 2002).  

Holt et al. (2006) conducted a study using Medicare Current 

Beneficiary Surveys from 1998–2002, containing participants’ self-report 

and claims data for MS. Authors developed multivariable adjusted models 

examining factors associated with self-reported mammography and self-

reported mammography verified by billing records. Results indicated that 

racial/ethnic disparities did not exist in self-reported mammography; 

whereas verified mammography revealed significant disparities for race, 

education, income, insurance, and health status (Holt et al., 2006). 

Smith-Bindman et al. (2006) pooled data from 7 mammography 

registries that participated in the National Cancer Institute-funded Breast 

Cancer Surveillance Consortium.  1,010,515 women 40 years of age and older 

who had at least 1 mammogram between 1996 and 2002 were included in 

the study. Authors studied patterns of mammography and the probability of 

inadequate mammography screening were examined (Smith-Bindman et al., 
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2006).  Results of the study indicated that African-American, Hispanic, Asian, 

and Native American women were more likely than white women to have 

received inadequate mammographic screening (relative risk, 1.2 [95% CI, 1.2 

to 1.2], 1.3 [CI, 1.2 to 1.3], 1.4 [CI, 1.3 to 1.4], and 1.2 [CI, 1.1 to 1.2] 

respectively).  

Aldridge, Daniels & Jukic (2006) examined the relationships between 

demographic and healthcare factors and mammography use from the 2002 

Behavioral Risk Factor Surveillance System using logistic regression analyses 

to study among Hispanic and non-Hispanic White women 40 years and older. 

Overall, the odds of ever having had a mammogram were similar among 

Hispanic and non-Hispanic White women (OR = 1.2; 95% CI = 0.9, 1.6), when 

adjusted for age, employment status, and other demographic variables. 

Having a personal physician and the type of healthcare facility typically used 

were associated with mammography use, regardless of Hispanic ethnicity. 

Although associations between mammography use and demographic factors 

were similar between ethnic groups, larger proportions of Hispanics had 

demographic characteristics that were negatively associated with 

mammography use (Aldridge, Daniels & Jukic, 2006). 

Sabatino et al. (2008) studied disparities in mammography utilization 

in prior 2 years, using NHIS 1993 and 2005 National Health Interview Survey 

among women aged 40-64. Authors reported the lower mammography use in 

1993 among American Indian/Alaska Native compared with white women 

was not present in 2005; however, lower use among Asian compared with 
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white women emerged in 2005. Results indicated no differences between 

African American and white women. Hispanic women were less likely than 

non-Hispanic women to report screening in 2005 (58.1% vs. 69.0%) 

(Sabatino et al., 2008).  

Chagpar, Polk & McMasters (2008) examined racial disparities in MS 

using National Health Interview Survey among Caucasian and African-

American women over 40 years of age in 2000 and 2005. In 2000, 69.8% of 

Caucasian and 64.4% of African-American women over the age of 40 had a 

mammogram within the preceding 2 years. In 2005, these rates declined to 

66.7% and 62.9% respectively. This decline only reached statistical 

significance in the Caucasian population (P =0 .0006 vs P = 0.49). Univariate 

analysis indicated significant difference in rates of mammography between 

Caucasian and African-American women (P < .0001); whereas multivariate 

analysis controlling for education, income, and insurance status, did not find 

race to be a significant independent predictor of mammography rates in each 

year (Chagpar, Polk & McMasters, 2008). 

Harper et al. (2009) studied trends in socioeconomic and race-ethnic 

disparities in breast cancer incidence, stage at diagnosis, screening, 

mortality, and survival among women ages 50 years and over.  

Mammography trends were studied using National Health Interview Survey 

from 1987 to 2005 across five race-ethnic groups (White, Black, Asian, 

American Indian, and Hispanic). Results indicated that absolute race-ethnic 
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disparities declined by 56% in mammography utilization (Harper et al., 

2009).  

Shi et al. (2011) studied changes in the disparities in cervical, breast, 

and colorectal cancer screening using 2000 and 2008 National Health 

Interview Survey (NHIS). The main independent variables of interest were 

race/ethnicity and type of insurance coverage. Respondents reported their 

own race and ethnicity, and categories included non-Hispanic White, non-

Hispanic Black, Hispanic, and non-Hispanic Asian. Insurance categories 

included private insurance, Medicare, Medicaid, and uninsured. Three-step 

logistic regression was conducted for three outcomes. It was found that 

blacks had higher odds of recent mammograms (OR-51.32, 95% CI: 1.01–

1.72, p,.05), relative to Whites; whereas Asians had lower odds of recent 

mammograms (OR-50.50, 95% CI: 0.27–0.94, p,.05), relative to Whites (Shi et 

al., 2011). 

Miranda et al. (2011) examined disparities in self-reported 

mammogram (MS) and clinical breast exam (CBE) using 2007 full year MEPS 

among six major ethnic/racial groups: Black, Central/South American, 

Cuban, Mexican, Puerto Rican, and non-Latino white (women of ages 40 

years and older).  Authors used a modified Andersen model to study IOM 

healthcare disparities criteria using multivariate, multinomial regression 

models. Mexican origin women reported the lowest rates of within past year 

use of mammograms (47.8%) and CBE (54.5%). In addition, Mexican origin 

women reported the highest frequency of never using mammograms 
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(18.0%). Compared to non-Latina Whites, Blacks showed higher utilization of 

MS (60.6%) and CBE (69.8%). It was found that ethnic/racial differences in 

reporting ‘‘never use’’ relative to ‘‘within past year use’’ were statistically 

inexistent after controlling for our enabling factors, however education, 

Income and insurance were found to be significant predictors of MS and CBE 

(Miranda et al., 2011).  

Another study conducted by Miranda et al. (2012) examined MS 

utilization among U.S. women of ages 40 years and older from 1997-2007 

MEPS and compare those trends between U.S. White, Black, and 

disaggregated Latino (i.e. Cuban, Puerto Rican, Mexican, and other Latinos). A 

modified behavioral model of healthcare services use was applied to test IOM 

healthcare disparities criteria in mammography use. Overall, results showed 

significant differences in pooled ethnic and racial averages (χ2 28.1; P < 

0.001), with Mexican Latinas having the lowest prevalence of past 2-year 

mammography (59.4%; SE =1.2). Blacks reported lower rate of MS (69.5%) 

compared to non- Latina Whites (71.5%). Also, accounting for enabling 

factors enhanced the likelihood of screening among Other Latinas, Blacks, 

and Puerto Ricans relative to Whites (Miranda et al., 2012). 

Enewold et al. (2012) studied MS rate among US service women using 

administrative claim data from the Military Health System during fiscal years 

2009-2010 among non-Hispanic white, non-Hispanic black, Asian/Pacific 

Islander, and Hispanic. Variation in MS usage by race/ethnicity was 

determined by odds ratios (ORs) and 95% confidence intervals (CIs) 
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calculated using multivariate logistic regression, adjusting for age, service 

branch, military rank, and marital status.  Overall, the prevalence of 

mammography screening during the study period was 61%. In comparison 

to non-Hispanic white servicewomen, Asian/Pacific Islander (OR = 1.08; 95% 

CI = 0.94-1.23) and Hispanic servicewomen (OR = 0.97; 95% CI = 0.85-1.11) 

were as likely and non-Hispanic black servicewomen were more likely to 

have a screening mammogram (OR = 1.09; 95% CI = 1.01-1.18). Although 

screening was slightly higher for non-Hispanic blacks than that for non-

Hispanic whites, however, racial/ethnic differences in MS were not 

substantial in an equal access system (Enewold et al., 2012).  

2.2.1 Summary and Gaps in Literature 

It is irrefutable fact that disparity exists in US healthcare system for 

access to care, quality of care, mortality and morbidity across racial/ethnic 

minorities.  Literature review revealed that substantial disparity exists for 

MS utilization, even though few studies suggest that racial disparities does 

not exist in MS; whereas some studies report that MS rates are lower in 

African-American/Blacks compared to non-Latina Whites. Contrary to these 

findings, some studies indicate that Blacks had higher odds of recent 

mammograms relative to Whites. Also, Hispanics has lower utilization of MS 

compared to Blacks as well as Whites. 

The literature suggests inconsistent results about racial disparities in 

breast cancer screening.  So, it is important to understand if there is any 

disparity among different race/ethnic groups for utilization of all measures 
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of breast cancer screening i.e. MS, CBE and both. Also, there are very few 

studies present in the literature about explained and unexplained differences 

in utilization of screening among different racial groups. Hence, it would be 

interesting to study the racial disparities in MS , CBE and both from 2000 to 

2010 and to quantify the racial disparities, if any exists. 

2.3 Research Objectives and Hypothesis 

The study addressed the following three objectives: 

1. To describe the national trend of breast cancer screening 

(mammography, clinical breast examination and both) from 2000 to 

2010 by race. 

2. To estimate racial disparities for MS, CBE and BCS (MS and CBE both) 

from 2000 to 2010. 

Hypothesis:  

• H2a: Race has significant effect on receipt of mammogram screening.  

• H2b: Race has significant effect on receipt of clinical breast 

examination.  

• H2c: Race has significant effect on receipt of breast cancer screening 

(MS and CBE).  
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CHAPTER 3  

METHODS 
 

3.1. Data Source 

This section particularly focuses on possible data source and selection of the 

data source for this study.  

3.1.1. Selection of Data Source 

Various data sources are available to study the trend and disparity.  The ideal 

secondary data source to study trend and disparity in breast cancer screening 

should have following characteristics: nationally representative information on 

breast cancer screening, easily available and inexpensive. 

 Medicare data has longitudinal information regarding clinical and economic 

outcomes, and cancer screening utilization.  However, the major drawback of 

Medicare data is that it mainly includes patient population above 65 years of age.  

So, we cannot generalize the study results at national level. 

Medicaid data has longitudinal information regarding clinical and economic 

outcomes, and cancer screening utilization for each state.  It only covers patient 

population having lower income or persons with disability.  Hence, it is not possible 

to generalize results to national level. 

Veteran Administration (VA) data has longitudinal information regarding 

clinical and economic outcomes, and cancer screening utilization.  However, it only 

covers veterans and the majority of patients are male.  Also, it is not a nationally 

representative dataset which limits the use of VA data for the purpose of our study. 



Page 27 of 92 

 

Private claims data from hospitals, managed care organization are available 

but it is expensive to get access to such databases.  Moreover, the results obtained 

from such databases cannot be generalized at national level as it covers very specific 

patient population in particular regions. 

There are various data available publicly to conduct health outcome research 

such as National Ambulatory Medical Care Survey (NAMCS), National Hospital and 

Ambulatory Medical Care Survey (NHAMCS), Medical Expenditure Panel Survey 

(MEPS) etc.  Out of all publicly available data sources, MEPS is considered to be rich 

data containing complete information on use of health care, health insurance 

coverage and cost.  MEPS contain information on breast cancer screening utilization 

at national level.  Since MEPS is a national survey, results of the study are 

generalizable at national level. 

i. It is possible to see the trend in MS and CBE utilization and changes in 

disparity over time as MEPS collects data annually since 1996.  

ii. It is reliable data for MS and CBE utilization research because it takes 

efforts to accurately collect information regarding various breast cancer 

screening services. 

iii. It is possible to study racial and ethnic disparity in breast cancer 

screening use because MEPS oversamples racial/ethnic minority which 

gives an added advantage of adequate statistical power to study disparity. 

All of the above characteristics make MEPS as an ideal data source for this 

study. 
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3.1.2. Medical Expenditure Panel Survey (MEPS) 

Background: 

The Medical Expenditure Panel Survey (MEPS), a nationwide survey, is 

conducted by the Agency for Healthcare Research and Quality (AHRQ) and the 

National Center for Health Statistics (NCHS), the U.S. Department of Health and 

Human Services (DHHS).  AHRQ conducted two surveys prior to MEPS: first was 

conducted in 1977, the National Medical Care Expenditure Surveys (NMCES), and 

second in 1987, the National Medical Expenditure Survey (NMES).  Since 1996, 

AHRQ started conducting MEPS to provide more timely information about the 

nation's changing health care system and it is conducted annually thereafter.  MEPS 

collects detailed information on the specific health services that Americans use, how 

frequently they use them, the cost of these services, and how they are paid for, as 

well as data on the cost, scope, and breadth of health insurance held by and 

available to U.S. workers.  The MEPS data is available online at 

http://www.meps.ahrq.gov/mepsweb; the most recent yearly data posted on the 

website is 2010. 

Components of MEPS: 

 The MEPS data has two major components: Household Component (HC) and 

Insurance Component (IC).  It also has two other components: Medical Provider 

Components (MPC) and Nursing Home Component (NHC).  From previous year’s 

National Health Interview Survey (NHIS) a subsample is selected; the selected 

subsample, MEPS household sample, provides basis for HC and MPC data collection. 
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 The MEPS – HC is a main survey designed to provide annual national 

estimates of the health care use, medical expenditures, sources of payment, and 

insurance coverage for the US civilian noninstitutionalized population.  It also 

provides information regarding individual’s health status, demographic 

characteristics, employment, and access to health care.  Computer assisted personal 

interviewing (CAPI) technology using a laptop is used to collect comprehensive 

MEPS data.  One of the prominent features of MEPS sample design, oversampling of 

Hispanics and Blacks in order to increase precision without distorting population 

estimate, makes it unique for research of policy interest.  The HC employs an 

overlapping panel design in which selected individual is interviewed five times in 

two and half year period.  This provides annual health insurance coverage, use, and 

expenditure data for 2 calendar years.  Generally, the rounds of interviewing for any 

individual sampled family are spaced about 5 months apart.  

Each round of MEPS-HC interviews collects information pertaining to a 

specific time period called a reference period. Using Panel 14 again as an example, 

the reference period for the first interview of Panel 14 began on January 1, 2009, 

and ended on the date of each reporting unit's Round 1 interview, conducted from 

March through June 2009. The reference periods for Rounds 2, 3, and 4 varied from 

household to household and covered the time between interview dates of the 

previous round and the current round. The last reference period of Panel 14 (Round 

5) ended on December 31, 2010. (December 31st of the second calendar year is 

always the end of the last reference period.) 
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Figure 3.1 MEPS panel design (Source: www.meps.ahrq.gov) 

The MEPS- MPC is supplement to the HC to ensure matching of the 

information provided by the interviewer.  It collects information from physicians, 

hospitals, home health care providers and pharmacies provided by MEPS-HC 

participants.  The MPC data collects information on charges, payments and reasons 

for differences between the two, diagnoses which are coded by ICD-9-CM (the 

International Classification of Disease, the ninth edition, Clinical Modification) and 

DSM-IV (Diagnostic and Statistical Manual of Mental Disorders, the fourth version) 

codes, physician procedures which are classified by CPT-4 (Current Procedural 

Terminology, the fourth version) codes, inpatient stays which are coded by DRG 
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(diagnosis-related group) codes and prescribed medicines (medication names, 

national drug codes (NDC), strengths, quantity, dosages and dose forms, etc.).  The 

MPC component is only available at AHRQ data center. 

The MEPS-IC is a survey of private or public employers which collects data 

on the number and types of private health insurance plans offered, benefits 

associated with these plans, premiums, contributions by employers and employees, 

eligibility requirements, and employer characteristics.  The MEPS-IC data files are 

not available to public due to confidentiality rules; however, it is available online in 

tabular form only and at the Census Bureau Research Data Centers.  

The MEPS-NHC collected information on a sample of nursing homes in the US 

as well as nursing home residents in 1996.  It included information on 

characteristics of the services and facilities offered; expenditure and source of 

payment on an individual resident level.  Resident characteristics data included age, 

income, insurance coverage and cognitive and functional impairment.  The MEPS-

NHC information is not available to public due to confidentiality issues.  

 

 
Public Use Data Files (PUFs): 

 PUFs are available through MEPS website http://meps.ahrq.gov/mepsweb/. 
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Figure 3.2  Relationships among MEPS 2007 PUFs and variables used for file linkage 

(PUF number are stated in bracket) 
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Annual and Longitudinal analysis: 

Data files of MEPS contain data collected from respondents during one calendar 

year, from January to December.  Each responder as well as the reported events is 

assigned a unique identifier.  These yearly files can be used for cross-sectional as 

well as longitudinal studies.  MEPS data can also be analyzed for even longer periods 

as it collects 2-year follow-up information for each respondent.  A sampling weight 

variable is assigned to each respondent in order to generate national level 

estimates.  For larger analytical sample size, multiple years of MEPS data can be 

combined for both cross-sectional and longitudinal data analysis. 

 
 
3.2. Study Design 

 
It was a retrospective cross-sectional study.  The study included 2000 to 

2010 MEPS data.  For the purpose of study, we used full year consolidated file. Full 

year consolidated file contains person-level data on variable pertaining to 

demographics, BMI, employment, health status, health insurance and income.  This 

file also contains weight variable which is useful in deriving national estimates. All 

females with age ≥40 years formed the cohort of the study. All the variables 

including outcome and independent were self –reported. 
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3.3. Conceptual Framework 

Anderson Behavioral Model (ABM) has been used widely to study the 

utilization of health services.   The initial  model was developed by Andersen et al. in 

1960 to understand families’ use of health services but in 1973 it was extended to 

individual level where the unit of analysis was individual instead of a family 

(Andersen and Newman, 1973). 

Predisposing characteristics describes propensity of an individual to use health 

care services.  We included following variables as predisposing characteristics 

determining utilization of BCS: age, marital status, and race; race was taken as 

primary independent variable. 

Enabling characteristics describes ability of an individual to get health care 

services. Following variables were included as enabling factors in the model: 

education, employment status, income, health insurance, usual source of care, MSA, 

region.  

Need characteristics described perceived and actual health of an individual.  It 

included following variables in the final model: self-reported health status and 

obesity.  

Yearly dummies were included as covariate because we pooled data from 

multiple years, from 2000 to 2010. 
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Figure 3.3  Anderson Behavioral Model of individual determinants of health service 

utilization (Source: R Andersen and Newman, 1973) 
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3.4. Operational Definitions of Variables 

• Adult females were defined as any female of age greater than or equal to 40 

years. 

• Breast Cancer Screening: In MEPS, variable MAMMOG53 and BRSTEX53 are 

used to recorded information about MS and CBE respectively. Participants 

are 

Q1: Did you ever receive mammogram/clinical breast examination? Yes/no. 

If yes, next question is: 

Q2: How long since you last received MS/CBE? 

Response is coded as: 1 within past year, 2 within past 2 years , 3 within past 

3 years, 4 within past 5 years , 5 more than 5 years, 6 never. For this study, 

three binary outcome variables were coded as shown in Table 3.1. 

Table 3.1 Definitions of Outcome Variables 

Mammogram Screening 

Yes = 1 
Respondents reporting  guideline concordant use (within past 1 year or 2 
years) 

No = 0 Respondents reporting non-concordant use (more than 2 years or never). 

Clinical Breast Examination 

Yes = 1 
Respondents reporting  guideline concordant use (within past 1 year or 2 
years) 

No = 0 Respondents reporting non-concordant use (more than 2 years or never). 

Breast Cancer Screening 

Yes = 1 Received both MS and CBE (MS = 1 and CBE =1) 

No = 0 Received either MS or CBE or none  
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• Age: Age was treated as continuous variable. Variable age2 (age-squared was 

included to capture diminishing effect of age on outcome variable 

• Ethnicity/Race: Self-reported ethnicity /race was categorized as Non-

Hispanic White (Reference), Non-Hispanic Black, Hispanic and others.  

• Marital Status: Marital Status in MEPS is recorded as married, widowed, 

divorced, separated and never married. For this study, marital status is 

dichotomized into married and not married (including widowed, divorced, 

separated, and never married). 

• Education: Education categorized as <12 years (less than high school, 

reference group), 12- 15 years (high school diploma) and > 15 years (college 

degree or higher). 

• Employment status: Employment status was dichotomized as employed or 

unemployed at the time of survey. 

• Income: Income was treated as continuous variable. For logistic regression, 

income was transformed to log (income). 

• MSA: Metropolitan Statistical Area categorized as non-MSA (Rural) and MSA 

(Urban). 

• Region: Region categorized into north-east, mid-west, south and west. 

• Health Insurance: Health Insurance was divided into three categories: no 

coverage, public insurance and private insurance. Public insurance included 

Medicare, Medicaid, and other government programs. Private insurance 

included employer-provided coverage and non-employer provided coverage 
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(i.e., purchased through a group, association, school, insurance company, 

etc.). 

• Usual Source of care: Usual Source of care was dichotomized as yes/no. 

• Health Status: Health Status was grouped into 3 categories as excellent / very 

good /good, fair and poor. 

• Obesity: Self-reported BMI values were used to categorize females into 

obese, overweight and non-obese. Females were classified as obese based on 

BMI status as Obese (BMI ≥ 30), non-obese [Normal weight, (BMI < 25) and 

Overweight  (BMI 25 -30)]. 

 

3.5. Statistical Analysis 

Study cohort consisted of all females ≥ 40 years of age. Descriptive analyses 

were reported to describe the characteristics of study cohort by race. All analyses 

were adjusted for the complex survey design in order to generalize results at 

national level. 

 

Objective # 1 

Descriptive analysis was conducted to describe the national trends in MS, CBE and 

BCS for each year from 2000 to 2010 by race (NHW, NHB, Hispanics and non-

Hispanic others) 

 Objective # 2 

To study racial disparities, analysis was carried out in three steps: 
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1. Bivariate regression analysis was conducted to study the association of each 

outcome variable with independent variable. Three bivariate regression 

analyses were conducted each for MS, CBE and BCS. 

2. Multivariate logistic regression analyses were used to identify disparity between 

Whites, Blacks, and Hispanics for MS, CBE and BCS. 

3. Non-linear blinder Oaxaca decomposition was used to decompose disparities in 

to observed and unobserved components for MS, CBE and BCS. 

 

• Primary independent variable: Race/ethnicity (Whites/Blacks/ 

Hispanics/Others); Whites were taken as reference. 

• Covariates:  All variables according to ABM model of health service 

utilization (predisposing, enabling and need factors) were included. 

All variables identified from MEPS data according to ABM model. 

 Probability of the outcome was modeled using the logarithmic odds as a 

linear function of the predictor variables.  The mathematical expression of the 

model could be written as: 

 

Where X1....... Xk were predictor variables (predisposing, enabling and need 

variables), and p was the probability of the occurrence of the outcome i.e. MS, CBE 

and BCS.  The risk ratio was referred as the Odds Ratio (OR); beta coefficients were 

interpreted as OR. 
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The Blinder-Oaxaca non-linear decomposition technique was employed to 

decompose racial disparity in screening utilization into observed versus unobserved 

heterogeneity. 

The Blinder-Oaxaca decomposition method was originally developed by 

Blinder and Oaxaca to explain wage difference, focusing on wage gap between 

whites and blacks and between males and females (Blinder, 1973; Oaxaca, 1973).  

Since its development, the method has been widely used in the field of labor 

economics but it has received limited application in health service research 

generally (Chen and Rizzo, 2008; Mortensen and Song, 2008).  In health service 

research, this method is used to study racial disparities in several measures of 

healthcare access, utilization and healthcare coverage (Freiman and Cunningham, 

1997; Hargraves and Hadley, 2003;  Vargas Bustamante et al., 2009; Waidmann and 

Rajan, 2000).  

The decomposition method allows us to decompose the difference in an 

outcome variable between two groups into two components: 

1. The first component is referred as “explained” portion of the gap which 

captures differences in observed or measurable characteristics, known as 

endowments. 

2. The second component is referred as “unexplained” portion of the gap 

that cannot be explained and known as behavioral component, treatment 

effect or discrimination portion. 

The original Blinder-Oaxaca method is a regression based technique and it is 

only applicable when the outcome variable is continuous such as wage or payment.  
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In 2005, Fairley provided extension of original method to logit and probit models 

which enabled researchers to employ this method even when the outcome variable 

is binary in nature (Fairlie, 2005).  In order to understand non-linear technique, it is 

important to have knowledge of linear method.  The following section provides 

explanation for both linear and non-linear decomposition technique.  

 

Linear Blinder-Oaxaca decomposition method: 

This method is applicable when the outcome variable is continuous in nature.  

For example, to decompose disparities of prescription medication payment cost 

between whites and blacks: First, estimate ordinary least square regression for each 

group (whites and blacks) for outcome variable (prescription medication payment).  

Second, use the estimated coefficients and mean value of each independent variable 

to calculate predicted cost for each group.  

 
………..…………………….. (1) 

 

  ………..…………………….. (2) 

Where, subscript b = blacks and w = whites, 

   = mean of prescription drug payment, 

  = estimated intercept, 

  = column vector of estimated slope coefficient for set of j regressors,  
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Then finally subtract the above two estimated equations and decompose the 

difference into two parts. 

 

 

                               (3.1)                  (3.2) 

Term 3.1 is due to difference in the mean of observed variables and known as 

explained portion., and  term 3.2 is due to difference in the intercept and coefficient 

which is known as unexplained portion due to decomposition.   

  In Stata software, oaxaca command is used to perform linear decomposition 

(Jann, 2008). 

 

Non-linear Blinder-Oaxaca decomposition method: 

 We employed nonlinear decomposition technique as our outcome variable 

was binary in nature, breast cancer screening (yes/no). 

 Following Fairlie, the decomposition for nonlinear equation could be written 

as: 

……………………… (4) 
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Now, an equally valid expression could be written as: 

 

……………………… (5) 

In equations (4) and (5), the first term of the right hand side equation represents the 

“explained” component due to difference in Xs and the second term represents 

unexplained component.  It is relatively easy to find out total contribution of each 

component as one needs to calculate two sets of predicted probabilities and take the 

difference between two average values of two.  However identifying contribution of 

individual variable in explaining the disparity is complex.  To simplify, first assume 

that NB = NW  and that there exists a natural one-to-one matching of black and white 

observations. Using coefficient estimates from a logit regression for a pooled 

sample, β*, the independent contribution of X1 to the racial gap can then be 

expressed as: 

………………… (6) 

The contribution of X2 can be expressed as: 

……………………… (7) 
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Standard errors for the decomposition were calculated using delta method. 

Equation (6) can be rewritten as equation (8) and variance can be estimated as 

equation (9): 

……………………… (8) 

 

……………………… (9) 

 

Following four issues were considered during implementation of nonlinear 

decomposition method.  

Index problem:  In equation (4), white’s beta coefficients (βW) are taken in the first 

term.  Whereas in equation (5), black’s beta coefficients (βB) are taken as weights for 

the first term in the equation and the white distribution of the independent 

variables (XW) are used as weights in the second term.  The above method using 

equation (5) gives different estimates than equation (4) which is often referred as 

an index problem with the Blinder-Oaxaca decomposition technique (Fairlie, 2005).  

In the present study, we had four choices among beta coefficient: Black’s coefficient, 

white’s coefficients, pooled (black and white) coefficients, and coefficients for all 

races.  So far there is no solution to this problem in the literature, the selection 

choice depends on the application with many studies reporting results for more 

than one specification or depends on the researcher. 
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Ordering problem:  The non-linear technique is susceptible to effect of ordering of 

variables.  It is stated by Fairlie that “due to nonlinearity of the decomposition 

equation the results may be sensitive to the ordering of variables”.  Two solutions 

were suggested to overcome the ordering problem: first is to experiment with 

different ordering of independent variables to confirm the robustness of results, 

second solution is to randomize the ordering of variables.  In the present study, 

random ordering of variables was employed to overcome the above problem. 

Matching problem: One-to-one matching of sample from two groups is desired to 

calculate equations (6), (7) and (9).  However, it rarely occurs in practice.  Fairlie 

suggested that draw a large number of random subsamples of majority group 

(whites), match each of these random subsamples of whites to the black sample, and 

calculate separate decomposition estimates.  The mean value of estimates from the 

separate decompositions is calculated and used to approximate the results for the 

entire white sample.  In the current study, we used 1000 random subsamples of 

whites to calculate these means. 

Sample weight problem:  The decomposition technique should be modified slightly, if 

sample weights are required.  If sample weights are used to estimate both the mean 

outcomes and the logit regressions, then each observation in Equations (6) and (7) 

should be weighted.  The only complication arises in choosing whether the white or 

black sample weight is used when switching distributions, which represents 

another index problem as there is no theoretical justification for preferring one over 

the other. 
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In Stata software, fairlie, nldecompose and gdecomp commands are available to 

conduct non-linear decomposition. 

Two statistical analysis software, SAS version 9.2 (SAS Institute Inc., Cary, North 

Carolina) and STATA, were used to perform statistical analysis. 

 

3.6. Ethical Requirement 

The study has been approved by the University of Houston Committees for the 

Protection of Human Subjects under exempt category, number 4. 
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CHAPTER 4  

RESULTS 

4.1  Sample Characteristics 

The final pooled data file had unweighted positive person weight sample size 

of 350,474 (weighted sample size = 3,251,337,737).  We included females ≥ 40 years 

of age in our final cohort which led to unweighted sample size of 79,068 (weighted 

sample size= 764,361,258). 

 Table-4.1 provides descriptive statistics of analytical cohort (weighted 

sample size= 764,361,258) by race. The majority of people in the cohort were non-

Hispanics White (74.38%) followed by non-Hispanic Black (10.98%), Hispanics 

(9.11%) and others (5.52%).  The mean age of the cohort was 58.12 (± 0.10). More 

than half of the population was married (54.35%); majority of non-Hispanics White 

women were married (59.13%) and most of non-Hispanic Black women were not 

married (67.02%). Most of the women in the cohort had education less than 12 

years (58.93%), with lowest rate of education among Hispanic women (79.15%).  

Majority of females among cohort reported having private insurance coverage 

(62.24%) and most women had usual source of care (86.07%). Most of the 

population reported their health status to be excellent/very good/good. Among the 

cohort, most of non-Hispanics White women had a normal body weight (41.48%); 

whereas most of non-Hispanic Black women were obese (46.19%). 
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Table 4.1 Descriptive statistics of analytic cohort by race (percentage are listed 

as column percentage among each characteristics) 

 

Total 

(N = 

764,361,258) 

Non-

Hispanic 

Whites 

(74.38%) 

Non-

Hispanic 

Blacks 

(10.98%) 

Hispanics 

(9.11%) 

Others 

(5.52%) 

Predisposing Factors 

Mean Age 

(± SD) 
58.12 (± 0.10) 58.99 (±0.12) 56.23 (±0.12) 54.80 (±0.21) 

55.62 

(±0.30) 

Marital Status 

Not married 45.65 40.87 67.02 44.48 35.92 

Married 54.35 59.13 32.98 55.52 64.08 

Enabling Factors 

Education      

< 12 years 58.93 52.40 63.96 79.15 49.07 

12 – 15 years 32.83 37.44 30.30 17.18 39.09 

> 15 years 8.23 10.17 5.73 2.97 11.84 

Employment Status 

Unemployed 45.42 45.07 45.72 47.56 41.75 

Employed 54.58 54.93 54.28 52.44 58.25 

Mean Income 

(± SD) 

29,919 

(±227.29) 

32,025 

(±270.44) 

24,231 

(±395.09) 

19,935 

(±378.48) 

29,348 

(±673.16) 

Insurance 

Private 62.24 72.37 51.25 39.28 63.21 

Public 24.73 19.99 34.29 31.35 24.15 

Uninsured 13.03 7.64 14.46 29.37 12.64 

Usual source of care 

No 13.93 10.26 14.13 24.36 17.88 

Yes 86.07 89.74 85.87 75.64 82.12 

MSA 

Rural 19.56 24.95 15.39 9.31 9.91 

Urban 80.44 75.05 84.61 90.69 90.09 

Region 

Northeast 16.71 17.80 16.52 14.39 13.73 

Midwest 20.30 26.77 16.72 5.86 11.02 
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Total 

(N = 

764,361,258) 

Non-

Hispanic 

Whites 

(74.38%) 

Non-

Hispanic 

Blacks 

(10.98%) 

Hispanics 

(9.11%) 

Others 

(5.52%) 

South 39.15 35.79 58.89 36.99 23.47 

West 23.84 19.64 7.87 42.75 51.77 

Need Factors 

Health Status      

Excellent/very 

good/good 
88.29 90.18 84.26 84.97 90.07 

Fair 9.44 7.56 13.24 12.72 7.29 

Poor 2.27 2.25 2.50 2.30 1.74 

Obesity      

Normal 36.67 41.48 22.96 26.62 57.16 

Overweight 31.07 30.11 30.85 36.20 26.13 

Obese 32.25 28.41 46.19 37.17 16.70 

Survey Year 

2000 6.60 7.50 5.35 6.10 3.04 

2001 9.08 10.35 7.28 8.06 5.14 

2002 10.56 11.39 9.31 9.60 8.96 

2003 9.13 9.51 8.36 8.88 8.41 

2004 9.23 9.56 8.18 9.35 8.61 

2005 9.12 9.23 8.85 9.15 8.65 

2006 9.52 9.54 9.68 9.46 9.09 

2007 8.62 8.59 8.69 8.45 9.31 

2008 8.85 7.85 10.30 9.73 11.65 

2009 10.09 8.50 12.74 11.45 13.81 

2010 9.20 7.99 11.26 9.76 13.34 
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4.2 Trends in Utilization of Breast Cancer Screening Services 

4.2.1 National Trends of Mammogram Screening by Race 

 

 

 Figure 4.1 Utilization of mammogram screening by race from 2000 - 2010 

Non-Hispanic Whites and non-Hispanic blacks had similar rate of mammogram 

screening from year 2000 to 2010; however, a slight decrease in mammogram use 

was observed for non-Hispanic blacks in year 2005 (71.96%) which increased in 

2006 (74.49%). MS rates were higher for NHB in 2002-2003. Among NHW, MS rate 

decreased in 2009. Hispanics had the lowest rate of mammogram utilization 

compared to other groups.  For Hispanics, MS rate were below 70% till 2008; in 

2009-2010 MS rates reached 70% for Hispanics. Mammogram screening rate was 

almost stable from 2000 to 2007; but an upward trend was observed from 2008 

which continued till 2010. Overall, screening rate remained stable from 2000 to 

2010.  
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4.2.2 National Trends of Clinical Breast Examination by Race 

 

 

Figure 4.2 Utilization of clinical breast examination by race from 2000 - 2010 

For CBE, non-Hispanic blacks reported highest utilization form 2000 to 2010 

compared to other groups. Among non-Hispanic blacks, CBE rates decreased in 

2005, which again increased in 2006 and following decrease in 2007. For non-

Hispanic whites, CBE rates remained in 2000 were 82% which decreased to 79% by 

2010. CBE utilization for Hispanics remained stable from 2000 to 2004; which 

decreased in 2005, an increasing trend was observed form 2008 -2010.  
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4.2.3 National Trends of Breast Cancer Screening by Race 

 

 

Figure 4.3 Utilization of breast cancer screening by race from 2000 - 2010 

BCS rates for non-Hispanic whites were highest in 2001-2002 which gradually 

decreased by year 2010. Non-Hispanic blacks a sharp decrease was observed in 

2005, which again increased in 2006 and remained stable thereafter. Hispanics 

reported the lowest screening rate throughout the decade. The screening rate for 

Hispanics increased slightly in 2004 but it again decreased in 2007; an upward 

trend was observed from 2008 to 2010. Overall screening trend were higher in 

2000 to 2003; after which a declining trend was seen for the rest of the decade.  
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4.3 Racial Disparities in Breast Cancer Screening 

4.3.1 Bivariate Regression Analysis  

a. Mammogram Screening 

Table - 4.2 shows results for bivariate regression analysis. Among female with age ≥ 

40 years, 70.43% of females received MS.  MS use was slightly higher for NHB 

(74.96%) compared to NHW (74.43%); whereas Hispanics had lower MS use 

(68.36%) compared to NHB and NHW. Results indicated that Hispanics were 

significantly less likely to receive MS compared to NHW (OR: 0.67; 95% CI: 0.61-

0.74; p<0.0001), whereas there was no significant association between NHB and MS. 

Several characteristics were significantly associated with MS use in bivariate 

relationship. Among, predisposing characters, being married showed significant 

association with receiving higher screenings; whereas increasing age was not 

significantly associated with MS use. Among enabling factors, higher education, 

being employed, having usual source of care and urban metropolitan status were 

associated with higher odds of receiving MS. Having public insurance coverage or 

being uninsured were associated with lower odds of receiving MS. Among need 

characteristics, having fair or poor health status significantly reduced the odds of 

receiving MS. Being obese was not significantly associated with MS; whereas being 

overweight significantly increased odds of MS.  
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Table 4.2 Bivariate Regression Analysis for Mammogram Screening  

Variables 

Total number of 

females eligible 

to receive 

mammogram 

(N = 764,361,258) 

Percentage of 

females who 

received 

mammogram 

(N = 538,381,932, 

70.43%) 

Bivariate odds 

ratio (95% CI) 
p-value 

Predisposing Factors 

Race     

Non-Hispanic Whites 549,060,977  74.43% Reference  

Non-Hispanic Blacks 78,574,106  74.96% 1.03 (0.96 -1.1) 0.42 

Hispanics 66,031,004  68.36% 0.74 (0.69-0.8) <0.0001 

Others 38,885,378  66.07% 0.67 (0.61-0.74) <0.0001 

Mean Age (± SD) 58.12 (± 0.10) 57.97 (± 0.12) 0.999 (0.997-1.0) 0.28 

Marital Status      

Not married 308,902,713  67.65% Reference  

Married 423,638,111  77.75% 1.67 (1.6-1.75) <0.0001 

Enabling Factors 

Education      

< 12 years 378,405,888  68.38% Reference  

12 – 15 years 274,797,094  77.86% 1.63 (1.54-1.71) <0.0001 

> 15 years 75,343,036  84.3% 2.48 (2.26-2.73) <0.0001 

Employment Status 

Unemployed 310,184,615  70.01% Reference  

Employed 422,366,850  76.06% 1.36 (1.3-1.43) <0.0001 

Mean Income (± SD) 29,919 (±227.29) 32,643 (±263.86) 1.19 (1.17-1.21) <0.0001 

Insurance      

Private 521,439,390  78.79% Reference  

Public 145,941,629  66.41% 0.53 (0.51-0.56) <0.0001 

Uninsured 65,170,445  46.98% 0.24 (0.22-0.26) <0.0001 

Usual source of care      

No 83,668,241  47.63% Reference  

Yes 644,630,821  76.86% 3.65 (3.43-3.89) <0.0001 

MSA      

Rural 136,524,777  68.7% Reference  

Urban 596,018,454  74.59% 1.34 (1.25-1.44) <0.0001 

Region      

Northeast 143,749,638  77.56% Reference  

Midwest 165,788,840  73.75% 0.81 (0.74-0.89) <0.0001 

South 265,461,011  72.42% 0.76 (0.69-0.83) <0.0001 

West 157,543,741  71.32% 0.72 (0.65-0.79) <0.0001 

Need Factors 

Health Status      

Excellent/very 

good/good 
666,092,451  74.25% Reference  
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Variables 

Total number of 

females eligible 

to receive 

mammogram 

(N = 764,361,258) 

Percentage of 

females who 

received 

mammogram 

(N = 538,381,932, 

70.43%) 

Bivariate odds 

ratio (95% CI) 
p-value 

Fair 53,925,084  66.86% 0.7 (0.65-0.75) <0.0001 

Poor 12,533,930  61.82% 0.56 (0.49-0.65) <0.0001 

Obesity      

Normal 280,287,386  72.69% Reference  

Overweight 218,424,935  74.93% 1.12 (1.06-1.18) <0.0001 

Obese 210,264,741  72.78% 1 (0.95-1.07) 0.89 

Survey Year 

2000 59,760,631  73.5% Reference  

2001 62,858,451  74.57% 0.75 (0.63-0.89) 0.0008 

2002 64,798,834  74.33% 0.8 (0.68-0.94) 0.006 

2003 65,406,223  73.62% 0.69 (0.57-0.83) <0.0001 

2004 65,739,625  73.93% 0.65 (0.54-0.77) <0.0001 

2005 67,347,295  73.23% 0.73 (0.61-0.88) 0.0009 

2006 67,500,202  73.4% 0.67 (0.56-0.8) <0.0001 

2007 68,654,499  72.61% 0.7 (0.59-0.83) <0.0001 

2008 69,714,270  73.36% 0.7 (0.58-0.84) 0.0002 

2009 70,135,961  72.14% 0.71 (0.59-0.85) 0.0002 

2010 70,635,476  73.92% 0.59 (0.48-0.71) <0.0001 

 

b. Clinical Breast Examination 

Table - 4.3 shows results for bivariate regression analysis for CBE. Among study 

cohort, rate of CBE use was 76.42%.  Unadjusted utilization rate for CBE was highest 

for NHB (83.32%), followed by NHW (80.22%). Hispanics reported lower use of CBE 

(77.21%) compared to NHW and NHB. Bivariate regression indicated that NHB had 

significantly higher odds of receiving CBE compared to NHW (OR: 1.23, 95% CI: 

1.14-1.33, p<0.0001); whereas Hispanics had significantly lower odds of receiving 

CBE compared to NHW (OR: 0.84; 95% CI: 0.76-0.92; p<0.0001).  



Page 56 of 92 

 

Results of bivariate analysis for CBE were similar to MS. Being married showed 

significant association with receiving higher screenings. Similar to MS, higher 

education, being employed, having usual source of care and urban metropolitan 

status were associated with higher odds of receiving MS; whereas public insurance 

coverage or being uninsured lowered the odds of obtaining CBE. Having fair or poor 

health status significantly reduced the odds of receiving MS; whereas being 

overweight significantly increased odds of MS. 

Table 4.3 Bivariate Regression Analysis for Clinical Breast Examination  

Variables 

Total number of 

females eligible to 

receive CBE 

(N = 764,361,258) 

Percentage of 

females who 

received CBE 

(N = 

584,188,369, 

76.42%) 

Bivariate odds 

ratio (95% CI) 
p-value 

Predisposing Factors 

Race/Ethnicity     

Non-Hispanic Whites 547,111,570 80.22% Reference  

Non-Hispanic Blacks 78,662,083 83.32% 1.23 (1.14-1.33) <0.0001 

Hispanics 65,922,990 77.21% 0.84 (0.76-0.92) <0.0001 

Others 38,706,853 74.56% 0.72 (0.65-0.8) <0.0001 

Age (Mean ± SD) 58.12 (± 0.10) 57.14 (± 0.10) 0.98 (0.97-0.98) <0.0001 

Marital Status     

Not married 307,700,501 74.17% Reference  

Married 422,685,559 84.21% 1.86 (1.77-1.95) <0.0001 

Enabling Factors 

Education     

< 12 years 376,707,494 74.44% Reference  

12 – 15 years 274,301,081 85.02% 1.95 (1.84-2.06) <0.0001 

> 15 years 75,487,510 90.11% 3.13 (2.81-3.48) <0.0001 

Employment Status     

Unemployed 308,438,671 73.87% Reference  

Employed 421,964,825 84.45% 1.92 (1.82-2.03) <0.0001 

Mean Income (± SD) 29,919 (±227.29) 32,407 (± 251.77) 1.21 (1.19-1.23) <0.0001 

Usual source of care     

No 83,428,164 58.75% Reference  

Yes 642,836,011 82.71% 3.36 (3.14-3.59) <0.0001 

MSA     

Rural 136,014,091 74.79% Reference  
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Variables 

Total number of 

females eligible to 

receive CBE 

(N = 764,361,258) 

Percentage of 

females who 

received CBE 

(N = 

584,188,369, 

76.42%) 

Bivariate odds 

ratio (95% CI) 
p-value 

Urban 594,381,170 81.17% 1.45 (1.34-1.58) <0.0001 

Region     

Northeast 143,440,687 83.06% Reference  

Midwest 165,116,367 80.35% 0.83 (0.74-0.94) <0.0001 

South 264,703,414 78.74% 0.76 (0.68-0.84) <0.0001 

West 157,134,793 78.87% 0.76 (0.68-0.85) <0.0001 

Need Factors 

Health Status     

Excellent/very 

good/good 
664,512,116 80.78% Reference  

Fair 53,441,888 72.63% 0.63 (0.58-0.68) <0.0001 

Poor 12,449,491 69.04% 0.53 (0.46-0.61) <0.0001 

Obesity     

Normal 279,096,767 79.79% Reference  

Overweight 218,064,403 80.91% 1.07 (1.01-1.14) 0.02 

Obese 209,721,692 78.96% 0.95 (0.89-1.01) 0.12 

Survey Year 

2000 59,976,780 81.58% Reference  

2001 62,664,044 82.14% 1.04 (0.91-1.18) 0.56 

2002 64,564,944 81.85% 1.02 (0.9-1.15) 0.77 

2003 65,365,925 80.69% 0.94 (0.83-1.07) 0.36 

2004 65,910,982 79.86% 0.9 (0.79-1.02) 0.08 

2005 67,081,783 78.95% 0.85 (0.74-0.96) 0.01 

2006 67,244,352 79.69% 0.89 (0.78-1.01) 0.07 

2007 68,077,658 78.43% 0.82 (0.73-0.93) 0.002 

2008 69,582,422 79.2% 0.86 (0.75-0.98) 0.02 

2009 69,653,094 78.59% 0.83 (0.73-0.94) 0.003 

2010 70,281,510 79.34% 0.87 (0.76-0.98) 0.028 

c. Breast Cancer Screening 

BCS utilization was highest for NHW (68.35%) followed by NHB (67.60%); 

Hispanics (61.91%) had lower BCS rate compared to NHB and NHW. Results of 

bivariate analysis for BCS were similar to MS and CBE. Bivariate regression 
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indicated Hispanics had significantly lower odds of receiving BCS compared to 

NHW; whereas being NHB showed no significant association with receiving BCS.  

Following characteristics of women significantly increased odds of receiving BCS: 

married, higher education, employed, higher income, usual source of care, urban 

region and being overweight. Characteristics that reduced odds of receiving BCS 

were: increasing age, having public insurance or being uninsured and fair or poor 

health status. 

Table 4.4: Bivariate Regression Analysis for Breast Cancer Screening  

Variables 

Total number of 

females eligible to 

receive BCS 

(N = 764,361,258) 

Percentage of 

females who 

received BCS 

(N = 512,809,408) 

(67.08 %) 

Bivariate odds 

ratio (95% CI) 
p-value 

Predisposing Factors 

Race/Ethnicity     

Non-Hispanic Whites 568,569,098 68.35 Reference  

Non-Hispanic Blacks 83,958,721 67.60 0.97 (0.91-1.03) 0.28 

Hispanics 69,661,732 61.91 0.75 (0.7-0.81) <0.0001 

Others 42,171,708 57.60 0.63 (0.57-0.69) <0.0001 

Age (Mean ± SD) 55.72 (± 0.11) 57.63 (±0.10) 0.991 (0.99-0.993) <0.0001 

Marital Status     

Not married 324,083,216 60.46 Reference  

Married 440,254,764 71.97 1.68 (1.61-1.76) <0.0001 

Enabling Factors 

Education     

< 12 years 397,244,663 61.24 Reference  

12 – 15 years 284,003,153 72.45 1.67 (1.59-1.74) <0.0001 

> 15 years 77,784,509 79.39 2.44 (2.25-2.65) <0.0001 

Employment Status     

Unemployed 324,972,830 61.96 Reference  

Employed 439,388,428 70.89 1.5 (1.43-1.56) <0.0001 

Income (Mean ± SD) 29,919 (±227.29) 33,078 (±269.87) 1.19 (1.17-1.21) <0.0001 

Usual source of care     

No 89,677,529 42.12 Reference  

Yes 667,327,860 70.76 3.33 (3.13-3.53) <0.0001 

MSA     

Rural 140,685,680 62.79 Reference  
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Variables 

Total number of 

females eligible to 

receive BCS 

(N = 764,361,258) 

Percentage of 

females who 

received BCS 

(N = 512,809,408) 

(67.08 %) 

Bivariate odds 

ratio (95% CI) 
p-value 

Urban 623,667,344 68.06 1.26 (1.18-1.36) <0.0001 

Region     

Northeast 150,731,996 70.82 Reference  

Midwest 171,607,535 67.95 0.86 (0.82-0.91) <0.0001 

South 276,553,423 66.10 0.85 (0.81-0.89) <0.0001 

West 165,460,070 64.47 0.75 (0.71-0.79) <0.0001 

Need Factors 

Health Status     

Excellent/very 

good/good 
693,306,686 68.10 Reference  

Fair 57,166,813 58.46 0.66 (0.62-0.7) <0.0001 

Poor 13,887,759 52.08 0.51 (0.45-0.58) <0.0001 

Obesity     

Normal 5,610,467  73.13 Reference  

Overweight 4,384,252 73.85 1.13 (1.07-1.18) <0.0001 

Obese 4,046,082 70.93 1.04 (0.99-1.1) 0.13 

Survey Year 

2000 62,000,769 68.63 Reference  

2001 64,952,900 69.76 1.06 (0.95-1.17) 0.33 

2002 66,809,690 69.42 1.04 (0.93-1.15) 0.49 

2003 68,138,047 67.33 0.94 (0.85-1.05) 0.26 

2004 68,952,316 66.99 0.93 (0.83-1.03) 0.17 

2005 69,919,672 66.93 0.93 (0.83-1.03) 0.16 

2006 70,801,299 66.39 0.9 (0.81-1.01) 0.07 

2007 71,507,208 65.54 0.87 (0.78-0.97) 0.009 

2008 73,085,100 66.48 0.91 (0.81-1.01) 0.08 

2009 73,857,052 65.11 0.85 (0.77-0.95) 0.004 

2010 74,337,204 66.12 0.89 (0.8-1) 0.04 
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4.3.2 Multivariate Logistic Regression Analysis  

 

a. Mammogram Screening 

After adjusting for covariates in multivariate model, NHB (OR: 1.27, 95% CI: 1.16-

1.40, p<0.0001) and Hispanics (OR: 1.27, 95% CI: 1.16-1.40, p<0.0001) reported 

higher odds of receiving screening for MS (Table 4.5). Increasing age was significant 

predictor of screening; however including variable age-squared in model suggested 

that after certain age, odds of receiving MS decreased (OR: 0.998, 95% CI: 0.997-

0.998, p<0.0001). Married women had higher odds of receiving MS. Higher 

education significantly increased the odds of receiving screening for all three types 

of screening. In contrast to bivariate regression, being employed decreased the odds 

of receiving screening. Having usual source of care and urban metropolitan status 

significantly increased odds of all types of screening. Having public insurance 

coverage or being uninsured significantly lowered the odds of receiving screening. 

Among geographical location, females residing in mid-west, south and west regions 

had lower odds of screening compared to that residing in north-east region. Among 

need characteristics, having fair or poor health status significantly reduced the odds 

of receiving screening.  
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Table 4.5: Multivariate Logistic Regression Analysis for Mammogram Screening  

Variables Odds Ratio (95% CI) P - value 

Predisposing 

Race/Ethnicity   

Non-Hispanic Whites Reference  
Non-Hispanic Blacks 1.39 (1.27 - 1.51) <0.0001 
Hispanics  1.27 (1.16-1.40) <0.0001 
Others 0.77 (0.68-0.87) <0.0001 

Age  1.34 (1.31-1.37) <0.0001 

Age squared 0.998 (0.997-0.998) <0.0001 

Marital Status   

Not married Reference  
Married 1.48 (1.39-1.56) <0.0001 

Enabling 

Education   

< 12 years Reference  
12 – 15 years 1.37 (1.29-1.45) <0.0001 
> 15 years 1.72 (1.55-1.91) <0.0001 

Employment Status   

Unemployed Reference  
Employed 0.89 (0.82-0.96) 0.003 

Income 1.13 (1.11-1.16) <0.0001 

Insurance   

Private Reference  
Public 0.76 (0.70-0.82) <0.0001 
Uninsured 0.36 (0.33-0.39) <0.0001 

Usual source of care   

No Reference  
Yes 3.04 (2.83-3.26) <0.0001 

MSA   

Rural Reference  
Urban 1.28 (1.19-1.38) <0.0001 

Region   

Northeast Reference  
Midwest 0.84 (0.77-0.93) 0.0003 
South  0.86 (0.76-0.93) 0.0004 
West  0.78 (0.71-0.87) <0.0001 

Need 

Health Status    

Excellent/very good/good Reference  
Fair  0.80 (0.73-0.88) <0.0001 
Poor  0.61 (0.51-0.72) <0.0001 

Obesity   

Normal  Reference  
Overweight  1.09 (1.02-1.15) 0.0083 
Obese  0.96 (0.90-1.02) 0.19 

Survey Year 

2000 Reference 
 

2001 1.09 (0.97-1.22) 0.16 

2002 1.02 (0.92-1.14) 0.67 

2003 0.98 (0.88-1.1) 0.76 
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Variables Odds Ratio (95% CI) P - value 

2004 0.99 (0.88-1.11) 0.86 

2005 0.99 (0.87-1.12) 0.82 

2006 0.96 (0.85-1.08) 0.51 

2007 0.92 (0.82-1.04) 0.17 

2008 0.95 (0.85-1.07) 0.42 

2009 0.9 (0.8-1.01) 0.08 

2010 0.97 (0.86-1.1) 0.62 

 

b. Clinical Breast Examination 

After adjusting for covariates, NHB reported higher odds of CBE compared to NHW 

(OR: 1.43, 95% CI: 1.29-1.58, p<0.0001); whereas Hispanics reported lower odds of 

receiving CBE compared to NHW (OR: 0.81, 95% CI: 0.74-0.9, p<0.0001). Age was 

significant predictors for CBE, after certain age it had a diminishing effect on 

receiving CBE. Similar to multivariate logistic regression of MS, being married, 

higher education, increasing income, having usual source of care and residing in 

metropolitan urban are increased odds of CBE; and being uninsured and being 

obese decreased the odds of receiving CBE. Contrast to multivariate logistic 

regression of MS, being employed, having public insurance, geographical region, 

health status and being overweight were not found to be significant predictors of 

CBE. Results are displayed in Table 4.6. 

 

 

 

 



Page 63 of 92 

 

Table 4.6: Multivariate Logistic Regression Analysis for Clinical Breast Examination  

Variables Odds Ratio (95% CI) P - value 

Predisposing 

Race/Ethnicity   

Non-Hispanic Whites Reference  
Non-Hispanic Blacks 1.43 (1.29-1.58) <0.0001 
Hispanics  0.81 (0.74-0.9) <0.0001 
Others 0.45 (0.39-0.52) <0.0001 

Age  1.54 (1.46-1.63) <0.0001 

Age squared 0.99 (0.99-0.99) <0.0001 

Marital Status   

Unmarried Reference  
Married 1.57 (1.45-1.7) <0.0001 

Enabling 

Education   

< 12 years Reference  
12 – 15 years 1.59 (1.47-1.72) <0.0001 
> 15 years 1.95 (1.65-2.31) <0.0001 

Employment Status   

Unemployed Reference  
Employed 0.9 (0.79-1.03) 0.12 

Income 1.11 (1.08-1.14) <0.0001 

Insurance   

Private Reference  
Public 1.05 (0.95-1.17) 0.31 
Uninsured 0.49 (0.44-0.53) <0.0001 

Usual source of care   

No Reference  
Yes 1.7 (1.57-1.84) <0.0001 

MSA   

Rural Reference  
Urban 1.15 (1.03-1.27) 0.009 

Region   

Northeast Reference  
Midwest 0.93 (0.82-1.07) 0.30 
South  0.93 (0.81-1.05) 0.24 
West  0.83 (0.73-0.94) 0.005 

Need 

Health Status    

Excellent/very good/good Reference  
Fair  0.93 (0.76-1.14) 0.47 
Poor  0.92 (0.52-1.63) 0.76 

Obesity   

Normal  Reference  
Overweight  0.93 (0.86-1.01) 0.08 
Obese  0.84 (0.77-0.91) <0.0001 

Survey Year 

2000 Reference  

2001 1.07 (0.94-1.23) 1.23 

2002 1.01 (0.89-1.15) 1.15 

2003 0.93 (0.82-1.07) 1.07 

2004 0.88 (0.76-1.01) 1.01 
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Variables Odds Ratio (95% CI) P - value 

2005 0.85 (0.74-0.97) 0.97 

2006 0.87 (0.75-1) 1 

2007 0.8 (0.7-0.92) 0.92 

2008 0.85 (0.74-0.98) 0.98 

2009 0.82 (0.72-0.94) 0.94 

2010 0.84 (0.73-0.96) 0.96 

 

c. Breast Cancer Screening 

In multivariate regression of BCS, NHB (OR: 1.31, 95% CI: 1.21-1.42, p<0.0001) and 

Hispanics (OR: 1.22, 95% CI: 1.12-1.32, p<0.0001) reported higher odds of receiving 

screening for BCS. Significant predictors for BCS were similar to that of MS (Table 

4.7).  Significant factors that increased odds of receiving BCS were:  increasing age, 

being married, higher education, having usual source of care, metropolitan status 

and being overweight. Factors that decreased odds of receiving BCS were: being 

employed, public insurance or uninsured, region other than north-east, fair of poor 

health status and being obese. 

Table 4.7: Multivariate Logistic Regression Analysis for Breast Cancer Screening 

Variables Odds Ratio (95% CI) P - value 

Predisposing 

Race/Ethnicity   

Non-Hispanic Whites Reference  
Non-Hispanic Blacks 1.31 (1.21-1.42) <0.0001 
Hispanics 1.22 (1.12-1.32) <0.0001 
Others 0.71 (0.63-0.8) <0.0001 

Age 1.31 (1.29-1.33) <0.0001 

Age squared 0.997(0.993-0.998) <0.0001 

Marital Status   

Not married Reference  
Married 1.4 (1.32-1.48) <0.0001 

Enabling 

Education   

< 12 years Reference  
12 – 15 years 1.39 (1.31-1.46) <0.0001 
> 15 years 1.75 (1.59-1.92) <0.0001 

Employment Status   



Page 65 of 92 

 

Variables Odds Ratio (95% CI) P - value 

Unemployed Reference  
Employed 0.9 (0.84-0.97) 0.003 

Income 1.18 (1.16- 1.20 ) <0.0001 

Insurance   

Private Reference  
Public 0.78 (0.73-0.83) <0.0001 
Uninsured 0.4 (0.36-0.43) <0.0001 

Usual source of care   

No Reference  
Yes 2.95 (2.75-3.16) <0.0001 

MSA   

Rural Reference  
Urban 1.25 (1.15-1.34) <0.0001 

Region   

Northeast Reference  
Midwest 0.89 (0.81-0.97) 0.008 
South 0.88 (0.8-0.96) 0.003 
West 0.8 (0.72-0.88) <0.0001 

Need 

Health Status   

Excellent/very good/good Reference  
Fair 0.79 (0.72-0.86) <0.0001 
Poor 0.6 (0.51-0.7) <0.0001 

Obesity   

Normal Reference  
Overweight 1.09 (1.04-1.15) 0.001 
Obese 0.98 (0.93-1.04) 0.52 

Survey Year 

2000 Reference  

2001 1.1 (0.98-1.23) 0.10 

2002 1.02 (0.92-1.14) 0.70 

2003 0.92 (0.83-1.03) 0.12 

2004 0.92 (0.82-1.04) 0.17 

2005 0.93 (0.83-1.05) 0.23 

2006 0.89 (0.79-1) 0.05 

2007 0.84 (0.75-0.94) 0.001 

2008 0.88 (0.78-0.99) 0.03 

2009 0.83 (0.74-0.93) 0.002 

2010 0.85 (0.76-0.96) 0.008 
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4.3.3 Non-linear Blinder Oaxaca Decomposition  

The difference in the unadjusted screening rate was similar between NHB 

and NHW for MS, CBE and BCS, decomposition was not obtained between these two 

groups. Three decomposition models were estimated between NHW and Hispanics 

for each of the three types of screening: MS, CBE and BCS. 

In all three models, the decomposition coefficients had a positive sign 

indicating that observed characteristics were successfully able to explain the 

disparities in screening between NHW and Hispanics.  Also, total explained 

disparities exceeded 100% in all the three models, suggesting that all of the 

observed disparity in MS. CBE and BCS for Hispanic women is explained by 

covariate differences between them and white women. 

The implications of finding an explained disparity in excess of 100% are:  

1. For Hispanics to achieve crude screening rates equal to that of NHW, 

covariate distribution for Hispanics should be moved as close as possible 

to NHW. 

2. Some of the programs to enhance screening in minority groups had been 

successful leading to increased screening among Hispanics compared to 

NHW.  

As  total explained disparities exceeded 100%, covariates explain more than the 

observed difference in rates for all three types of screening for Hispanic women 

indicating that, after adjusting for covariates, whites (the reference group) would 



Page 67 of 92 

 

have lower screening rates for mammography than otherwise comparable 

Hispanics. 

For MS and CBE, all variables included in the model, except employment status and 

region, were significant factors in the decomposition model; whereas for BCS, only 

employment status was found to be insignificant in the decomposition model. In all 

three models, enabling factors such as insurance status and having usual source of 

care were biggest drivers of disparities. It indicates that if a higher number of 

Hispanic female were insured, then the likelihood of receiving screening would have 

increased, thus reducing the disparities.  

a. Mammogram Screening 

The decomposition results for MS use between NHW and Hispanics are presented in 

table – 4.7.  The predicted probability of MS use was 0.7444 for non-Hispanic White 

and 0.6833 Hispanics.  Therefore, gap/disparity of 0.061 or 6.1% exists between 

these two groups.   Total disparities explained by measurable/observed covariates 

were found to be 175.19%. 

 For MS, if a higher number of Hispanic female were insured, then the 

likelihood of receiving screening would have increased (for MS) , which would have 

reduced the disparity by 76.8%. Similarly, if higher Hispanic females had access to 

usual source of care, this would have increased screening reducing the existing 

disparities in MS by 48.92%. In addition to insurance and usual source of care, 

education and income significantly contributed toward the existing disparities in all 

three decomposition models.   
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On the other hand, certain characteristics such as MSA and obesity played role in 

opposite direction which in turn increases the disparity if covariate distribution was 

similar among two groups.  It means that, had Hispanics had the similar 

characteristics as NHW for MSA and obesity the gap would be even wider. 

Table 4.8: Non-linear Blinder Oaxaca decomposition of Mammogram Screening 

between non-Hispanic Whites and Hispanics 

Probability of receiving MS for NHW =  0.74440931 

Probability of receiving MS  for Hispanics =0 .68338488  

Difference in MS use =  0.06102442  

Total explained = 0.10690669 

Variables Decomposition SE P-value %Contribution 

Predisposing  

Age 0.0023834 0.0010925 0.03 3.90 

Marital Status 0.0037863 0.0002279 0.000 6.20 

Enabling 

Education 0.0168242 0.0010274 0.000 27.56 

Employment Status 0.0000418 0.0000674 0.54 0.07 

Log -Income 0.0116222 0.0013164 0.000 19.04 

Insurance 0.0468679 0.0018177 0.000 76.80 

Usual source of care 0.0298531 0.0009179 0.000 48.92 

MSA -0.0073147 0.0007877 0.000 -11.99 

Region 0.0019486 0.0013666 0.15 3.19 

Need 

Health Status 0.002158 0.0004693 0.000 3.54 

Obesity -0.0012311 0.0005352 0.02 -2.02 

Total Explained by measurable characteristics 175.19 

 

b. Clinical Breast Examination 

The probability of receiving CBE for whites was 0.80 (80%) and for Hispanics it was 

0.78 (78%). The difference in the CBE was 0.0223. Total disparities explained by 

measurable/observed covariates were found to be 175.19%. Similar to MS, 



Page 69 of 92 

 

insurance and usual source of care contributed largely to the existing disparities, 

suggesting that if Hispanics had the similar insurance characteristics  or similar 

access to usual of source of car as NHW, rates in CBE would increase for  Hispanic 

women ultimately reducing the disparities in CBE.  For CBE, age contributed 

negatively to the disparities in CBE (-87%) indicating that had Hispanics had the 

similar age distribution as NHW, the gap in CBE use between Hispanics and NHW 

would be even wider. Similarly, MSA (-32.86%) also contributed negatively to the 

disparities. 

Table 4.9: Non-linear Blinder Oaxaca decomposition of Clinical Breast Examination 

between non-Hispanic Whites and Hispanics  

Probability of receiving CBE for NHW = 0.80686368 

Probability of receiving CBE  for Hispanics = 0.78439728 

Difference in CBE use = 0.02246641 

Total explained = 0.06314605 

Variables Decomposition SE P-value %Contribution 

Predisposing 

Age -0.0195479 0.0011074 0.000 -87.01 

Marital Status 0.0045758 0.0003176 0.000 20.37 

Enabling 

Education 0.0136407 0.0008787 0.000 60.72 

Employment Status -0.0000758 0.0005651 0.89 -0.34 

Log -Income 0.0052318 0.0005786 0.000 23.29 

Insurance 0.0355612 0.0016481 0.000 158.29 

Usual source of care 0.0263045 0.0009127 0.000 117.08 

MSA -0.0073832 0.0007761 0.000 -32.86 

Region 0.0019908 0.001273 0.11 8.86 

Need 

Health Status 0.0021169 0.0004696 0.000 9.42 

Obesity 0.0008495 0.0004749 0.074 3.78 

Total Explained by measurable characteristics 281.07 
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c. Breast Cancer Screening 

Probability of receiving BCS for NHW was 0.6894 (68.945) and for Hispanics it was 

0.6353 (63.53%).  Hence the difference of 0.054 was observed in BCS use. 

Decomposition results were similar to that of MS and CBE: insurance (69.18%) and 

usual source of care (52.87%) explained most of the disparities in BCS use. 

Education and income were other enabling factors that contributed to the 

disparities.  Total disparities explained by measurable/observed covariates were 

found to be 160.48%.  

Table 4.10: Non-linear Blinder Oaxaca decomposition of Breast Cancer 

Screening between non-Hispanic Whites and Hispanics 

Probability of receiving BCS for NHW = 0.68942656 

Probability of receiving BCS  for Hispanics = 0.63531897 

Difference in BCS use = 0.0541076 

Total explained = 0.08683144 

Variables Decomposition SE P-value %Contribution 

Predisposing 

Age -0.0062596 0.001079 0.000 -11.57 

Marital Status 0.0066195 0.000361 0.000 12.23 

Enabling 

Education 0.0165712 0.001009 0.000 30.63 

Employment Status -0.0000558 0.000459 0.90 -0.1 

Log -Income 0.0062454 0.000688 0.000 11.54 

Insurance 0.0374335 0.001620 0.000 69.18 

Usual source of care 0.0286071 0.000827 0.000 52.87 

MSA -0.0063317 0.000800 0.000 -11.7 

Region 0.0038393 0.001375 0.005 7.1 

Need 

Health Status 0.0033721 0.000522 0.000 6.23 

Obesity -0.0031014 0.000552 0.000 -5.73 

Total Explained by measurable characteristics 160.48 
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CHAPTER 5  

DISCUSSION 
National trends in utilization of MS, CBE and BCS were estimated from 2000 -

2010 by race using MEPS dataset. Overall trend from 2000 to 2010 suggest that for 

most females, the Healthy People 2010 mammography goal (70%) was achieved in 

2000 and it was maintained throughout the decade. These findings were consistent 

with a study conducted by Miranda et al. reporting that HP2010 goal for MS met in 

the beginning of year 2000, and remained stable from 2000 to 2007 (Miranda et al., 

2012); and inconsistent with finding of Holt et al. reporting that US women failed to 

meet HP2010 goals (Holt et al., 2006). Rates for mammography showed little change 

between 2000 and 2010, with an average reported adherence of 70.43%. In 

Hispanics, MS rate remained consistently low till 2008; but it managed to reach 70% 

in 2009-2010. Our findings were also consistent with previous studies (Ryerson et 

al., 2008) where crude percentage of MS was slightly higher for NHB compared to 

NHW; whereas Hispanics reported lowest screening rate (Ryerson et al., 2008, 

Rakowski et al., 2009).   

A study conducted by Meissner et al., suggested that CBE rates declined in 

2000 compared to 1990 for all groups of women (Meissner , Breen & Yabroff , 

2003). A study conducted by Clark et al. reported that downward trend was 

observed in CBE rates from 1999 to 2010 using NHIS dataset (Clarke et al., 2012). 

Coughlin and colleagues reported rate of CBE use in past two years CBE in 2005 

(65%) (Coughlin et al., 2008). In our study similar trend was observed where CBE 
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rates declined in 2010 compared to 2000 across all racial groups. The possible 

reason might exclusive reliability on MS to detect breast cancer. However, a study 

conducted by (Bryan & Snyder, 2013) emphasizes the importance of CBE in recent 

era when the effectiveness of CBE has been called into question.  

In our study for BCS, a similar declining trend was observed among NHW; 

however, an unstable trend was observed for NHB and Hispanics, ending in higher 

rates by 2010 compared to 2000. This finding was consistent with previous results 

use of CBE and mammogram (both) within past two years in 1990 and 2000, 

concluding that percentage of women receiving MS alone were still higher than 

percentage of women receiving both (Meissner , Breen & Yabroff , 2003). This 

signifies a gap prevalent in adherence to cancer screening guidelines which 

recommends annual MS and CBE among women age 40 years or older, indicating 

sole use of MS by health practitioner in cancer detection. 

During 2000 to 2010, several healthcare organizations revised their 

guidelines regarding the starting age and frequency of receiving mammogram. 

Major controversial change was by USPSTF increasing the starting age to 50 and 

decreasing screening frequency to biennial, thus recommending less frequent 

mammograms. On other hand, ACS and other organizations stuck to their 

recommendation that women older than 40 years get annual screening. As most of 

the studies using self-reported national datasets indicated that screening rates 

remained stable throughout the decade and there was no substantial increase or 
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decrease in frequency of receiving mammograms, the effect of these guidelines on 

frequency of screening appears to be negligible.  

A bivariate regression analysis indicated being Hispanic is associated with 

decreased likelihood of mammography utilization compared with being white. 

Similar results were also found for CBE as well as BCS. Being NHB was not 

significantly associated with receiving MS or BCS, however being NHB significantly 

increased the odds of CBE. Multivariate logistic regression reversed this association 

indicating significant increased odds of receiving MS for Hispanics compared to 

NHW.  Similar reversal was also seen in BCS for Hispanics. NHB women did not 

show in reversal because their screening rate was as high as or higher than NHW 

women; however, adjusted odds ratio for NHB was significantly higher than NHW. It 

was noteworthy that percent odds ratio changes from unadjusted to adjusted 

analysis were substantial for black women, but were even higher for Hispanic 

women. Our results are consistent with previous studies reporting reversal of 

association in utilization of MS services (Rakowski et al., 2009). Literature also 

suggest that this kind of changes in unadjusted and adjusted odds ratio raises 

concerns for using adjusted analysis for devising interventions/health policies 

(Rakowski et al., 2012).  Unadjusted results represents actual screening rates taking 

into consideration all biases/confounds; adjusted analysis considers a hypothetical 

situation where all other factors are deemed equal, which statistically might be 

logical, but directly contradicts the observed crude rate. Also, statistical adjustments 

do not reduce real-life disparities in utilization of screening services.  
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In this case, it is also important to discuss the role of national and state level 

programs implemented to increase utilization of preventive services in non-White 

racial/ethnic minorities. The CDC- and state-sponsored NBCCEDP across US has 

provided free or low-cost mammograms to low-income women with inadequate 

health insurance.  Studies report the success of this program in maximizing 

utilization of various preventive services including breast cancer screening.  As 

discussed by Rakowski et al., these programs increase screening utilization but it 

does not affect access related factors like insurance, income, having a usual source 

of care, etc. Therefore, in multivariate regression when other factors are controlled,  

the algorithms in multivariable analyses "see" higher screening rates for lower 

income, uninsured, and non-white women than would be expected on the basis of 

their sociodemographic indicators and therefore "over-correct" when estimating 

screening rates, resulting in statistically significant adjusted odds ratio for non-

whites. That overestimation is evidenced as reversals of associations (Rakowski et 

al., 2012).  

Another interesting change in unadjusted and adjusted analysis was found 

for employment status. In unadjusted analysis, odds of receiving screening were 

significantly higher for employed female compared to unemployed female. However, 

after controlling for covariates in the multivariate model, it was found that 

unemployed female reported increased odds of receiving screening. The possible 

explanation could be some females prefer to be unemployed to take care of 

kids/family and they might have good source of income or insurance through their 

partner/spouse. These factors might be enabling them to receive screening even if 
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they are unemployed. The association or significance of other covariates does not 

change considerably after controlling for the covariates in multivariate regression. 

The significant predictors of MS and BCS were similar in multivariate logistic 

regression. Increasing age was significant predictors of MS and BCS; however after 

certain age there was a diminishing effect of age on utilization of MS and BCS. 

Married women, female with higher education, employed, increasing income, having 

usual source of care, residing in urban area and being overweight increased the 

likelihood of receiving screening. Factors that reduced the odds of receiving 

screening were having private insurance or being uninsured, geographic location, 

having fair or poor health status. These findings are consistent with the previous 

studies (Holt et al., 2006; Shi et al., 2011; Miranda et al., 2011, Miranda et al., 2012). 

Healthy people 2020 objective for mammogram screening is to increase 

screening to 81% and to further eliminate existing racial disparities; understanding 

the source of disparities can lead to more effective efforts to decrease them. 

Screening rates for NHB were as high or higher than NHW, hence decomposition 

was not carried out between NHW and NHB; decomposition was carried out 

between NHW and Hispanics for MS, CBE and BCS, In our decomposition model, we 

found age, marital status, education, income, insurance, usual source of care, 

metropolitan status, health status and obesity to be significant factors in explaining 

the disparities. Also, all the observed disparities were explained by known 

covariates; in fact, the covariates explained more than the observed differences in 

screening rates indicating that after adjusting for covariates, whites would have 
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lower screening rates for mammography than Hispanics. These findings are 

consistent with those reported by Rao et al. for mammogram screening using NHIS 

dataset (Rao et al., 2004). 

 In our study, we found insurance to be the biggest driver of disparities, 

followed by usual source of care in all three types of screening.  Also, compared to 

predisposing and need factors, enabling factors contributed largest to the 

disparities.  In order to enhance screening among Hispanics, national 

program/interventions should target these enabling factors. Our findings 

corroborates previous research using the NHIS suggests that programs or policies to 

ensure that everyone has health insurance that is readily usable to obtain timely, 

convenient services, covers standard care, and reimburses at going rates (i.e. 

Medicare or higher) and a usual source of health care would help reduce disparities 

in cancer screening.  In decomposition model for MS, MSA and obesity had negative 

coefficients suggesting that they do not contribute in explaining the disparities; it 

suggests that had Hispanics had the similar characteristic as whites for MSA or 

obesity, the existing gap would be even wider. Even though, predisposing factors 

were significant in the decomposition model, the contribution of these factors in 

explaining the disparities were very little.  

To overcome the inherent issues of non-linear Blinder Oaxaca decomposition 

like variable ordering, index problem, observation matching problem and choice of 

sample weights, we randomized the order of the variable in our model. Moreover, 

1000 random samples were generated and final estimates were average of these 
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1000 samples. Also, the model was estimated multiple times using different beta 

coefficients and sample weights to ensure its robustness. 

Most of the national datasets relies on self-reporting techniques to record 

patient outcome and information. This study raises serious concerns over using self-

reported measure to study breast cancer screening rates and racial disparities. Most 

of the previous studies including this study, reported that mammogram screening 

rates are similar or higher in NHB compared to NHW; and racial disparities do not 

exist between NHB and NHW, or NHB had higher odds of MS compared to NHW 

(Holt et al., 2006; Shi et al., 2011; Miranda et al., 2011, Miranda et al., 2012). 

However, significant bodies of literature exist that verified the utilization of MS 

using electronic medical records (EMR) or claims dataset (Holt et al., 2006; Fiscella 

et al., 2006; Clark et al., 2009; Grabler et al., 2012; Parish et al., 2013). It was found 

that NHB had continuously lower rate of screening. Also, it reported that racial 

disparities do exist between NHB and NHW, and NHB had significantly lower odds 

of receiving MS compared to NHW. Thus inferences to devise policies/interventions 

based on the results of self-reported national datasets is questionable and it needs 

to be validated using other measures such as EMR or claims data. 

Limitation 

In MEPS, MS and CBE are self-reported measures, which are subject to recall 

and social desirability biases (36, 37). Previous studies of overestimation of 

mammography use have found differences based on age and ethnic/racial group, 

with African American women having the highest rates of over reporting (24.4%), 



Page 78 of 92 

 

followed by Whites (19.3%) and then Latinas (17.9%; ref. 2).  Since, MEPS does not 

differentiate between mammograms for the purpose of screening or diagnosis, these 

results might overestimate true breast cancer screening rates.  

Implications 

 The study focused on identifying the trends and significant factors from 2000 

to 2010 for comprehensive breast cancer screening which included mammogram 

screening, clinical breast examination and both. This was the first study to 

decompose the racial disparities for use of MS, CBE and BCS (both), and covariates 

explained more than the observed differences in screening rates. The decomposition 

for all three measures demonstrated that insurance and usual source of care were 

biggest drivers of disparities, and to reduce disparities, policy makers should mainly 

focus on these factors.  

Future Research 

 As the study reported that the gap in utilization has narrowed between NHB 

and NHW, future studies needs to validate these results through medical records. 

This study found that Hispanics constantly lag behind in all types of screening 

measures compared to NHW and NHB; future studies should focus on 

disaggregating Hispanic group and study the factors contributing to disparities.  

These study incorporated IOM criteria to study racial disparity, future studies 

should aim at including preference criterion which could vary depending on cultural 

differences. 
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CHAPTER 6  

SUMMARY 
 

The objective of this study was: (1) to describe national trends in for MS, CBE and 

BCS use from 2000 to 2010 by race (2) to estimate the racial disparities in MS, CBE 

and BCS use.  Medical Expenditure Panel Survey (MEPS) data from 2000 to 2010 

was used for the purpose of analysis. 

We hypothesized that there was significant effect of race on utilization of MS, CBE 

and BCS.  Descriptive statistics was used to describe trends in MS, CBE and BCS use 

from 2000 to 2010 by race. Bivariate and multivariate logistic regressions were 

used to identify disparity in MS, CBE and BCS use.  Non-linear Blinder Oaxaca 

method was used to identify contribution of observed characteristics towards 

disparity. 

The final pooled data file had unweighted positive person weight sample size of 

350,474 (weighted sample size = 3,251,337,737).  We included females ≥ 40 years of 

age in our final cohort which led to unweighted sample size of 79,068 (weighted 

sample size= 764,361,258).  National trends for MS, CBE and BCS use were almost 

stable from 2000 to 2010, raising concerns about impact of breast cancer screening 

guidelines implemented during this period.  

Bivariate regression for MS indicated that Hispanics were significantly less likely to 

receive MS compared to NHW (OR: 0.67; 95% CI: 0.61-0.74; p<0.0001), whereas 
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there was no significant association between NHB and MS. For CBE, bivariate 

regression indicated that NHB had significantly higher odds of receiving CBE 

compared to NHW (OR: 1.23, 95% CI: 1.14-1.33, p<0.0001); whereas Hispanics had 

significantly lower odds of receiving CBE compared to NHW (OR: 0.84; 95% CI: 

0.76-0.92; p<0.0001). For BCS, Hispanics had significantly lower odds of receiving 

BCS compared to NHW; whereas being NHB showed no significant association with 

receiving BCS.  

After adjusting for other variables in multivariate logistic regression, NHB (OR: 1.27, 

95% CI: 1.16-1.40, p<0.0001) and Hispanics (OR: 1.27, 95% CI: 1.16-1.40, p<0.0001) 

reported higher odds of receiving screening for MS. For BCS use,  NHB (OR: 1.31, 

95% CI: 1.21-1.42, p<0.0001) and Hispanics (OR: 1.22, 95% CI: 1.12-1.32, p<0.0001) 

reported higher odds of receiving screening for BCS. For CBE, NHB (OR:1.43, 95% 

CI:1.29-1.58, p<0.0001) reported higher odds, whereas Hispanics (OR: 0.81, 95% CI: 

0.74-0.9, p<0.0001) reported lower odds of receiving CBE compared to NHW. 

 In non-linear decomposition model, total explained disparities exceeded 

100% indicating that covariates explain more than the observed difference in rates 

for all three types of screening for Hispanic women, and after adjusting for 

covariates, whites (the reference group) would have lower screening rates for 

mammography than otherwise comparable Hispanics. For MS, total disparities 

explained by measurable/observed covariates were found to be 175.19%. For CBE, 

total disparities explained by measurable/observed covariates were found to be 

281.07%. For BCS, total disparities explained by measurable/observed covariates 
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were found to be 160.48%. In our study, we found insurance to be the biggest driver 

of disparities, followed by usual source of care in all three types of screening.  Also, 

compared to predisposing and need factors, enabling factors contributed largest to 

the disparities; and to reduce disparities, policy makers should mainly focus on 

these factors. 
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