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ABSTRACT

This dissertation explores three distinct, but interrelated, areas of research that
provide important additions to the current colorectal cancer (CRC) screening literature.
The first study reveals the problematic nature of the common practice of ignoring the
impetus for CRC testing when specifying outcomes in survey design and analysis. The
results show significant overestimation of true screening rates, high rates of diagnostic
testing and disproportionate rates of screening among those with less socioeconomic
privilege when compared with those with more socioeconomic resources. The second
study finds that survey measurements often mistake diagnostic testing referrals for true
screening recommendations, resulting in significant misperception about who is likely to
receive a screening recommendation. Finally, the third study showed that although
individuals with multiple chronic conditions are more likely to engage in diagnostic
testing, their overall rates of true screening are higher than the general population.

Based on our findings, we recommend immediate changes to survey
methodology, specifically collecting data that allow researchers to clearly differentiate
diagnostic testing and true screening. Furthermore, behavioral researchers need to
reanalyze additional NHIS data to determine the extent to which diagnostic testing has

misestimated improvements in CRC screening rates across time. Researchers exploring



psychosocial and instrumental barriers and facilitators of CRC screening need to actively
engage with individuals from many sociodemographic groups. Our results show
troubling variation in screening uptake and recommendations across groups. We need
to understand the source of this variation in order to design and target interventions
appropriately. We further recommend that policymakers reconsider their approach to
federal screening goals. Specifically, a one-size-fits-all goal that averages very high and
very low rates across sociodemographic groups fails to acknowledge the challenges we
face in improving public health across levels of privilege. Significant gaps in screening
rates will continue to persist if resources are not allocated to addressing these
disparities. Finally, our results show we must continue to explore contextual factors
such as MCC as we seek to identify influential factors at multiple levels that influence

the recommendation and delivery of CRC screening services.



CHAPTER ONE

Introduction: What are we missing?

Whether we are undergraduate students studying a public health challenge for
the first time, doctoral students crafting their dissertation research agenda, or well-
established researchers, we all strive to do great research. Our shared goal is to reduce
suffering, to improve quality of life, and to broaden our level of understanding of the
complex challenges that we face in the field of public health. Sometimes our goals are
met by following established convention in the approach that we take, whether we are
doing research, practice or policy work. Other times, we have to think outside the
proverbial box to discover something that we might be missing.

Despite decades of research on strategies to reduce morbidity and mortality
from colorectal cancer (CRC), the disease remains the third most commonly diagnosed
cancer and third leading cause of cancer-related death in the United States (American
Cancer Society, 2011). Compared to other tumor-related cancers, CRC is unique in that
it is nearly completely preventable with the detection and removal of pre-cancerous
polyps through screening. Unlike other cancer screenings that can involve patient-
directed behaviors at home such as self-exams of the breast, testicles, and skin, all types

of CRC screening require active participation of both patient and their physician.



Physician referrals are necessary to initiate tests ranging from non-invasive fecal occult
blood tests (FOBT) to invasive tests such as colonoscopies and sigmoidoscopies. Over
ten percent of cancer deaths in this country are attributable to CRC. This statistic
reflects the troubling patterns of low population screening rates and low rates of
physician recommendations to screen, resulting in later, less survivable stage at
diagnosis (American Cancer Society, 2010; Coughlin & Thompson, 2005). Considering
the tools at our disposal to prevent CRC morbidity and mortality, the degree to which
the disease impacts population health is simply unacceptable, and we need novel
approaches to understanding

a) patterns in screening and recommendation rates;

b) factors that contribute to patients’ persistent underutilization of CRC

screening and

c) factors that contribute to physicians’ lack of communication of CRC
screening recommendations to their patients.

This introduction will provide an overview of features of CRC screening, my entry into
this line of research and the research questions explored throughout the dissertation.
Most clinical and advocacy organizations recommend initiation of CRC screening
in average risk adults at age 50, with earlier screening recommended for individuals with
gastrointestinal comorbidities or a family history of CRC (American Cancer Society, 2011;
US Preventive Services Task Force, 2008). This age group is growing: by the end of the
year 2015, an estimated one in five Americans will be ages 50-64 (Holden, Jonas,
Porterfield, Reuland, & Harris, 2010). Accurate assessment of behavioral trends and
predictors will be crucial to effective design of interventions to engage this population

and their physicians in CRC screening.



Over the past decades, researchers have developed methods to understand CRC
screening in many ways including analysis of large-scale surveys, electronic health
record reviews, state-level surveys, and more (Breen, Wagener, Brown, Davis, & Ballard-
Barbash, 2001; Centers for Disease Control, 2010; Doubeni et al., 2010; Guerra, Katrina
Armstrong MD, & Brown, 2007). This research is mainly in two areas of focus: first, on
patients and their engagement with CRC screening. Researchers have assessed rates of
screening, sociodemographic and psychosocial predictors of screening, trends over time
and disparities across groups. Second is a focus on physicians and patterns and
predictors of their behaviors with their patients. Here, too, researcher have looked at
rates of recommendations, predictors of the physician’s recommendation patterns
(both in terms of demographic characteristics of the physician and his or her patient),
trends over time and disparities in who reports the receipt of a recommendation to
screen for CRC from their physician or other health care provider.

Overall, we have seen some improvements in CRC screening rates at both the
patient and physician level over time, but both rates remain far below federal goals set
by Healthy People 2010 and Healthy People 2020 (US Department of Health & Human
Services, 2013). Furthermore, there is evidence of disparities existing between males
and females, across race/ethnicity, age, education, and income categories and between
states and wider geographic areas (Ahmed, Pelletier, Winter, & Albatineh, 2013;
Ananthakrishnan, Schellhase, Sparapani, Laud, & Neuner, 2007; Cole, Jackson, &

Doescher, 2012; James, 2006).



My dissertation research seeks to answer three important sets of questions that
will be valuable additions to the current literature on CRC screening. The research aims
were driven in large part by my involvement with a qualitative study led by Dr. Arden
Morris examining treatment decisions of CRC patients. Although the primary aims of
the study were about decisions related to treatment of their disease and not directly
related to CRC screening, | noticed three themes while analyzing the interview and focus
group data:

* participants were diagnosed most often by diagnostic testing and not
pre-symptomatic screening;

* participants’ discussions with their physician were related to referrals for
diagnostic testing and not recommendations for pre-symptomatic
screening; and

* acute and multiple chronic conditions appear to be associated with delay
or omission of CRC screening.

Answering the specific questions that arise from each theme will complement the
existing body of literature on CRC screening, and will have unique implications for
researchers, practitioners, and policymakers. For researchers, it will be important to
answer these questions so that we know whether we are measuring what we have
intended to measure. This applies not only to rates of screening, but also to trends in
screening over time, disparities in screening, and predictors of screening. For
practitioners, answering these questions will clarify the impact of conflation of
screening versus diagnostic testing, which has the potential to interfere with accurate
measurement of intervention efficacy. Specifically, our study will reveal whether simply

counting procedures (colonoscopy) provides adequate assessment of the success or

failure of an intervention or whether we must also ask why the procedure was ordered.



And finally, policymakers will gain evidence supporting or refuting longstanding
perceptions of the gap between rates of screening and established Healthy People
goals. Answering these questions will also enable policymakers to better understand
disparities in screening, which is essential to effective program planning at federal and
state levels.

Are We Really Measuring Screening?

The first theme from the preliminary qualitative data was that most patients
delayed screening and few were diagnosed through testing at an asymptomatic stage,
what | will call “true screening”. Instead, over 70% of the patients were diagnosed as
the result of post-symptomatic testing, what | will call “diagnostic testing” (Becker, E.,
Elliott, H., Griffith, D., Alexander, G., & Morris, A., 2010). | began to wonder how cancer
researchers specified behavioral outcomes. If they did not distinguish the two
behaviors, respondents like these study participants engaging in post-symptomatic
testing will be categorized as true screeners, which was certainly not reflective of their
behaviors, nor is it consistent with the behavioral outcome that will improve public
health.

As | began to explore the cancer screening literature and CRC screening data
sources in particular to see if these questions had been addressed, | found that there
was persistent conflation of diagnostic testing and true screening behaviors. In fact, |
found only three studies that did not conflate the two behaviors. As | reviewed the
survey protocol, | found that the National Health Interview Survey inquired about the

impetus for testing, leaving me wondering why so few survey analysts used the available



data on impetus for testing in their research analyses. And perhaps the most often cited
resource for cancer screening data, the Behavioral Risk Factor Surveillance Survey
(BRFSS), did not even ask respondents why they engaged in CRC testing or why their
physician discussed it with them. In fact, the conflation of diagnostic testing and true
screening was a consistently cited limitation across studies using BRFSS data.
Furthermore, | found no examination of the potential impact of conflation of these two
behaviors when examining published screening rates.

Considering the paucity of available information on these issues, the first
research area that | explore in this dissertation is patient-focused; namely, in Chapter 2,
| explore whether or not researchers have been overestimating population rates of
screening by conflating diagnostic testing and true screening in cancer screening
research.

Are We Really Measuring Physician Recommendations to Screen?

This theme of diagnostic testing versus true screening is highly relevant for the
second theme that emerged from the qualitative study, the lack of clarity around the
physician recommendation for colonoscopy for colorectal cancer testing. The study
participants often spoke of the interactions with their physicians and how that impacted
their engagement (or lack thereof) with CRC testing. In addition, many study
participants reported scenarios in which diagnostic testing was the clear reason for the
referral, rather than a recommendation for true screening. Improving public health
mandates high rates of recommendations for true screening, whereas high rates of

diagnostic testing indicate that not enough patients are being screened.



The second research area | explore this dissertation is physician-focused; namely,
in Chapter Three, | seek to answer the question, have we been overestimating rates of
physician screening recommendations by conflating referrals for diagnostic testing with
recommendations for true screening in our surveys and analyses of electronic health
records?

As mentioned earlier, CRC screening is a behavior that requires action by both
patient and physician. Prior research has consistently demonstrated that a top
predictor of patients’ engagement with screening is a recommendation from their
physician (Coughlin & Thompson, 2005; Klabunde, Breen, & Meissner, 2005). The
implications of these questions are important to researchers as they seek to accurately
assess rates, predictors and trends of physician CRC screening behaviors. Practitioners
can use this evidence to determine if healthcare quality benchmarks in cancer screening
recommendations are met. However, conflating referrals for diagnostic testing and
recommendations for true screening may give a false impression of recommendation
rates and may misrepresent success of reaching these benchmarks. Finally,
policymakers will find these analyses useful as they develop goals for physician
recommendation rates, such as the goals now in the developmental phase for Healthy
People 2020 (US Department of Health & Human Services, 2013).

Exploring the Influence of MCC on CRC Screening and Recommendations to Screen

In the preliminary qualitative study, another important discovery was the third

theme explored in this dissertation: the impact of acute and multiple chronic conditions

(MCC) on participants’ delays in engaging in true screening and instead engaging in post-



symptomatic diagnostic testing. While study participants with acute health challenges
(e.g. knee replacement) described delays in screening, respondents with multiple
chronic conditions, defined as two or more co-occurring chronic conditions (e.g.
diabetes and kidney disease), described other barriers such as physiological symptoms
(e.g. chronic pain) that caused them to be apprehensive about going through another
medical test unrelated to their conditions. Furthermore, patients with MCC described
feeling fearful of yet another diagnosis, and therefore avoiding cancer screening
altogether (Becker, Elliott, Griffith, Alexander, & Morris, 2010). The third research area
explored in this dissertation is focused on the role of multiple chronic conditions in
screening and recommendations for CRC screening; namely, in Chapter 4, | explore the
association between MCC and screening and recommendations to screen.

To date, much of the CRC screening literature has focused on sociodemographic
and psychosocial characteristics and their influence on screening behaviors of study
participants and their physicians. This is helpful as we consider differences between
genders, race/ethnicity groups, and socioeconomic groups, but little attention has been
paid to other factors such as MCC that create context at both individual and institutional
levels. At the individual level, patients with MCC face increasing physical, emotional,
and financial burdens that may reduce an individual’s likelihood to engage in screening.
At the institutional level, MCC can influence the priorities of care. Instead of preventive
care, physicians of patients with MCC may instead focus on more serious illnesses,
conditions that require immediate attention, disease management and flares. Finally,

MCC may explain some of the sociodemographic disparities in CRC screening literature.



More than 25% of Americans live with MCC, but MCC is unequally distributed across
racial and socioeconomic groups, with greater burden in those with less social and
economic privilege. If MCC interferes with CRC screening, it may account for part of the
screening disparities between groups as well as the predictive value of those
sociodemographic categories in multivariate models.

Answering the questions of MCC'’s association with screening and physician
recommendations will be critical to enriching the existing literature that is largely
focused on sociodemographic and psychosocial predictors of screening. To my
knowledge, this is the first study to approach MCC as a predictor of CRC screening using
a nationally representative dataset.

In summary, in an effort to add valuable information to the conversation on CRC
screening, this dissertation explores the following research questions:

Chapter 2 —Is this really screening?: Are rates of screening behaviors

overestimated by conflation of diagnostic testing and true screening? If

so, does the degree of overestimation vary by sociodemographic group?

How do predictors of screening change when the outcome is correctly

specified and does not include diagnostic testing?

Chapter 3 —Is this really a physician recommendation for screening?:

Are rates of screening recommendation behaviors overestimated by

conflating referrals for diagnostic testing and recommendations for true

screening? If so, does the degree of overestimation vary by

sociodemographic group? How do predictors of screening

recommendations change when the outcome is correctly specified and

does not include referrals for diagnostic testing?

Chapter 4 — The influence of MCC on screening: |s the presence of

multiple chronic conditions associated with patients’ and physicians’ CRC

screening behaviors? How does accounting for MCC in predictive models

impact the associations between sociodemographic characteristics and
the outcomes of interest?

10



This research will add valuable information to the CRC screening literature and assist
researchers, practitioners and policymakers as we seek to reduce the burden of CRC

morbidity and mortality.
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CHAPTER TWO

Methodological Issues in Colorectal Cancer Research:
The Dangers of Conflating Diagnostic Testing and True Screening

Colorectal cancer (CRC) is the third leading cause of cancer-related death in the
United States. It is estimated that 143,460 new cases of the disease and 51,690 deaths
(~10% of all cancer deaths) will be attributable to CRC in 2012 (American Cancer Society,
2012). Colorectal cancer mortality is highly correlated with stage at diagnosis, with five-
year survival rates ranging from 90% for local-stage disease to 68% for regional-stage
disease and only 11% for distant-stage disease (American Cancer Society, 2010; Doubeni
et al., 2006; Emmons et al., 2008). Unlike other tumor cancers, CRC is largely
preventable with early detection and removal of pre-cancerous polyps (American
Cancer Society, 2012). Research suggests that nine of ten deaths from CRC could be
prevented with early detection through use of one or more screening modalities
(Subramanian, Klosterman, Amonkar, & Hunt, 2004). By definition, cancer screening
occurs at a stage of disease at which no symptoms are present (we will refer to this as
‘true screening’) (National Cancer Institute, 2013). Tests for disease after symptoms
appear are diagnostic in nature, and are associated with diagnosis at a later stage of

disease and a greater morbidity and mortality burden. In order to improve public health
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by reducing CRC morbidity and mortality, we want high rates of true screening and low
rates of diagnostic testing.

Historically, methods to measure rates of screening have focused on self-
reported data from national surveys. National organizations including the Centers for
Disease Control and Prevention (CDC), the American Cancer Society (ACS), the Agency
for Healthcare Research Quality (AHRQ), and Healthy People 2020 rely on these surveys
to provide comprehensive data on cancer screening rates and trends. These surveys ask
respondents about their engagement with screening for cancers of the colon/rectum,
cervix, breast or prostate including if their physician or other health care provider
recommended screening.

A distinguishing feature of two of the most cited national surveys, the Behavioral
Risk Factor Surveillance Survey (BRFSS) and the National Health Interview Survey (NHIS),
is their varying ability to differentiate true screening from diagnostic testing. Survey
researchers utilizing BRFSS data often cite an inability to distinguish between these
behaviors as a limitation to their studies (Centers for Disease Control, 2010; D. A.
Joseph, King, Miller, & Richardson, 2012; Soneji, Armstrong, & Asch, 2012). BRFSS does
not ask respondents why they engaged in testing. In contrast to BRFSS, NHIS affords
researchers the opportunity to distinguish between the two by asking respondents not
only what test they had and when, but why they had it. NHIS methodology allows us to
better differentiate screening from diagnostic testing, as depicted in Figure 1.

A review of the cancer screening literature reveals a potential problem in

interpreting the results of cancer screening studies due to the irregular measurement of
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screening. Specifically, methodological choices in survey design and/or analysis often
result in a conflation of true (pre-symptomatic) screening with diagnostic testing when

specifying the behavioral outcome of interest.

Figure 2.1. Methodological Differences Resulting in Incorrect and Correct Specification of Behavioral Outcomes

Incorrect Specification of Behavioral Outcomes:
conflating diagnostic testing and true screening (BRFSS methodology):

Patient and Guideline-Adherent
Health Care System Factors Cancer Testing
Predictor Measure Outcome Measure

Correct Specification of Behavioral Outcomes: differentiating diagnostic testing and true screening
by asking respondents why they engaged in testing (potential of NHIS methodology):

Diagnostic Testing

Patient and
Health Care System Factors

Guideline-Adherent
Cancer Screening

Predictor Measure Outcome Measure

Empirical research has explored several facets of screening including predictors
of screening, rates of screening across sociodemographic and geographic characteristics,
trends in rates over time and disparities in screening. In addition to these areas,
intervention evaluation and health services research focusing on adherence to a
physician recommendation to screen are also subject to survey design and analysis
decisions. Finally, we need to be cautious when comparing and contrasting rates from
behavioral studies cited in meta-analyses and review articles when the behavioral
outcome is specified differently across studies (see Pruitt et al. (2009) and Beydoun &
Beydoun (2008)). In addition to publishing inaccurate screening data by incorrectly
estimating rates of these outcomes by conflating diagnostic testing and screening,

multivariate models from these and other studies are likely misestimating a) predictors
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of screening; and b) the degree to which screening rates are improving.

Even when the data are available (as in NHIS), researchers often choose to
conflate diagnostic testing and true screening. Coups and colleagues (2007) utilize NHIS
data in their analysis of behavioral risk factors for screening, but fail to utilize available
data to account for the impetus for testing when defining their outcome variable.
James et al. (2006) utilized NHIS data to examine disparities in screening but failed to
utilize available data on the impetus for testing, noting,

“Both diagnostic and screening exams were included in adherence

calculations to create the most lenient definition of up-to-date with CRC

screening recommendations and to be consistent with Healthy People

2010 goal measurement methods.”

There are very few examples of research that accurately specifies the outcome of
interest. Of many studies utilizing NHIS data, we found three that do not conflate
diagnostic testing and true screening. In their work examining screening rate trends
across time, Breen and colleagues (2001) specify their analyses across three cycles of
NHIS (spanning eleven years) to tests reported as part of a routine exam. Meissner and
colleagues (2006) exclude respondents who reported CRC testing for diagnostic
purposes, while Subramanian and colleagues (2004) reported separate rates for any
type of testing and true screening, but did not measure the impact of conflating the
two.

The majority of studies that fail to account for the impetus for testing are
important because they are representative of a broader issue. In CRC screening

literature, researchers often misspecify behavioral outcomes in a way that fails to

recognize the most fundamental characteristic of screening: namely, that cancer
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screening occurs at the pre-symptomatic stage of disease.

The goals of this study are to understand a) the amount of error that may exist in
screening rates by conflating diagnostic testing and true screening; b) whether the
degree of error in screening rates varies across sociodemographic categories and c) how
predictive models vary when the outcome is correctly specified. We explore these
guestions through an analysis of colorectal cancer screening behaviors reported in the
2008 NHIS and Cancer Control and Sun Protection Supplement (CCSPS).

Methods

Data source. We examined cross-sectional survey data from the 2008 NHIS and
CSSPS. Although there are other options for collecting preventative care data (including
other nationally representative datasets and electronic health record data), we are
using NHIS for the specific aims and broader goals of this study for several reasons.
First, it allows us to consider multiple factors simultaneously as we consider influences
on screening recommendation and screening behaviors. Second, NHIS is the only
nationally representative dataset that allows us to capture data on the impetus for
testing, a critical component of our analyses. And finally, due to its frequent use in
survey research, we can compare and contrast results from this study with a large body
of literature in CRC and other cancer screening behaviors. Since its inception in 1957,
the NHIS has been the principal source of information on the health and health
behaviors of civilian, non-institutionalized households in the United States. The survey
is administered annually by the National Center for Health Statistics (NCHS) of the

Centers for Disease Control and Prevention (CDC) and uses a stratified multistage
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probability sample design (Centers for Disease Control and Prevention, 2012). The 2008
Cancer Screening and Sun Protection Supplement (CSSPS) was sponsored by the
National Cancer Institute (NCI) and includes questions on physician recommendations
for screening, screening behaviors, and reasons for screening tests. The 2008
NHIS/CSSPS was selected over the more recent 2010 NHIS due to the fact that questions
on physician recommendations for screening were linked to respondents’ screening
behaviors rather than in a more general manner. This allowed us to identify the
impetus for the physician recommendation as well as CRC testing.

The NHIS sampling strategies result in an oversample of self-identified Black,
Hispanic and Asian Americans. Weights constructed for the NHIS respondents reflect
the resulting unequal probabilities of selection and also incorporate adjustments for
non-response and post-stratification procedures designed to align survey estimates with
population distributions from the 2000 Census. The application of these weights in
secondary analyses of the NHIS data results in estimates that are representative of the
adult civilian non-institutionalized population of the U.S. (Inter-University Consortium
for Political and Social Research, 2012). The annual NHIS response rate averages close
to ninety percent of the eligible households in the sample (Centers for Disease Control
and Prevention, 2012).

Study population. Our study population included non-Hispanic White and non-
Hispanic Black respondents ages 50-80 with no history of colorectal cancer. We chose
these two groups because Non-Hispanic Whites and Non-Hispanic Blacks suffer the

highest rates of cancers of the colon and rectum in the United States (American Cancer
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Society, 2011) and are the most common population groups studied in CRC screening
literature (Ananthakrishnan, Schellhase, Sparapani, Laud, & Neuner, 2007; Bellizzi,
Breslau, Burness, & Waldron, 2011; Breen, Wagener, Brown, Davis, & Ballard-Barbash,
2001; Centers for Disease Control and Prevention (CDC), 2001; James, 2006; Klabunde et
al., 2005). Individuals with a history of colorectal cancer were excluded since
colonoscopic testing is used as disease surveillance and not preventative care. We
defined a subpopulation for our analysis of true screening to individuals who reported
ACS guideline-adherent screening since the question regarding impetus for testing was
limited to those respondents.

This study received an exempt status designation from the University of
Michigan Institutional Review Board (Study HUM00062074).

Measures

Dependent variables.

Any ACS guideline adherent testing. To assess ACS guideline adherence, we
created a dichotomous variable using respondents’ self-reports of the type of testing
they underwent and the timeframe in which the procedure occurred. To assess
engagement with non-invasive testing, respondents were asked, “The following
guestions are about the blood stool or occult blood test, a test to determine whether
you have blood in your stool or bowel movement. The blood stool test can be done at
home using a kit. You use a stick or brush to obtain a small amount of stool at home and
send it back to the doctor or lab. Have you EVER HAD a blood stool test, using a HOME

test kit?” Responses of “yes” or “no” were coded as such, while responses of “refused”
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or “don’t know” were coded as missing data and excluded from analysis. However, in
the case of respondents whose response was coded as missing for non-invasive testing
but “yes” or “no” for invasive testing (see following paragraph), missing data from the
non-invasive testing question were ignored1 (missing n = 52). Respondents reporting
testing also reported testing timelines in one of the following formats: month/year,
number of days, weeks, months or years since testing, or by using years since testing (a
year ago or less/more than 1 year but not more than 2 years/more than 2 years but not
more than 3 years/more than 3 years but not more than 5 years/more than 5 years but
not more than 10 years/over 10 years ago. The dependent variable was coded as 1 if
FOBT testing was reported within one year of survey administration, 0 if no testing or
FOBT testing was earlier than one year from survey administration, and missing
otherwise (see note above regarding handling of missing data). All FOBT testing was
coded as true screening, as it is used exclusively for that purpose.

To assess engagement with invasive testing, respondents were asked, “Have you
ever had a sigmoidoscopy, colonoscopy, or proctoscopy? These are exams in which a
health care professional inserts a tube into the rectum to look for signs of cancer or
other problems.” Responses of “yes” or “no” were coded as such, while responses of
“refused” or “don’t know” were coded as missing data and excluded from analysis.
However, in the case of respondents whose response was coded as missing for invasive

testing but “yes” or “no” for non-invasive testing (see preceding paragraph), missing

1 As an example, a respondent did not provide an answer to the question concerning whether they had
engaged in FOBT testing but indicated that ACS guideline adherent testing was done via colonoscopy.
This respondent’s testing status was coded as ‘yes’ despite the missing data for the FOBT question.
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data from the invasive testing question were ignored® (missing n = 23).

Respondents reporting testing also reported testing timelines in one of the
following formats: month/year, number of days, weeks, months or years since testing,
or by using years since testing (a year ago or less/more than 1 year but not more than 2
years/more than 2 years but not more than 3 years/more than 3 years but not more
than 5 years/more than 5 years but not more than 10 years/over 10 years ago. Invasive
testing (sigmoidoscopy, proctoscopy, colonoscopy) was coded as ACS guideline
adherent if the testing was reported to be within five, five and ten years, respectively.
One dependent variable was created for each mode of testing, coded as 1 if ACS
guideline adherent, 0 if no testing or non-adherent, and missing otherwise.

Data from these four variables (FOBT and three invasive testing variables)
informed the combined dependent variable measuring ACS guideline adherence. If any
mode of testing was ACS guideline adherent, the variable was coded as 1, if no mode of
testing was ACS guideline adherent, the variable was coded as 0, and missing otherwise.
Alone, this variable reflects the methodology of BRFSS as it conflates diagnostic testing
and true screening.

True screening. To measure reports of true screening versus diagnostic testing,
we created a dichotomous variable combining data on ACS guideline-adherent
screening behavior variable described above and NHIS data on the impetus for the
reported testing. In order to determine the impetus for the reported testing for
individuals who reported invasive tests (sigmoidoscopy, proctoscopy, or colonoscopy),

we assessed responses to the question “What was the MAIN reason you had this exam -
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was it part of a routine exam, because of a problem, or some other reason?” The
dependent variable was coded as ‘true screening’ for responses of “part of a routine
exam” and as ‘diagnostic testing’ for responses of “because of a problem, or some other
reason.” Responses of “refused” or “don’t know” were coded as missing data and
excluded from analysis if non-invasive testing was not a “yes” (missing n = 4).

If respondents reported both non-invasive and invasive modes of ACS guideline
adherent testing, their answer to the question above with respect to the impetus for the
invasive tests determined whether or not it was ‘true screening’ or ‘diagnostic testing.’
A total of 559 respondents fit these criteria: 131 were coded as diagnostic and 428
were coded as true screeners.

These processes resulted in two dependent variables: CREHADACS, measuring
any ACS guideline adherent testing (1-yes, 0-no, missing), and TRUSCRACS, measuring
ACS guideline adherent true screening (1-yes (true screening) 2-no (diagnostic testing),
missing).

Demographic and control variables.

We utilized NHIS data directly for variables indicating race/ethnicity (non-
Hispanic White/non-Hispanic Black), sex (male/female), age (continuous 50-80,
categorical 50-54/55-59/60-64/65-69/70-74/75-80, and categorical 50-64/65-80),
educational attainment (less than a high school diploma/high school graduate or
GED/some college no degree or associate degree/bachelor’s degree/master
professional or doctorate), poverty ratio (tertiles (measured as ratio of family income to

poverty threshold): low (under .50 to 2.49)/medium (2.50 to 4.99)/high (5.00 and
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over)), insurance status (covered/not covered), and usual source of health care
(yes/no). The poverty ratio variable came from NHIS with no missing values as the
result of multiple imputation done by the survey administrator. Missing values for all
variables except poverty ratio were below 3%, a threshold determined to be acceptable
with this sample size.
Statistical Analysis

All data analyses for this chapter were performed with the SAS/STAT statistical
software, version 9.3_M1 of the SAS System for Windows, Copyright © 2002-2010 SAS
Institute Inc. SAS employs procedures capable of computing appropriate variance
estimates for survey estimates generated from analyses of complex sample survey data
sets such as the 2008 NHIS (Heeringa et al., 2010; SAS Institute Inc., 2014). Due to the
fact that SAS estimates variance in a way that excludes strata with only one primary
sampling unit (PSU) from its variance estimates, we ran selected models in Stata 13.0.
Stata enables multiple ad-hoc variance estimation methods for dealing with “singleton”
PSUs to compare estimated standard errors between the two program’s procedures
(StataCorp, 2013). For the logistic regression models including main effects, of 268
estimates only ten had greater than or equal to a 10% difference in standard errors,
with the greatest difference at 17%. In most cases, Stata produced higher standard
errors; none of these differences resulted in changes in statistical inferences.

We began our analysis with computation of weighted and unweighted

frequencies of all testing (including diagnostic testing and true screening?) for each of

2 ‘True screening’ refers to pre-symptomatic screening (and not diagnostic testing).
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the independent variables of interest in the full subpopulation as defined above. We
then obtained weighted and unweighted frequencies of true screening for each of the
independent variables of interest in the smaller subpopulation of ACS guideline-
adherent screeners. We calculated estimates of true screening rates for the full study
population by applying the rates of true recommendations from the smaller
subpopulation to the unadjusted3 testing rates of the full study population. For
example, the unadjusted testing rate for the full study population was 55.46%. In the
smaller subpopulation of respondents who engaged in guideline adherent CRC testing,
the true screening rate was 74.12%. We applied this rate to the unadjusted testing rate
(55.46 x 74.12%) to estimate an adjusted true screening rate for the full population of
41.10%. This same process was repeated for each subgroup of the full study population.
Since this calculation reflects the diagnostic testing rates of only respondents reporting
ACS guideline adherent testing, the adjusted true screening rate for the full population
is likely a conservative estimate. We calculated estimates of the confidence intervals
and resulting tests of significance for the adjusted true screening rate of the full
population. In this process, we were unable to account for the fact that we derived the
true screening rate for the full population from two estimates. This resulted in narrower
confidence intervals and inferences that were more likely to result in statistically

significant values. However, given the precise nature of the subpopulation rate

3 ‘Unadjusted testing rate’ refers to a rate that conflates diagnostic testing and true screening (and fails to
account for the impetus for testing, and is comparable to BRFSS methodology), while ‘adjusted true
screening rate’ refers to a rate that properly accounts for the impetus for testing (and excludes diagnostic
testing, utilizing NHIS methodology).
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estimate, this issue is likely negligible. Finally, we calculated the overestimation of true
screening recommendation rate by dividing the difference between the unadjusted and
adjusted rates by the adjusted rate. For example, the unadjusted testing rate for the
general population is 55.46% and the adjusted true screening rate for the same
population is 45.06%. We calculated the overestimation of the true screening rate as
(.5546-.4506)/.4506 = 23.08%.

In preparation for fitting multivariate logistic regression models to the
dependent variables of interest, we examined weighted bivariate associations between
independent and dependent variables for each aim using the Rao-Scott chi-square test
to account for the features of the complex NHIS sampling design. Predictors that had an
association at p < 0.25 were included in the initial multivariate logistic regression model.
In models including two-way interaction terms, both variables defining the interactions
will be included in each model, irrespective of bivariate associations (Hosmer &
Lemeshow, 2000).

In the second stage of analysis, we performed a four-step fitting of weighted
multivariate logistic regression models to the odds of reporting true screening, adjusting
for sociodemographic factors including sex, race, age, education, poverty ratio, health
insurance status, and usual source of health care (Breen et al., 2001; O’Malley, Forrest,
Feng, & Mandelblatt, 2005; Rosen & Schneider, 2004). First, we fit a main effects model
with all covariates. Second, we fit an interaction model with demographic interactions.
Third, we fit an interaction model with socioeconomic interactions. Finally, we fit a full

model with statistically significant main effects and interaction terms. We estimated

27



the regression parameters using pseudo-maximum likelihood estimation, due to the
complex sampling nature of the NHIS (Heeringa, West, & Berglund, 2010), and we used
Taylor Series Linearization to compute design-based estimates of standard errors for the
estimated regression parameters. Hypothesis tests were performed using design-
adjusted Wald X° tests. We report estimated odds ratios and their 95% confidence
intervals.
Results

Please refer to Table 2.1 for estimated demographic characteristics for the full
study population and subpopulation. Distribution of NHB in the full population was 17%
higher than in the subpopulation, and the full population was weighted more heavily to
the younger end of the age range, with 22.18% ages 50-54 versus 16.92% in the
subpopulation. Overall, the full population is distributed more heavily in the lower
socioeconomic categories. The full population has 24% more respondents in the lowest
level of education (13.97% versus 11.27%) and 20% less in the highest (11.45% versus
14.36%), and across poverty ratio tertiles, the full population has 17% more respondents
in the low tertile than the subpopulation, and 12% fewer in the highest tertile.

Weighted frequencies. Table 2.2 displays estimated rates of true screening and
diagnostic testing for the subpopulation of respondents who reported ACS guideline
adherent testing. Table 2.3 displays estimated rates of true screening received by the
full study population, with unadjusted estimates that conflate diagnostic testing and
true screening as well as adjusted estimates that properly specify true screening as the

outcome.
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Study Population. The estimated unadjusted testing rate for the study
population was 55.46%. Adjusting for the impetus for testing resulted in a true
screening estimate of 45.06%, resulting in an 23.08% overestimation of the true
screening rate.

Race/ethnicity. Estimates of unadjusted rates of testing in NHW were higher
than in NHB. Adjusting for the impetus for the test reduced both the overall rates and
between-group estimates. True screening rates were significantly different for NHW
and NHB, at 45.69% and 40.51% (p = 0.001), respectively. Compared to NHB, the rate of
diagnostic testing was greater in NHW (19.11% versus 15.68%, p = 0.0957), leading to
overestimation of true screening rates in NHW by 23.62% and NHB by 18.60%.

Sex. Unadjusted testing rates were slightly higher in males than females but the
difference was not statistically significant (p = 0.6812). After adjustment for the impetus
for testing, this advantage increased and became statistically significant (true screening
rates of 46.87% versus 43.63%, p = 0.004). Females reported higher rates of diagnostic
testing than males (20.98% versus 15.96%), yielding an overestimation of true screening
rates in 26.55% for females and 18.99% for males.

Race/ethnicity and sex. In addition to race/ethnicity and sex, we also examined
patterns of testing rates by these variables together. NHWF and NHWM reported the
highest unadjusted rates of testing. Once adjusted, the advantage of NHW over NHB
persisted for each sex. However, NHWF reported the highest rates of diagnostic testing
(21.53%), followed by NHBF (16.61%), NHWM (16.14%), and the lowest rate of

diagnostic testing was in NHBM (14.34%). Adjusted rates of true screening were
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substantially overestimated for all groups, ranging from 16.74% (NHBM) to 27.44%
(NHWEF).

Age. With one exception, both unadjusted testing rates and adjusted true
screening rates increased with age. The lowest unadjusted testing rates were in 50-54
year olds and the highest unadjusted testing rates in 70-74 year olds. Differences in
unadjusted and adjusted rates were statistically significant at the p <.0001 level. The
greatest overestimation of true screening rates was in 50-54 year-old respondents who
reported a diagnostic testing rate of 24.24%, resulting in overestimation of true
screening rates by 32.00%. Respondents who were 70-74 years old reported the lowest
rate of diagnostic testing (16.05%), resulting in the least overestimation of true
screening rates (19.12%).

In order to provide data on group differences by age that would be comparable
with existing literature, we also analyzed pre- and post-Medicare populations and found
that respondents aged 50-64 years reported lower unadjusted testing rates and lower
true screening rates compared with their older counterparts (p <.0001 in both
analyses). Respondents aged 50-64 years reported a higher rate of diagnostic testing
than those aged 65-80 years (20.06% versus 17.01%), resulting in an overestimation of
true screening rates of 25.09% and 20.50%, respectively.

Educational attainment. Both unadjusted testing rates and adjusted true
screening rates increased as educational attainment increased. Unadjusted rates ranged
from 44.91% to 69.53% (p < .0001) while adjusted rates ranged from 34.23% to 58.99%

(p <.0001). Individuals at the lowest level of educational attainment reported the
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highest rate of diagnostic testing (23.77%) while those at the highest level reported the
lowest rate (15.16%). Overestimation of true screening rates was inversely associated
with educational attainment level and ranged from 31.18% to 17.87%.

Poverty ratio. Both unadjusted testing rates and adjusted true screening rates
increased as the ratio of family income to the poverty threshold increased across
tertiles, and adjusted true screening rates ranged from 36.09% in the lowest tertile to
46.18% in the medium tertile and 53.51% in the highest tertile (p <.0001). Individuals in
the lowest tertile reported the highest rate of diagnostic testing (24.33%), while those in
the highest tertile reported the lowest (14.75%). The greatest rate of screening rate
overestimation was in the lowest poverty ratio tertile at 17.30%.

Insurance. Respondents reporting insurance coverage reported higher
unadjusted testing rates than those without insurance coverage (57.84% versus 24.10%)
as well as higher adjusted rates of true screening (47.27% versus 15.91%). Respondents
reporting no coverage were more likely to receive diagnostic testing, resulting in a
51.52% overestimation of true screening rates for the uninsured population compared
to 22.37% for those with insurance.

Physician recommendation. Respondents reporting a physician
recommendation reported much higher unadjusted testing rates than those who did not
(84.35% versus 11.54%) as well as higher adjusted rates of true screening (62.70%
versus 8.22%). Respondents reporting no recommendation were slightly more likely to
receive diagnostic testing, resulting in a 40.32% overestimation of true screening rates

for those reporting no recommendation.
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Table 2.1. Weighted Estimates of Demographic Characteristics of Full Population and Subpopulation®

Non-Hispanic White
Non-Hispanic Black

Male
Female

Non-Hispanic White Male
Non-Hispanic Black Male
Non-Hispanic White Female

Non-Hispanic Black Female

Ages 50-54
Ages 55-59
Ages 60-64
Ages 65-69
Ages 70-74
Ages 75-80

Ages 50-64
Ages 65-80

Less than High School Diploma

High School Degree or GED

Some College No Degree or Associate Degree
Bachelor's Degree

Master's, Professional or Doctorate Degree

Poverty Ratio - Low Tertile
Poverty Ratio - Medium Tertile
Poverty Ratio - High Tertile

Insurance - Not Covered
Insurance - Covered

Marital Spouse not in HH or Separated
Widowed or Divorced

Never Married / Unknown Status

Living with Marital Spouse or Unmarried Partner

Usual Source of Health Care - No
Usual Source of Health Care - Yes

Physician Recommendation - No
Physician Recommendation - Yes

Full Population

Subpopulation

Rao-Scott Rao-Scott
n % Clof % Chi-Square Pr > ChiSq n % Clof % Chi-Square Pr > ChiSq

5780 87.83 (86.96, 88.70) 3132 <.0001 3214 89.57 (88.65,90.49 2670.14 <.0001
1278 12.17 (11.30,13.04) 583 10.43  (9.51,11.36)

3094 44.20 (43.04,45.37) 94.08 <.0001 1669 44.50 (42.83,46.18) 41.28 <.0001
3964 55.80 (54.63,56.96) 2128 55.50 (53.82,57.17)

2575 39.23  (38.04,40.43) 3836.50 <.0001 1433 40.25 (38.57,41.93) 2391.45 <.0001
519 4.97 (4.49, 5.46) 236 4.26 (3.64, 4.88)

3205 48.60 (47.37,49.83) 1781 49.32  (47.60, 51.04)

759 720 (6.52,7.87) 347 617  (5.42,6.93)

1565 22.18 (21.18,23.17) 382.70 <.0001 629 16.92 (15.57,18.26) 98.49 <.0001
1511 20.97 (19.92,22.02) 796 20.41 (19.02, 21.80)

1279 18.41 (17.40,19.42) 745 19.77 (18.34,21.20)

1070 15.07 (14.20, 15.95) 643  16.72 (15.46,17.98)

794  11.25 (10.42,12.08) 511 1311 (11.97,14.26)

839 12,12 (11.31,12.93) 473 13.08 (12.04,14.11)

4355 61.56 (60.32,62.79) 322.23 <.0001 2170 57.09 (55.38,58.80) 65.13 <.0001
2703 38.44 (37.21,39.68) 1627 4291 (41.20,44.62)

1017 13.97 (12.89,15.04) 820.36 <.0001 433 11.27 (10.12,12.42) 433.73 <.0001
2184 3039 (29.15,31.63) 1101 28.52 (26.93,30.12)

2004 28.51 (27.34,29.67) 1100 29.32 (27.69, 30.94)

1047 15.13 (14.23,16.03) 620 16.21 (14.96, 17.45)

761 11.45 (10.59,12.31) 527 1436 (13.09,15.64)

2587 35.15 (33.56, 36.74) 1172 30.09 (28.12,32.06)

2227 31.65 (30.31,32.99) 1231 3227 (30.42,34.13)

2243 3320 (31.69,34.71) 1390 37.64 (35.74,39.54)

525 7.02 (6.35, 7.69) 4146.62 <.0001 123 3.03 (2.36,3.71) 2193.76 <.0001
6526 92.98 (92.31,93.65) 3672 96.97 (96.29,97.65)

274 371 (3.23,4.19) 3412.65 <.0001 121 3.03 (2.42, 3.64) 2202.24 <.0001
2471 34.68 (33.28,36.08) 1248 32.60 (30.89, 34.31)

632 8.44 (7.73,9.15) 283 7.27 (6.33,8.21)

3681 53.17 (51.68, 54.66) 2145 57.11 (55.20, 59.01)

477 6.80 (6.17,7.43) 4564.11 <.0001 90 232 (1.80, 2.84) 2957.08 <.0001
6476  93.20 (92.57,93.83) 3707 97.68 (97.16, 98.20)

2534 36.40 (34.95,37.84) 317.08 <.0001 283 7.22 (6.31, 8.13) 2313.67 <.0001
4206 63.60 (62.16, 65.05) 3514 92.78 (91.87,93.69)

A Full population defined as adults ages 50-80 with no history of colorectal cancer. Subpopulation defined as adults ages 50-80 with no history of colorectal cancer and reported any

ACS guideline adherent testing.
Note: unweighted n, weighted % and Cl of %
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Table 2.2. Weighted Estimates of True Screening Rates and Diagnostic Testing Rates for Subpopulation

True Diagnostic Rao-Scott
n Screening % Cl of % Testing % Clof % Chi-Square1 Pr > ChiSq

Subpopulation 3793 81.25 (79.76, 82.74) 18.75 (17.26, 20.24)

Non-Hispanic White 3210 80.89 (79.29, 82.50) 19.11 (17.50, 20.71) 2.78 0.0957
Non-Hispanic Black 583 84.32 (80.80, 87.84) 15.68 (12.16, 19.20)

Female 2125 79.02 (76.95, 81.08) 20.98 (18.92, 23.05) 13.49 0.0003
Male 1668 84.04 (82.13, 85.94) 15.96 (14.06, 17.87)

Non-Hispanic White Male 1432 83.86 (81.84, 85.89) 16.14 (14.11, 18.16) 17.37 0.0006
Non-Hispanic Black Male 236 85.66 (79.51,91.82) 14.34 (8.18, 20.49)

Non-Hispanic White Female 1778 78.47 (76.26, 80.67) 21.53 (19.33, 23.74)

Non-Hispanic Black Female 347 83.39 (78.95, 87.84) 16.61 (12.16, 21.05)

Ages 50-54 629 75.76 (72.13,79.39) 24.24 (20.61, 27.87) 15.84 0.0073
Ages 55-59 796 80.79 (77.66, 83.91) 19.21 (16.09, 22.34)

Ages 60-64 743 82.66 (79.77, 85.56) 17.34 (14.44,20.23)

Ages 65-69 641 82.22 (79.33, 85.11) 17.78 (14.89, 20.67)

Ages 70-74 511 83.95 (80.58, 87.32) 16.05 (12.68, 19.42)

Ages 75-80 473 83.01 (79.10, 86.93) 16.99 (13.07, 20.90)

Ages 50-64 2168 79.94 (77.94, 81.94) 20.06 (18.06, 22.06) 5.07 0.0243
Ages 65-80 1625 82.99 (81.02, 84.96) 17.01 (15.04, 18.98)

Less than High School Diploma 433 76.23 (71.76, 80.70) 23.77 (19.30, 28.24) 11.24 0.024
High School Degree or GED 1098 80.30 (77.62, 82.98) 19.70 (17.02, 22.38)

Some College No Degree or Associate Degree 1100 81.71 (79.06, 84.37) 18.29 (15.63, 20.94)

Bachelor's Degree 620 82.56 (79.50, 85.62) 17.44 (14.38, 20.50)

Master's, Professional or Doctorate Degree 526 84.84 (81.46, 88.22) 15.16 (11.78, 18.54)

Poverty Ratio - Low Tertile 1172 75.67 (72.77, 78.35) 24.33 (21.65, 27.23)  f(2,591.31) = 17.61 P>F <.0001
Poverty Ratio - Medium Tertile 1231 81.77 (79.30, 84.01) 18.23 (15.99, 20.70)

Poverty Ratio - High Tertile 1390 85.25 (83.10, 87.17) 14.75 (79.71, 82.70)

Insurance - Not Covered 123 66.00 (56.14, 75.86) 34.00 (24.14, 43.86) 14.63 0.0001
Insurance - Covered 3668 81.72 (80.25, 83.20) 18.28 (16.80, 19.75)

Living with Marital Spouse or Unmarried Partner = 2143 82.51 (80.58, 84.43) 17.50 (15.57, 19.42) 12.53 0.0058
Never Married / Unknown Status 283 84.82 (80.33, 89.31) 15.18 (10.69, 19.67)

Marital Spouse not in HH or Separated 120 71.37 (62.11, 80.64) 28.63 (19.36, 37.89)

Widowed or Divorced 1247 79.16 (76.55, 81.78) 20.84 (18.22, 23.45)

Usual Source of Health Care - No 90 64.62 (53.59, 75.64) 35.38 (24.36, 46.41) 13.02 0.0003
Usual Source of Health Care - Yes 3703 81.65 (81.13, 83.17) 18.35 (16.83, 19.87)

Physician Recommendation - No 283 78.34 (73.11, 83.56) 21.67 (16.44, 26.89) 1.42 0.2333
Physician Recommendation - Yes 3510 81.48 (79.92, 83.03) 18.52 (16.97, 20.08)

Note: unweighted n, weighted % and Cl of %

! Exception: test of significance for Poverty Ratio is Global F Test, computed with Stata.
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Table 2.3.

d Testing Rates and Adjusted True Screening Rates for Full Study Population

Full Study Population

Non-Hispanic White
Non-Hispanic Black

Female
Male

Non-Hispanic White Male
Non-Hispanic Black Male

Non-Hispanic White Female
Non-Hispanic Black Female

Ages 50-54
Ages 55-59
Ages 60-64
Ages 65-69
Ages 70-74
Ages 75-80

Ages 50-64
Ages 65-80

Less than High School Diploma

High School Degree or GED

Some College No Degree or Associate Degree
Bachelor's Degree

Master's, Professional or Doctorate Degree

Poverty Ratio - Low Tertile
Poverty Ratio - Medium Tertile
Poverty Ratio - High Tertile

Insurance - Not Covered
Insurance - Covered

Living with Marital Spouse or Unmarried Partner

Never Married / Unknown Status
Marital Spouse not in HH or Separated
Widowed or Divorced

Usual Source of Health Care - No
Usual Source of Health Care - Yes

Physician Recommendation - No
Physician Recommendation - Yes

Note: unweighted n, weighted % and Cl of %

Unadijusted Testing

Adjusted True

Overestimation of
True Screening

n Rate % Clof% Tests of Si Rate %* Clof% Tests of Si Rate (%)*
6984 55.46 (54.04, 56.88) 45.06 (43.91, 46.22) 23.08
5727 56.48 (54.98,57.98)  23.47 <.0001 45.69 (44.47, 46.90) 3.50 P>|t| =0.001 23.62
1257 48.04 (44.77,51.30) 4051 (37.75, 43.26) 18.60
3922 55.21 (53.43,56.99)  0.1688 0.6812 43.63 (42.22, 45.04) t=2.89 P>[t| =0.004 26.55
3062 55.77 (53.63,57.92) 46.87 (45.07, 48.68) 18.99
2551 56.77 (54.49,59.05)  20.39 0.0001 47.61 (36.91, 45.08) F(3,296) = 6.72 P>F =.0002 19.25

511 47.86 (43.09, 52.63) 41.00 (36.43, 43.90) 16.74
3176 56.24 (54.33, 58.15) 44.13 (42.64, 45.63) 27.44
746 48.16 (43.69, 52.63) 40.16 (36.43, 43.90) 19.92
1556 4212 (39.14,45.09)  148.98 <.0001 31.91 (29.65, 34.16) F(5,294) = 39.08 P>F <.0001 32.00
1497 53.92 (51.19, 56.65) 4356 (41.35, 45.77) 23.78
1262 59.74 (56.76, 62.73) 4938 (46.91,51.85) 20.98
1058 61.59 (58.45, 64.73) 50.64 (48.06, 53.22) 21.62
787 64.40 (60.68, 68.12) 54.06 (50.94, 57.18) 19.12
824 60.27 (58.82, 63.72) 50.03 (47.16, 52.89) 20.47
4315 51.39 (49.63,53.15)  64.27 <.0001 41.08 (49.73,53.18)  t=-9.71P>|t| <0001 25.09
2669 62.00 (59.93, 64.08) 51.45 (39.67, 42.49) 20.50
1002 44.91 (41.66,48.16) 10331 <.0001 34.23 (31.76,36.72) F(4,295) = 48.78 P>F <.0001 3118
2162 52.00 (49.65, 54.36) 4176 (39.87, 43.65) 24.53
1987 56.92 (54.38, 59.46) 4651 (44.43, 48.59) 22.38
1039 59.35 (55.73, 62.98) 49.00 (46.01, 52.00) 21.12
753 69.53 (65.95, 73.10) 58.99 (55.95, 62.02) 17.87
2549 47.69 (45.49, 49.89) F(1.98, 590.51) = 52.47 P>F <0001 36.09 (34.48,37.70)  F(2,297) = 103.18 P>F<.0001 32.15
2211 56.47 (54.01, 58.73) 46.18 (44.25,47.94) 22.29
2224 62.77 (60.54, 64.99) 53.51 (51.61,55.37) 17.30
517 24.10 (19.34,28.85) 1312 <.0001 15.91 (12.76,19.04)  t=18.21P>|t] <.0001 51.52
6461 57.84 (56.36, 59.32) 47.27 (46.05, 48.47) 2237
3646 59.49 (57.64,6134)  47.14 <.0001 49.09 (47.56, 50.61) £(3,296) = 24.00 P>F <.0001 21.20
622 47.96 (43.40,52.52) 40.68 (36.81, 44.55) 17.90
271 4534 (38.24,52.43) 32.36 (27.29,37.42) 4011
2445 52.17 (49.94, 54.41) 4130 (39.53, 43.07) 26.33
470 19.29 (15.38,2320)  229.29 <.0001 12.47 (9.94, 14.99) t=24.88 P>|t| <.0001 54.75
6409 58.97 (57.57, 60.44) 48.15 (46.96, 49.35) 2247
2534 11.54 (10.14,12.94)  3298.18 <.0001 9.04 (7.95,10.14) t=77.60 P>|t| <.0001 27.65
4206 84.35 (83.13, 85.58) 68.73 (67.73, 69.73) 22.73

" Rao-Scott Chi-Square and Pr > Chiq calculated for all variables with SAS except Poverty Ratio, where Design-Based Pearson F test was used with Stata.
For groups with 2 categories, t-test and P>|t| calculated for overall effects with Stata; for groups with more than 2 categories, Design-Based Pearson F test was used with Stata.

* applying true screening % from subpopulation (ACS guideline-adherent screeners who reported a r

of 50-80 year olds with no history of colorectal disease).

to the

rate (which is based on the full population
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Table 2.4. Multivariate Models Estimating Predictors of Any ACS Guideline Adherent Testing (Full Population) and True Screening
(Subpopulation)

Full Study Population - Outcome: Any ACS guideline adherent testing n = 7058

Predictor* Category 0Odds Ratio (OR) Confidence Limits (OR) Wald Chi-Square  Pr > ChiSq

Intercept 0.075 0.051 0.110 177.65 <.0001
Race/Ethnicity Non-Hispanic Black 0.584 0.373 0.837 6.86 0.0088
Age Continuous (Centered (65)) 1.034 1.030 1.053 17.01 <.0001
Education High School Graduate or GED 1.219 0.990 1.500 3.49 0.0619

Some College No Degree or Associate Degree 1.388 1.111 1.735 8.34 0.0039

Bachelors Debree 1.651 1.260 2.164 13.24 0.0003

Master Professional or Doctorate 2.250 1.650 3.070 26.23 <.0001
Usual Source of Health Care Yes 1.586 1.127 2.230 7.02 0.0081
Physician Recommendation Yes 38.122 31.328 46.395 1321.41 <.0001
Race * Age Non-Hispanic Black * Age (Continuous (Centered 65)) 0.972 0.946 0.999 4.18 0.041
Race * Physician Recommendation ~ Non-Hispanic Black * Yes 1.768 1.106 2.824 5.67 0.0172
Age * Physician Recommendation Age (Continuous (Centered 65)) * Yes 1.020 1.001 1.040 411 0.0427

* Referent group for Race/Ethnicity is Non-Hispanic White, for Education, Less than High School Diploma; for Usual Source of Health Care, No; for Physician
Recommendation, No.

Subpopulation -Outcome: ACS guideline adherent True Screening n - 3791

Predictor* Category 0Odds Ratio (OR) Confidence Limits (OR) t Pr> |t|
Intercept 1.273 0.768 2.111 0.94 0.3489
Race/Ethnicity Non-Hispanic Black 1.412 1.046 1.906 225 0.0242
Age Continuous (Centered (65)) 1.031 1.019 1.044 5 <.0001
Sex Male 1.346 1.120 1.617 3.17 0.0015
Poverty Ratio Medium Tertile 1.529 1.184 1.975 3.31 0.0015
Poverty Ratio High Tertile 2.100 1.666 2.647 6.28 <.0001
Usual Source of Health Care Yes 2.112 1.276 3.496 291 0.0036
Race * Age Non-Hispanic Black * Age (Continuous (Centered 65)) 0.970 0.940 1.000 -1.96 0.0496

* Referent group for Race/Ethnicity is Non-Hispanic White, for Sex is Female; for Poverty Ratio, Low Tertile; for Usual Source of Health Care, No.

Multivariate logistic regression modeling. Table 2.4 shows the final logistic
regression models predicting any ACS guideline adherent testing (including diagnostic
testing and true screening when specifying the behavioral outcome) in the full
population and true screening (excluding diagnostic testing when specifying the
behavioral outcome) in the subpopulation of respondents reporting ACS guideline
adherent screening.

The estimates from multivariate models of any ACS guideline adherent testing
versus true screening reveal important information about how the same predictor varies
across the two outcomes. The most startling change in predictors of any ACS guideline
adherent testing versus true screening is the physician recommendation to screen,

which is highly predictive of any ACS guideline adherent testing, but is not statistically
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significant (and was removed from the model) when predicting true screening.

Level of educational attainment is predictive of any ACS guideline adherent
testing, but not predictive of true screening. In contrast to educational attainment,
poverty ratio is not predictive of any ACS guideline adherent testing, but is only
statistically significant in the model predicting true screening (overall test of poverty
ratio p <.0001, not in table). Increases in poverty ratio result in increased adjusted odds
ratios for medium and high tertile categories (1.529, 95% Cl [1.184, 1.975] and 2.100,
95% CI [1.666, 2.647], respectively.

Discussion

Colorectal cancer is a disease that is largely preventable with screening, yet
screening rates remain low across population groups, risking a high burden of the
disease over the next decades. By choice or by data limitations, researchers often
conflate diagnostic testing and true screening when defining their behavioral outcome
as they measure screening rates, disparities, predictors, and trends over time. In
addition, intervention evaluators and policymakers routinely conflate diagnostic testing
with true screening in their assessments of both intervention effectiveness and their
own success in reaching federal screening benchmarks. In this study, we investigated
whether this practice of conflating diagnostic testing and true screening overestimates
screening rates, whether that overestimation varies across sociodemographic groups,
and whether the predictors of any ACS guideline adherent testing (including diagnostic

testing and true screening) vary from those predicting true screening.
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Using data from the National Health Interview Survey, we showed that the
practice of conflating diagnostic testing and true screening results in substantial
overestimation of screening rates. This overestimation varied considerably across
sociodemographic characteristics. Finally, we found that correctly specifying the
behavioral outcome of interest as true screening changed predictors of the behavior
when compared to predictors of a behavioral outcome that conflates diagnostic testing
and true screening. These results inform the CRC literature in some unexpected and
expected ways.

Before discussing implications for researchers, practitioners, and policymakers
more broadly, we would like to highlight two unexpected findings in our study, namely
the pre- and post-adjustment rates of male and female respondents, and the extent to
which females (and NHW females in particular) engage in diagnostic testing and true
screening. We found that although the pre-adjustment rates are nearly identical
between sexes (consistent with data from the National Center for Health Statistics,
2011, which ignores the impetus for testing), a statistically significant difference
emerges after adjusting for the impetus for testing, with males having a statistically
significant advantage in true screening rates over their female counterparts (46.87% vs.
43.63%, p = 0.001). This difference in true screening rates may result from several
factors. Males may have a higher level of risk perception than females, they may be
underutilizing diagnostic testing compared to females, or there may be contributing

factors at the health care level that influence engagement with true screening. This may
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also result from gendered differences in the interpretation of what the survey
instrument is asking when it differentiates true screening from diagnostic testing.

We can contrast this finding with both data on disease incidence as well as the
broader literature of sex differences in help seeking. Males suffer significantly higher
CRC incidence and mortality rates than females. Although some gender differences are
theorized to originate in risk factor and hormone exposures, lower rates of screening
are broadly hypothesized to contribute to higher disease burden (American Cancer
Society, 2012). Considering these data, we would expect to find lower true screening
rates in males; we found the opposite. If the results of this study are not due to
differences in self report, this suggests that there may be alternate explanations for
higher incidence and mortality differences between genders including biological
differences in tumor occurrence, growth, and location.

We can also position this gender gap finding in a broader help seeking literature
that consistently demonstrates that females seek help and see health care practitioners
at a higher rate than their male counterparts. This is theorized to originate in
psychosocial differences between sexes, with males being more likely to delay or avoid
help seeking for illnesses. It is widely reported that men in the United States have fewer
contacts with physicians across the life span (see Mansfield, Addis & Mahalik, 2003). In
2008 (close temporally to the time at which this study’s data was collected), over 20% of
men in the United States had no visits to a health care provider in the preceding 12
months, compared to 10.8% of women (National Center for Health Statistics, 2010).

Considering that CRC screening requires the coordination between physician and
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patient, we expected to find lower rates of true screening in males, as they have fewer
opportunities to discuss screening with their physicians; again, our results contradict our
hypotheses and show that males engage in true screening at a higher rate than females.
This suggests that quantity of health care practitioner contact may be less predictive of
preventative health behaviors such as CRC screening. Instead, quality of care and
adherence to established risk-based behavior recommendations (including CRC
screening) may prove to be more predictive of these behaviors. Although females see
physicians more frequently than males, this may be less relevant for CRC screening, as
many of the invasive options are repeated only every five or ten years.

Although our study sample is made of individuals with no history of CRC, we
expected to see patterns in diagnostic testing that reflect disease incidence, with higher
rates of diagnostic testing in males and in NHB. Instead, we found the highest rates of
diagnostic testing by females. Our findings contradict our hypotheses as well as the
findings in the CRC and help seeking literature. A possible explanation for this may be
that females are responding more aggressively to changes in bowel habits and are more
likely to be referred for diagnostic testing than males, who are more likely to delay help
seeking until a condition interferes with their daily life (Galdas, Cheater & Marsall,
2005). This can explain the higher rate of diagnostic testing in females, but the origin of
the higher rate of true screening in males is still unclear. Unfortunately much of the help
seeking literature focuses on curative, not preventative care, and it is unclear how much

of the gendered patterning of help seeking for curative care relates to preventative care
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including CRC screening. Further exploration both qualitatively and quantitatively is
necessary to understand these unexpected patterns in diagnostic testing and screening.

These findings are of great concern to users of NHIS data. Despite the
methodological advantage of NHIS through its ability to differentiate true screening
from diagnostic testing, many researchers fail to use all available data in their analyses,
or use it differently across studies. For example, in a study of colorectal cancer
screening disparities, researchers note,

“...both diagnostic and screening exams were included in adherence

calculations to create the most lenient definition of up-to-date with CRC

screening recommendations and to be consistent with Healthy People

2010 goal measurement methods” (James, 2006).

Klabunde et al. (2011) and Shapiro et al. (2008) use similar language, noting that

“we included...tests done for any reason, not just as part of a routine

exam, because the reported reason for having the test may not be

accurate, and having the test within the recommended time interval,

regardless of the reason, essentially means that the individual has been

screened” (Klabunde et al. (2011), p. 1612).

Articles such as these inform the CRC literature (including research,
interventions, and policy) in a potentially damaging way, overestimating rates,
miscalculating trends over time, misspecifying behavioral predictors and more.

Our results provide evidence that is of most concern to users of BRFSS data, as
our results demonstrate that ignoring the impetus for testing and the resulting
misspecification of the outcome of interest result in grossly overestimated rates of true
CRC screening. Misspecification of the outcome is especially problematic for users of

BRFSS data, as the study’s methodology results in data that cannot account for impetus

for testing. BRFSS data are used for reports in Morbidity and Mortality Weekly Reports
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by the Centers for Disease Control and Prevention as well as state-level data for Healthy
People goals and benchmarks. In this study sample, overall population rates were
inflated by 23.08% without accounting for the impetus for testing, with the least
advantaged socioeconomic groups’ rate overestimation at 31.18%, 32.15% and 51.52%.
This alone has the potential for undermining decades of data from MMWR, Healthy
People and AHRQ.

Although the limitations of BRFSS data are frequently acknowledged by
researchers (including users of data for MMWR reports -- see Joseph, Rim, & Seeff,
2008), that is simply not enough. This is a preventable limitation with the addition of
one simple question — “Why did you engage in the CRC testing?” Our study
demonstrates that without that one question, we risk overestimation of screening rates
and failure to accurately assess predictors of the optimal behavioral outcome. We
showed evidence of gross overestimation rates ranging from 16.74% (NHBM) to 54.75%
(no usual source of health care).

Inaccurate rate estimation has implications for disparities research as well. One
of the most common disparities discussed in the CRC literature is between NHW and
NHB. In this sample, failure to account for the impetus for testing resulted in an
overestimation of disparities between NHW and NHB of 37.40% (17.57% NHW
advantage to 12.79% NHW advantage), and other sociodemographic disparities were
mildly and grossly under- or overestimated as well.

Finally, there was substantial change in the nature of the predictors of true

screening versus any ACS guideline adherent testing, with both education and physician
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recommendation no longer significantly associated with the correctly specified
outcome, and sex and poverty ratio predictive of true screening but not an outcome
that conflated diagnostic testing and true screening. In sum, correct specification of the
behavioral outcome contributes to a more accurate assessment of the behavior that we
need for improved public health — true screening — and allows us to better assess
predictors of that behavior.

As we consider the design and evaluation of CRC screening interventions, the
results from multivariate models predicting incorrectly and correctly specified outcomes
provide evidence that longstanding predictors of ‘screening’” may, in fact, not predict
true screening. In particular, the physician recommendation to screen is not, in fact,
predictive of true screening in the subpopulation of respondents who reported ACS
guideline-adherent testing. This evidence suggests that focusing interventions at the
health services level may not, in fact, increase individuals’ odds of engaging in CRC
screening.

Another interesting finding in the multivariate models is that among the
subpopulation who engaged in ACS guideline adherent testing, NHB were at greater
odds of engaging in true screening than their NHW counterparts. This highlights the
critical importance of correctly specifying the outcome of interest through inclusion of
the impetus for testing—what we thought was a strong disadvantage in NHB in the full
population was instead a strong advantage in the subpopulation. As discussed earlier,
NHW/NHB disparities pre- and post-adjustment decreased by over 37% after adjusting

for the impetus for testing. This finding suggests that the perceptions of racial
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disparities discussed in the literature to date (showing a strong advantage for NHW)
may be the result of higher diagnostic testing in NHW, specifically NHW women.
Interventions targeting NHB populations may still be useful, as even with a lower rate of
diagnostic testing, they are still engaging in CRC screening at a lower rate, but the
degree to which they differ is substantially less once we account for the impetus for
testing.

In order to accurately assess whether or not we are meeting federally
established benchmarks for CRC screening at individual and institutional levels, we need
to derive estimates from data that properly differentiate diagnostic testing from true
screening. However, we are falling short of that by using NHIS data without considering
the impetus for testing and by using BRFSS data that is unable to differentiate the two
behaviors. Estimated population rates from BRFSS are already below federal goals for
many sociodemographic groups, but are likely far lower since BRFSS includes diagnostic
testing in their screening measures. As James et al. (2006) allude to, Healthy People
utilizes NHIS for national-level data, but there is no evidence that the impetus for testing
is accounted for in their estimates. And we must remember that this applies not only to
overall population rates but to rates by demographic and socioeconomic group as well.
Examining variation within or between groups using BRFSS data, especially across levels
of socioeconomic status indicators of education, poverty ratio and insurance, is
problematic due to differential rates of diagnostic testing. In our sample, diagnostic
testing accounted for as much as 35.38% of screening behaviors (in those with no usual

source of health care) and varied considerably across sociodemographic and age groups.
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This significant variability in diagnostic testing and true screening across
sociodemographic groups calls into question the relevance and effectiveness of a one-
size-fits-all federal goal such as Healthy People 2020. Consider, for example, the
variability in true screening rate estimates across levels of education: from 34.23% (the
lowest level) to 58.99% (the highest level). This is a 72% difference comparing the
higher rate to the lower. Does a federal benchmark that averages these types of rates
across the entire population serve the public most effectively? We argue that instead of
one goal, we seek to improve rates across sociodemographic categories, putting
resources into assessing and addressing the barriers to CRC screening to each of these
groups. Averaging the population as a whole ignores significant variation across
population groups and allows us to perceive progress when, in fact, only those with
great socioeconomic privilege enjoy the highest rates of screening.

The final policy implication resulting from this data is the need for data collection
by SEER to capture data on how individuals with CRC disease were diagnosed — from
diagnostic testing or true screening. Ideally, we could place our findings in the
conversation of stage and survival of CRC disease. However, this is difficult to do since
we would be comparing individuals without cancer (as defined by our population
parameters) with those with cancer. In order to determine if there is a relationship
between diagnostic testing and stage of disease, we must collect data at the time of
diagnosis on how patients were diagnosed (diagnostic testing vs. true screening) and
their disease stage to determine if there is an association between timeliness of

screening and stage.
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This study is subject to several unavoidable limitations. First, we analyzed data
collected in 2008, as analyses began as the 2010 survey was being released. 2008 data
remained the best option, however, due to its specificity with its questions pertaining to
physician recommendations. A general limitation of using NHIS data is the inability to
conduct analyses by geographic region with much certainty; other data collected by
state-level entities such as the Department of Public Health or data that are
representative to each state’s population (including BRFSS data) would be more
appropriate. CRC screening rates vary considerably by state, and within state by county;
this variation should be considered in future studies of CRC screening (Rim et al., 2011;
Weir et al., 2003).

Common to survey data, NHIS data are subject t