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Abstract
Background: Screening and postsymptomatic diagnostic testing are often conﬂated in cancer screening surveillance research.
We examined the error in estimated colorectal cancer screening
prevalence due to the conﬂation of screening and diagnostic
testing.
Methods: Using data from the 2008 National Health Interview
Survey, we compared weighted prevalence estimates of the use of
all testing (screening and diagnostic) and screening in at-risk
adults and calculated the overestimation of screening prevalence
across sociodemographic groups.
Results: The population screening prevalence was overestimated by 23.3%, and the level of overestimation varied widely
across sociodemographic groups (median, 22.6%; mean, 24.8%).
The highest levels of overestimation were in non-Hispanic white
females (27.4%), adults ages 50–54 years (32.0%), and those
with the highest socioeconomic vulnerability [low educational

Introduction
By deﬁnition, cancer screening occurs at a presymptomatic
stage of disease. Clinical tests such as colonoscopy and mammography are used for both presymptomatic screening and postsymptomatic diagnostic testing. Consequently, researchers and
practitioners often collect and analyze surveillance data in a way
that conﬂates these two distinct behavioral outcomes. Potential
challenges of this practice include overestimation of screening
prevalence, misspeciﬁcation of screening trends over time, and
mischaracterization of within- and between-group disparities.
A distinguishing feature of two of the most cited national
surveys in cancer screening research, the National Health Interview Survey (NHIS) and the Behavioral Risk Factor Surveillance
System (BRFSS), is their varying ability to differentiate screening

attainment (31.3%), low poverty ratio (32.5%), no usual source
of health care (54.4%), and not insured (51.6%); all P < 0.001].
Conclusions: When the impetus for testing was not included,
colorectal cancer screening prevalence was overestimated, and
patterns of overestimation often aligned with social and economic
vulnerability. These results are of concern to researchers who use
survey data from the Behavioral Risk Factor Surveillance System
(BRFSS) to assess cancer screening behaviors, as it is currently not
designed to distinguish diagnostic testing from screening.
Impact: Surveillance research in cancer screening that does
not consider the impetus for testing risks measurement error of
screening prevalence, impeding progress toward improving
population health. Ultimately, to craft relevant screening
benchmarks and interventions, we must look beyond "what"
and "when" and include "why." Cancer Epidemiol Biomarkers Prev;
24(12); 1850–4. 2015 AACR.

from diagnostic testing. NHIS affords researchers the opportunity
to distinguish between screening and diagnostic testing by asking
respondents not only what test they had and when, but why they
had it. In contrast, conﬂation of screening and diagnostic testing is
unavoidable for users of BRFSS data, as BRFSS does not collect
data on the impetus for testing (1–3).
The impact of conﬂating screening and diagnostic testing on the
quality of cancer screening surveillance data has not been
explored. We used data from the NHIS dataset and the methods
of BRFSS to estimate (i) the potential measurement error in
colorectal cancer screening prevalence due to conﬂation of screening and diagnostic testing and (ii) the variation in degree of
measurement error in colorectal cancer screening prevalence
across sociodemographic characteristics.

Materials and Methods
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Study population and data source
Our study population included non-Hispanic white and nonHispanic black respondents ages 50–80 years with no history of
colorectal cancer, as colonoscopic testing is used as disease surveillance and not preventative screening care. We analyzed
nationally representative data from the 2008 NHIS and Cancer
Screening and Sun Protection Supplement (CSSPS). The NHIS 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 probability sample design (4). The
CSSPS includes questions on physician recommendations for
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screening, screening behaviors, and reasons for screening tests.
The NHIS oversamples self-identiﬁed non-Hispanic blacks, Hispanics and Asian Americans. Weights constructed for the NHIS
respondents reﬂect the resulting unequal probabilities of selection and also incorporate adjustments for nonresponse and
poststratiﬁcation procedures designed to align survey estimates
with population distributions from the 2000 Census. The NHIS
data are therefore nationally representative of the adult civilian
noninstitutionalized population of the United States (5). The
annual NHIS response rate averages close to 90% of the eligible
households in the sample (4).
This study received an exempt status designation from the
University of Michigan Institutional Review Board (Study
HUM00062074).

Measures
Dependent variables. American Cancer Society (ACS) guideline
adherent testing 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 establish whether
the testing was ACS guideline adherent. At the time of the survey's
administration, the ACS recommendations included tests and
time intervals as follows: ﬂexible sigmoidoscopy (previously
noted as proctoscopy) every 5 years, colonoscopy every 10 years,
or fecal occult blood test (FOBT) every year (6). Additional testing
modalities were also part of the ACS recommendations in 2008
but were not readily available to the general population and were
not part of the NHIS questionnaire.
To assess engagement with noninvasive testing, respondents
were given a brief explanation and asked, "Have you EVER HAD a
blood stool test, using a HOME test kit?" Responses of "yes" or
"no" were coded as such, whereas responses of "refused" or "don't
know" were coded as missing data and excluded from analysis
(missing, n ¼ 52). Respondents reported testing timelines in one
of several 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 was reported
within on1 year of survey administration, 0 if no testing or FOBT
testing was earlier than 1 year from survey administration, and
missing. All FOBT testing was coded as screening, as it is used
exclusively for that purpose.
To assess engagement with invasive testing, respondents were
given a brief explanation and asked, "Have you ever had a
sigmoidoscopy, colonoscopy, or proctoscopy?" Responses of
"yes" or "no" were coded as such, whereas responses of "refused"
or "don't know" were coded as missing data and excluded from
analysis (missing, n ¼ 23). Invasive testing (sigmoidoscopy,
proctoscopy, colonoscopy) was coded as ACS guideline adherent
if the testing was reported to be within the recommended timeframe. One dependent variable was created for each mode of
testing, coded as 1 if ACS guideline adherent, 0 if no testing or
nonadherent, and missing otherwise.
ACS guideline adherent screening To measure reports of screening
(vs. diagnostic testing) among those participants who reported
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. To
determine the impetus for testing among individuals who
reported invasive tests (sigmoidoscopy, proctoscopy, or colonoscopy), we assessed responses to the question "What was the MAIN
reason you had this exam—was it part of a routine exam, because
of a problem, or some other reason?" The dependent variable was
coded as "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 noninvasive
testing was not a "yes" (missing, n ¼ 4).
Data from these 5 variables (FOBT, three invasive testing
variables, and screening variable) informed the combined dependent variable measuring ACS guideline adherent screening. If any
mode of testing was ACS guideline adherent screening, the variable was coded as 1, and if no mode of testing was ACS guideline
adherent screening or no testing was reported, the variable was
coded as 0. The variable was coded missing otherwise.
Demographic variables. We used 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 0.50 to 2.49)/medium (2.50 to
4.99)/high (5.00 and 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. Rates of
missing values for all other variables of interest were below 3%.
Statistical analysis
We computed weighted and unweighted estimates of the
prevalence of all testing (i.e., both screening and diagnostic testing
that is consistent with BRFSS methodology), across levels of each
of the independent variables of interest in the study population
using data from the NHIS and CSSPS. We then repeated the
analyses using the variable that accurately characterized presymptomatic screening.
We then calculated the overestimation of screening prevalence
estimates by dividing the difference between the prevalence
estimates of all testing (BRFSS methodology) and screening by
the prevalence estimate of screening. For example, the prevalence
estimate for testing for all participants is 55.5% and the screening
prevalence estimate is 45.0%. Therefore, we calculated the overestimation of the screening prevalence as:
ðall testing estimate  screening estimateÞ
screening estimate
or
ð0:555  0:450Þ
¼ 23:3%:
0:450
Most data analyses for this study were performed with the SAS/
STAT statistical software (version 9.3 M1, SAS Institute), which
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enables weighted estimation and design-based variance estimation. We ran selected models in Stata (version 13.0, StataCorp),
which enables multiple ad-hoc variance estimation methods for
dealing with "singleton" PSUs, as the SAS SURVEY procedures use
Taylor Series Linearization for variance estimation by default and
exclude strata with only one primary sampling unit (PSU) from all
variance estimates. We then compared estimated standard errors
between the two program's procedures.

Results
Weighted frequencies
Table 1 shows estimated demographic characteristics for the
full study population. In Table 2, we present estimated prevalence
of all testing (conﬂating diagnostic testing and screening) and
estimated prevalence of screening. Table 2 also displays the extent
to which the screening prevalence is overestimated when the
outcome is misspeciﬁed.
Colorectal cancer testing prevalence estimates
The colorectal cancer testing prevalence estimate for the
NHIS study population was 55.5%. With the exception of
differences across sex [males (M; 55.8%) and females (F;
55.2%), P ¼ 0.6812], all within-group differences were statistically signiﬁcant at or below P ¼ 0.0001 level. Colorectal
cancer testing prevalence estimates for non-Hispanic whites
[M (56.8%) and F (56.2%)] exceeded those of non-Hispanic
blacks [M (47.9%) and F (48.2%)] and estimates increased with
age (42.1% to 64.4%). Across measures of socioeconomic
status, we saw estimates increase across levels of education
Table 1. Demographic characteristics of the study population
n (%)
Non-Hispanic white
5,780 (87.8)
Non-Hispanic black
1,278 (12.2)
Male
3,094 (44.2)
Female
3,964 (55.8)
Non-Hispanic white male
2,575 (39.2)
Non-Hispanic black male
519 (5.0)
Non-Hispanic white female
3,205 (48.6)
Non-Hispanic black female
759 (7.2)
Ages 50–54
1,565 (22.2)
Ages 55–59
1,511 (21.0)
Ages 60–64
1,279 (18.4)
Ages 65–69
1,070 (15.1)
Ages 70–74
794 (11.2)
Ages 75–80
839 (12.1)
Ages 50–64
4,355 (61.6)
Ages 65–80
2,703 (38.4)
Less than high school diploma
1,017 (14.0)
High school degree or GED
2,184 (30.4)
Some college no degree or associate degree
2,004 (28.5)
Bachelor's degree
1,047 (15.1)
Master's, professional, or doctorate degree
761 (11.4)
Poverty ratio—low tertile
2,587 (35.2)
Poverty ratio—medium tertile
2,227 (31.7)
Poverty ratio—high tertile
2,243 (33.2)
Insurance—not covered
525 (7.0)
Insurance—covered
6,526 (93.0)
Usual source of health care—no
477 (6.8)
Usual source of health care—yes
6,476 (93.2)
Physician recommendation—no
2,534 (36.4)
Physician recommendation—yes
4,206 (63.6)

CI of %
(87.0–88.7)
(11.3–13.0)
(43.0–45.4)
(54.6–57.0)
(38.0–40.4)
(4.5–5.5)
(47.4–49.9)
(6.5–7.9)
(21.2–23.2)
(19.9–22.0)
(17.4–19.4)
(14.2–16.0)
(10.4–12.1)
(11.3–12.9)
(60.3–62.8)
(37.2–39.7)
(12.9–15.0)
(29.2–31.6)
(27.3–29.7)
(14.2–16.0)
(10.6–12.3)
(33.6–36.7)
(30.3–33.0)
(31.7–34.7)
(6.4–7.7)
(92.3–93.7)
(6.2–7.4)
(92.6–93.8)
(35.0–37.8)
(62.2–65.1)

NOTE: unweighted n, weighted % and CI of %.
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(44.9% to 69.5%), poverty ratio (47.7% to 62.8%), and insurance coverage (24.1% to 57.8%). Finally, we found variation in
colorectal cancer testing prevalence estimates across aspects of
the health care delivery system including having a usual source
of care (19.3% to 59.0%) and whether or not a physician
recommendation to screen was reported (11.5% to 84.4%).
Colorectal cancer screening prevalence estimates
The colorectal cancer screening prevalence estimate for the
NHIS study population was 45.0%. All within-group differences
were statistically signiﬁcant at or below P ¼ 0.020 level. We found
similar patterning to screening prevalence estimates that emerged
in testing prevalence estimates, with colorectal cancer screening
prevalence estimates for non-Hispanic whites [M (47.6%) and
F (44.1%)] exceeding those of non-Hispanic blacks [M (41.0) and
F (40.2%)] and screening prevalence estimates increasing with age
(31.9% to 54.1%). Across measures of socioeconomic status, we
saw estimates increase across levels of education (34.2% to
59.0%), poverty ratio (36.0% to 53.5%), and insurance coverage
(15.9% to 47.2%). And again, we found variation in colorectal
cancer testing prevalence estimates across aspects of the health
care delivery system including having a usual source of care
(12.5% to 48.1%) and whether or not a physician recommendation to screen was reported (9.0% to 68.7%).
Rate overestimation
The degree to which colorectal cancer screening prevalence
estimates were overestimated when the impetus for testing was
not taken into account varied, ranging from 16.8% (non-Hispanic
black males) to 54.4% (those with no usual source of care). The
median rate of prevalence overestimation was 22.6% and the
mean rate of prevalence overestimation was 24.8%.
The colorectal cancer screening prevalence estimate for the full
study population was overestimated by 23.3%. The estimate for
non-Hispanic whites was overestimated more than for non-Hispanic blacks (23.6% and 18.5%, respectively). The estimate for
females was overestimated more than males (26.6% and 19.0%),
and we found that this is largely due to the high rate of overestimation in non-Hispanic white females. Compared with the
other sex/race/ethnicity groups, their rate of overestimation
(27.4%) exceeded others [non-Hispanic white male (19.3%),
non-Hispanic black male (16.8%), and non-Hispanic black
female (19.9%)]. The degree to which colorectal cancer screening
prevalence rates are overestimated decreases with age (32.0% to
19.0%), education (31.3% to 17.8%), poverty ratio (32.5% to
17.4%), and insurance status (51.6% to 22.5%). Across aspects of
health care delivery, we saw overestimation rates higher in those
without a usual source of care (54.4% vs. 22.7% without) and
relatively ﬂat rates of overestimation across categories of physician
recommendation reports [without a recommendation (27.8%)
and with a recommendation (22.9%)].

Discussion
In this study, we found that ignoring the impetus for colorectal
cancer testing resulted in pervasive overestimation of colorectal
cancer screening prevalence estimates and patterns of overestimation that most often align with social and economic vulnerability. A notable exception to this patterning of overestimation is
in non-Hispanic white females, who had the highest rate overestimation when compared with their peers.
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Table 2. Prevalence estimates of colorectal cancer testing, screening, and overestimation of colorectal cancer screening prevalence
Colorectal
Colorectal
cancer
cancer
testing
screening
a
prevalence (%) CI of %
P
prevalence (%) CI of %
Pb
n
Full study population
6,984
55.5
(54.0–56.9)
45.0
(43.6–46.5)
Non-Hispanic white
5,727
56.5
(55.0–58.0) <0.0001
45.7
(44.1–47.2)
0.005
Non-Hispanic black
1,257
48.0
(44.8–51.3)
40.5
(37.2–43.9)
Male
3,062
55.8
(53.6–57.9)
0.6812
46.9
(44.7–49.0)
Female
3,922
55.2
(53.4–57.0)
43.6
(41.8–45.5)
0.020
Non-Hispanic white male
2,551
56.8
(54.5–59.1)
0.0001
47.6
(45.3–49.9)
0.0029
Non-Hispanic black male
511
47.9
(43.1–52.6)
41.0
(36.2–46.0)
Non-Hispanic white female
3,176
56.2
(54.3–58.2)
44.1
(42.1–46.1)
Non-Hispanic black female
746
48.2
(43.7–52.6)
40.2
(35.9–44.6)
Ages 50–54
1,556
42.1
(39.1–45.1)
<0.0001
31.9
(29.2–34.7) <0.0001
Ages 55–59
1,497
53.9
(51.2–56.7)
43.6
(40.8–46.4)
Ages 60–64
1,262
59.7
(56.8–62.7)
49.3
(46.2–52.4)
Ages 65–69
1,058
61.6
(58.5–64.7)
50.6
(47.3–53.9)
Ages 70–74
787
64.4
(60.7–68.1)
54.1
(50.1–58.0)
Ages 75–80
824
60.3
(58.8–63.7)
50.0
(46.3–53.7)
Ages 50–64
4,315
51.4
(49.6–53.2) <0.0001
41.1
(39.4–42.8) <0.0001
Ages 65–80
2,669
62.0
(59.9–64.1)
51.4
(49.2–53.7)
Less than high school diploma
1,002
44.9
(41.7–48.2) <0.0001
34.2
(30.9–37.7) <0.0001
High school degree or GED
2,162
52.0
(49.7–54.4)
41.7
(39.4–44.1)
Some college no degree or associate degree 1,987
56.9
(54.4–59.5)
46.5
(44.0–49.0)
Bachelor's degree
1,039
59.4
(55.7–63.0)
49.0
(45.7–52.4)
Master's, professional, or doctorate degree
753
69.5
(66.0–73.1)
59.0
(55.1–62.7)
Poverty ratio—low tertile
2,549
47.7
(45.5–49.9) <0.0001
36.0
(33.9–38.2) <0.0001
Poverty ratio—medium tertile
2,211
56.5
(54.0–58.7)
46.1
(43.8–48.4)
Poverty ratio—high tertile
2,224
62.8
(60.5–65.0)
53.5
(51.3–55.7)
Insurance—not covered
517
24.1
(19.3–28.9) <0.0001
15.9
(12.6–19.8)
<0.0001
Insurance—covered
6,461
57.8
(56.4–59.3)
47.2
(45.7–48.8)
Usual source of health care—no
470
19.3
(15.4–23.2) <0.0001
12.5
(9.7–15.9)
<0.0001
Usual source of health care—yes
6,409
59.0
(57.6–60.4)
48.1
(46.6–49.7)
Physician recommendation—no
2,534
11.5
(10.1–12.9)
<0.0001
9.0
(7.9–10.4)
<0.0001
Physician recommendation—yes
4,206
84.4
(83.1–85.6)
68.7
(67.1–70.3)

Overestimation of
colorectal cancer
screening
prevalence (%)
23.3
23.6
18.5
19.0
26.6
19.3
16.8
27.4
19.9
32.0
23.6
21.1
21.7
19.0
20.6
25.1
20.6
31.3
24.7
22.4
21.2
17.8
32.5
22.6
17.4
51.6
22.5
54.4
22.7
27.8
22.9

NOTE: unweighted n, weighted % and CI of %.
a
P values are based on Rao–Scott c2 tests and calculated for all variables with SAS except poverty ratio, where design-based Pearson F.
b
For groups with 2 categories, P values are based on 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.

Our results should give researchers and organizations (e.g.,
CDC, ACS, Agency for Healthcare Research Quality) pause as they
consider the utilization of BRFSS and other survey data in cancer
screening. Currently, BRFSS is unable to distinguish diagnostic
testing from screening, and analyses of BRFSS data that conﬂate
diagnostic testing and screening inform the CDC's Morbidity and
Mortality Weekly Reports as well as state-level data for Healthy
People goals and benchmarks. These organizations' documents
and guidelines shape research, public health practice funding, and
priorities. Therefore, accurate data are critical to ensuring that
benchmarks for success and tailored interventions are relevant,
timely, and effective. However, a review of the literature reveals
that this limitation is not exclusive to use of BRFSS data, as
researchers often underuse the available data on the impetus for
testing in NHIS. In our review, we found only three published
articles on colorectal cancer screening using the additional NHIS
data that do not conﬂate screening and diagnostic testing (7–9).
These results suggest that closer examination of methodologies
in surveillance research on cancer screening modalities that are
used for both diagnostic testing and screening is warranted. The
types of measurement error we found in screening prevalence
estimates could be corrected easily at the survey level for future
research by collecting and analyzing data on the impetus for
colorectal cancer testing. Although this is an additional burden
for survey methodologists and survey respondents, it is clear that

ignoring the impetus for testing risks gross measurement error.
This measurement error is not easily adjusted when reviewing past
literature, as the rate of overestimation due to conﬂation varies
greatly across subgroups and likely varies over time as modalities
used for both diagnostic testing and screening have become more
widely available.
The implications of this study extend far beyond surveillance
research, as our understanding of disparities is also affected. We
found that the degree of misestimation varies widely across
sociodemographic groups. The most common disparity discussed
in the colorectal cancer screening literature is between non-Hispanic white and non-Hispanic black. In the NHIS sample, using
methods that fail to account for the impetus for testing, and
therefore conﬂate diagnostic testing and screening, resulted in a
37.9% overestimation of disparities between non-Hispanic white
and non-Hispanic black (from a 17.7% non-Hispanic white
advantage to a 12.8% non-Hispanic white advantage), whereas
other sociodemographic disparities were mildly and grossly
under- or overestimated as well. Furthermore, behavioral research
that conﬂates diagnostic testing and screening when specifying the
outcome of interest risks inaccurate assessment of predictors of
colorectal cancer screening.
This study is subject to several unavoidable limitations.
Common to survey data, NHIS data are subject to recall bias
on the part of the respondents for both dependent and
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independent variables. However, this is not likely to affect our
prevalence estimates differentially, as there are no clear patterns
in differences in the accuracy of self-report by age, sex, race, or
family history (10). Another potential source of bias in this
study is selection bias due to differential nonresponse among
speciﬁc subgroups of individuals, which is addressed via nonresponse adjustments of the weights provided by NHIS to
survey analysts (4). In addition, there may be differential bias
in comprehension of survey questions by race, gender, and
socioeconomic status; however, the survey questions of interest
were follow-up questions to screening responses. These followup questions received very little attention, as the majority of the
cognitive testing subjects (which numbered only 9 older than
40 years) indicated they did not undergo colorectal cancer
testing (B. Taylor; personal communication).
Despite these limitations, our analyses demonstrated that surveillance research in colorectal cancer screening that ignores the
impetus for testing risks measurement error in screening prevalence estimates. This measurement error hinders our ability to
systematically improve population health. Ultimately, to reduce
potential bias in surveillance research in colorectal cancer screening, we must look beyond "what" and "when" and include "why."
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