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BACKGROUND: Inappropriate use of colorectal cancer
(CRC) screening procedures can inflate healthcare costs
and increase medical risk. Little is known about the prev-
alence or causes of inappropriate CRC screening.
OBJECTIVE: Our aim was to estimate the prevalence of
potentially inappropriate CRC screening, and its associa-
tion with patient and facility characteristics in the Vet-
erans Health Administration (VHA) .
DESIGN AND PARTICIPANTS: We conducted a cross-
sectional study of all VHA patients aged 50 years and
older who completed a fecal occult blood test (FOBT) or a
screening colonoscopy between 1 October 2009 and 31
December 2011 (n=1,083,965).
MAIN MEASURES: Measures included: proportion of pa-
tients whose test was classified as potentially inappropri-
ate; associations between potentially inappropriate
screening and patient demographic and health character-
istics, facility complexity, CRC screening rates, depen-
dence on FOBT, and CRC clinical reminder attributes.
KEY RESULTS: Of 901,292 FOBT cases, 26.1 % were
potentially inappropriate (13.9 % not due, 7.8 % limited
life expectancy, 11.0 % receiving FOBTwhen colonoscopy
was indicated). Of 134,335 screening colonoscopies,
14.2 % were potentially inappropriate (10.4 % not due,
4.4 % limited life expectancy). Each additional 10 years of
patient age was associated with an increased likelihood of
undergoing potentially inappropriate screening
(ORs=1.60 to 1.83 depending on screening mode). Com-
pared to facilities scoring in the bottom third on a mea-
sure of reliance on FOBT (versus screening colonoscopy),
facilities scoring in the top thirdwere less likely to conduct
potentially inappropriate FOBTs (OR=0.,78) but more
likely to conduct potentially inappropriate colonoscopies
(OR=2.20). Potentially inappropriate colonoscopies were
less likely to be conducted at facilities where primary care
providers were assigned partial responsibility (OR=0.74)
or full responsibility (OR=0.73) for completing the CRC
clinical reminder.

CONCLUSIONS: A substantial number of VHA CRC
screening tests are potentially inappropriate. Establish-
ing processes that enforce appropriate screening inter-
vals, triage patients with limited life expectancies, and
discourage the use of FOBTs when a colonoscopy is indi-
cated may reduce inappropriate testing.
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I n 2014, an estimated 136,830 Americans will be diagnosed
with colorectal cancer (CRC),1 and an estimated 50,310

will die of the disease.1 Appropriately applied, routine screen-
ing can reduce both CRC incidence and mortality.2 Thus,
many health organizations, including the Veterans Health Ad-
ministration (VHA), have invested heavily in programs to
increase CRC screening. Clinical reminder systems are now
commonly used to alert providers at the point of care when
patients are due for screening. CRC screening performance
measures are now included in most quality measurement
systems. In the VHA, CRC screening rates are used as one
measure of the quality of care provided by physicians, clinics
and facilities, and can affect clinician and administrator com-
pensation plans. As a result, the VHA CRC screening rate of
80 %3 is well above US general population rates.4

One potential unintended consequence of the emphasis on
screening promotion is the inappropriate use of screening
tests. There are at least three reasons a CRC screening test
could be clinically inappropriate. First, the patient may not be
due for screening. The US Preventive Services Task Force
recommends screening with fecal occult blood tests (FOBTs)
annually, with colonoscopy every 10 years, or with flexible
sigmoidoscopy every 5 years.5 Second, the patient may be
unlikely to live long enough to realize a screening benefit.
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Decision analyses and a meta-analysis of randomized con-
trolled trial (RCT) data suggest that average-risk individuals
with a life expectancy of less than 10 years are unlikely to
benefit from CRC screening.6,7 Third, the patient may receive
the wrong test. Generally, patients with CRC-related symp-
toms or with a personal or family history of CRC should
undergo colonoscopy (not FOBT or other tests).8 Screening
patients who are not yet due or who are of limited life expec-
tancy can strain gastroenterology and laboratory resources and
expose patients to unnecessary inconvenience, stress, and
medical risk. Serious complications are estimated to occur in
25 per 10,000 colonoscopy procedures,9 and deaths attribut-
able to colonoscopy occur in three per 10,000 procedures.10

These forms of inappropriate screening can result in harm
even when FOBTs are used because, if the FOBT is positive,
the patient may undergo a diagnostic colonoscopy. Utilizing
FOBTs when a colonoscopy is indicated may delay or de-
crease the likelihood of undergoing a needed colonoscopy,
potentially decreasing the benefits of screening.
Previous studies of inappropriate CRC screening11–14

assessed only one facility, one screening mode, or one cate-
gory of inappropriate screening. The current study quantifies
the extent of potentially inappropriate screening for both
FOBT and colonoscopy in the entire VHA system (130 med-
ical facilities), using a measure that distinguishes between
three types of inappropriate screening (not due, limited life
expectancy, and wrong test), and examines the association
between this measure and patient and facility attributes.

METHODS

Sample Identification

We searched VHA databases containing extracted medical
record information on all VHA patients to identify data on
all colonoscopies and outpatient fecal occult blood tests
(FOBTs) performed or paid for by VHA between 1 October
2009 and 31 December 2011 on patients aged 50 years and
older. We did not include flexible sigmoidoscopy, since this
mode represents fewer than 2 % of CRC testing procedures.
Among patients with two or more CRC tests, the first was used
(referred to hereafter as the index test).

Dependent Measures

To identify potentially inappropriate tests, we extracted patient
age, diagnosis codes associated with gastrointestinal (GI) or
life-limiting conditions, and dates of all colonoscopies, FOBTs,
flexible sigmoidoscopies and barium enemas occurring within
10 years of the index test. We also obtained the FOBT result.
Cases were classified as “potentially inappropriate—not

due” if there was a completed FOBT within the prior
10months of the index test date, colonoscopy within 9.5 years,
or sigmoidoscopy or barium enema within 4.5 years. These
time intervals have been used in prior research15 and are

slightly shorter than intervals recommended in national guide-
lines.5 This allows for early screening that may occur due to
scheduling convenience.
For each patient, we calculated a Charlson–Deyo co-

morbidity score,16,17 an estimate of disease burden that
predicts CRC18 and all-cause mortality.19 Patients were
classified as “potentially inappropriate—limited life ex-
pectancy” if their Charlson-Deyo Comorbidity score was
four or greater, if there was documentation of life ex-
pectancy less than 1 year, or if over the age of 85 years.
The Charlson-Deyo cutoff of four has been used to
define severe life-limiting comorbidities in prior cancer
screening studies.20,21 The age criterion is based on the
US Preventive Services Task Force recommendation
against screening patients over the age of 85 years.22

Cases were classified as “potentially inappropriate—wrong
test” if the index test was an FOBT and the patient had
documentation of a recent gastrointestinal condition that was
considered an indication for colonoscopy (see Appendix 1), a
personal/family history of CRC, or a prior positive FOBT and
no follow-up colonoscopy.

Independent Measures

Patient variables examined included: gender, age, race, ethnic-
ity, and marital status. These variables have been associated
with CRC screening in prior research.23–25

We hypothesized that facility CRC screening rate
(percent of patients screened), dependence on FOBT
versus screening colonoscopy, and complexity (a stan-
dardized score composed of workload volume, patient
risk level, number of complex clinical services offered,
and amount of teaching and research activity that repre-
sents complexity of services and activities)26 would cor-
relate with potentially inappropriate screening, because
these variables are likely to be associated with the
number and types of processes in place to facilitate
screening. To test these hypotheses, we calculated the
proportion of index tests that were FOBTs, and obtained
2010 CRC screening rates and complexity scores (de-
rived from 2009 to 2010 data). To compare relatively
low, moderate, and high scores, facilities were split into
three equal groups on these measures.
All VHA primary care clinics utilize a CRC screening

clinical reminder (CR) that is programmed locally. We
hypothesized that attributes of these CRs would be
associated with potentially inappropriate screening be-
cause these attributes affect which staff members discuss
CRC screening with patients, the information that is
discussed, and the ability of providers to exclude pa-
tients from future screening. To obtain CR attributes, we
contacted a computer application programmer at each
facility and obtained screenshots and programming lan-
guage of CRs from 104 of 130 facilities. These mate-
rials were coded to capture key CR attributes.
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Identification of Screening Colonoscopies

To distinguish screening from non-screening colonoscopies,
three investigators manually reviewed charts of a random set
of 754 colonoscopy cases. Cases in which providers entered
the term “screening” or “Sx” as a procedure indication and did
not list accompanying symptoms or additional indications
were classified as screening (391 cases). All other indications
were classified as non-screening (351 cases). We excluded 12
cases because indication was undocumented. A random 41
cases reviewed by two reviewers resulted in two disagree-
ments (Agreement=0.95, Cohen’s kappa=0.90). Disagree-
ments were resolved through discussion. A two-step algorithm
was then developed to classify all colonoscopies as screening
or non-screening. In Step 1, we classified as non-screening all
chart-reviewed colonoscopies with a CRC-related diagnosis
code entered between 0 and 365 days of the procedure. This
set of codes (Appendix 2, Step 1) has been used previously to
identify non-screening colonoscopies.27,28 In Step 2, we de-
veloped a Random Forest model to classify cases not classified
as non-screening in Step 1. (See Appendix 2, Step 2 for a list
of variables used.) The Random Forest method uses regression
trees and random selection of predictor variables and cases to
avoid high-dimensionality. This two-step classification pro-
cess correctly classified 88 % of chart-reviewed screening
cases and 100 % of chart-reviewed non-screening cases. We
then applied this classification process to colonoscopy cases in
the full data set. Our final sample included 901,292 FOBTand
134,335 colonoscopy cases classified as screening. We ex-
cluded 272,352 colonoscopies classified as non-screening.

Analyses

We report the percent of tests classified as potentially
inappropriate by screening mode (colonoscopy, FOBT)
and by the reason for designation (not due, limited life
expectancy, or wrong test). The percent of potentially
inappropriate tests is further broken out by patient and
facility characteristics in Appendices 3 and 4. Among
potentially inappropriate FOBT cases, we report the
percent of cases with a positive test result.
We used hierarchical logistic regression models to assess

the relationship between each independent variable and poten-
tially inappropriate screening, adjusting for clustering of pa-
tients within facilities. Models were created to assess indepen-
dent variables by each mode (FOBT or colonoscopy) and by
each reason (any reason, not due, limited life expectancy,
wrong test). For each dependent variable, we created a single
model, entering all patient characteristics. Because many of
the facility characteristics were highly correlated, we then
estimated the effect of each facility characteristic, controlling
for patient characteristics. A dummy code was created for each
independent variable to represent missing data. (For parsimo-
ny, odds ratios for missing data categories are not reported.)
All statistical analyses were performed using SAS 9.2 (SAS
Institute Inc, Cary, North Carolina).

RESULTS

Sample Characteristics

Characteristics of patients and facilities are reported in
Tables 1 and 2. FOBT and screening colonoscopy pa-
tients were similar, although FOBT patients were older
(MeanFOBT=64.7 years, MeanColonoscopy=61.0 years). Pa-
tients were primarily white (80.3 %) and male (95.1 %).
Facility CRC screening rates were high across all sites,
ranging from 71 to 93 %. FOBT was the predominant
screening mode. Only a small number of sites had CRs
that included questions about the patient’s family CRC
history (8.7 %). All other CR characteristics were pres-
ent in at least 18 % of facilities.

Rates of Potentially Inappropriate Screening

In all, 24.5 % of cases were classified as potentially
inappropriate (26.1 % of FOBTs and 14.2 % of
colonoscopies—see Table 3). Patients could be catego-
rized as potentially inappropriate for multiple reasons.
Among both FOBT and colonoscopy groups, “patient
not yet due” was the most common reason for being
designated as potentially inappropriate (13.9 and 10.4 %
respectively). Time since prior colonoscopy was the
predominant reason cases were not due. Sensitivity anal-
ysis using a more restrictive definition of “not due”
(9 months for FOBT, 9 years for colonoscopy, and
4 years for sigmoidoscopy/barium enema) reduced the
number of “not due” cases by 1 %. Limited life expec-
tancy accounted for 7.3 % of potentially inappropriate
tests. A total of 11.0 % of FOBTs were classified as
potentially inappropriate because a colonoscopy ap-
peared to be indicated instead of a FOBT.
FOBT positivity rates were 13 % among “not due” patients,

16 % among “limited life expectancy” patients, and 19 %
among patients indicated for colonoscopy.

Table 1. Patient Characteristics by Mode of Screening (Percent or
Mean and Standard Deviation of Patient Cohort)

Total FOBT Screening
Colonoscopy

N 1,035,627 901,292 134,335
Age – Mean
(Standard Deviation)

64.2 (8.6) 64.7
(8.7)

61.0 (6.9)

Gender Male 95.1 % 95.1 % 95.3 %
Race
White 80.3 80.8 77.3
African American 17.4 17.0 20.1
American Indian/Alaskan
Native

1.7 1.6 1.9

Asian/Pacific Islander 0.6 0.6 0.7
Ethnicity – Hispanic/Latino 6.7 6.9 5.9
Marital status
Married 55.5 55.9 52.4
Single – Never Married 9.1 8.9 10.5
Divorced/Separated 30.0 29.6 33.3
Widowed 5.4 5.6 3.8

734 Powell et al.: Potentially Inappropriate Colorectal Cancer Screening JGIM



Characteristics Associated with Potentially
Inappropriate Screening

Associations between potentially inappropriate screening and
patient and facility characteristics are reported in Tables 4 and
5. Each additional 10 years of patient age was associated with
an 83 % increased likelihood of potentially inappropriate
screening among FOBT patients and 60 % increased

likelihood among colonoscopy patients (all p<0.001). This
relationship between age and potentially inappropriate
screening was consistent across all reasons. Potentially
inappropriate FOBTs were less common among males
than females (OR=0.75, p<0.001), primarily because
males were less likely to complete an FOBT before
due (OR=0.77, p<0.001) or to receive the wrong test
(OR=0.68, p<0.001). Male colonoscopy recipients, how-
ever, were more likely than females to be of limited life
expectancy (OR=1.49, p<0.001). African Americans
were more likely than Whites to complete a potentially
inappropriate test (ORFOBT=1.47, ORcolonoscopy=1.20, all
p<0.001), with limited life expectancy contributing most
to this association (ORFOBT=1.72, ORcolonoscopy=1.69, all
p<0.001). Hispanic and unmarried statuses were signifi-
cantly positively associated with potentially inappropri-
ate screening for any reason; however, these effects
were small.
Compared to low-complexity facilities, screening colonos-

copies conducted at high-complexity facilities were more like-
ly to be classified as “potentially inappropriate–limited life
expectancy” (OR=1.37, p<0.001). Facilities with CRC screen-
ing rates in the upper third were more likely than those scoring
in the lower third to conduct colonoscopies before patients
were due for screening (OR=1.34, p=0.03). Facilities in the
top third on our measure of relative use of FOBT were less
likely to conduct potentially inappropriate FOBTs (OR=0.78,
p=0.003), but more likely to conduct potentially inappropriate
colonoscopies (OR=2.20, p<0.001) compared to facilities
scoring in the bottom third. This relationship between FOBT
use and potentially inappropriate screening was consistent
across all reasons. Facilities that assigned primary care pro-
viders partial or full responsibility for completing the CR were
less likely to conduct potentially inappropriate screening co-
lonoscopies for any reason than facilities that assigned sole
responsibility for completing the CR to intake nurses
(OR=0.73 to 0.74, p’s=0.04), but no other CR attributes were

Table 2. Facility Characteristics (Percent of Facilities and Number
of Facilities for which Data Was Obtained

Percent Facility N

(Range of patients per facility: 891 to 29,766)
Standardized Complexity Score 128
Lower third 32.8
Middle third 34.4
Upper third 32.8
CRC Screening Performance Score (Range 71
to 93 %)

129

< 80 % 34.9
80 to 84 % 34.9
> 84 % 30.2
Percent screening completed with FOBT
(Range 18.6 to 99.6 %)

130

< 82 % 33.8
82 to 91 % 32.3
> 91 % 33.8
CR completion instructions promote: 41
Colonoscopy over FOBT 14.7
FOBT over colonoscopy 85.3
CR asks provider to enter elements of patient’s
family history

8.7 104

CR can be turned off by provider 22.1 104
CR allows provider to specify timing of next
colonoscopy

21.4 103

CR contains a general ‘not indicated’ option
(no further input required)

47.1 104

CR includes patient screening decision
education

18.3 104

CR completion assigned to: 76
Intake Nurse Only 25.0
Primary Care Provider Only 31.6
Both Primary Care Provider & Nurse 43.4

CRC Colorectal cancer; CR Clinical reminder; FOBT Fecal occult
blood test

Table 3. Percent of Screened Patients Who Were Classified as Having Received Potentially Inappropriate Screening by Screening Mode and
Reason Test Was Potentially Inappropriate (Patients Could Be Classified as Potentially Inappropriate for Multiple Reasons)

Percent of 1,035,627
total cases

Percent of 901,292
FOBT cases

Percent of 134,335 screening
colonoscopy cases

Inappropriate test for any reason 24.5 26.1 14.2
Patient not due for screening 13.5 13.9 10.4
Within 10 months of prior FOBT 2.1 1.9 4.0
Within 9.5 years of prior colonoscopy 11.4 12.4 4.6
Within 4.5 years of prior sigmoidoscopy or barium enema 0.3 0.0 2.2
Limited life expectancy 7.3 7.8 4.4
Charlson score of 4 or more 5.3 5.5 3.8
Patient age 85+ 1.6 1.8 0.2
Palliative care 0.3 0.3 0.1
Life expectancy estimate < 1 year 0.6 0.7 0.4
FOBT done when diagnostic or surveillance colonoscopy indicated 9.6 11.0 –
Gastrointestinal symptoms 5.2 5.9 –
Personal history of CRC 0.7 0.8 –
Family history of CRC 1.4 1.6 –
Prior positive FOBT and no follow-up colonoscopy 3.0 3.5 –

CRC Colorectal cancer; FOBT Fecal occult blood test
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significantly associated with overall rates of potentially inap-
propriate screening.

DISCUSSION

In a cohort of over one million VHA patients receiving CRC
screening, we categorized 26 % of FOBT cases and 14 % of
screening colonoscopy cases as potentially inappropriate. The-
se estimates amount to approximately 104,600 potentially
inappropriate FOBTs and 8,500 potentially inappropriate
screening colonoscopies annually in the VHA. In addition,
our results suggest that approximately 7,200 patients who are
not yet due for screening and 5,000 patients with limited life
expectancies have positive FOBTs, which could lead to over
12,000 additional colonoscopies annually.
All inappropriate screening tests waste screening resources.

Additional negative effects may occur, depending on the
screening mode, result of the test, and the reason the test was
inappropriate. For example, FOBTs that are conducted before
a patient is due compress the time interval between screening
tests and therefore increase the lifetime risk of a false positive
test. This in turn exposes patients to additional risk of compli-
cations from unnecessary diagnostic colonoscopies. Patients
with limited life expectancies that complete screening tests
expose themselves to the risk of being diagnosed and treated
for cancer even when that cancer may have never caused
morbidity. FOBTs that are conducted when a colonoscopy is
indicated not only waste lab and primary care staff resources,

but also increase the risk of delayed or missed cancer
diagnoses.
Rates of potentially inappropriate screening in our sample

are comparable, and in some cases lower, than those found in
other studies. A VHA study examining FOBT overuse in 24
facilities between 2004 and 2009 reported that 21 % of FOBTs
were completed too soon after a prior screening test15 (com-
pared to 14 % observed in > 100 VHA facilities between 2009
and 2011 in our study). A large-scale review of screening
colonoscopies conducted in 11 countries classified 14 % of
procedures as inappropriate,29 which is equivalent to the pro-
portion we report, but two US studies examining the appro-
priateness of colonoscopy referrals (both screening and non-
screening) classified 19 to 28 % as inappropriate.30,31 Two
single-site VHA reviews of patients with a positive FOBT in
1999 and 2004 found that 35 to 41 % of these patients should
either have received a colonoscopy instead of FOBTor should
not have been screened at all11,12 (compared to 26 % classified
as potentially inappropriate for any reason in our more recent
nationally representative VHA sample). Another VHA study
using data collected from four facilities between 2001 and
2002 found that 41 % of patients with a life expectancy of
5 years or less completed a CRC screening test21 (compared to
7 % classified as limited life expectancy in our nationally
representative study using more recent data and a more con-
servative definition of limited life expectancy). Differences in
estimates across studies may be due to temporal and regional
variation in inappropriate screening rates, or variation in meth-
odology and definitions of inappropriate screening.

Table 4. Association Between Patient Characteristics and Receipt of a Potentially Inappropriate FOBT or Screening Colonoscopy by Reason
Type*

Any Reason OR
(95 % CI)

Not Due OR
(95 % CI)

Limited Life Expectancy
OR (95 % CI)

Wrong Test OR
(95 % CI)

FOBT
Age (per additional 10 years) 1.83 (1.82, 1.84) 1.36 (1.35, 1.37) 2.84 (2.82, 2.87) 1.66 (1.65, 1.67)
Gender – Male 0.75 (0.73, 0.77) 0.77 (0.75, 0.79) 1.09 (1.04, 1.14) 0.68 (0.66, 0.70)
Race (vs. White)
African American 1.47 (1.44, 1.49) 1.29 (1.27, 1.32) 1.72 (1.68, 1.76) 1.44 (1.41, 1.47)
American Indian 1.14 (1.10, 1.19) 1.09 (1.04, 1.15) 1.18 (1.10, 1.26) 1.07 (1.01, 1.13)
Asian 1.06 (0.99, 1.14) 1.01 (0.93, 1.11) 1.02 (0.90, 1.16) 1.05 (0.94, 1.17)
Ethnicity – Hispanic 1.12 (1.10, 1.15) 1.10 (1.07, 1.14) 1.19 (1.14, 1.24) 1.07 (1.03, 1.11)
Marital Status (vs. married)
Single 1.13 (1.11, 1.15) 1.00 (0.98, 1.02) 1.46 (1.42, 1.51) 1.08 (1.05, 1.11)
Divorced/Separated 1.09 (1.08, 1.10) 1.09 (1.07, 1.10) 1.18 (1.15, 1.20) 1.04 (1.02, 1.05)
Widowed 1.18 (1.16, 1.21) 0.99 (0.97, 1.02) 1.41 (1.38, 1.45) 1.11 (1.08, 1.14)
COLONOSCOPY
Age (per additional 10 years) 1.60 (1.57, 1.64) 1.44 (1.40, 1.48) 1.86 (1.79, 1.93)
Gender – Male 1.12 (1.03, 1.21) 1.02 (0.93, 1.12) 1.49 (1.27, 1.75)
Race (vs. White)
African American 1.20 (1.15, 1.26) 1.02 (0.97, 1.08) 1.69 (1.58, 1.81)
American Indian 1.08 (0.95, 1.22) 1.05 (0.91, 1.21) 1.14 (0.93, 1.41)
Asian 1.01 (0.81, 1.27) 1.15 (0.90, 1.47) 0.66 (0.42, 1.04)
Ethnicity – Hispanic 1.08 (1.01, 1.17) 1.03 (0.94, 1.12) 1.23 (1.09, 1.39)
Marital Status (vs. married)
Single 1.19 (1.13, 1.26) 1.04 (0.97, 1.11) 1.53 (1.41, 1.67)
Divorced/Separated 1.11 (1.07, 1.15) 1.05 (1.00, 1.09) 1.26 (1.19, 1.34)
Widowed 1.17 (1.09, 1.27) 1.04 (0.95, 1.14) 1.45 (1.29, 1.63)

FOBT Fecal occult blood test
*Odds ratio (95 % confidence interval) adjusted for clustering of patients within facilities—all patient-level independent variables entered
simultaneously into each model

736 Powell et al.: Potentially Inappropriate Colorectal Cancer Screening JGIM



Healthcare systems have adopted a variety of strategies to
promote screening in recent years. These strategies may pow-
erfully influence rates of inappropriate screening either posi-
tively or negatively. Our study adds to the current research by
identifying facility processes that correlate with potentially
inappropriate screening and by comparing facilities that rely
primarily on FOBT to those that use a more evenmix of FOBT
and colonoscopy. These analyses offer insight into how pro-
grams might be refined to minimize inappropriate screening.
At the facilities where the highest proportion of screening was
done with FOBT, the proportion of potentially inappropriate
FOBTs was relatively small, but the proportion of potentially
inappropriate screening colonoscopies was relatively large.
Thus, healthcare systems may benefit from examining their
processes to safeguard against inappropriate use of screening
modes that are not the focus of their screening program. We
also found that facilities where the primary care provider was
assigned partial or full responsibility for completing the CRC
clinical reminder were less likely to conduct potentially

inappropriate colonoscopies, but were no less likely to conduct
inappropriate FOBTs. We suspect that the reminder helps
providers maintain appropriate intervals between colonosco-
pies and facilitates the identification of patients who are of
limited life expectancy. Providers who do not interact with the
reminder may use less effective processes to manage colonos-
copy screening decisions.
Tests on older patients were more likely to be classified as

potentially inappropriate across all reasons. As patients age,
additional efforts to triage screening candidates may therefore
be needed.
Our study has several limitations. First, our findings may

not generalize to healthcare systems with screening rates that
are lower than those of the VHA. It is noteworthy, however,
that the Centers for Disease Control and Prevention have set a
2014 goal of achieving a nation-wide screening rate of 80%.32

Our findings may become increasingly relevant as provider
organizations strive to meet this goal. Second, our classifica-
tion of tests as potentially inappropriate is subject to error. A

Table 5. Association Between Facility Characteristics and Receipt of a Potentially Inappropriate FOBT or Screening Colonoscopy by Reason
Type, Controlling for Patient Characteristics*

Any Reason OR
(95 % CI)

Not Due OR
(95 % CI)

Limited Life Expectancy
OR (95% CI)

Wrong Test OR
(95 % CI)

FOBT
Complexity score (vs. lower third)
Middle third 0.95 (0.80, 1.12) 0.92 (0.72, 1.17) 1.04 (0.95, 1.14) 0.97 (0.84, 1.11)
Upper third 0.90 (0.76, 1.07) 0.84 (0.66, 1.07) 1.12 (1.02, 1.23) 0.90 (0.78, 1.04)
CRC screening performance score (vs. lower third)
Middle third 0.93 (0.79, 1.09) 0.87 (0.69, 1.10) 0.99 (0.90, 1.09) 0.99 (0.86, 1.13)
Upper third 1.03 (0.87, 1.22) 1.07 (0.84, 1.37) 0.98 (0.89, 1.07) 0.94 (0.81, 1.08)
Percent screening completed with FOBT (vs. lower third)
Middle third 0.90 (0.77, 1.06) 0.90 (0.71, 1.14) 0.88 (0.80, 0.97) 0.85 (0.74, 0.97)
Upper third 0.78 (0.67, 0.92) 0.70 (0.55, 0.88) 0.91 (0.83, 0.99) 0.79 (0.69, 0.91)
CR promotes FOBT over colonoscopy 0.86 (0.61, 1.20) 0.87 (0.53, 1.43) 0.87 (0.72, 1.06) 0.89 (0.67, 1.19)
CR asks provider to enter elements of patient’s family history 1.08 (0.82, 1.41) 1.14 (0.77, 1.68) 0.92 (0.79, 1.07) 0.98 (0.77, 1.23)
CR can be turned off by provider 0.91 (0.76, 1.09) 0.99 (0.76, 1.29) 0.97 (0.87, 1.08) 0.83 (0.71, 0.97)
CR allows provider to specify timing of next colonoscopy 1.04 (0.86, 1.25) 1.03 (0.79, 1.35) 0.99 (0.89, 1.10) 1.09 (0.93, 1.28)
CR contains a general ‘not indicated’ option 1.04 (0.89, 1.20) 1.08 (0.87, 1.35) 0.98 (0.90, 1.07) 1.08 (0.95, 1.23)
CR includes patient screening decision education 0.86 (0.71, 1.04) 0.79 (0.60, 1.05) 1.03 (0.92, 1.15) 0.88 (0.75, 1.04)
CR completion assigned to (vs. intake nurse only):
Primary care provider only 1.10 (0.86, 1.39) 1.18 (0.84, 1.67) 1.11 (0.97, 1.26) 1.06 (0.87, 1.30)
Both primary care provider and intake nurse 1.10 (0.88, 1.37) 1.13 (0.82, 1.56) 1.16 (1.02, 1.31) 1.08 (0.90, 1.31)
COLONOSCOPY
Complexity score (vs. lower third)
Middle third 1.29 (1.03, 1.60) 1.35 (1.04, 1.76) 1.20 (1.02, 1.41)
Upper third 1.09 (0.87, 1.37) 1.01 (0.78, 1.32) 1.37 (1.17, 1.61)
CRC screening performance score (vs. lower third)
Middle third 1.23 (0.99, 1.52) 1.23 (0.95, 1.60) 1.13 (0.97, 1.32)
Upper third 1.20 (0.96, 1.51) 1.34 (1.02, 1.75) 0.88 (0.75, 1.03)
Percent screening completed with FOBT (vs. lower third)
Middle third 1.32 (1.11, 1.57) 1.45 (1.17, 1.82) 1.07 (0.92, 1.23)
Upper third 2.20 (1.84, 2.62) 2.34 (1.87, 2.93) 1.47 (1.27, 1.71)
CR promotes FOBT over colonoscopy 1.11 (0.71, 1.76) 1.33 (0.77, 2.30) 0.93 (0.66, 1.31)
CR asks provider to enter elements of patient’s family history 0.96 (0.67, 1.37) 1.03 (0.67, 1.58) 0.88 (0.68, 1.14)
CR can be turned off by provider 1.06 (0.83, 1.35) 1.18 (0.88, 1.58) 0.89 (0.74, 1.06)
CR allows provider to specify timing of next colonoscopy 0.81 (0.63, 1.04) 0.81 (0.60, 1.10) 0.90 (0.75, 1.08)
CR contains a general ‘not indicated’ option 0.88 (0.72, 1.07) 0.93 (0.73, 1.18) 0.83 (0.72, 0.97)
CR includes patient screening decision education 1.19 (0.92, 1.55) 1.20 (0.88, 1.65) 1.14 (0.94, 1.39)
CR completion assigned to (vs. intake nurse only):
Primary care provider only 0.73 (0.53, 0.99) 0.70 (0.48, 1.02) 0.85 (0.67, 1.06)
Both primary care provider and intake nurse 0.74 (0.55, 0.99) 0.69 (0.48, 0.97) 0.95 (0.76, 1.18)

CRC Colorectal cancer; CR Clinical reminder; FOBT Fecal occult blood test
* Odds ratio (95 % confidence interval) adjusted for clustering of patients within facilities, controlled for patient age, gender, race, ethnicity, and
marital status
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definitive determination of appropriateness requires a thor-
ough review of each patient’s individual circumstances. Third,
there was some imprecision in the algorithm used to identify
and exclude non-screening colonoscopies. This algorithm had
high specificity but somewhat lower sensitivity, resulting in
the exclusion of some screening colonoscopies. Nonetheless,
the reliability of our algorithm was substantially higher than
that reported in prior work using administrative data.27,28

Fourth, procedures and diagnoses obtained from non-VHA
providers are not represented in our data set. Fifth, because we
selected only one index test per patient, our results do not
allow for the possibility that some patients may have been
inappropriately screened multiple times. Because of these last
three limitations, the rates of potentially inappropriate screen-
ing we report may be somewhat underestimated.
In spite of these limitations, our research demonstrates that,

within the largest integrated healthcare system in the US, a
substantial number of CRC screening tests may be inappro-
priate. Inappropriate screening may be partially addressed by
establishing organizational processes that enforce appropriate
screening intervals, triage patients with limited life expectan-
cies, and discourage the use of FOBT to investigate gastroen-
terological symptoms.
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APPENDIX 1

APPENDIX 2. IDENTIFICATION OF SCREENING
COLONOSCOPIES

Step 1. All colonoscopy cases in which one or more of the
diagnostic codes listed below had been entered into the

medical record between 0 and 365 days of the target test date
were classified as NON-SCREENING.

Step 2. Of colonoscopy cases not classified as non-
screening in Step 1, the following variables were used
to generate a model predicting the probability of the
case being a non-screening colonoscopy. Cases with an
estimated probability greater than 50 % were classified
as non-screening.

Table 6. Gastrointestinal Conditions Used to Assess Whether FOBT
Cases Indicated for Colonoscopy Instead (Potentially Inappropriate

- Wrong Test Classification)

ICD 9 codes Diagnosis Time interval

2851, 2859 Anemia Within 30 days
56985 Angiodysplasia w hem Within 30 days
7830 Anorexia Within 30 days
5609 Bowel Obstruction Within 30 days
56212 Diverticulitis w hem Within 30 days
56213 Diverticulosis w hem Within 30 days
578 GI Bleed Within 30 days
5693 Hemorrhage Rectum

Anus
Within 30 days

5600 Intussusception Within 30 days
280 Iron-Deficiency Anemia Within 30 days
5641 Irritable Colon Within 30 days
5647 Megacolon Within 30 days
5601 Paralytic Ileus Within 30 days
555 Crohn Disease Within 10 years
556, 5581 Ulcerative Colitis Within 10 years
153, 1540, 1541, 1548,
2303, 2304, 2307,
V1005, V1006

Personal History of
Colorectal Cancer

Within 10 years

Designation varies
by facility

Family History of
Colorectal Cancer

Within 10 years

7921 Heme-positive Stool with
no documentation of
follow-up colonoscopy

Within 10 years

Presence/date of prior colonoscopy
Presence/date of prior FOBT
Prior FOBT result
Presence/date of prior barium enema
Target colonoscopy location (VHA or non-VHA facility)
Presence/date of benign neoplasm of rectum and anal canal code 211.4
Presence/date of Personal history of colonic polyps code V12.72
Presence/date of benign neoplasm of colon code 211.3
Patient age
Patient service connected status (presence of disability designation)
Charlson comorbidity index
Primary care provider panel size
Facility complexity score

ICD-9 codes Diagnosis
7873 Abdominal Distention
7890 Abdominal Pain
7893 Abdominal Swelling
2851, 2859 Anemia
56985 Angiodysplasia w hem
7830 Anorexia
5609 Bowel Obstruction
7879 Change Bowel Habits
5581 Colitis-Radiation
5640 Constipation
555 Crohn Disease
5589, 5645 Diarrhea
56212 Diverticulitis w hem
56213 Diverticulosis w hem
7876 Fecal Incontinence
578 GI Bleed
Designation varies by facility Heme-positive Stool
5693 Hemorrhage Rectum Anus
5600 Intussusception
280 Iron-Deficiency Anemia
5641 Irritable Colon
5647 Megacolon
7870 Nausea Vomiting
5601 Paralytic Ileus
556 Ulcerative Colitis
7832 Weight Loss
153, 1540, 1541, 1548, 2303,
2304, 2307, V1005, V1006

Personal History of Colorectal
Cancer

V1851, V160 Family History of Colorectal
Cancer
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APPENDIX 3

Table 7. Percent of Screened Patients Who Were Classified as Having Received Potentially Inappropriate Screening Test by Type of
Inappropriate Screening and Patient Characteristics

FOBT Screening Colonoscopy

N Any
Reason

Not
Due

Limited Life
Expectancy

Wrong
Test

N Any
Reason

Not
Due

Limited Life
Expectancy

Age in years
Under 65 535,686 20.4 % 11.4 % 4.5 % 8.4 % 102,669 12.8 % 9.5 % 3.7 %
65 and Older 365,606 34.4 % 17.6 % 12.6 % 14.7 % 31,666 18.9 % 13.3 % 6.5 %
Gender
Female 44,173 25.4 % 15.0 % 4.7 % 11.9 % 6,291 11.3 % 9.0 % 2.5 %
Male 857,118 26.1 % 13.9 % 8.0 % 10.9 % 128,044 14.4 % 10.4 % 4.5 %
Race
White 651,549 26.4 % 14.3 % 7.9 % 11.1 % 92,610 14.3 % 10.6 % 4.2 %
African American 137,465 27.6 % 14.3 % 8.7 % 11.9 % 24,073 15.1 % 9.7 % 6.2 %
American Indian/
Alaskan Native

13,126 27.0 % 15.1 % 7.6 % 10.5 % 2,299 13.7 % 9.9 % 4.3 %

Asian/Pacific Island 4,674 26.1 % 14.5 % 6.9 % 10.2 % 870 11.5 % 9.3 % 2.3 %
Ethnicity
Non-Hispanic/Latino 753,129 26.5 % 14.4 % 8.0 % 11.1 % 114,490 14.4 % 10.4 % 4.5 %
Hispanic/Latino 55,426 26.7 % 12.7 % 8.5 % 11.3 % 7,212 15.6 % 10.7 % 5.5 %
Marital Status
Married 502,800 26.6 % 14.2 % 7.8 % 11.3 % 70,189 14.1 % 10.7 % 3.9 %
Single Never
Married

80,177 23.4 % 12.2 % 6.9 % 9.7 % 14,108 13.9 % 9.2 % 5.1 %

Divorced/Separated 265,697 24.0 % 13.5 % 6.3 % 9.8 % 44,675 14.1 % 10.1 % 4.6 %
Widowed 50,412 37.1 % 16.7 % 17.3 % 16.2 % 5,061 18.4 % 12.2 % 7.1 %
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APPENDIX 4

Table 8. Percent of Screened Patients Who Were Classified as Having Received Potentially Inappropriate Screening Test by Type of
Inappropriate Screening and Facility Characteristics

FOBT Screening Colonoscopy

N Any
Reason

Not
Due

Limited Life
Expectancy

Wrong
Test

N Any
Reason

Not
Due

Limited Life
Expectancy

Standardized Complexity Score
Lower third 157,141 26.2 % 14.6 % 7.4 % 11.0 % 23,909 12.5 % 9.4 % 3.4 %
Middle third 353,991 28.1 % 15.9 % 8.1 % 11.5 % 46,345 15.8 % 12.2 % 4.2 %
Upper third 388,211 24.1 % 11.8 % 7.7 % 10.5 % 64,032 13.7 % 9.4 % 4.8 %

CRC Screening Performance Score (Range 71 to 93 %)
< 80 % 298,795 25.0 % 13.1 % 7.3 % 10.7 % 44,385 12.6 % 8.6 % 4.3 %
80 to 84 % 314,893 26.2 % 13.4 % 8.0 % 11.6 % 41,847 15.0 % 10.7 % 4.9 %
> 84 % 286,508 27.1 % 15.4 % 8.0 % 10.6 % 48,092 15.1 % 11.6 % 4.0 %

Percent screening completed with FOBT (Range 18.6 to 99.6 %)
<82 % 145,302 28.4 % 15.8 % 9.2 % 12.2 % 63,217 12.0 % 8.5 % 3.9 %
82 to 91 % 357,324 26.7 % 15.0 % 7.4 % 11.1 % 51,238 14.3 % 10.5 % 4.3 %
>91 % 398,666 24.7 % 12.3 % 7.7 % 10.4 % 19,880 20.9 % 16.0 % 5.8 %

CR completion instructions promote:
Colonoscopy over
FOBT

26,051 28.5 % 17.2 % 8.4 % 10.2 % 7,859 10.3 % 7.2 % 3.5 %

FOBT over
colonoscopy

257,004 27.8 % 15.9 % 8.0 % 11.2 % 32,750 15.6 % 11.9 % 4.2 %

CR asks provider to enter elements of patient’s family history
No 686,825 26.4 % 14.3 % 7.8 % 11.0 % 102,988 14.5 % 10.6 % 4.4 %
Yes 74,752 27.0 % 15.7 % 7.2 % 10.7 % 9,579 13.7 % 10.1 % 4.1 %

CR can be turned off by provider
No 600,734 26.7 % 14.3 % 7.9 % 11.3 % 85,608 14.2 % 10.2 % 4.5 %
Yes 160,843 25.5 % 15.2 % 7.3 % 9.5 % 26,959 15.2 % 11.7 % 4.1 %

CR allows provider to specify timing of next colonoscopy
No 626,277 26.1 % 14.2 % 7.7 % 10.7 % 87,339 14.5 % 10.5 % 4.5 %
Yes 108,359 29.1 % 17.6 % 8.3 % 11.3 % 24,375 13.7 % 10.2 % 4.1 %

CR contains a general ‘not indicated’ option (no further input required)
No 466,453 25.9 % 13.4 % 7.8 % 11.0 % 57,236 14.8 % 10.6 % 4.8 %
Yes 295,124 27.4 % 16.1 % 7.8 % 10.9 % 55,331 14.1 % 10.5 % 4.0 %

CR includes patient screening decision education
No 618,427 27.2 % 15.1 % 7.9 % 11.2 % 99,462 14.3 % 10.5 % 4.3 %
Yes 143,150 23.2 % 11.8 % 7.1 % 9.7 % 13,105 15.6 % 11.1 % 5.0 %

CR completion assigned to:
Intake Nurse Only 219,691 25.6 % 13.3 % 7.1 % 11.2 % 21,032 17.2 % 13.1 % 4.7 %
Primary Care
Provider Only

154,841 28.1 % 15.4 % 8.5 % 11.6 % 24,891 14.0 % 10.1 % 4.4 %

Both Primary Care
Provider & Nurse

207,004 25.3 % 14.2 % 7.7 % 10.1 % 35,231 15.0 % 11.1 % 4.5 %
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