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Understanding multilevel predictors of colorectal cancer (CRC) screening test modality can help inform screening
program design and implementation. We used North Carolina Medicare, Medicaid, and private, commercially
available, health plan insurance claims data from 2003 to 2008 to ascertain CRC test modality among people
who received CRC screening around their 50th birthday, when guidelines recommend that screening should
commence for normal risk individuals. We ascertained receipt of colonoscopy, fecal occult blood test (FOBT)
and fecal immunochemical test (FIT) from billing codes. Person-level and county-level contextual variables
were included in multilevel random intercepts models to understand predictors of CRC test modality, stratified
by insurance type.
0f 12,570 publicly-insured persons turning 50 during the study period who received CRC testing, 57% received
colonoscopy, whereas 43% received FOBT/FIT, with significant regional variation. In multivariable models, fe-
males with public insurance had lower odds of colonoscopy than males (odds ratio [OR] = 0.68; p < 0.05). Of
56,151 privately-insured persons turning 50 years old who received CRC testing, 42% received colonoscopy,
whereas 58% received FOBT/FIT, with significant regional variation. In multivariable models, females with private
insurance had lower odds of colonoscopy than males (OR = 0.43; p < 0.05). People living 10-15 miles away from
endoscopy facilities also had lower odds of colonoscopy than those living within 5 miles (OR = 0.91; p < 0.05).
Both colonoscopy and FOBT/FIT are widely used in North Carolina among insured persons newly age-eligible for
screening. The high level of FOBT/FIT use among privately insured persons and women suggests that renewed
emphasis on FOBT/FIT as a viable screening alternative to colonoscopy may be important.
© 2017 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction recommended by guidelines, CRC screening reduces the chances of de-

veloping and dying from CRC (US Preventive Services Task Force, 2008).

Colorectal cancer (CRC) screening is a proven strategy to reduce
colon cancer morbidity and mortality when used according to guide-
lines by average-risk people ages 50-75 years old. When used as
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Screening for clinically undetectable pre-cancers and cancers among av-
erage-risk men and women can be performed by several modalities, in-
cluding: colonoscopy once every 10 years; fecal occult blood test (FOBT)
or fecal immunochemical test (FIT) every year; or flexible sigmoidosco-
py once every 5 years (Levin et al., 2008). In practice, colonoscopy and
FOBT/FIT are the most widely used screening tests, with differing sensi-
tivity and specificity, preparation procedures, invasiveness, recovery
time, and follow-up procedures recommended (US Preventive
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Services Task Force, 2008; Centers for Disease Control and Prevention,
2013).

Since 2000, the US has seen an increase in CRC screening (Klabunde
et al.,, 2011; Meissner et al., 2006; Kim et al., 2005; Centers for Disease
Control and Prevention, 2011) with variation in choice of test modality
over time. Specifically, there has been a notable increase in colonoscopy
uptake (Meissner et al., 2006; Kim et al., 2005) and a slight decrease in
fecal testing uptake (Klabunde et al., 2011; Centers for Disease Control
and Prevention, 2011; Steele et al., 2013; Bandi et al., 2012). While no
single factor caused this shift in screening modality, between 1998
and 2001, Medicare and state General Assemblies implemented policy
changes that required insurers to reimburse providers at least in part
for the cost of colonoscopy screening, along with other types of CRC
screening, for age-eligible or high-risk persons (Kim et al., 2005;
Centers for Medicare and Medicaid Services, CMS, 2009). These policy
changes may have incentivized providers to recommend screening
with colonoscopy more often due to higher reimbursement and may
have motivated patients to be screened via colonoscopy due to reduced
out-of-pocket cost and longer duration of coverage (Klabunde et al.,
2011).

Physician recommendation and patient preferences factor into
choice of CRC screening modality (Hawley et al., 2014; Inadomi et
al., 2012). Some physicians have been noted to prefer and recom-
mend colonoscopies over FOBT/FIT for screening (Bandi et al.,
2012; Hawley et al., 2014; Inadomi et al., 2012; Schwartz, 2004;
Reed et al., 2008; Pruitt et al., 2014; Shariff-Marco et al., 2013). Pa-
tient preferences differ widely across populations, with some evi-
dence suggesting that preference for colonoscopy is associated
with family history of CRC and desire for accuracy, whereas prefer-
ence for fecal testing may be associated with desire for ease, lower
cost, and convenience (Meissner et al., 2006; Steele et al., 2013;
Towne et al., 2014). Racial variation in screening modality indicates
that non-Hispanic Whites receive colonoscopies more often (Steele
et al,, 2013; Inadomi et al., 2012). Latinos and non-Hispanic Blacks
prefer FOBT over colonoscopy (Klabunde et al., 2011; Steele et al.,
2013; Bandi et al., 2012; Inadomi et al., 2012; Towne et al., 2014), de-
spite low levels of overall CRC screening among both of these groups
(Klabunde et al., 2011). Although individual-level factors explain
much of the variation in screening modality (Pruitt et al., 2014;
Shariff-Marco et al., 2013), area-level resources have been associated
with screening modality in some studies (Shariff-Marco et al., 2013),
and geographic location and access to screening are significantly as-
sociated with screening choices among some racial/ethnic minority
populations (Towne et al.,, 2014). These observations prompt a
need to further evaluate geographic and area-level factors in order
to more clearly understand how individual and geographic factors si-
multaneously influence CRC screening modality received by certain
populations.

Given continued variation in patient preferences and physician rec-
ommendation, as well as the need for a more in-depth examination of
area-level factors, we sought to gain a better understanding of geo-
graphic variation in, and the specific predictors of, CRC screening modal-
ity (colonoscopy versus FOBT/FIT) among average-risk people who
were incident screeners—that is, newly age-eligible for CRC screening.
We focused on incident screeners because these individuals would not
be expected to have a prior history of CRC testing that may affect choice
of modality. We were interested in the first CRC test modality received.
We therefore investigated these questions among publicly and privately
insured people in North Carolina (NC) who received CRC testing around
their 50th birthday, the age screening is recommended to commence by
the United States Preventive Services Task Force (USPSTF) for normal
risk individuals. We focused on NC because it is a large, racially, socio-
economically, and geographically heterogeneous state with high CRC
mortality and is an ideal setting in which to compare CRC testing from
linked claims data to national self-reported data. Self-report accuracy
is higher among individuals receiving colonoscopies than for FOBT/FIT

(Dodou & de Winter, 2014), perhaps due to the substantial preparation
and recovery time required for colonoscopy compared to FOBT/FIT.
Such recall bias may potentially result in misleading assessments of
the balance among modalities. Therefore, assessing CRC modality
using data other than self-reported information is essential.

2. Methods
2.1. Data

We used NC Medicare and Medicaid fee-for-service insurance claims
data from people insured by either or both of these public insurance
providers in 2003-2008, inclusive. We also used fee-for-service claims
data from private, commercially available health plans in NC in 2003-
2008, inclusive. We required continuous enrollment to ensure that we
were able to fully capture receipt of CRC testing from health insurance
claims.

2.2. Study population

In accordance with the USPSTF guidelines for initiation of CRC
screening at 50 years old, we included people who turned 50 at any
time during the study period and received at least one CRC screening
test. Among Medicaid and Medicare enrollees, due to eligibility criteria,
this primarily represents a disabled population, whereas this age group
in the privately insured population primarily represents working adults
receiving employer-sponsored insurance. Although Medicare covers
screening colonoscopy or FOBT/FIT without coinsurance or copay ac-
cording to recommended testing schedules (Centers for Medicare and
Medicaid Services, CMS, 2015), state Medicaid programs and private in-
surance plans vary in their CRC screening coverage policies. We includ-
ed people who had received either colonoscopy, FOBT or FIT during the
study period (14,787 publicly, 59,875 privately insured), as this repre-
sents approximately 96% of CRC screening tests performed in this pop-
ulation (Wheeler et al.,, 2014). We also limited our study population to
those individuals who remained alive and did not move to a different
county during the study period so that we could understand regional
variation in modality and examine the effect of area-level factors, such
as distance from patient residence to an endoscopy provider, on CRC
testing modality (2183 publicly, 2813 privately insured were excluded).
Because we were interested in distance to endoscopy centers as a mea-
sure of geographic access, we further excluded a small number of people
without valid ZIP code data (3 publicly, 769 privately insured). Finally,
we also excluded people with prior history of CRC or colectomy (31
publicly, 142 privately insured), as defined in the available claims
data, to ensure that our measures reflected screening rather than sur-
veillance procedures.

2.3. Dependent variable

CRC testing was defined as beneficiary receipt of colonoscopy or
FOBT/FIT in the claims during the study period. Receipt of colonoscopy
was defined as our binary, dependent variable (receipt of FOBT/FIT
was the reference category). Billing codes used are listed in Supplemen-
tal Table 1 (Online). Codes included procedures performed for screening
and diagnostic intent, since these cannot be reliably distinguished in
claims data because billing practices vary across institutions (Schenck
et al., 2008; Schenck et al., 2007).

For people who received both procedures, the first procedure re-
ceived was designated as the primary outcome for analysis because it
more likely aligns with initial choice of modality. For example, an initial
abnormal FOBT/FIT would require follow-up colonoscopy, but this sec-
ond procedure was not included in our analysis.
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2.4. Independent variables

Both person-level characteristics and county-level contextual vari-
ables were included in the analysis. Due to differences in data sources
and variable availability, we were not able to include the same per-
son-level variables in both the publicly and privately insured analyses.
For example, marital status is only available in the privately insured
sample, whereas race is only available in the publicly insured sample.
Variables such as gender, year patient turned age 50, and approximate
distance between patients' residence and the nearest endoscopy facility,
were included in both the publicly and privately insured analyses.

Distance to nearest endoscopy facility was measured based on ben-
eficiaries' residential ZIP code and endoscopy facilities' ZIP codes. We
identified all endoscopy facilities in NC using the 2007 State Medical Fa-
cilities Plan (SMFP) Inventory of Endoscopy Rooms in Licensed Facili-
ties, in which we identified 178 facilities across NC's 100 counties. We
measured the straight line distance between all beneficiaries' residen-
tial ZIP code centroids and all the ZIP code centroids of facilities' loca-
tions using ArcGIS 10.1.(ESRI) We used straight-line distance as a
proxy for geographic access to endoscopy in the absence of more gran-
ular data on public transit and other transportation resources; prior
studies have suggested that straight-line distance is >90% correlated
with driving distance and time (Boscoe et al., 2012). We ranked these
distances and then identified the nearest endoscopy facility to each ben-
eficiary, employing a previously published approach (Wheeler et al.,
2012, 2014). Distances to nearest endoscopy facility were then catego-
rized into 5 groups: <5 miles, 5 to <10 miles, 10 to <15 miles, 15 to
<20 miles, 20 + miles. In addition, we also included the total endoscopy
procedures performed in each of the endoscopy facilities to create a
county-level measure of total endoscopy procedural volume per
10,000 population. Counties without any endoscopy center as reported
by the SMFP (N = 28) were assigned a value of 0 for endoscopy proce-
dural volume.

County-level variables were obtained from the 2005 Area Resource
File (ARF). These included total count of all general practitioners, per-
cent living under the federal poverty line, percent with less than a
high school education, percent unemployed, percent uninsured (age
40-64), and percent non-white in the county, as defined by ARF. Most
of these variables were categorized into quartiles excepting count of
medical generalists, which was dichotomized at the median.

2.5. Statistical analyses

Our models were stratified by public and private insurance because
we anticipated that the magnitude and significance of predictors would
vary by payer and because some control variables were not available
across all payers. Among the publicly insured, we also examined predic-
tors of modality by Medicare only, Medicaid only, and dually enrolled
(Medicare and Medicaid) in a secondary analysis. We first conducted bi-
variate analyses using Chi-squared tests to examine unadjusted rela-
tionships between CRC testing modality and independent variables.
For multivariate analysis, we used multilevel logistic models to examine
probability of receiving colonoscopy versus FOBT/FIT, adjusting for indi-
vidual-level and county-level characteristics. In these models, we
allowed the county intercept to be random in order to account for cor-
related data among the individuals who lived in the same county.

We obtained average predicted probabilities of colonoscopy for each
county in NC from the final multilevel models. We present the geo-
graphic variation using choropleth maps in which the predicted proba-
bility of colonoscopy was grouped across 100 counties and used cut-off
points comparable for both public and private insurance groups. We
also included the location of endoscopy facilities in the map. All analyses
were conducted in 2015, using SAS software (version 9.3; SAS Institute,
Inc., Cary, NC). Maps were created using ArcMap of the ArcGIS Desktop
Release 10 (ESRI). This study was approved by the UNC Institutional Re-
view Board.

3. Results
3.1. Publicly insured sample

We identified 12,570 publicly insured persons turning 50 years old
who received colorectal cancer testing via colonoscopy or FOBT/FIT;
57% of these had a colonoscopy procedure whereas 43% received
FOBT/FIT. In bivariable analyses (Table 1), males were more likely to re-
ceive colonoscopy than females (63% versus 54%). People with higher
likelihood of receiving colonoscopy included those turning 50 in an ear-
lier year (60% in 2003 versus 52% in 2008), and living in areas with low
unemployment rate (60% in low versus 55% in high quartile).

In multivariable models (Table 2), after adjusting for person-level
and county-level contextual factors, females with public insurance had
lower odds of receiving colonoscopy versus FOBT/FIT (odds ratio
[OR] = 0.68) than males. Those with Medicaid or dual insurance had
lower odds of using colonoscopy (OR = 0.84 and 0.90, respectively)
compared to Medicare beneficiaries. Across types of public insurance
(Table 3), statistically significant effects of county-level unemployment
were observed for both Medicare-only and Medicaid-only beneficiaries,
with people living in areas with higher unemployment associated with
lower odds of receiving colonoscopy (versus FOBT/FIT) as compared to
people in areas with lower unemployment. Statistically significant ef-
fects of distance to endoscopy and county-level non-white population
proportion also were observed in the Medicare-only population. Benefi-
ciaries living 10 - 15 miles or more than 20 miles away from endoscopy
facilities were more likely to receive colonoscopy (versus FOBT/FIT) as
compared to those who lived within 5 miles of an endoscopy facility.
Medicare-only beneficiaries living in areas with more non-white popu-
lation had a higher likelihood of receiving colonoscopy (versus FOBT/
FIT), compared to those living in areas with less non-white population.

3.2. Privately insured sample

We identified 56,151 privately insured persons turning 50 years old
in this study who received colorectal cancer testing via colonoscopy or
FOBT/FIT during our study period. Overall, 42% of the privately insured
had a colonoscopy procedure as their first CRC test and 58% FOBT/FIT
(Table 1). In bivariable analyses, a higher proportion of males received
colonoscopy as their first CRC test than females (54% versus 35%, Table
1). Additionally, people more likely to receive colonoscopy included:
those living in areas with above the average numbers of generalists
(43% versus 38%), high proportion of non-white residents (46% in high
versus 38% for low-medium quartile), and low unemployment (43% in
low versus 38% for high quartile).

In multivariable models (Table 2), after adjusting for person-level
and county-level contextual factors, females with private insurance
had lower odds of colonoscopy versus FOBT/FIT (odds ratio = 0.43,
Table 2). People turning 50 in earlier years than 2008 were 38-62%
more likely to receive colonoscopy versus FOBT/FIT. People living 10-
15 miles away from endoscopy facilities had slightly lower odds of re-
ceiving colonoscopy than those living within 5 miles of an endoscopy fa-
cility (OR = 0.91). Regionally, privately insured people living in areas
with the highest percentage of non-white residents had higher odds
of colonoscopy, compared to the lowest quartile of non-white residents
(OR = 14).

3.3. Geographic variation

Fig. 1 shows, across NC counties, the publicly insured had a higher
probability of receiving colonoscopy than the privately insured sample.
Within both publicly and privately insured, significant county-level var-
iation in CRC test modality was observed, with the highest levels of co-
lonoscopy use observed in the North Central and South Central parts of
the state.
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Table 1
Sample Characteristics for Publicly and Privately Insured Beneficiaries in North Carolina (2003-2008).
Publicly insured Privately insured
N = 12,570 N = 56,151
Colo.N = 7196 FOBT/FIT N = 5374 Colo. N = 23,321 FOBT/FIT N = 32,830
(57%) (43%) (42%) (58%)
N(%) N(%) N(%) N(%)
Gender
Male 2886 1668 10,643 8889 (46)
(63) (37) (54)
Female 4310 3706 12,678 23,941
(54) (46) (35) (65)
Race N/A N/A
White 4081 2983
(58) (42)
Black 2757 2065
(57) (43)
Other 358 326
(52) (48)
Marital status N/A N/A
Married 16,264 23,338
(41) (59)
Not married 5136 7028
(42) (58)
Unknown 1921 2464
(44) (56)
Ever in SEHP N/A N/A
Yes 13,066 19,044
(41) (59)
No 10,255 13,786
(43) (57)
Public insurance type N/A N/A
Medicare 1982 1289
(61) (39)
Medicaid 1559 1341
(54) (46)
Dual 3655 2744
(57) (43)
Year turned 50
2003 1506 1007 4896 6249
(60) (40) (44) (56)
2004 1385 1007 4703 5978
(58) (42) (44) (56)
2005 1232 913 4315 5681
(57) (43) (43) (57)
2006 1250 867 3927 5336
(59) (41) (42) (58)
2007 1018 823 3298 5010
(55) (45) (40) (60)
2008 805 757 2182 4576
(52) (48) (32) (68)
Distance to the nearest endoscopy facility
<5 miles 3291 2488 11,426 15,479
(57) (43) (42) (58)
5-10 miles 2050 1485 6934 9813
(58) (42) (41) (59)
10-15 miles 1106 839 3286 5115
(57) (43) (39) (61)
15-20 miles 480 393 1061 1528
(55) (45) (41) (59)
20+ miles 269 169 614 895
(61) (39) (41) (59)
Number of generalists (per 10,000)
Below median 2841 2220 6851 11,001
(56) (44) (38) (62)
Above median 4355 3154 16,470 21,829
(58) (42) (43) (57)
Endoscopy facility test volume (per 10,000)
0 722 549 1610 2407
(57) (43) (40) (60)
1-199 504 366 1672 2417
(58) (42) (41) (59)
200-399 2031 1606 7674 11,338
(56) (44) (40) (60)
400-599 1544 1001 4393 6171
(61) (39) (42) (58)
600-799 1022 801 3341 4526

(56) (44) (42) (58)
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Table 1 (continued)

Publicly insured

Privately insured

N = 12,570 N = 56,151
Colo. N = 7196 FOBT/FIT N = 5374 Colo. N = 23,321 FOBT/FIT N = 32,830
(57%) (43%) (42%) (58%)
N(%) N(%) N(%) N(%)
800+ 1373 1051 4631 5971
(57) (43) (44) (56)
Quartiles of regional uninsurance (40-64 years old)
Low 3146 2224 9661 13,088
(59) (41) (42) (58)
Low-medium 2316 1855 8299 11,781
(56) (44) (41) (59)
Medium-high 1117 847 3439 5249
(57) (43) (40) (60)
High 617 448 1922 2712
(58) (42) (41) (59)
Quartiles of regional % non-white
Low 906 725 2832 4011
(56) (44) (41) (59)
Low-medium 1712 1359 5629 9040
(56) (44) (38) (62)
Medium-high 2175 1539 9106 13,029
(59) (41) (41) (59)
High 2403 1751 5754 6750
(58) (42) (46) (54)
Quartiles of regional unemployment rate
Low 1634 1090 8654 11,286
(60) (40) (43) (57)
Low-medium 2012 1422 6908 9665
(59) (41) (42) (58)
Medium-high 2007 1585 5328 7931
(56) (44) (40) (60)
High 1543 1277 2431 3948
(55) (45) (38) (62)

Notes: Colo: colonoscopy; FOBT: fecal occult blood test; FIT: fecal immunohistochemical test; SEHP: State Employees Health Plan.

4. Discussion

We used a novel multipayer claims dataset representing approxi-
mately 70,000 unique persons to ascertain CRC testing modality (colo-
noscopy versus FOBT/FIT) among people turning 50 years old who
were newly eligible for CRC screening and received at least one CRC
test during our study period. We found that a substantial number of
people (43-58%) received FOBT/FIT as their initial or incident CRC test
during this period, indicating that this modality represents an important
alternative to the more invasive colonoscopy for many people. In partic-
ular, our data suggest that FOBT/FIT is widely used among privately in-
sured and women. Our overall findings are consistent with Wernli and
colleagues who found 60-70% of FOBT/FIT and 20-30% of colonoscopy
use in 2002-2010 among members of Group Health age 50 (Wernli et
al.,, 2014). Thus, fecal testing represents an important alternative to
the more invasive and expensive colonoscopy for many people in NC.
Previous studies indicate that patients desire having CRC screening
choices and appreciate their providers informing them of all relevant al-
ternatives in such decisions (Hawley et al., 2014; Inadomi et al., 2012).
Therefore, providers need to fully inform eligible patients of all relevant
test alternatives and empower them to make an informed decision
about CRC screening consistent with their preferences.

At first glance, it appears that our data contradict National Health In-
terview Survey (NHIS) (Centers for Disease Control and Prevention,
2013) and the Behavioral Risk Factor Surveillance System (BRFSS)
self-reported data (which suggest that colonoscopy is the primary mo-
dality used among 50-75 year olds at 61.7% overall, compared to FOBT/
FIT at 10.4% overall) (Klabunde et al., 2013). However, it is important to
recognize that BRFSS data are measuring a different outcome—prevalence
of CRC screening modality as it relates to the entire age-eligible popula-
tion, rather than modality used in incident CRC testing around the age
of 50. In addition, because FOBT/FITs confer screening coverage for only
one year, whereas colonoscopies cover patients for 10 years, we expect

to see a higher number of FOBT/FITs in a 6-year cross-section of CRC test-
ing patterns. Lastly, self-reported data are known to be differentially mis-
measured by CRC test modality (with FOBT/FIT more often being under-
reported) (Dodou & de Winter, 2014). Because our study used insurance
claims data, we have access to an arguably more objective measure of co-
lonoscopy/FOBT/FIT balance (Bradbury et al., 2005). Nevertheless, claims
data are also an imperfect resource, in that only procedures billed are
measurable; therefore, it is possible that our analysis may not have cap-
tured all screening procedures performed in this sample if insurance
claims were not filed (e.g., some FOBT/FITs may be missed since they
are inexpensive to perform) (Schenck et al., 2008). However, because co-
lonoscopy is an expensive procedure and FOBT/FIT is relatively inexpen-
sive, we believe that under-ascertainment of colonoscopy would be rare
(ie., self-pay would be unlikely) and under-ascertainment of FOBT/FIT,
if it occurs, would only further sway the testing balance toward greater
use of FOBT/FIT.

Compared to national BRFSS data, our analysis showed greater re-
gional variation in CRC test modality across NC than has been observed
across states (Klabunde et al.,, 2013; Xu et al,, 2013). NCis a diverse state
in terms of rurality/urbanicity and access to health care resources with
substantial regional variation in overall rates of CRC testing use
(Wheeler et al., 2014). Observed variation in CRC test modality may
be due to differential insurance generosity, regional differences in ac-
cess to and use of primary care, or differential provider recommenda-
tions and referral patterns regarding FOBT/FIT and colonoscopy. In our
privately insured population, FOBT/FIT was the dominant CRC test mo-
dality at 58%. This finding may reflect privately insured persons forego-
ing colonoscopy as a first screening test due to more significant cost-
sharing burden or longer waiting times, which may drive people to
use fecal tests. In contrast, the higher prevalence of colonoscopies in
the publicly insured group may reflect provider preferences for colonos-
copy among publicly insured persons, who may be perceived as less
compliant with annual FOBT/FIT. Colonoscopy was received more
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Table 2

Multilevel logit model results: odds ratios for colonoscopy (versus FOBT/FIT) among peo-
ple turning 50 years old who were tested in North Carolina (2003-2008), by insurance
type.

Table 3

Multilevel logit model results: Odds ratios for colonoscopy (versus FOBT/FIT) among peo-
ple turning 50 years old who were tested in North Carolina (2003-2008) for all publicly
insured, by insurance type.

Effect Medicare only Medicaid only Dual
(N = 3271) (N = 2900) (N = 6399)
OR LB UB OR LB UB OR LB UB

Effect Publicly insured  Privately insured
(N = 12,570) (N = 56,151)
OR B UB OR LB UB
Gender (female vs male, ref = male) 0.68 0.63 0.74 043 039 049
Race N/A
Black vs white 097 0.89 1.05
Other vs white 093 0.78 1.11
Insurance type N/A
Dual vs Medicare 090 0.83 0.99
Medicaid vs Medicare 0.84 0.75 094
Year turned 50
2003 vs 2008 137 121 157 161 149 174
2004 vs 2008 1.27 111 145 1.62 151 1.75
2005 vs 2008 1.26 1.11 145 157 147 1.68
2006 vs 2008 134 117 153 153 143 1.63
2007 vs 2008 117 1.02 135 138 130 148
Distance to the nearest endoscopy facility
5-10 vs <5 miles 1.10 1.00 1.21 1.00 094 1.06
10-15 vs <5 miles 1.06 094 1.19 091 0.85 0.98
15-20 vs <5 miles 1.05 088 1.25 096 0.82 1.14
20+ vs <5 miles 130 099 172 0.85 0.62 1.15
Marital status N/A
Married vs not married 098 0.94 1.01
Unknown vs not married 1.06 095 1.18
Ever in SEHP (yes vs no; ref = no) N/A 110 1.05 1.15
Endoscopy facility test volume (per 10,000)
1-199vs 0 1.08 078 149 1.06 0.80 1.42
200-399 vs 0 1.03 079 136 1.00 0.78 1.28
400-599 vs 0 129 096 1.75 090 0.64 1.26
600-799 vs 0 1.16 083 1.61 1.05 0.73 1.49
800+ vs 0 1.12 079 1.58 0.97 0.68 1.40

Number of generalists (above median vs 096 0.80 1.15 1.12 094 1.35
below median)
Regional uninsurance (40-64)

Low-medium vs low 089 0.70 1.13 1.12 084 149

Medium-high vs low 093 0.71 123 1.13 0.82 1.56

High vs low 099 0.72 134 1.15 0.82 1.61
Regional % non-white

Low-medium vs low 1.09 084 142 099 0.78 1.26

Medium-high vs low 132 101 1.72 1.08 085 1.36

High vs low 131 098 1.76 140 1.04 1.88
Regional unemployment rate

Low-medium vs low 0.83 0.65 1.05 0.78 0.62 0.97

Medium-high vs low 0.82 0.65 1.03 0.88 0.71 1.10

High vs low 085 0.65 1.11 0.82 0.64 1.06

Notes: Statistically significant differences highlighted in bold print. FOBT: fecal occult
blood test; FIT: fecal immunohistochemical test; OR: odds ratio; LB: lower bound; UB:
upper bound; N/A: not applicable; SEHP: State Employees Health Plan.

often by men, which may reflect provider recommendations (in light of
evidence showing that women are more adherent to annual FOBT/FIT
screening than colonoscopy) and/or women's preferences for FOBT/FIT
due to concerns about bowel prep and test inconvenience associated
with colonoscopy (Chacko et al., 2015). Our data point to interesting
and important future qualitative and quantitative research that is need-
ed to better understand whether these differences in test modality re-
sult from provider preferences or perceptions of patients,
reimbursement-driven incentives, patient preferences or personal risk
perception, or some combination of these.

4.1. Limitations

Whether the CRC test received was for screening versus symptom-
driven purposes is not altogether clear from claims (Schenck et al.,
2008; Schenck et al., 2007). Consistent with best practices (Schenck et
al., 2007, 2008), we have included both screening and diagnostic proce-
dures in our analysis. It is possible that in-office FOBTs done by

Gender (female vs male, 0.65 0.55 0.76 0.66 0.56 0.78 0.70 0.62 0.80

ref = male)

Race

Black vs white 1.15 096 137 083 0.65 1.05 0.96 084 1.11
Other vs white 090 0.60 135 1.01 0.78 131 0.61 045 0.82
Year turned 50

2003 vs 2008 134 1.06 1.68 143 1.07 191 141 1.16 1.72
2004 vs 2008 135 1.06 172 165 127 213 1.11 092 134
2005 vs 2008 130 099 1.70 144 1.06 196 1.18 097 142
2006 vs 2008 1.51 1.18 193 158 1.20 2.07 1.19 098 145
2007 vs 2008 135 1.02 1.79 138 1.03 1.85 1.03 0.86 1.24

Distance to the nearest
endoscopy facility
5-10 vs <5 miles 1.12 094 133 1.08 089 130 1.12 097 1.30
10-15 vs <5 miles 126 1.01 1.57 1.15 091 147 093 0.77 1.13
15-20 vs <5 miles 1.11 080 1.52 098 0.64 150 1.05 0.84 1.30
20+ vs <5 miles 2.65 1.55 453 1.11 069 1.81 1.03 066 1.63
Endoscopy facility test
volume (per 10,000)

1-199vs 0 129 086 194 076 047 123 113 074 1.73
200-399vs 0 131 093 185 072 049 1.07 109 0.78 1.54
400-599 vs 0 158 1.06 237 0.84 054 133 142 096 2.12
600-799 vs 0 152 098 233 073 044 120 1.16 0.73 1.85
800+ vs 0 1.18 0.79 1.74 067 042 106 132 086 2.03

Number of generalist 0.88 0.71 1.08 1.13 0.87 146 092 0.73 1.15
(above median vs

below median)
Regional uninsurance

(40-64)

Low-mediumvslow  0.84 062 1.12 093 0.70 124 0.83 0.63 1.08
Medium-highvslow 093 0.71 1.22 0.63 043 092 1.02 072 144
High vs low 083 0.62 1.13 0.78 054 1.13 1.12 080 1.58
Regional % non-white

Low-mediumvslow  1.25 093 1.69 1.14 0.84 156 0.95 0.69 1.32
Medium-highvslow  1.38 1.10 1.74 1.29 090 1.86 125 0.86 1.80
High vs low 159 1.18 2.16 1.10 0.81 150 1.23 087 1.74
Regional unemployment

rate

Low-mediumvslow  0.80 0.61 1.04 1.01 0.74 136 086 0.62 1.17
Medium-highvslow  0.74 0.59 0.92 0.73 0.56 095 0.90 0.68 1.18
High vs low 0.66 049 0.89 0.78 058 1.06 091 0.69 1.20

Notes: Statistically significant differences highlighted in bold print. FOBT: fecal occult
blood test; FIT: fecal immunohistochemical test; OR: odds ratio; LB: lower bound; UB:
upper bound; N/A: not applicable; SEHP: State Employees Health Plan.

providers after a rectal exam may have been included in our FOBT mea-
sure (as opposed to fecal screening done at home). Importantly, from a
population health perspective, regardless of the intent or location of the
test, any CRC testing helps to reduce the risk of CRC-related morbidity
and mortality. In addition, our data may not be generalizable to unin-
sured persons, people with transient insurance, those living outside
NC, or different age groups. Our results were limited to the years
2003-2008, due, in part, to delays in billing processing that slow the re-
lease of some claims data. As such, our data may not represent more
contemporary trends in CRC testing, but they nevertheless provide his-
torical trends which may be used to predict future utilization of CRC
testing modalities (i.e., suggesting increasing uptake of FOBT/FIT). Final-
ly, some variables such as race and marital status were not available
across all payers in the analysis, which limited our ability to directly
compare the effects of such person-specific measures on CRC screening
outcomes and to fully control for the same potential confounders across
payers. Although we opted to include these variables to the extent pos-
sible in our analyses because we hypothesized a priori that they may af-
fect CRC screening modality, our multivariable findings indicated race
and marital status were not statistically significant predictors of test
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Fig. 1. Geographic Variation of Model Predicted Probability of Colonoscopy over FOBT/FIT across 100 Counties. Notes: Maps stratified by insurance type (public versus private) indicate
county-specific, fully adjusted predicted probabilities of colonoscopy testing use (as opposed to FOBT/FIT) among people turning 50 years old who were tested for CRC in 2003-2008.
Yellow dots indicate endoscopy center locations across the state. Publicly insured persons were more likely to receive colonoscopy than FOBT/FIT, compared to privately insured
persons. Across both insurance types, the highest colonoscopy use was observed in the North Central county region and in the South Central (Charlotte metropolitan) area. (For

interpretation of the references to color in this figure legend, the reader is referred to the

modality in the publicly and privately insured samples, respectively.
Therefore, we believe that the unavailability of these measures across
all payers did not meaningfully affect our results and conclusions.

4.2. Conclusion

We present an objective portrayal of CRC testing practices from a va-
riety of insured persons, providing a more complete understanding of
CRC testing modality use than has previously been described in self-re-
ported, single payer, and/or single institution studies. We anticipate les-
sons learned from our analysis regarding the continued use of FOBT/FIT
may be useful to NC public health officials, as well as other states and
settings, planning CRC screening programs. Although both colonoscopy
and FOBT/FIT are being used in cancer prevention efforts in NC, our data
and others' suggest that renewed emphasis on FOBT/FIT may have en-
hanced utility and could result in increased screening rates in hard-to-
reach populations such as persons who experience greater system-
level barriers to care (e.g., Medicaid enrollees) (Wernli et al., 2014;
Pignone et al., 2014). For example, these results are currently being
used in partnership with county health departments and Community
Care of NC to implement a mailed reminder plus FIT kit quality improve-
ment intervention among Medicaid enrollees living in NC counties with
low CRC screening rates. Importantly, however, fecal-based testing will
require annual re-screening and additional efforts to track and schedule
re-screening. In NC and elsewhere, providing patients with CRC

web version of this article.)

screening test options, monitoring screening activity through electronic
record systems, using automated systems to issue screening reminders,
fully informing patients of test characteristics and preparation proce-
dures, and ensuring that patient preferences are respected, will likely
result in advancements toward national goals of increasing CRC screen-
ing, such as the Healthy People 2020 target of having 70.5% of persons
screened for CRC (Office of Disease Prevention and Health Promotion
ODPHP, 2015) and the National Colorectal Cancer Roundtable goal of
having 80% of people screened by 2018 (National Colorectal Cancer
Roundtable, 2015).

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.pmedr.2016.11.019.
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