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Objective: To compare colorectal cancer (CRC)
screening use, including changes over time and
demographic characteristics associated with
screening receipt, between 2 insured primary care
populations.

Study Design: Clinical and administrative records
from 2 large health systems, one in New Mexico
and the other in Michigan, were used to determine
use of CRC screening tests between 2004 and
2008 among patients aged 51 to 74 years.

Methods: Generalized estimating equations were
used to evaluate trends in CRC screening use
over time and the association of demographic
and other factors with screening receipt.

Results: Rates of CRC screening use ranged from
48.1% at the New Mexico site to 68.7% at the
Michigan site, with colonoscopy being the most
frequently used modality. Fecal occult blood test
was used inconsistently by substantial propor-
tions of patients who did not meet the definition
of screening users. Screening use was positively
and significantly associated with older age, male
sex, and more periodic health examinations and
other types of primary care visits; at the Michigan
site, it was also associated with African American
race, married status, and higher annual estimated
household income.

Conclusions: Among insured primary care pa-
tients, CRC screening use falls short. Further
research is needed to determine what factors are
barriers to routine fecal occult blood test or colo-
noscopy use among insured patients who have
access to and regularly use primary care and how
those barriers can be eliminated.
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olorectal cancer (CRC) screening was first recommended

by professional organizations for average-risk adults 50 years

and older more than 2 decades ago.'”” Most recently, the US
Preventive Services Task Force* issued evidence-based CRC screening
guidelines recommending the use of the following: (1) fecal occult
blood test (FOBT) or fecal immunochemical test annually, (2) FOBT
or fecal immunochemical test every 3 years combined with flexible
sigmoidoscopy every 5 years, or (3) colonoscopy every 10 years. De-
spite these guidelines and the availability of several effective screening
tests, CRC screening remains underused:

Population-based ‘surveys indicate. that-CRC screening rates have
increased steadily over time,*® with the most recent estimates showing
that screening rates exceed 60%.7° Less recently, claims-based and medi-
cal record-based studies among insured populations’point to similar
trends but tend to place estimates of the screened population somewhat
below those obtained by self-report'®!! and indicate an increase in the
use of colonoscopy relative to other modalities.!>!

Using automated claims and electronic medical record data for a
5-year period ending December 31, 2008, we compared CRC screening
use between insured primary care populations receiving care from 2 large
integrated delivery systems, one located in southeast Michigan and the
other located in central New Mexico. We report annual screening use by
modality between 2004 and 2008 and examine demographic and other
patient factors associated with screening receipt.

METHODS

Study Settings and Samples

Eligible patient populations were selected from those receiving primary
care at 2 health systems. The Michigan health system includes a 900-mem-
ber multispecialty salaried medical group that staffs 27 primary care clinics
in Detroit and surrounding communities. The New Mexico health sys-
tem is the largest physician-owned multispecialty physician group in the
state, with 230 salaried physicians and 70 midlevel care providers. It staffs
10 primary care clinics in Albuquerque and surrounding communities.
Both sites are participating in a
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screening among primary care patients.
These 2 health systems were chosen for
trial participation because they have a  care populations.
large number of eligible patients and
physicians, a high proportion of minority "9
patients, and strong research capacity and
data capture capabilities.

Patients eligible for study inclusion
were those aged 51 to 74 years on Decem-
ber 31, 2008, and continuously enrolled
in a system-affiliated health maintenance
organization during the 5-year study peri-
od ending December 31, 2008 (ie, the 5-year period preceding
intervention implementation). To our knowledge, no random-
ized controlled trials to increase CRC screening took place at
either health system during the study period. All patients with
health plan enrollment were eligible regardless of whether
their coverage was sponsored by employer, Medicare, or other.
Although Michigan patients had copayments for office vis-
its, they had no cost sharing specific to CRC screening tests.
New Mexico patients may have had a deductible, minimal
copayment, or both for endoscopy procedures depending on
their personal coverage and situation. Eligible study patients
also had at least 1 primary care visit during the study period
(2004-2008). Exclusion criteria included evidence of a history
of colorectal carcinoma, ulcerative colitis, Crohn’s disease, or
bowel resection. The study was approved by the institutional

review board at each participating site.

Data Sources and Measures

Automated health system records were used to obtain pa-
tient age, sex, race (Michigan site only) or ethnicity (New Mex-
ico site only), residential street address, marital status (Michigan
site only), primary care visit frequency, diagnoses, and receipt of
CRC screening tests. At the Michigan site, race is recorded as 1
of 9 categories by patient registration staff. For New Mexico pa-
tients, ethnicity was determined using GUESS (Generally Use-
ful Ethnicity Search System), which identifies ethnicity based
on surname. GUESS has been shown to be 90% accurate for
identifying individuals of Hispanic ethnicity in New Mexico.'*

Residential street address was combined with zip code-lev-
el data for 2009 from the Current Population Survey to con-
struct an annual estimated household income for patients.”
Inpatient and outpatient International Classification of Diseas-
es, Ninth Revision, Clinical Modification diagnostic codes during
the 5-year period were used to construct an adapted Charlson

16 Current Procedural Terminology codes

Comorbidity Index.
were used to categorize primary care visits during the 5-year pe-
riod as periodic health examinations (PHEs) or as other types

of primary care visits.

Take-Away Points

Commonalities in colorectal cancer screening use were evident across 2 insured primary

B Between one-third and one-half of patients at each site were not up-to-date with screen-

B At both sites, younger patients, female patients, and patients with fewer periodic health
examinations and other types of primary care visits were at greater risk of being unscreened
for colorectal cancer.

B Among recommended testing modalities, colonoscopy was by far the most used test
among patients who were up-to-date with screening.

B Although fecal occult blood test use was common, adherence to annual testing was a
challenge at both sites.

We calculated annual testing rates for FOBT, colonos-
copy, flexible sigmoidoscopy, double-contrast barium enema,
combination of FOBT and flexible sigmoidoscopy, and other
modality combinations for 2004 through 2008. Five-year
CRC screening receipt was based on the 2002 US Preven-
tive Services Task Force guidelines.'” Patients who received at
least 3 FOBTs (>10 months apart) or 1 colonoscopy, flexible
sigmoidoscopy, or double-contrast barium enema during the
5-year period were considered screening users. Patients with
evidence of colonoscopy receipt between 1999 and 2003 were
also considered screening users.

Statistical Analysis

Characteristics of patients receiving care from the 2 health
systems were compared using x? test for differences in propor-
tions, t test for differences in age, and Wilcoxon rank sum
test for differences in annual estimated household income and
primary care visit frequency. For the analysis of time effects,
year was represented by 4 indicator variables, and an overall
4-df test for year effect was performed. For analyses of within-
system effects, generalized estimating equation logistic regres-
sion models were used to account for the nesting of patients
receiving care from the same primary care provider. For differ-
ences in screening use by patient characteristics, generalized
estimating equation logistic regression models were used for
each characteristic by itself and after adjustment for patient
age, sex, race/ethnicity, annual estimated household income,
frequency of PHEs and other types of primary care visits, and
Charlson Comorbidity Index. The Michigan health system
models were also adjusted for marital status.

RESULTS

Cohort Characteristics

In Michigan, 13.5% of the cohort were older than 65 years,
and 54.1% were female (Table 1). Approximately one-third
of patients (37.1%) were African American. Most patients

(73.4%) were married, and the mean annual estimated house-
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H Table 1. Study Population Characteristics by Health System

Characteristic®
Age, y, %

51515

56-60

61-65

66-70

=71
Sex, %

Female

Male
Race, %"

African American

White

Other or unknown
Ethnicity, %°

Hispanic

Non-Hispanic
Married, %"
Annual estimated household income, mean (SD), $
Periodic health examinations, %

0

1

v &~ w0 N

5
Other types of primary care visits, %
0
1-4
5-8
9-12
13-16
17-20
221

Michigan (n = 16,988) New Mexico (n = 11,628)

32.6 15.8
31.6 19.1
22.3 18.3
8.6 19.1
4.9 277
54.1 570
45.9 43.0
371 —
58.0 =
4.8 —
— 36.2
— 63.8
73.4 —

89,809 (19,185) 76,846 (15,443)

36.6 SIS
19.4 25.7
19.7 174
121 10.7
7.6 6.7
4.6 2.2
2.3 0.8
275 241
23.2 270
171 19.6
11.0 12.4
6.6 71
12.2 9.0

3Characteristics were measured at the end of the study period (December 31, 2008). P <.01 for all comparisons.

Michigan site only.
°New Mexico site only.

hold income in their communities of residence was $89,309.
Most patients (63.4%) had at least 1 PHE during the study
period (2004-2008), with 44.0% having at least 2 such visits.

In New Mexico, 46.8% of patients were older than 65
years, and 57.0% were female, while approximately one-
third of patients (36.2%) were of Hispanic ethnicity (Table

1). The mean annual estimated household income in their

communities of residence was $76,846. Sixty-three percent
of patients had at least 1 PHE during the study period, and
37.0% had at least 2 PHEs in the 5-year period. Compared
with Michigan patients, New Mexico patients were signifi-
cantly older (P <.01) and were more likely to be female, reside
in areas with lower annual estimated household income, and

have fewer primary care visits.
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H Table 2. Annual Colorectal Cancer Screening Use by Health System, Modality, and Year®

Variable 2004

Michigan
Any test 21.8
Colonoscopy alone 1.4
>3 FOBT alone 7.3
FS alone 1.0
Barium enema alone 0.2
>3 FOBT and FS 0.5
Other combination 1.4

New Mexico
Any test 17.9
Colonoscopy alone 8.8
>3 FOBT alone 6.6
FS alone 0.7
Barium enema alone 0.3
>3 FOBT and FS 0.3
Other combination 1.2

FOBT indicates fecal occult blood test; FS, flexible sigmoidoscopy.
2P <.01 for all year effects.

Annual CRC Screening Use

As summarized in Table 2, annual CRC screening use
(overall and for specific modalities) varied by year at both sites
(P <.01 for all). At the Michigan site, the overall annual CRC
screening rate increased steadily between 2004 and 2008. An-
nual use of colonoscopy increased between 2004 and 2007,
and annual use of FOBT increased between 2005 and 2008.
At the New Mexico site, the overall annual CRC screening
rate increased between 2004 and 2005 and declined thereaf-
ter. Annual colonoscopy and FOBT use among New Mexico
patients paralleled this overall pattern. At both health sys-
tems, only the use of colonoscopy alone or FOBT alone con-

tributed substantively to the observed annual use of screening.

Screening Use, %

2005 2006 2007 2008
23.1 27.1 32.0 36.2
14.7 18.8 216 20.5
5.7 6.2 8.3 13.2
0.7 0.2 0.1 0.0
0.1 0.1 0.1 0.0
0.3 0.2 0.1 0.0
1.6 1.6 1.8 25
19.9 184 14.6 9.0
10.8 1.4 9.6 4.8
6.7 5.8 3.8 3.6
0.5 0.2 0.1 0.0
0.3 0.3 0.4 0.3
0.2 0.0 0.0 0.0
1.4 1.2 0.7 0.3

Five-Year CRC Screening Use

Sixty-nine percent of the Michigan cohort and 48.1% of
the New Mexico cohort met the criteria for screening users
(Table 3). Most users were screened during the 5-year study
period, but 9.3% of Michigan patients and 8.7% of New
Mexico patients were classified as screening users based on
evidence of colonoscopy receipt during the 5 years preced-
ing the study period. Among patients who met the criteria
for screening users, colonoscopy was the most frequently
used screening modality; almost 90% of users at each health
system met the definition of screening users because of their
receipt of a colonoscopy. Regardless of health system, the
use of each of the other recommended screening modalities

B Table 3. Five-Year Colorectal Cancer Screening Use by Modality and by Health System

Variable Michigan
Any test 68.7
Colonoscopy alone 89.5
>3 FOBT alone 1.6
FS alone 1.6
Barium enema alone 0.3
>3 FOBT and FS 0.4
Other combination 6.6

FOBT indicates fecal occult blood test; FS, flexible sigmoidoscopy.

Screening Use, %

New Mexico P
48.1 <.01
86.7 <.01

2.2 .02
2.4 <.01
1.9 <.01
0.2 <.01
6.6 .88
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M Table 4. Study Population Characteristics by Colorectal

Cancer Screening User Status

Michigan New Mexico
Nonusers Users Nonusers Users

Characteristic (n =5309) (n=11,679) (n =6038) (n =5590)
Age, y, %

51-55 414 28.7 19.1 12.3

56-60 29.1 32.7 21.0 171

61-65 18.8 23.9 18.6 179

66-70 6.7 9.5 175 20.8

>71 819 5.8 23.9 31.9
Sex, %*°

Female 56.4 53.1 58.2 55.6

Male 43.6 46.9 41.8 44.4
Race, %"

African American 36.5 374 — —

White 57.7 58.2 — —

Other or unknown 5.8 4.4 — —
Ethnicity, %°

Hispanic — — 379 34.5

Non-Hispanic — — 62.1 65.5

Married, %"® 70.0 74.9 — —

Annual estimated household income, mean (SD), $

Periodic health examinations, %

88,318 (18,831)

90,489 (19,307) 76,172 (15,385) 77,547 (15,473)

0 50.9 30.0 44.4 29.6
1 20.9 18.7 26.8 245
2 16.4 21.2 15.2 19.9
3 70 14.4 79 13.6
4 3.4 9.5 4.2 9.4
>5 1.4 6.1 1.5 3.0
Other types of primary care visits, %
0 3.1 2.0 1.1 0.6
1-4 38.1 22.6 28.0 19.9
5-8 23.5 23.1 28.4 254
9-12 14.4 18.3 18.6 20.8
13-16 8.5 12.1 10.8 14.1
17-20 4.8 75 5.7 8.6
>21 75 14.4 74 10.7
Charlson Comorbidity Index, mean (SD) 0.9 (1.5) 1.1(1.7) 1.0 (1.4) 1.0 (1.4)

ap = .10 for New Mexico. P <.01 for all other comparisons in the table.
Michigan site only.
°New Mexico site only.

was rare, including repeated use of FOBT (>3) alone or in
combination with flexible sigmoidoscopy. Among patients
who did not meet the criteria for screening users in the
5-year study period, 22.5% of Michigan patients and 43.7%
of New Mexico patients had 1 or 2 (but not >3) FOBTs

(data not shown).

Patient Factors Associated With CRC Screening Use
At the Michigan site, CRC screening users were signifi-
cantly more likely to be male (46.9% vs 43.6%), African
American (37.4% vs 36.5%), and married (74.9% vs 70.0%)
compared with nonusers (Table 4). Compared with nonusers,

screening users were significantly older; 38.7% of users were
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B Table 5. Adjusted Odds Ratios From Generalized Estimating Equations Logistic Regression Models for

Colorectal Cancer Screening Use?

Characteristic
Age,y
BIESS)
56-60
61-65
66-70
271
Female sex
Race®
White
African American
Other or unknown
Non-Hispanic ethnicity®
Married®
Annual estimated household income*
Periodic health examinations
0

v > 0w N =

5
Other types of primary care visits
0
1-4
5-8
9-12
13-16
17-20
>21
Charlson Comorbidity Index

Odds Ratio (95% Confidence Interval)

Michigan

1.00 [Reference]

New Mexico

1.00 [Referencel]

1.50 (1.37-1.64) 1.21 (1.05-1.40)
1.561 (1.36-1.68) 1.34 (1.16-1.54)
1.61 (1.39-1.87) 1.63 (1.39-1.91)
1.65 (1.39-1.97) 1.89 (1.66-2.14)
0.89 (0.86-0.93) 0.89 (0.86-0.93)
1.00 [Reference] —
1.26 (1.17-1.37) —
0.78 (0.70-0.87) —

— 1.05 (0.99-1.06)
1.13 (1.03-1.25) —
1.05 (1.03-1.08) 1.02 (0.99-1.06)

1.00 [Reference]

1.00 [Referencel]

1.82 (1.63-2.03) 1.39 (1.24-1.56)
2.82 (2.54-3.12) 1.97 (1.77-2.20)
4.560 (3.88-6.21) 2.61 (2.21-3.09)
6.21 (5.11-7.565) 3.24 (2.67-3.92)
9.77 (767-12.46) 2.99 (2.22-4.02)

1.00 [Reference]

1.00 [Reference]

1.27 (1.04-1.55) 1.42 (0.92-2.19)
2.07 (1.69-2.54) 1.65 (1.08-2.50)
2.86 (2.31-3.56) 2.00 (1.31-3.05)
3.45 (2.70-4.42) 2.28 (1.47-3.54)
3.94 (3.04-5.11) 2.76 (1.71-4.44)
5.34 (4.19-6.80) 2.86 (1.86-4.41)
1.02 (1.00-1.05) 1.00 (0.96-1.04)

aAdjusted models included patient age, sex, race/ethnicity, marital status (Michigan only), annual estimated household income, frequencies of
periodic health examinations and other types of primary care visits, and Charlson Comorbidity Index. The generalized estimating equations logistic
regression models accounted for possible correlation among patients seeing the same physician.

Michigan site only.
°New Mexico site only.

9dFor ease of interpretation, annual estimated household income was scaled in $10,000 units instead of single US dollars (ie, an odds ratio of 1.05
implies that the odds of being screened increased about 5% for every additional $10,000).

older than 60 years compared with 29.4% of nonusers. Users
were also more likely to reside in communities with higher
median annual estimated household income ($90,489 vs
$88,318), receive more frequent PHEs and other types of pri-
mary care visits, and have more comorbidities as measured by
the Charlson Comorbidity Index (1.1 vs 0.9). A similar pat-
tern of significant unadjusted differences was found between

CRC screening users and nonusers at the New Mexico site,

with 2 exceptions: in New Mexico, there were no significant
differences by sex, and patients of Hispanic ethnicity were sig-
nificantly less likely to have been screened (34.5% vs 37.9%).

Among screening nonusers, approximately half (49.1% at
the Michigan site and 55.6% at the New Mexico site) had at
least 1 PHE during the study period, and approximately one-
third had at least 2 PHEs. Almost 12% at the Michigan site and
13.6% at the New Mexico site had 3 or more PHEs during the
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5-year period yet remained unscreened. Furthermore, among
patients who did not meet the definition of screening users, the
mean numbers of other types of primary care visits during the
5-year period were 8.5 (Michigan) and 9.1 (New Mexico) (data
not shown). Among patients who completed 1 or 2 FOBTs but
not 3 or more (and thus did not meet the criteria for screening
users), the mean numbers of other types of primary care visits
during the study period were 9.8 at the Michigan site and 9.6 at
the New Mexico site (data not shown).

When patient factors were simultaneously controlled,
screening use was positively and significantly associated with
older age, male sex, and more PHEs and other types of pri-
mary care visits at both sites (Table 5). At the Michigan site,
African American race, married status, and higher annual
estimated household income were also positively associated
with screening use. Patients aged 56 to 65 years at the Michi-
gan site were approximately 50% more likely to have been
screened for CRC compared with those aged 51 to 55 years,
and patients aged 66 to 74 years were more than 60% more
likely to have been screened compared with those aged 51
to 55 years. At the New Mexico site, the difference was most
pronounced for those aged 71 to 74 years, who were almost
90% more likely to have been screened for CRC compared
with those aged 51 to 55 years. Increases in PHE frequency
were also associated with dramatic increases in the likelihood
of screening. At the Michigan site, patients who had 3 PHEs
during the 5-year period were 4.5 times more likely to have
been screened compared with patients who did not have a
PHE. At the New Mexico site, patients who had 3 PHEs dur-
ing the 5-year period were 2.6 times more likely to have been
screened compared with patients who did not have a PHE.

DISCUSSION

Although we found that overall screening trends differed
at the 2 health systems studied, with an increase in screen-
ing over time at the Michigan site and an initial increase and
then a decrease at the New Mexico site, we found remark-
able similarities in modality use and in patient factors associ-
ated with CRC screening use. Among both populations, most
CRC screening users were recipients of colonoscopy. Yet in
any given year during the study period, sizable proportions of
patients used FOBT screening at both sites. Likewise, although
we found a strong positive association between primary care
visit frequency (particularly PHEs) and CRC screening use,
we also found that substantial proportions of patients who did
not meet the criteria for screening users had 2 or more PHEs
over the 5-year period. These findings point to considerable
opportunities to improve CRC screening rates among insured

primary care populations.

Our findings that almost 90% of CRC screening users met
the definition of screening users by having received a colonos-
copy are consistent with results of other medical record and
claims reviews.!>?? Such evidence is consistent with data from
a national survey of physicians demonstrating that almost all
physicians recommend colonoscopy to average-risk patients,
in many cases as the only screening option.'® Observational

1920 including research conducted at the Michigan

studies,
site studied herein, showed that CRC screening discussions
in primary care tend to focus on colonoscopy. However, such
practice is inconsistent with studies that point to variation
among patient preferences for CRC screening modalities. For
example, a study by Hawley and colleagues’! found that 37%
of patients prefer colonoscopy screening, 31% prefer FOBT,
and 9% prefer sigmoidoscopy. In addition, patient preferences
may vary depending on the patient subpopulation.???* There-
fore, it is unclear whether our finding that colonoscopy rep-
resents the dominant screening modality is a result of patient
choice and is consistent with patient preferences.

Frequent use of FOBT was consistent across the 2 sites;
substantial proportions of patients (between one-fourth and
one-third) completed an FOBT each year. However, most pa-
tients utilizing FOBT did not use it consistently. Therefore,
few patients met the criteria for screening users by having at
least 3 FOBTs within the 5-year period. Among patients con-
sidered nonusers of CRC screening, more than 22% at the
Michigan site and more than 43% at the New Mexico site
used FOBT once or twice. Previous research demonstrated
that annual adherence to FOBT is a common challenge.”> We
found that patients who used FOBT once or twice (but not >3
times) during the 5-year study period had a mean of almost
10 primary care visits (or 2 per year). Therefore, development
of primary care clinic—based processes to ensure annual use
of testing among FOBT users, including promotion of oppor-
tunistic screening, may improve CRC screening use among
insured primary care populations.

In line with previous research,’** we found that the
receipt of more primary care visits was associated with a
greater likelihood of screening use. Nonetheless, more than
one-fourth of patients who did not meet the definition of
screening users had 2 or more PHEs. Although we cannot
know for certain whether CRC screening was recommend-
ed by a physician during these visits, data from an observa-
tional study" between 2007 and 2009 at the same Michigan
health system as that studied herein showed that 94% of
patients due for CRC screening who had a PHE received
a physician recommendation for CRC screening. Such re-
sults, along with findings by others,*®*! illustrate the neces-
sary but insufficient role of physician recommendation in

the CRC screening process and the importance of improve-
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ment in the effectiveness of provider recommendations for
evidence-based care.

There are several important limitations to this study. First,
we relied on automated data, which precludes our discerning
whether tests were ordered for screening or diagnostic pur-
poses or whether a colonoscopy was ordered because of an-
other positive test result. This could overestimate screening
use and confound observed differences in screening among
populations if certain subgroups are more prone to the use
of diagnostic vs screening tests. Second, we were limited to
a 5-year observation period of continuous enrollment. Al-
though colonoscopies performed in the 5-year period before
our observation period were considered when determining
screening status, patients who were not continuously enrolled
during that time may have received colonoscopy screening
elsewhere. Third, although the patient populations studied
were large and diverse, they were all insured; while their care
was delivered by 2 health systems only, we were unable to sys-
tematically evaluate institution-level factors that may have
influenced screening use. Fourth, care should be taken when
generalizing findings to uninsured patients, those not visiting
a primary care provider, or populations otherwise different
from those studied herein. In particular, the high median an-
nual estimated household incomes among the communities in
which study patients resided should be noted. However, the
national Healthcare Effectiveness Data and Information Set
(HEDIS) rate for CRC screening use in commercial health
plans during the same period was estimated to be about mid-
way between our 2 observed rates (ie, 58.7%).” Regional dif-
ferences in screening use, documented by patient self-report,
indicate a similar but smaller gap between Michigan and New
Mexico rates.”*

Among the populations studied herein, between one-third
and one-half of primary care patients were not users of rec-
ommended CRC screening, and most screening users utilized
colonoscopy. For patients unwilling to undergo colonoscopy,
FOBT seems a viable option, but findings at both sites point
to the challenges of ensuring that patients who opt for FOBT
alone adhere to guidelines for repeated annual testing. Most
likely to be effective are office-based processes that are able to
capitalize on opportunities within the context of PHEs and
other types of primary care visits. Further research is needed
to determine what factors are barriers to routine FOBT or
colonoscopy use among insured patients who have access to
and regularly use primary care and how those barriers can be
eliminated. Given the divergent trends observed in CRC
screening rates between the 2 integrated delivery systems
studied herein, exploration of organizational and other con-
textual factors that influence CRC screening use over time in

a given healthcare system may be beneficial.
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