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PROBLEM FACED: There is a growing concern about potential overuse of colorectal cancer

(CRC) screening services in part because the U.S. Preventive Services Task Force (USPSTF)

recommends against routine CRC screening of average-risk individuals over age 75 years.

This study examined rates of CRC screening adherence, defined by Medicare coverage policy,

among average-risk Medicare fee-for-service (FFS) beneficiaries age 76 to 95 years.

WHAT WE DID: Using a 2002-2010 5% random non-cancer sample of Medicare beneficiaries

residing in the SEER areas, we constructed a 9-year cohort that included average-risk beneficiaries

age 76 to 95. Two outcomes of interest were (1) up-to-date status of overall CRC screening

adherence and (2) up-to-date status of adherence to colonoscopy versus other screening

modalities (i.e., fecal occult blood test, flexible sigmoidoscopy, and double-contrast barium

enema), conditional on patient adherence. Because of our claims-data-based method used for

determining the up-to-date adherence status, we further focused on a subsample of average-

risk beneficiaries age 86 to 95, for whom any screening services used may be considered

potential overuse by USPSTF recommendations.

WHATWEFOUND: Overall CRC screening adherence rates of Medicare beneficiaries age 76 to

95 increased from13.0% to 21.4% from2002 to 2010. In 2002, 2.2%were adherent to colonoscopy

and 10.7% by the other modalities, and the corresponding rates were 19.5% and 1.9% in 2010. In

addition, the rates of adherence to colonoscopywere 1.1% for those age 86 to 90 and almost nil for

those age 91 to 95 in 2002, but became 13.5% and 8.2% in 2010, respectively. The Figure shows the

rates ofCRC screening adherence bymodality among those age 86 to 90 and 91 to 95 combined. In

contrast to whites, blacks age 76 to 95 had 7-percentage-point lower adherence rates. However,

overall adherence rates among blacks increased by 168.6% from 2002 to 2010, while rates among

whites increased by 63.0%.

INTERPRETATION: The rapid rise in overall adherence rates may be linked to Medicare coverage

policy of screening colonoscopy for average-risk beneficiaries starting in 2001, and to colonoscopy’s

10-year screening interval. Our subsample analysis of those age 86 to 95 showed that the overall

adherence rates almost doubled, rising from6.7% to 12.5% from2002 to 2010.These increases, largely

driven by colonoscopy use,may represent at least some overuse of CRC screening services. However,

this study could not fully evaluate appropriateness of CRC screening services because the USPSTF

recommends case-by-case consideration of screening for average-risk individuals age 75 to 84.

REAL-LIFE IMPLICATIONS: To our knowledge, this is the first study evaluating rates of CRC

screening adherence among average-risk, Medicare FFS beneficiaries since Medicare began to

reimburse for average-risk screening colonoscopy in 2001.We observed that high proportions of

very elderly average-risk Medicare FFS beneficiaries received colonoscopies in spite of USPSTF

recommendations for case-by-case evaluation of average-risk individuals age 76 to 84 and for

discontinuation of screening after age 84. Our finding suggests that to improve efficiency of CRC

screening delivery, Medicare should consider reimbursing physicians for their time discussing the

trade-off of benefits and risks of screening colonoscopy for the elderly.

See the figure on the following page.
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FIG. Rates of colorectal cancer screening adherence among average-risk Medicare fee-for-service beneficiaries age 86 to 95 years. Numbers within different
bar sections represent percentages of patients who adhered to that specific test each year. FOBT, fecal occult blood test; FS/DCBE, flexible sigmoidoscopy/
double-contrast barium enema.
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Abstract
Introduction
There are concerns about potential overuse of colorectal cancer (CRC) screening services

among average-risk individuals older than age 75 years.

Materials and Methods
Using a 5% random noncancer sample of Medicare beneficiaries who resided in the

SEER areas, we examined rates of CRC screening adherence, defined by the Medicare

coverage policy, among average-risk fee-for-service beneficiaries age 76 to 95 years from

2002 to 2010. The two outcomes are the status of overall CRC screening adherence,

and the status of adherence to colonoscopy (v other modalities) conditional on patient

adherence.

Results
Overall CRC screening adherence rates of Medicare beneficiaries age 76 to 95 years

increased from 13.0% to 21.4% from 2002 to 2010. In 2002, 2.2% of beneficiaries were

adherent to colonoscopy, and 10.7%, by other modalities; the corresponding rates

were19.5%and1.9%, respectively, in2010.Specifically, ratesofadherencetocolonoscopy

were 1.1% for those age 86 to 90 years and almost nil for those age 91 to 95 years in 2002,

but the rates became 13.5% and 8.2%, respectively, in 2010. Compared with white

beneficiaries, black beneficiaries age 76 to 95 years had a 7-percentage-point lower

adherence rate.However, overall adherence ratesamongblacks increasedby168.6%from

2002 to 2010, whereas rates among whites increased by 63.0%. Logistic regressions

showed that blacks age 86 to 95 years were less likely than whites to be adherent (odds

ratio, 0.56; 95% CI, 0.47 to 0.59) but were more likely to be adherent to colonoscopy

(odds ratio, 2.34; 95% CI, 1.47 to 3.91).

Conclusion
High proportions of average-risk Medicare fee-for-service beneficiaries screened by

colonoscopy may represent opportunities for improving appropriateness and allocative

efficiency of CRC screening by Medicare.

INTRODUCTION
Colorectal cancer (CRC) screening adher-
ence rates have been widely used as

a health care performance measure. Medi-
care-covered CRC screening modalities
for average-risk beneficiaries include fecal
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occult blood test (FOBT) annually and flexible sigmoidoscopy
(FS) or double-contrast barium enema (DCBE) every 5 years,
as of January 1, 1998, and colonoscopy every 10 years as of July
1, 2001.1-3 Medicare, a nationwide program that provides
healthcare insurance to those older than age 65 years or those
who live with certain disabilities, has continued its CRC
screening coverage policy of the four screening modalities for
average-risk beneficiaries older than age 50 years since 1998,
though the US Preventive Services Task Force (USPSTF) does
not recommend routine CRC screening of average-risk in-
dividuals older than age 75 years.4-10

Therehasbeennostudyof ratesofCRCscreeningadherence
for the elderly sinceMedicare coverage of CRC screening began
in 1998.Determination of the CRC screening adherencemay be
challenging, because different screening modalities may be as-
sociated with different recommended screening intervals, and
becausethelengthofrecommendedscreeningintervalsmayvary
by the degree of CRC risk.11-14 For example, 10-year, complete
retrospective information on use of screening services is needed
to accurately determine the up-to-date status of CRC screening
adherence to colonoscopy for the average-risk person.15

Inthis study,weexaminedratesofCRCscreeningadherence,
defined according to the Medicare CRC screening coverage
policyoftheaverage-riskindividual,amongfee-for-service(FFS)
beneficiaries age 76 to 95 years, between 2002 and 2010. By
using a 5% randomnoncancer sample ofMedicare beneficiaries
who resided in the Surveillance, Epidemiology, and End Results
(SEER) areas, this study applied a previously published and
validated, recently updated, claims-based data measurement
method for (1) differentiationof the average risk from thehigher
risk for CRC and (2) determination of the status of CRC
screening adherence.15-17 Because there have been growing
concerns about the overuse of CRC screening services for the
average-risk person older than age 75 years, any adherence to
FOBT for those age 76 to 95 years, to FS/DCBE for those age 80
to 95 years, or to colonoscopy for those age 86 to 95 years could
be considered potential overuse. As a result, we specifically
focused on a subsample of average-risk beneficiaries age 86 to
95 years for whom any screening may be considered potential
overuse according to USPSTF recommendations.4,11,18-20

MATERIALS AND METHODS

Data Sources
Thedatawere froma5%randomnoncancer sample from2002
to 2010 of Medicare beneficiaries who resided in the SEER

areas, which accounted for approximately a quarter of the US
population. The data source was generated primarily as po-
tential (case-control) at-risk samples that are frequently used
in longitudinal comparisons, and the incident cancer samples
were identified in these SEER registries.3,8,21,22 One main
advantage of this data source for our study was that re-
peated SEER-wide representative annual cohorts of cancer-
free (eg, exclusion of CRC) beneficiaries could be constructed
for examination of the rates of CRC screening adherence. This
sample included a summary file and claim files. The sum-
mary file included information on the Medicare eligibility
status, demographics, monthly health maintenance organi-
zation (HMO) enrollment status, and residential-level socio-
economic indicators of the beneficiaries. Four claim files used
for this study included Medicare FFS-covered services re-
corded in inpatient, physician, outpatient, and hospice set-
tings available from 1998 to 2010. (Note thatMedicare began
coverage for CRC screening in 1998. As a result, this study
assumed that noCRC screening serviceswere provided to the
elderly before 1998.) The key variables in the claim files
relevant to this study included primary and secondary In-

ternational Classification of Disease, 9th revision, clinical
modification diagnostic codes and current procedural ter-
minology, 4th edition, codes. This study was approved by the
local institutional review board.

Study Sample
The sample consisted of nine cohorts, one for each of the 9
years from 2002 to 2010. Because each of the nine cohorts
was constructed in an identical fashion, we used the 2010
cohort to illustrate the method for the identification of
a cohort.15,16 The inclusion/exclusion criteria used all
three claim files for identification of average-risk individ-
uals. A list of diagnostic codes, primarily for identification
of higher-risk individuals, was based on the published
research.15-17,23

The 2010 cohort included average-risk Medicare FFS
beneficiaries if theywere(1)age76to95years in2010,(2)enrolled
inMedicare for the age eligibility reason only, (3) enrolled in
FFS plans and in Part A and B benefits in everymonth in 2010
and in the previous 9 years, (4) not diagnosed with any
primary or secondary diagnoses in the three claim files at
higher risks for CRC (eg, Crohn disease, ulcerative colitis,
colorectal polyps, family history of unspecified malignant
neoplasm), and (5) not in hospice settings in 2010 and the
previous 4 years.15,17,23
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Variables
The two outcomes are the status of overall CRC screening
adherence and the statusof adherence to colonoscopy (v FOBT,
FS, andDCBE) conditional on beneficiary adherence in a given
year. Because these two variables were measured similarly in
each of the nine cohorts, we again used the 2010 cohort to
illustrate the method for creating the variables.

According to the Medicare coverage policy of CRC
screening of the average-risk individual, we used physician
claims to determine the following adherence statuses of each
beneficiary: (1) adherent to colonoscopy if there was at least
one colonoscopy code from the current procedural termi-
nology, 4th edition, in 2010 or in the previous 9 years, (2)
adherent to FS/DCBE if there was at least one FS/DCBE code
in2010or in theprevious4years (FSandDCBEwerecombined
as a single, modality because neither was frequently used),
(3) adherent to FOBT if there was at least one FOBT code in
2010, or (4) nonadherent in 2010.13,15 Thus, the overall CRC
adherence status in 2010 was coded as 1 if a beneficiary was
adherent to one of the four modalities but was coded as
0 otherwise. Conditional on patient adherence, the status of

adherence to colonoscopy was coded as 1 if a beneficiary was
adherent to colonoscopy but was coded as 0 otherwise. (Note
that, in the 2002 to 2009 cohorts, we did not search for
colonoscopies before 2001, the first year when Medicare
started coverage for colonoscopy of screening the average-risk
individual.)

Ineachof theninecohorts,demographicvariables included
age categorized into four groups (76 to 80, 81 to 85, 86 to 90, or
91 to 95 years), race/ethnicity categorized into three groups
(non-Hispanicwhites, blacks, or other), and sex. TheCharlson
comorbidity index, a proxy for frailty, was calculated from the
primary and secondary diagnosis codes in the inpatient claims
files during thegivenyearof interest and theprevious 4years.24

The Charlson comorbidity index was categorized into three
groups (0, 1, or. 1).We created a beneficiary-level Medicare
state buy-in program entitlement status variable, a proxy for
the socioeconomic status, whichwas coded as 1 if a beneficiary
was eligible for a state buy-in subsidy for at least 1 month
during the given year but was coded as 0 otherwise. The last
variable, the rural/urban status of the residency of the ben-
eficiary, was categorized into four groups.

Statistical Analyses
WefirstdelineatedratesofoverallCRCscreeningadherenceby
year and demographic variables. With a study sample that

consistedof theentire9-yearcohort,weused logistic regressions
to examine the associations of demographic variables, Charlson
comorbidity index, Medicare state buy-in entitlement status,
urban/rural status, and year dummies with the overall CRC
screening adherence status. To examine shifts in screening
modality between colonoscopy and the other three modalities,
we restricted the sample to those who were adherent and re-
peated the abovemodel,with thedependent variable ofwhether
adherence was achieved by colonoscopy or by the other mo-
dalities. Finally, we analyzed a subsample of beneficiaries age
86 to 95 years, because all adherences in this age range may be
considered potential overusers of screening services. Because
the 9-year cohort contained beneficiaries who may have been
observed repeatedly, standard errors were adjusted by the
clustered standard errors correction at the beneficiary level.25

RESULTS

Descriptive Analyses
The sample size of the 9-year cohort of average-risk,Medicare

FFS beneficiaries age 76 to 95 years, included a total of 187,372
beneficiary-years. Table 1 lists the sample size by year, which
varied from 23,119 in 2002 and 20,461 in 2006 to 19,167 in
2010. There were a total of 61,634 unique beneficiaries in the
9-year cohort.

The overall CRC screening adherence rates increased from
13.0% to 21.4% from 2002 to 2010 (Table 1). FOBT and FS/
DCBE were the primary modalities in 2002. However, colo-
noscopy becamemore dominating over time. In 2002, 7.6% of
individuals were adherent to FOBT; 3.2%, to FS/DCBE; and
only 2.2%, to colonoscopy. In 2010, the corresponding rates
became 1.7%, 0.2%, and 19.5%. Among those adherent in-
dividuals, the proportion of adherence to colonoscopy in-
creased from 17.1% in 2002 to 91.1% in 2010.

The rates of demographic and other variables remained
relatively stable during the study period (Table 1). From 2002
to 2010, the proportion of beneficiaries age 86 to 95 years
increased by four percentage points. The proportion of whites
ranged from 87.82% to 86.35%, and the proportions of blacks
decreased slightly from7.0% to 5.6%during the 9-year period.
The proportion ofmen increased from35.8% in 2002 to 41.2%
in 2010. The proportion of those who had Charlsonmorbidity
indexof 0 stayed at approximately 85% throughout the 9 years.
Finally, the proportion of beneficiaries who were eligible for
Medicare state buy-in entitlement remained at approximately
11.0%.
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Table 2 lists the rates of overall CRC screening adherence
and of adherence to colonoscopy among the subpopulations
defined by demographic variables. The time trends among the
four age groups were similar to the trend that averaged across
all four of the age groups. Specifically, rates of adherence to
colonoscopywere 1.1% for those age 86 to 90 years and almost
nil for those age 91 to 95 years in 2002, but rates became 13.5%
and 8.2%, respectively, in 2010. Figure 1 shows the rates of
CRC screening adherence by modality among those in-
dividuals age 86 to 90 years and 91 to 95 years combined.

The racial and ethnic differences in CRC screening ad-
herence were prominent. Between blacks and whites, there
was, on average, a gap of seven percentage points in overall
adherence rates during the 9 years (Table 2). However, the
overall adherence rates among blacks increased by 168.6%,
whereas the rates among the whites increased by only 63.0%,
from2002 to 2010. By combining data of the beneficiaries who
were age 86 to 95 years into a single group, we found that
the proportions among blacks adherent to colonoscopy in-
creased from 25.0% to 90.5% from 2002 to 2010, whereas

Table 1. Mean Descriptive Statistics of Average-Risk Medicare FFS Beneficiaries Age 76 to 95 Years From 2002 to 2010

Variable

% of Beneficiaries by Year

P*
2002
(n = 23,119)

2003
(n = 22,353)

2004
(n = 22,535)

2005
(n = 21,435)

2006
(n = 20,461)

2007
(n = 19,841)

2008
(n = 19,425)

2009
(n = 19,036)

2010
(n = 19,167)

Overall CRC
screening
adherence

13.0 13.1 14.1 13.7 14.5 15.7 17.9 19.3 21.4 , .001

Colonoscopy 2.2 3.9 5.5 7.3 9.7 12.4 15.0 17.1 19.5
FS/DCBE 3.1 2.7 2.1 1.4 0.9 0.5 0.4 0.3 0.2
FOBT 7.6 6.5 6.5 5.0 3.9 2.9 2.5 1.9 1.7

Age range, years
76-80 49.0 48.5 47.7 47.0 46.5 45.8 45.5 44.9 44.8 , .001
81-85 31.3 32.2 32.3 33.0 32.6 32.4 31.8 32.3 31.6
86-90 14.7 14.4 14.7 14.9 16.0 16.2 17.0 17.3 17.8
91-95 5.0 4.9 5.3 5.1 5.0 5.6 5.7 5.5 5.7

Race/ethnicity
Non-Hispanic
white

87.8 87.4 87.4 87.4 87.3 87.3 87.1 86.5 86.3 , .001

African
American

7.0 6.8 6.6 6.4 6.1 5.6 5.7 5.8 5.6

Other 5.2 5.8 6.0 6.2 6.5 7.0 7.2 7.7 8.1

Men, % 35.8 36.6 37.2 37.4 38.6 39.2 39.8 40.6 41.2 , .001

Charlson index
0 85.3 85.2 83.9 85.5 85.8 86.1 85.9 86.7 87.3 , .001
1 8.1 8.2 8.8 7.9 7.6 7.4 7.6 7.1 6.6
. 1 6.5 6.6 7.3 6.6 6.6 6.5 6.6 6.1 6.1

Medicare state
buy-in program
entitlement

11.1 11.2 10.9 10.8 10.7 10.6 10.6 10.5 11.1 . .05

Urban/rural
status
Large metro 45.4 45.9 46.5 46.3 46.2 46.6 46.0 46.0 46.7 , .05
Metro 32.6 32.1 32.4 32.2 32.3 32.1 32.4 32.3 32.2
Urban 7.4 7.7 7.4 7.5 7.6 7.4 7.5 7.5 7.5
Less urban/
rural

14.5 14.3 13.7 14.0 13.9 13.8 14.2 14.2 13.6

Abbreviations: CRC, colorectal cancer; DCBE, double-contrast barium enema; FFS, fee for service; FOBT, fecal occult blood test; FS, flexible sigmoidoscopy.
*The Pearson x2 test was used to test time trends.
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Table 2. Rates of CRC Screening Adherence by Demographic Variables Among Average-RiskMedicare FFS Beneficiaries Age
76 to 95 Years From 2002 to 2010

CRC screening type by demographic variable

% Adherence Rate by Year

2002 2003 2004 2005 2006 2007 2008 2009 2010

Age 76-80 years
Overall CRC screening adherence 15.4 15.9 17.1 17.0 18.3 19.6 22.6 23.6 25.7
Colonoscopy 3.0 5.3 7.6 10.2 13.2 16.1 19.6 21.0 23.6
FS/DCBE 3.9 3.3 2.5 1.5 1.1 0.6 0.5 0.4 0.2
FOBT 8.5 7.3 6.9 5.2 4.1 2.8 2.5 2.2 1.9

Age 81-85 years
Overall CRC screening adherence 12.6 12.4 13.5 13.1 13.6 15.4 16.8 19.1 20.9
Colonoscopy 1.8 3.2 4.5 6.3 8.4 11.7 13.7 16.8 19.0
FS/DCBE 3.0 2.5 2.1 1.4 0.9 0.6 0.4 0.3 0.3
FOBT 7.8 6.7 6.8 5.4 4.4 3.1 2.7 2.0 1.6

Age 86-90 years
Overall CRC screening adherence 8.4 8.1 9.0 8.4 8.3 9.2 11.4 12.5 15.2
Colonoscopy 1.1 1.6 2.4 2.8 4.6 6.1 8.9 11.0 13.5
FS/DCBE 1.6 1.6 1.3 1.1 0.6 , 1.0* , 1.0 , 1.0 , 1.0
FOBT 5.7 4.9 5.4 4.5 3.2 2.9 2.4 1.5 1.6

Age 91-95 years
Overall CRC screening adherence 4.4 4.1 6.0 3.0 3.9 5.0 5.6 6.9 8.7
Colonoscopy , 1.0 , 1.0 , 1.0 , 1.0 1.6 3.3 4.5 6.1 8.2
FS/DCBE 1.2 1.0 0.8 0.4 , 1.0 , 1.0 , 1.0 , 1.0 , 1.0
FOBT 3.1 2.6 4.3 1.7 2.2 1.6 , 1.0 , 1.0 , 1.0

Non-Hispanic white
Overall CRC screening adherence 13.6 13.7 14.9 14.3 15.2 16.4 18.6 20.2 22.2
Colonoscopy 2.3 4.0 5.7 7.7 10.2 12.9 15.7 17.9 20.2
FS/DCBE 3.3 2.8 2.2 1.4 0.9 0.5 0.4 0.3 0.2
FOBT 8.0 6.9 6.9 5.2 4.1 3.0 2.5 2.0 1.8

Black
Overall CRC screening adherence 5.9 6.6 6.7 7.6 8.7 10.8 11.6 12.6 15.7
Colonoscopy 1.2 2.2 3.1 4.2 6.0 8.6 10.1 11.6 14.5
FS/DCBE 2.0 1.8 1.1 1.0 , 1.0 , 1.0 , 1.0 , 1.0 , 1.0
FOBT 2.7 2.6 2.5 2.3 2.0 1.4 1.4 , 1.0 , 1.0

Other race/ethnicity
Overall CRC screening adherence 11.0 11.4 11.7 11.0 10.2 11.3 13.6 14.5 16.1
Colonoscopy 2.3 4.0 5.3 5.8 6.6 8.8 10.4 12.4 14.6
FS/DCBE 2.4 1.9 1.5 1.0 , 1.0 , 1.0 , 1.0 , 1.0 , 1.0
FOBT 6.3 5.4 5.0 4.2 3.5 2.4 2.9 1.9 1.4

Female
Overall CRC screening adherence 12.4 12.4 13.4 12.8 13.3 14.2 16.4 17.7 20.2
Colonoscopy 1.8 3.2 4.6 6.5 8.3 10.7 13.4 15.5 18.1
FS/DCBE 2.7 2.4 1.8 1.1 0.8 0.4 0.4 0.3 0.2
FOBT 7.9 6.9 6.9 5.2 4.2 3.0 2.7 1.9 1.8

Male
Overall CRC screening adherence 13.9 14.2 15.4 15.2 16.3 18.2 20.0 21.7 23.1
Colonoscopy 3.0 5.1 7.0 8.8 11.8 14.9 17.5 19.4 21.4
FS/DCBE 3.9 3.2 2.6 1.8 1.0 0.6 0.3 0.3 0.2
FOBT 6.9 5.9 5.8 4.6 3.5 2.7 2.1 2.0 1.5

Abbreviations: CRC, colorectal cancer; DCBE, double-contrast barium enema; FFS, fee for service; FOBT, fecal occult blood test; FS, flexible sigmoidoscopy.
*Values of , 1.0 were imputed because the numerators in these cells were too small to make reliable estimates, according to the requirement by the data
provider.
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the proportions among white counterparts were 10.2% and
89.6%, respectively. In sexdifferences,menweremore likely than
women to be adherent. The sex gaps that had been largely driven
by differences in adherence to colonoscopy became wider over
time and reached adifference of three percentage points by 2010.

Logistic Regression
Four logistic regressions used to estimate the associations of
independentvariableswithCRCscreeningadherenceare listed
in Appendix Table A1 (online only). The first model, which
used the entire sample, showed that older age was associated
with lower overall adherence rates (all P , .05). Compared
with whites, blacks were less likely to be adherent (odds ratio
[OR], 0.61; 95% CI, 0.57 to 0.65). Men were more likely than
women to be adherent (OR, 1.13; 95% CI, 1.10 to 1.16). The
associations of the Charlson comorbidity index with overall
adherence were mixed. Compared with a Charlson comor-
bidity index of 0, an index of 1 slightly increased the likelihood
of overall adherence (OR, 1.06; 95% CI, 1.01 to 1.12),
whereas a Charlson comorbidity index greater than 1 de-
creased the likelihood (OR, 0.83; 95% CI, 0.78 to 0.88). En-

titlement to a Medicare state buy-in program was associated
with a lower likelihood of overall adherence (OR, 0.37; 95%CI,

0.34 to 0.39). Residence in large metro areas (populations
greater than 1 million) was associated with a lower likelihood
of overall adherence than residence in metro or urban areas
(populations between 250,000 and 1 million; both P , .05).
The second model restricted the entire sample to the sub-
sample of individuals who were adherent. As age increased,
beneficiaries were less likely to be adherent to receiving a
colonoscopy (P , .05). Blacks were significantly more likely
than whites to be adherent to colonoscopy (OR, 1.32; 95% CI,
1.13 to 1.55);menweremore likely thanwomen tobe adherent
to colonoscopy (OR, 1.46; 95% CI, 1.38 to 1.55). Beneficiaries
who had a Charlson comorbidity index of 1 or. 1 were more
likely to be adherent to colonoscopy than those who had a an
index of 0 (both P , .05). The results of the two remaining
regression models, both restricted to beneficiaries age 86 to
95 years only, were similar to the first and second models,
respectively.

DISCUSSION
Among average-risk Medicare FFS beneficiaries age 76 to
95 years, overall screening adherence rates increased steadily
from 13.0% to 21.4% from 2002 to 2010. Among the adherent,
the proportions of adherence to colonoscopy increased from
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17.1% to 91.1%, and the proportions of adherence to the other
three modalities continued to decline. The rapid increase in
overall adherence rateswas likely associatedwith theMedicare
coverage policy of screening colonoscopy for the average-risk
beneficiaries that took effect in 2001 and with the 10-year
screening interval recommended for colonoscopy.

Because routine CRC screening services, particularly co-
lonoscopy for the average-risk individual older than 75 years,
were not endorsed by the USPSTF recommendations, this
study additionally examined the rates among a subpopulation
of the average-risk beneficiaries age 86 to 95 years, in which all
CRC screening adherence, according to the Medicare CRC
screening coverage policy, was the result of CRC screening
services received after the age of 75 years. For this sub-
population, the overall adherence rate increased from 8.4% to
15.18% among those age 86 to 90 years and from 4.4% to 8.7%
among those age 91 to 95 years during the 9-year period. These
increases were largely driven by use of colonoscopy.

Among those age 76 to 95 years, adherence rates of blacks
were seven percentage points lower than those of white in-
dividuals during the study period. Across the 2002 to 2010

period though, adherence rates of blacks increasedmuch faster
than those of whites, largely driven by a notable racial/ethnic
difference in adherence to use of colonoscopy. Similarly, lo-
gistic regression analyses suggested that, among those who
were adherent, blacks were more likely than whites to be
adherent to colonoscopy. We also observed sex gaps in ad-
herence rates: men were consistently more likely than women
to be adherent across the 9-year period. Not surprisingly, the
gaps appear to be associated with much greater use of colo-
noscopy by men.

Toourknowledge, this is the first study to report the ratesof
CRC screening adherence among average-risk Medicare FFS
beneficiaries since Medicare started its screening colonos-
copy coverage for the average-risk individual. Previous
studies reported increases in CRC screening among the
elderly.3,12-14,26-29However, almost all of these studies focused
on the use of CRC screening services without distinguishing
the risk level for CRC. As a result, an evaluation of overuse is
not possible, because the patients may have been at higher-
than-average risk for CRC.

The reported gaps between blacks and whites in overall
adherence rates were modestly encouraging. Although the
magnitude of the disadvantages of blacks remained constant,
adherence rates of blacks increasedmore rapidly than those of
whites since 2002. Our results were similar to those reported

elsewhere on the use of CRC screening services.3,26,30-33

However, there were some concerns that blacks, particu-
larly those age 86 to 95 years, may have overused colonoscopy
as the primary screening modality simply to keep the ad-
herence rates of blacks similar to the rates of other racial/
ethnic groups. The sex gaps in this study were similarly re-
ported in veteran populations age 50 to 64 years.15

This associational study has fivemain limitations. First, we
were concerned about potential incompatibility of the nine
cohorts during the study period. The sample size became
smaller over time, and higher proportions of beneficiaries age
86 to 95 yearswere observed in the later years. One of themain
reasons for these observed shifts was the increase in Medicare
HMO enrollment that kept a larger number of frailer bene-
ficiaries in our cohorts over time.As a result, the reported rates
of overall adherence and of adherence to colonoscopy in the
later years may be under-reported. Second, our study may be
subject to some measurement errors. The method for iden-
tifying average-risk populations and for determining types of
modality, although well validated, may still be subject to this
typeoferror.Forexample,althoughthis studywas intended for

average-risk beneficiaries, our sample may have possibly
included a small proportion of higher-risk beneficiaries (eg,
diagnosesof the first-degree familymemberswhohadahistory
of CRC or prior polyp/adenoma history may be under-
recorded in claims data). However, the recently published
claimsdata-basedmeasurementmethodused in this studyhad
high specificity for identifying average-risk populations.15,16

Another type of measurement error is the possible un-
reliability of using claims data to determine adherence to
FOBT.14 As a result, we might have under-reported overall
adherence rates. However, studies have shown that the use of
FOBT has notably decreased over time, so potential under-
reporting would not significantly alter the observed rates and
associations.18 In addition, our method for measuring ad-
herencemaybe subject to error. For example, if CRCscreening
services were recommended by physicians but somehowwere
not delivered to patients, our method, which is based on the
screening services actually rendered, may yield lower overall
adherence rates. However, the information on screening
recommendations is not available in claims data.

Third, this studywasunable todetermine inappropriateness
of CRC screening services, especially colonoscopy.We used the
Charlson comorbidity index as a proxy of beneficiary frailty in
assessing whether higher frailty was associated with lower rates
of overall adherence and of adherence to colonoscopy. The
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logistic regressions yieldedmixed results. Thus, wewere unable
to infer inappropriateness of the observed high rates of overall
screening adherence and of adherence to colonoscopy among
beneficiaries age 86 to 95years. Fourth,wewereunable to assess
whether the increased CRC screening adherence rates among
the average-risk Medicare FFS beneficiaries older than age 75
years were associated with CRC outcomes (eg, early detection),
because no data are currently available for such an assessment.
Finally, thegeneralizabilityof this studywas limited,becauseour
results may not be applicable to other populations, such as
Medicare HMO beneficiaries.

This study has made significant contributions to better
understand the patterns of CRC screening adherence among
average-risk Medicare FFS beneficiaries older than age 75
years. We observed that high proportions of average-risk
Medicare FFS beneficiaries age 86 to 95 years were adherent
tocolonoscopy.Thisobservation indicatespotential overuseof
colonoscopies for screening the average-risk individual older
than age 75 years. This finding suggests that, to improve ef-
ficiency of CRC screening delivery, Medicare should start
considering reimbursement of physicians for the time they

spend discussing the benefits and risks of screening colo-
noscopy for the elderly.
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Appendix

Table A1. Results of Logistic Regression of Associations of Demographic andOther VariablesWith CRCScreeningAdherence

Variable

Regression Result by Model*

M1 (n = 187,372) M2 (n = 29,366) M3 (n = 39,543) M4 (n = 3,516)

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Age, years
76-80 Ref Ref n/a n/a
81-85 0.74 0.72 to 0.77 0.69 0.65 to 0.74 n/a n/a
86-90 0.46 0.45 to 0.48 0.52 0.47 to 0.57 Ref Ref
91-95 0.24 0.22 to 0.26 0.44 0.35 to 0.54 0.52 0.47 to 0.57 0.79 0.63 to 1.01

Race/ethnicity
Non-Hispanic white Ref Ref Ref Ref
Black 0.61 0.57 to 0.65 1.32 1.13 to 1.55 0.56 0.46 to 0.68 2.34 1.43 to 3.81
Other 0.82 0.78 to 0.87 1.01 0.89 to 1.15 0.82 0.69 to 0.98 1.36 0.87 to 2.11

Sex
Female Ref Ref Ref Ref
Male 1.13 1.10 to 1.16 1.46 1.38 to 1.55 1.30 1.21 to 1.40 1.15 0.96 to 1.37

Charlson comorbidity index
0 Ref Ref Ref Ref
1 1.06 1.01 to 1.12 1.19 1.07 to 1.33 1.11 0.98 to 1.25 1.62 1.21 to 2.16
. 1 0.83 0.78 to 0.88 1.15 1.01 to 1.31 0.94 0.82 to 1.08 1.51 1.10 to 2.07

Medicare state buy-in
program entitlement

0.37 0.34 to 0.39 0.78 0.68 to 0.90 0.39 0.33 to 0.46 0.89 0.59 to 1.35

Rural/urban status
Large metro Ref Ref Ref Ref
Metro 1.26 1.22 to 1.29 1.20 1.12 to 1.28 1.12 1.03 to 1.21 1.21 1.00 to 1.46
Urban 1.10 1.05 to 1.16 1.16 1.04 to 1.30 1.02 0.89 to 1.17 1.38 0.99 to 1.92
Less urban/rural 0.77 0.74 to 0.80 1.24 1.12 to 1.36 0.76 0.67 to 0.86 1.66 1.23 to 2.24

NOTE. Year dummies, not reported, were all statistically significant at 5%.
Abbreviations: CRC, colorectal cancer; n/a, not applicable; OR, odds ratio; Ref, reference cell.
*M1used thestudysample that consistedof the9-year cohort, and thedependentvariablewas theadherencestatus (1 if adherentor0otherwise).M2used the
subsample ofM1whowere adherent, and the dependent variablewas the status of adherence to colonoscopy (1 if colonoscopy or 0 if the othermodalities).M3
used the subsample of M1whowere age 86 to 95 years, and the dependent variable was coded similarly to the one inM1.M4 used the subsample of M2who
were age 86 to 95 years, and the dependent variable was coded similarly to the one in M2.
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