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Abstract
Purpose Colonoscopy and flexible sigmoidoscopy are both recommended colorectal cancer (CRC) screening strategies, but their
relative effectiveness is unclear. We sought to evaluate the ability of each of these two modalities to reduce CRC mortality.
Methods We conducted a case-control study using the Surveillance, Epidemiology, and End Results (SEER)-Medicare database.
Cases were persons aged 70–85 years who died of CRC and were matched to up to three non-CRC controls. Receipt of
endoscopy was ascertained from Medicare claims and endoscopy indication assigned using a validated algorithm. Conditional
logistic regression models were developed to estimate the association between screening colonoscopy or sigmoidoscopy and
CRC mortality. We conducted secondary analyses by race, sex, and endoscopist characteristics, and with varying duration of the
look-back period.
Results In the initial analysis using all available look-back years, screening flexible sigmoidoscopy was associated with a 35%
reduction in CRC mortality (OR 0.65, 95% CI 0.48, 0.89), while screening colonoscopy was associated with a 74% reduction
(OR 0.26, 95%CI 0.23, 0.30). Sigmoidoscopy was not associated with any reduction in proximal CRCmortality. The association
between colonoscopy and reduced CRC mortality was stronger in the distal than the proximal colon. Results were similar in
analyses using a 5-year look-back period.
Conclusions Screening colonoscopy was associated with greater reductions in CRCmortality than screening sigmoidoscopy, and
with a greater reduction in the distal than the proximal colon. These results provide additional information on the relative benefits
of screening for CRC with sigmoidoscopy and colonoscopy.
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Introduction

Screening for colorectal cancer (CRC) in average-risk individ-
uals is recommended beginning at the age of 45 or 50 years
[1–3]. Screening options include colonoscopy, flexible sig-
moidoscopy with or without fecal occult blood or immuno-
chemical testing (FOBT/FIT), and FOBT/FIT alone. Direct
evidence on the comparative effectiveness of these screening
options is scarce. In the USA, colonoscopy is themost popular
screening modality; however, its efficacy is supported primar-
ily by observational evidence [4–6], and methodologic issues
such as missing information on endoscopy indication may
affect the validity of some studies [4, 5]. Specifically, many
CRC mortality studies excluded colonoscopies performed
within 3–6 months of cancer diagnosis, potentially over-
estimating screening effectiveness [4, 5, 7–9]. To reduce bias,
identifying the indications for exams such as colonoscopy or
sigmoidoscopy is needed, with analysis of only screening or
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surveillance exams during the entire periodwhen occult CRCs
or their precursors are present [10].

Both colonoscopy and sigmoidoscopy can detect and re-
move polyps, potentially preventing malignant transformation
and decreasing CRC incidence and mortality. Both can also
provide early detection of asymptomatic cancers, which might
further decrease mortality. Randomized controlled trials have
demonstrated reductions in overall CRC incidence and mor-
tality with screening sigmoidoscopy [11–15]. Randomized
controlled trials of screening colonoscopy are ongoing, but
definitive results will not be available until 2022 or 2026–
2027 [16–18]. In a population-based screening program, co-
lonoscopy has short-term disadvantages compared to flexible
sigmoidoscopy, including higher complication risk [19],
greater need for sedation, higher level of operator skill, and
higher overall cost.

Because colonoscopy can examine the entire colon, its ef-
fectiveness in reducing mortality is hypothesized to be supe-
rior to that of flexible sigmoidoscopy, which only directly
examines the distal colon. While randomized trials have
shown flexible sigmoidoscopy to be less effective for reduc-
tion of proximal than distal CRC mortality [11–14], observa-
tional colonoscopy studies also suggest differences in effec-
tiveness by location [4–6]. Therefore, the comparative effec-
tiveness of colonoscopy and sigmoidoscopy needs
clarification.

Direct comparisons of colonoscopy and sigmoidoscopy in
the same population would be helpful to inform patients, pro-
viders, and policy makers about CRC screening options [20].
Thus, the aim of this study was to compare the effectiveness of
screening colonoscopy and flexible sigmoidoscopy in reduc-
ing CRCmortality.We used linked data from the Surveillance,
Epidemiology, and End Results (SEER) program and
Medicare claims [21], as well as a validated algorithm to dis-
cern indications for colonoscopy and sigmoidoscopy [22].

Methods

Case selection and control identification

The SEER database collects population-based information on
incident cancers, covering approximately 28% of the US pop-
ulation [21]. These data are linked to the corresponding
Medicare claims via a deterministic algorithm [21]. Cause of
death is ascertained by SEER from death certificates. Cases
were defined as individuals aged 70 to 85 years with a first
diagnosis of CRC between 1996 and 2013 who subsequently
died of this malignancy. Potential cases who died of other
causes were excluded. Age 70 was chosen as the minimal
diagnosis age so that cases would have at least 5 years in
which to assess screening history (i.e., the look-back period),
as Medicare enrollment most commonly begins at age 65.

Potential cases were excluded if they had a prior cancer diag-
nosis at another site in the SEER-Medicare data. Subjects
were required to have had continuous enrollment in both
Part A and B fee-for-service Medicare without health mainte-
nance organization enrollment for at least 5 years prior to the
diagnosis date to maximize claims completeness. Additional
exclusion criteria included receipt of a barium enema or com-
puted tomography (CT) colonography, or a diagnosis of CRC
(International Classification of Disease-9-Clinical
Modification [ICD-9-CM] codes V10.05, V10.06) or inflam-
matory bowel disease (ICD-9-CM codes 555.x, 556.x) more
than 6 months prior to the cancer diagnosis date. Subjects
were also excluded if they had evidence of a colorectal resec-
tion at any time prior to the cancer diagnosis date.

Controls were identified from the 5% SEER-Medicare
non-cancer sample and were matched to cases by sex, calen-
dar year of birth, race, and SEER region of residence at the
reference date (the CRC diagnosis date for the matched case).
Controls were required to have been alive at the date of death
of their matched case. Controls had the same requirements for
Medicare enrollment and medical history as cases, and had to
have an available look-back period at least as long as that of
their matched case. From the eligible pool, we randomly se-
lected up to three controls per case. If fewer than three poten-
tial controls were available, we selected all available controls.
Cases without available controls were dropped from analysis.

Identification of screening/surveillance flexible
sigmoidoscopy and colonoscopy

We used International Classification of Disease-9-
Procedures (ICD-9-P), Current Procedural Terminology
(CPT), and Healthcare Common Procedure Coding
System (HCPCS) codes in the Medicare Carr ier,
Outpatient, and MedPAR (inpatient) files to ascertain re-
ceipt of colonoscopy and flexible sigmoidoscopy
(Supplemental Table 1). We used a validated algorithm to
classify the indications for colonoscopy as screening, sur-
veillance, or diagnostic [22]. This algorithm incorporates
demographic information, ICD-9-CM diagnosis and CPT/
HCPCS procedure codes from the colonoscopy claim and
claims in the 12 months prior, and colonoscopy site of ser-
vice. We adapted this algorithm to identify indications for
sigmoidoscopy, as we expected similar coding patterns as
for colonoscopy. Because of poor ascertainment in claims
data, we did not consider use of FOBT [23]. The vast ma-
jority of inpatient colonoscopies and sigmoidoscopies were
performed for diagnostic indications; therefore, all inpatient
endoscopies were classified as diagnostic. Colonoscopies
and sigmoidoscopies performed for diagnostic indications
were ignored in the analysis, and only subjects with screen-
ing or surveillance procedures were considered exposed.
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Definition of the look-back period for ascertainment
of CRC screening histories

In studying CRC mortality, the goal is to evaluate screen-
ing procedures that occur in the combined pre-invasive
detectable phase (PIDP) and occult invasive phase
(OIP), collectively known as the detectable preclinical
phase (Supplemental Figure 1) [24]. In the PIDP, prema-
lignant lesions such as adenomatous polyps can be iden-
tified and removed, potentially preventing their malignant
transformation and reducing CRC incidence and mortali-
ty. In the OIP, an invasive cancer is already present but is
asymptomatic. Screening during the OIP can result in ear-
lier stage at diagnosis, increasing CRC survival. If a can-
cer is detected through investigation of symptoms, the
detectable preclinical phase has passed. Therefore, exams
performed for symptom evaluation should be excluded
when studying cancer mortality. The detectable preclinical
period cannot be directly observed; however, the PIDP is
commonly estimated at up to 10 years and the OIP at 1–
2 years for CRC [25].

Due to SEER-Medicare linkage protocol constraints, eligi-
ble subjects had claims available for at least 5 to 7 years before
the reference date, depending upon the reference date year
[26]. For this study, we conducted analyses using look-back
periods of all available years or restricted to 5 years.

Exposure classification

We defined three exposure categories: (1) no screening by
lower endoscopy, (2) colonoscopy screening only, and (3)
flexible sigmoidoscopy screening only. The no screening
by lower endoscopy group included subjects without
screening/surveillance colonoscopy or sigmoidoscopy
during the look-back period. The colonoscopy screening
group included subjects whose first or only screening/
surveillance exam during the look-back period was a co-
lonoscopy and who had no screening sigmoidoscopies.
This group also included subjects with a surveillance sig-
moidoscopy after a screening/surveillance colonoscopy.
The flexible sigmoidoscopy screening group included
subjects whose first or only screening endoscopy in the
look-back period was a sigmoidoscopy and who had no
screening colonoscopies. This group also included sub-
jects with an initial screening sigmoidoscopy followed
by one or more surveillance colonoscopies. We assumed
that surveillance colonoscopies in this group were per-
formed to follow-up on abnormalities in the initial flexi-
ble sigmoidoscopy. Potential cases with more complex
exposures, such receipt of both screening colonoscopy
and sigmoidoscopy, were excluded along with their
matched controls because of ambiguity in attributing
exposure.

Covariates

Covaria tes included demographic , c l inica l , and
endoscopist variables, determined at the reference date.
Demographic data included residential urbanicity based
on the Rural-Urban Commuting Area system (RUCA)
[27] and area-level socioeconomic status, defined as the
median income of the residential ZIP code from US
Census data. We classified comorbidity status using an
adaptation of the Charlson comorbidity index developed
for SEER-Medicare data [28]. We attempted to identify
family history of CRC using ICD-9-CM code V16.0 (fam-
ily history-gastrointestinal neoplasm). However, we be-
lieved ascertainment of family history of CRC was unre-
liable because a greater proportion of controls than cases
had at least one claim with these codes, and did not in-
clude this variable in our analysis.

We classified endoscopist specialty by linking the
National Provider Identification (NPI) or the Unique
Physician Ident i f icat ion Number (UPIN) of the
endoscopist on the procedure claim to the American
Medical Association (AMA) Physician Masterfile [29,
30]. If the identifiers could not be linked to the
Masterfile, we assigned the specialty listed on the
Medicare claims. Endoscopist specialty was classified as
gastroenterology, surgery (including general or colorectal
surgery), primary care, and other/unknown. We deter-
mined endoscopists’ polyp detection rate by aggregating
data across all their colonoscopy claims in the 5% non-
cancer sample. Polyp detection rate was defined as the
proportion of all colonoscopies with an ICD-9-CM code
for colorectal polyp (Supplemental Table 1). We did not
determine polyp detection rate for sigmoidoscopy and
could not estimate adenoma detection rate because pathol-
ogy data were not available. Endoscopist-related variables
were classified as unknown/missing for the < 1% of the
Carrier and Outpatient claims with multiple physician
identifiers.

Data analysis

All analyses were conducted with SAS 9.4 (SAS Institute,
Cary, North Carolina). Using conditional logistic regres-
sion models, we estimated the odds ratios (OR) and 95%
confidence intervals (CI) for exposure to either colonos-
copy or flexible sigmoidoscopy in cases compared to con-
trols. All models were adjusted for comorbidity, residen-
tial median income, and residential urbanicity.

To minimize bias, we conducted separate analyses for
flexible sigmoidoscopy and colonoscopy using analytic
time periods when utilization of each modality was rela-
tively stable [31]. Based on screening test utilization in
the eligible potential controls (Supplemental Table 1),
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screening flexible sigmoidoscopy was most common be-
tween 1998 and 2002. Screening colonoscopy utilization
increased after 2002 and thereafter remained stable. To
allow for a sufficiently long look-back period and assum-
ing a delay between screening initiation and CRC mortal-
ity reduction, we examined screening flexible sigmoidos-
copy in cases diagnosed in 1996–2006 who died in 2004–
2006 and screening colonoscopy in cases diagnosed in
1996–2013 who died in 2011–2013.

Our base-case analysis used all available years of data as
the look-back period, with sensitivity analyses using a 5-year
look-back period [32]. In all analyses, we tabulated receipt of
screening for controls only within the available look-back
period of their matched case.

We developed additional models stratified by sex, race, and
cancer site (proximal colon, distal colon, unknown). The prox-
imal colon was defined as the cecum through the splenic flex-
ure, and the distal colon as the descending colon, sigmoid

colon, and rectum. We also explored whether associations
differed according to endoscopist characteristics.

Results

We identified 169,408 subjects as potential cases (Fig. 1).
After applying exclusion criteria, 89,645 eligible cases
remained. Matched controls were unavailable for 12,554
cases, leaving 77,091 incident cases available for analysis.
We chose 5042 cases who died of CRC in 2004–2006 for
the flexible sigmoidoscopy analysis, and 4548 cases who died
in 2011–2013 for the colonoscopy analysis. The demographic
characteristics of cases and controls were similar within each
time period (Table 1). Approximately, 42–43% of cases had
proximal tumors, depending on the analysis period (Table 2).
Forty to 41% of cancers were diagnosed at distant stage.

SEER cases with initial diagnosis of invasive CRC 

1996-2013, age 70-85

(n=169,408)

Exclude those with:

-Evidence of CRC >6 months prior to diagnosis (n=3,245)

-Evidence of inflammatory bowel disease >6 months prior to diagnosis (n=1,131)

-CT colonography or barium enema >6 months prior to diagnosis (n=6,594)

-Evidence of colonic resection at any time prior to diagnosis (n=3,211)

-

Eligible cases with incident CRC

(n=77,091)

Mixed exposure pattern

(n=9)

Cases who died 2004-2006

Eligible for flexible sigmoidoscopy 

analysis

(n=5,042)

Exclude those without at least one matching control

(n=12,554)

Exclude those not enrolled in Medicare Part A/B at 

diagnosis (n=51,217), or not continuously enrolled in 

Medicare Part A/B for 5 years prior to diagnosis (n=5,353)

Cases who died 2011-2013

Eligible for colonoscopy analysis

(n=4,548)

Exclude those enrolled in HMO at any time in 5 years 

prior to diagnosis (n=9,012)

Fig. 1 Selection of cases. CRC, colorectal cancer; SEER, Surveillance, Epidemiology, and End-Results
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Overall results

In the base-case flexible sigmoidoscopy analysis, 1.2% of
cases had evidence of screening sigmoidoscopy vs. 1.6% of
controls. In the base-case colonoscopy analysis, 6.5% of cases
had evidence of screening colonoscopy vs. 21.2% of controls.
Screening flexible sigmoidoscopy was associated with a 35%
mortality reduction (OR 0.65; 95% CI 0.48, 0.89), while
screening colonoscopy was associated with a 74% mortality
reduction (OR 0.26; 95% CI 0.23, 0.30) (Table 3). In the
sensitivity analysis using a 5-year look-back window, 0.9%
of cases had evidence of screening sigmoidoscopy vs. 1.2% of
controls, while 4.8% of cases had evidence of screening colo-
noscopy vs. 17.8% of controls. The magnitude of mortality
reduction for both procedures was similar to the base-case
analysis (Table 3).

Stratified analyses

Flexible sigmoidoscopy was associated with a 55% reduction
in distal CRCmortality (OR 0.45, 95%CI 0.26, 0.77) but with

no reduction in proximal CRC mortality (OR 0.84; 95% CI
0.56, 1.25) (Table 3). Colonoscopy was strongly associated
with reductions in both distal (OR 0.17; 95% CI 0.13, 0.21)
and proximal CRC (OR 0.38; 95% CI 0.32, 0.45).
Colonoscopy was associated with similar mortality reductions
in men and women, and in whites and blacks. Interpretation of
subgroup results was limited for flexible sigmoidoscopy be-
cause of wide confidence intervals.

We found similar reductions in CRC mortality for colonos-
copies performed by different endoscopist specialties
(Table 4). There was a modest, non-significant trend towards
greater reductions in CRC mortality associated with colonos-
copies by providers in the highest quartile of polyp detection
compared to the lowest quartile.

Discussion

We examined the effectiveness of screening flexible sigmoid-
oscopy and colonoscopy in reducing CRC mortality. While
both procedures were associated with reductions in overall

Table 1 Characteristics of colorectal cancer cases and matched controls, SEER-Medicare

Flexible sigmoidoscopy analysis Colonoscopy analysis

Characteristic (n, %) Cases
N = 5042

Controls
N = 10,704

Cases
N = 4548

Controls
N = 10,721

Age, years*

70–74 1503 (29.8) 3459 (32.3) 1491 (32.8) 4069 (38.0)
75–79 1686 (33.4) 3478 (32.5) 1540 (33.9) 3642 (34.0)
80–85 1853 (36.8) 3767 (35.2) 1517 (33.4) 3010 (28.1)

Sex
Male 2200 (43.6) 4309 (40.3) 2107 (46.3) 4818 (44.9)
Female 2842 (56.4) 6395 (59.7) 2441 (53.7) 5903 (55.1)

Race
White 4241 (84.1) 8926 (83.4) 3744 (82.3) 8801 (82.1)
African-American 507 (10.1) 1097 (10.2) 453 (10.0) 1031 (9.6)
Other/unknown 294 (5.8) 681 (6.4) 351 (7.7) 889 (8.3)

Median income, ZIP code of residence
< $40,000 1131 (22.4) 2529 (23.6) 929 (20.4) 2114 (19.7)
$40–49,999 1066 (21.1) 2298 (21.5) 924 (20.3) 2187 (20.4)
$50–59,999 880 (17.4) 1773 (16.6) 800 (17.6) 1852 (17.3)
$60–79,999 974 (19.3) 2110 (19.7) 935 (20.6) 2337 (21.8)

> $80,000 751 (14.9) 1722 (16.1) 769 (16.9) 1985 (18.5)
Unknown 240 (4.8) 272 (2.5) 191 (4.2) 246 (2.3)

Residential urbanicity
Large metropolitan 2527 (50.1) 5146 (48.1) 2361 (51.9) 5379 (50.2)
Metropolitan 1465 (29.1) 3300 (30.8) 1311 (28.9) 3362 (31.4)
Urban 352 (7.0) 726 (6.8) 294 (6.5) 697 (6.5)
Less urban 563 (11.2) 1211 (11.3) 480 (10.6) 1016 (9.5)
Rural/unknown 135 (2.7) 321 (3.0) 102 (2.2) 267 (2.4)

Charlson comorbidity score
0 2373 (47.1) 5233 (48.9) 1965 (43.2) 5076 (47.3)
1 1206 (23.9) 2411 (22.5) 1056 (23.2) 2457 (22.9)
2+ 1131 (22.4) 2264 (21.2) 1201 (26.4) 2527 (236)
Unknown 332 (6.6) 796 (7.4) 326 (7.2) 661 (6.2)

* Cases, at diagnosis; Controls, at reference date
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CRC mortality, the association was stronger for colonoscopy
than for sigmoidoscopy. The association with screening colo-
noscopy was also stronger in the distal than the proximal
colon, while screening sigmoidoscopy was not associated
with any reduction in proximal CRC mortality. This study
adds to prior literature by comparing the two screening mo-
dalities and by including only screening and surveillance co-
lonoscopies, potentially reducing bias in our estimates. Use of
the SEER-Medicare database allowed population-based ascer-

tainment and inclusion of a large number of subjects, increas-
ing precision of our estimates.

Our results are consistent with those obtained in ran-
domized controlled trials of flexible sigmoidoscopy, al-
though our subjects were generally older. The UK
Flexible Sigmoidoscopy screening trial found a 31% re-
duction in overall CRC mortality after one-time screening
sigmoidoscopy [11, 33]. The US PLCO flexible sigmoid-
oscopy trial found a 26% reduction in the risk of overall
CRC death after screening sigmoidoscopy, with effects
limited to the distal colon [12]. The NORCAPP trial also
found a 27% reduction in CRC death after screening sig-
moidoscopy, with benefits primarily seen in men after
long-term follow-up [14, 15]. Finally, the Italian SCORE
trial found a 38% reduction in CRC mortality after one-
time screening sigmoidoscopy [13].

The reductions in CRC mortality with colonoscopy are
consistent with prior observational studies. An analysis of
the Nurses’ Health Study and the Health Professionals
Follow-up Study found a 68% reduction in CRC mortality
after screening colonoscopy, with stronger effects in the distal
than proximal colon [6]. In a Canadian case-control study, any
colonoscopy was associated with a 37% reduction in the odds
of CRC death [4]. Similar case-control studies using SEER-
Medicare and Veterans Administration data also found ap-
proximately 60% reductions in CRC death associated with
colonoscopy, with similar differences by site [5, 34].
However, these three case-control studies were unable to de-
termine indications for colonoscopy and excluded colonosco-
pies performed within 6 months of CRC diagnosis, likely
introducing bias. A case-control study in the Kaiser

Table 2 Characteristics of colorectal cancer cases, SEER-Medicare

Characteristic (n, %) Flexible sigmoidoscopy
N = 5042

Colonoscopy
N = 4548

Year of diagnosis

1996–9 211 (4.2) 33 (0.7)

2000–3 2047 (40.6) 182 (4.0)

2004–6 2784 (55.2) 349 (7.7)

2007–9 – 1029 (22.6)

2010–13 – 2955 (65.0)

Site

Proximal 2116 (42.0) 1956 (43.0)

Distal 2588 (51.3) 2262 (49.7)

Unknown 338 (6.7) 330 (7.3)

SEER historic stage A

Local 799 (15.8) 828 (18.2)

Regional 1843 (36.6) 1531 (33.7)

Distant 1999 (39.6) 1884 (41.4)

Unknown 401 (8.0) 305 (6.7)

Table 3 Association of screening flexible sigmoidoscopy or colonoscopy with colorectal cancer mortality, SEER-Medicare

Flexible sigmoidoscopy
Adjusted odds ratio* (95% CI)

Colonoscopy
Adjusted odds ratio* (95% CI)

All available look-back 5-year look-back All available look-back 5-year look-back

Overall 0.65 (0.48, 0.89) 0.67 (0.47, 0.95) 0.26 (0.23, 0.30) 0.24 (0.21, 0.28)

Cancer site

Proximal 0.84 (0.56, 1.25) 0.93 (0.59, 1.46) 0.38 (0.31, 0.45) 0.35 (0.29, 0.43)

Distal 0.45 (0.26, 0.77) 0.41 (0.22, 0.78) 0.17 (0.13, 0.21) 0.15 (0.12, 0.20)

Unknown 0.38 (0.08, 1.83) 0.19 (0.02, 1.58) 0.22 (0.13, 0.35) 0.18 (0.10, 0.33)

Sex

Male 0.70 (0.44, 1.11) 0.87 (0.52, 1.45) 0.24 (0.20, 0.29) 0.23 (0.19, 0.29)

Female 0.62 (0.41, 0.95) 0.53 (0.32, 0.88) 0.28 (0.23, 0.33) 0.26 (0.21, 0.31)

Race

White 0.68 (0.49, 0.94) 0.76 (0.52, 1.10) 0.26 (0.22, 0.30) 0.24 (0.21, 0.28)

Black 0.49 (0.13, 1.78) 0.17 (0.02, 1.33) 0.40 (0.26, 0.60) 0.34 (0.22, 0.54)

Other/unknown 0.42 (0.09, 2.00) 0.21 (0.03, 1.71) 0.10 (0.04, 0.24) 0.11 (0.04, 0.29)

*Conditional logistic regression model adjusted for comorbidity, residential urbanicity, and residential median income
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Permanente population found a 67% reduction in the odds of
death associated with screening colonoscopy, with similar re-
ductions by cancer site [35]. In this study, only screening
procedures were included.

We found similar reductions in CRC mortality associated
with colonoscopies performed by different specialists.
Interpretation of subgroup analyses for flexible sigmoidosco-
py was limited because of the relatively small number of
screening sigmoidoscopies identified. Although not statisti-
cally significant, we saw a suggestion of greater protection
from CRC death after colonoscopy performed by an
endoscopist with a high polyp detection rate. Others have
found strong associations between adenoma detection rate
and risk of interval cancers and death [36, 37].

Limitations of our study include potential inaccuracies in
determining procedure indication. However, we used a validat-
ed algorithm with good discriminatory power for screening/
surveillance vs. diagnostic procedures. Because of the structure
of the SEER-Medicare database, the length of the available
look-back period was somewhat limited, and we could not
account for screening that might have occurred before the avail-
able look-back period. Nevertheless, sensitivity analyses using
varying look-back periods gave similar results. We did not
study the use of combined flexible sigmoidoscopy and FOBT
due to potential incomplete ascertainment of FOBT. We were
unable to reliably ascertain family history of CRC, but this may
be a less important consideration in our older subjects.

Because of evolving patterns of screening utilization,
we chose different time periods for the sigmoidoscopy

and colonoscopy analyses to minimize bias [31]. This
analytic choice may complicate interpretation of the com-
parative effectiveness of the two modalities. For example,
if treatment of screen-detected CRC is improving over
time, screening colonoscopy may appear to be more ef-
fective than sigmoidoscopy due to improved post-
diagnosis survival in the later time periods. However, im-
proved CRC treatment is unlikely to account for the entire
magnitude of the differences seen here. Although we ob-
tained data on specialty through the AMA Physician
Masterfile for most endoscopists, for some, we were lim-
ited to information contained on the Medicare claims.
Lastly, we were not able to directly examine endoscopists’
adenoma detection rates, but were limited to polyp detec-
tion rates. However, polyp detection and adenoma detec-
tion rates are correlated [38, 39].

In summary, we found that screening colonoscopy was
associated with greater reductions in CRC mortality than
screening sigmoidoscopy. For colonoscopy, the association
was stronger in the proximal colon than the distal colon, and
there was no reduction in mortality from proximal CRC asso-
ciated with screening sigmoidoscopy. These results provide
additional information about the relative effectiveness of the
two screening modalities.

Funding support This work was supported by a contract from
the National Cancer Institute of the National Institutes of
Health, HHSN261201600596P.

Table 4 Association between endoscopist characteristics and subsequent colorectal cancer mortality, SEER-Medicare

Flexible sigmoidoscopy
Adjusted odds ratio* (95% CI)

Colonoscopy
Adjusted odds ratio* (95% CI)

All available look-back 5-year look-back All available look-back 5-year look-back

Endoscopist specialty

Colonoscopy by gastroenterologist – – 0.25 (0.22, 0.30) 0.24 (0.20, 0.28)

Colonoscopy by surgeon – – 0.29 (0.21, 0.39) 0.26 (0.19, 0.37)

Colonoscopy by primary care provider – – 0.32 (0.19, 0.55) 0.26 (0.14, 0.51)

Sigmoidoscopy by gastroenterologist 0.66 (0.40, 1.10) 0.85 (0.58, 1.59) – –

Sigmoidoscopy by surgeon 0.66 (0.23, 1.89) 0.36 (0.09, 1.41) – –

Sigmoidoscopy by primary care provider 0.67 (0.44, 1.03) 0.62 (0.37, 1.01) – –

Sigmoidoscopy by unknown specialty 0.44 (0.10, 2.05) 0.64 (0.13, 3.14) – –

Colonoscopy polyp detection rate

Lowest quartile – – 0.33 (0.25, 0.43) 0.28 (0.21, 0.39)

Second quartile – – 0.31 (0.24 0.40) 0.29 (0.22, 0.39)

Third quartile – – 0.27 (0.21, 0.35) 0.26 (0.19, 0.34)

Highest quartile – – 0.18 (0.14, 0.24) 0.18 (0.14, 0.24)

Unknown – – 0.31 (0.16, 0.59) 0.30 (0.14, 0.63)

*Conditional logistic regression model adjusted for comorbidity, residential urbanicity, and residential median income
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