
endoscopy, but in many countries, particularly the United 
States, the dominant screening methods are endoscopy (i.e., 
flexible sigmoidoscopy and colonoscopy). This evidence-
based review looks at the impact of sigmoidoscopy and 
colonoscopy on CRC incidence, CRC mortality and overall 
mortality. Because the purpose is to look at the effect of sig-
moidoscopy and colonoscopy on the general population, 
studies that focus only on patients who underwent polypec-
tomy were not included.

FLEXIBLE SIGMOIDOSCOPY

Flexible sigmoidoscopy has long been used for CRC 
screening, and continues to be popular in many countries. 
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REVIEW

INTRODUCTION

Screening for colorectal cancer (CRC) in average-risk or 
high-risk patients has become the standard of care in most 
developed countries. Such screening can be accomplished 
by various modalities, including fecal occult blood testing, 
fecal DNA testing, CT colonography and colonic capsule 

Screening for colorectal cancer (CRC) using sigmoidoscopy or colonoscopy is now common in many developed countries. 
This concise, evidence-based review looks at the impact of sigmoidoscopy or colonoscopy screening on CRC incidence, CRC 
mortality and overall mortality. Data from controlled retrospective and prospective (observational or randomized) studies 
have generally shown that sigmoidoscopy and colonoscopy, whether for diagnostic, screening or surveillance purposes, are 
associated with a significant reduction in CRC incidence and CRC mortality. The data on their impact on overall mortality 
is much more limited, with most studies unable to report a reduction in overall mortality. The results of three meta-analyses 
have confirmed these conclusions. As expected, sigmoidoscopy has a predominant effect on left-sided CRC, although some 
studies have shown modest effects on right-sided colon cancer as well. Most studies on colonoscopy have demonstrated that 
the protective effect applies to both right and left-sided cancer, although the protection seemed better on the left side. Despite 
the introduction of other screening and diagnostic modalities for the colon, such as computed tomography colonography and 
colonic capsule endoscopy, lower endoscopy will continue to be an important mode of screening for CRC and evaluating the 
colon. (Intest Res 2014;12:268-274)
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It has the advantages of being more widely available (it can 
be competently performed by appropriately trained primary 
care providers, surgeons, or even non-physician providers), 
quicker (the procedure time is shorter and there is often no 
need for sedation), more convenient (no need for whole 
colon bowel preparation) and less expensive than colonos-
copy. If an adenoma is discovered on sigmoidoscopy, then 
typically full colonoscopy is recommended because of the 
increased risk of a synchronous colonic neoplasm. Removal 
of large polyps with cautery snare polypectomy cannot be 
performed because of the risk of explosion since these pa-
tients have not undergone a full bowel preparation. Despite 
its undoubted efficacy, cross-sectional studies have shown 
that sigmoidoscopy may miss a substantial portion of right-
sided colonic neoplasia in patients without concurrent left-
sided neoplasia.1,2

IMPACT OF SIGMOIDOSCOPY ON CRC INCIDENCE

There is a substantial body of literature looking at the 
impact of sigmoidoscopy on CRC incidence (Tables 1 and 
2). The earliest evidence was provided by an American 
retrospective case-control study,3 and subsequently there 
have been a series of other case-control studies from various 
countries confirming that sigmoidoscopy is associated with 
a reduction in CRC incidence.4-8 Case-control studies typi-
cally present their findings as OR, which closely approximate 
risk ratios in low-prevalence conditions or outcomes; thus, 
an OR of <1.0 implies a protective effect of the “exposure”, in 
this case sigmoidoscopy, against an undesired outcome, for 
the purposes of this review either CRC development or mor-
tality.

In one of the earliest studies on this topic, 16,351 U.S. Vet-
erans Administration Health Care System patients with CRC 
were compared against age- and sex-matched controls.3 

Table 1. Prospective Studies on the Impact of Sigmoidoscopy or Colonoscopy on Colorectal Cancer (CRC) Incidence and Mortality

Study Endoscopies Controls Design Modality Time 
frame (yr) Conclusions Left colon  

benefit only?

Selby et al. (1988)14 5,156 5,557 RCT Sigmoidoscopy 16 ↓ CRC Incidence
↓ CRC Mortality

Yes

Kavanagh et al. (1998)11 3,195 21,549 Prospective 
Controlled

Sigmoidoscopy 
(mostly)

8 ↓ CRC Incidence
No Δ CRC Mortality

Yes

Thiis-Evensen et al. 
(1999)15

400 399 RCT Sigmoidoscopy 13 ↓ CRC Incidence
No Δ CRC Mortality
↑ Overall Mortality

No

Kahi et al. (2009)25 715 SEER Prospective 
(Historical Controls)

Colonoscopy 18 ↓ CRC Incidence
No Δ CRC Mortality

NA

Hoff et al. (2009)*18 13,653 41,092 RCT Sigmoidoscopy 7 No Δ CRC Incidence
No Δ CRC Mortality
No Δ Overall Mortality

NA

Atkin et al. (2010)13 57,099 112,939 RCT Sigmoidoscopy 11 ↓ CRC Incidence
↓ CRC Mortality
No Δ Overall Mortality

Yes

Segnan et al. (2011)17 17,148 17,144 RCT Sigmoidoscopy 11 ↓ CRC Incidence
No Δ CRC Mortality*
No Δ Overall Mortality*

Yes

Manser et al. (2012)26 1,912 20,774 Prospective 
Controlled

Colonoscopy 6 ↓ CRC Incidence
↓ CRC Mortality

No

Schoen et al. (2012)16 77,445 77,455 RCT Sigmoidoscopy 12 ↓ CRC Incidence
↓ CRC Mortality

No (incidence)
Yes (mortality)

Nishihara et al. (2013)12 43,192 45,710 Prospective 
Controlled

Either 22 ↓ CRC Incidence
↓ CRC Mortality

No

*Reduction in CRC mortality and all-cause mortality was statistically significant for the screened group in per-protocol analysis but not in intention-
to-treat analysis.
RCT, Randomized controlled trial; SEER, Surveillance, Epidemiology, and End Results; Δ, change; NA, not available.



Otto S. Lin, et al. • Impact of Endoscopic Screening on Colorectal Cancer

270 www.irjournal.org

The OR for exposure to previous sigmoidoscopy was 0.56 
[0.46−0.67] for colon cancer and 0.61 [0.49−0.75] for rectal 
cancer occurrence. This was followed by a population-
based case-control study involving 1,048 subjects with colon 
cancer (rectal cancers were excluded), with an OR of 0.56 
[0.44−0.77] for men and 0.53 [0.33−0.77] for women.4 A case-
control study from Germany then showed an OR of 0.28 
[0.16−0.48] for lower endoscopy (mostly sigmoidoscopy), 
with the protective effect extending for >10 years.5 Another 
population-based case-control study on 1,668 patients 
with CRC against 1,294 controls reported an OR of 0.24 
[0.17−0.33]; this study also showed a protective effect ex-
tending for as long as 16 years.6 These results were echoed 
by a Canadian case-control study with 971 cases and 1,944 
controls from the Ontario Cancer Registry, the OR being 
0.59 [0.46−0.76].7 Finally, a recent American case-control 
study with 471 cases and 509 controls showed an OR of 0.50 
[0.36−0.70] for sigmoidoscopy exposure.9 Against all this 

evidence, the only contradicting data come from two Dutch 
studies, one a retrospective cohort and the other a case-con-
trol study, both of which found only non-significant trends 
towards reduction in CRC incidence with sigmoidoscopy.8,10

Prospective non-randomized controlled studies have also 
shown that sigmoidoscopy is associated with reduction in 
CRC incidence.11,12 An earlier study on 24,744 men from a 
long-term prospective observational study, the Health Pro-
fessionals Follow-up Study, showed a relative risk for CRC 
of 0.58 [0.36−0.96] after a follow-up of 8 years after lower en-
doscopy (mostly sigmoidoscopy).11 More recently, a better 
designed study utilizing 22-year data from the Nurses Health 
Study, with 57,166 female subjects, as well as the Health 
Professionals Follow-up Study, with 31,736 male subjects, 
demonstrated convincingly that CRC incidence reduction 
was linked to screening sigmoidoscopy, with a relative risk of 
0.60 [0.53−0.68] after negative sigmoidoscopy.12

Randomized controlled trials provide the most important 

Table 2. Retrospective Studies on the Impact of Sigmoidoscopy or Colonoscopy on Colorectal Cancer (CRC) Incidence and Mortality

Study Cases/
screen Controls Design Modality Time 

frame (yr) Conclusions Left colon 
benefit only?

Newcomb et al. (1992)19 66 196 Case-control Sigmoidoscopy 
(mostly)

No limit ↓ CRC Mortality Yes

Selby et al. (1992)20 529 1,136 Case-control Sigmoidoscopy 10 ↓ CRC Mortality Yes

Muller and Sonnenberg 
(1995a)21

4,358 16,199 Case-control Either 8 ↓ CRC Mortality No

Muller and Sonnenberg 
(1995b)3

16,351 16,351 Case-control Either 7 ↓ CRC Incidence No

Scheitel et al. (1999)22 218 435 Case-control Sigmoidoscopy 10 No Δ CRC Mortality NA

Slattery et al. (2000)4 1,048 1,209 Case-control Sigmoidoscopy 10 ↓ CRC Incidence Yes*

Brenner et al. (2001)5 320 263 Case-control Sigmoidoscopy 
(mostly)

10+ ↓ CRC Incidence NA

Newcomb et al. (2003)6 1,668 1,294 Case-control Sigmoidoscopy 16 ↓ CRC Incidence Yes

Cotterchio et al. (2005)7 971 1,944 Case-control Either 5+ ↓ CRC Incidence Yes

Blom et al. (2008)10 771 1,215 Retrospective Cohort Sigmoidoscopy 9 No Δ CRC Incidence NA

Baxter et al. (2009)27 10,292 51,460 Case-control Colonoscopy 8 ↓ CRC Mortality Yes

Singh et al. (2010)28 54,803 Historical 
controls

Retrospective Cohort Colonoscopy 10 ↓ CRC Mortality Yes

Mulder et al. (2010)8 594 7,790 Case-control Either 5 ↓ CRC Incidence† Yes

Brenner et al. (2010)24 586 2,701 Retrospective Cohort Colonoscopy 10 ↓ AN Incidence Yes

Brenner et al. (2011)23 1,688 1,932 Case-control Colonoscopy 10 ↓ CRC Incidence No

Doubeni et al. (2013)9 471 509 Case-control Either 10 ↓ CRC Incidence Yes (sigmoidoscopy)
No (colonoscopy)

*Rectal cancers were excluded from this study.
†Statistically significant for colonoscopy but not sigmoidoscopy.
AN, advanced neoplasia; NA, not available; Δ, change.
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data on sigmoidoscopy and CRC incidence.13-17 The pivotal 
studies are the United Kingdom Flexible Sigmoidoscopy 
Trial, which showed a reduction in CRC incidence of 23% 
amongst 57,237 subjects in the screening group,13 the Italian 
‘Screening for COlon and REctum (SCORE)’ study, which 
showed a reduction of 18% amongst 17,148 subjects ran-
domized to screening sigmoidoscopy,17 and the U.S. Prostate, 
Lung and Colorectal Cancer (PLCO) Trial, which showed 
an incidence reduction of 21% amongst 77,445 screening 
subjects.16 Prior to this, there were three less conclusive 
randomized trials that also looked at the effectiveness of 
sigmoidoscopy in preventing CRC.14,15,18 In the Kaiser Perma-
nente Multi-phasic Evaluation Study, even though the inci-
dence of CRC in the study group (who underwent screening 
with various modalities) was lower than in the controls (4.3 
versus 6.7 cases per persons), a retrospective analysis of the 
trial data did not show any significant difference in exposure 
to sigmoidoscopy.14 In the small Telemark Polyp Study from 
Norway, which randomized 799 individuals, the relative risk 
was 0.2 [0.03−0.95].15 Finally, the Norwegian Colorectal Can-
cer Prevention (NORCCAP) trial, a much larger, 7-year trial 
also from Norway (with 55,736 participants, half of whom 
were screened with one-time sigmoidoscopy) reported a 
non-significant relative risk of 0.73 [0.47−1.13].18 It is gener-
ally believed that the negative results of the NORCCAP trial 
were due to excessively short follow-up time.

As expected, most of the studies found that sigmoidos-
copy had a protective effect for left-sided CRCs only;6,7,9,11,13,17 
in some studies, there were trends towards small protective 
effects for right-sided colon cancer, but these rarely reached 
statistical significance, except in the largest studies.12,16 One 
study that excluded rectal cancers still showed only left-
sided benefit when comparing proximal against distal colon 
cancers.4

IMPACT OF SIGMOIDOSCOPY ON CRC AND 
OVERALL MORTALITY

 
Not only does sigmoidoscopy reduce the incidence of 

CRC, but there is now convincing evidence that sigmoidos-
copy reduces CRC-specific mortality as well (Tables 1 and 
2). However, data on its impact on overall or all-cause mor-
tality are limited and do not demonstrate a benefit at this 
time.

The earliest evidence of the effect of sigmoidoscopy on 
CRC mortality came from retrospective case-control stud-
ies.19-21 Early on, a small case-control study, with only 66 
cases and 196 controls, reported an OR of 0.21 [0.08−0.52], 

suggesting a strong protective effect of sigmoidoscopy 
against CRC mortality.19 This was followed by a larger case-
control study, this time with 261 cases and 868 controls from 
the Kaiser Permanente Health System, confirming mortal-
ity reduction with an adjusted OR of 0.41 [0.25−0.69].20 A 
few years later, an even larger Veterans Administration 
Health Care study involving 4,411 patients who died from 
CRC (each matched to four controls) showed an OR of 0.66 
[0.54−0.82].21 The only exception has been a small case-
control with 653 subjects which failed to show any reduction 
in CRC mortality.22

Two previously described prospective non-randomized 
controlled studies also looked at CRC mortality.11,12 The earli-
er study, based on male subjects from the Health Profession-
als Follow-up Study, found an age-adjusted relative risk of 
0.56 [0.20−1.60], denoting a trend towards a protective effect 
of sigmoidoscopy against CRC death.11 More recent analysis 
of 22 year follow-up data from both the Nurses Health Study 
and Health Professionals Follow-up Study demonstrated a 
relative risk of 0.59 [0.45−0.76], confirming this protective ef-
fect.12

Similar to the situation with CRC incidence, randomized 
controlled trials provide the most important data on the ef-
ficacy of sigmoidoscopy in reducing CRC mortality.13,14,16,17 
The results of the initial studies were somewhat ambivalent. 
The Kaiser Permanente Multi-phasic Study showed lower 
CRC mortality in the group randomized to screening, but 
retrospective analysis of screening exposure showed that 
patients in the screening group were not more likely to have 
undergone sigmoidoscopy.14 In contrast, by intention-to-
treat analysis, the Italian SCORE Trial showed a reduction of 
22% for CRC mortality, which did not reach statistical signifi-
cance, but per protocol analysis resulted in a significant 38% 
reduction.17 Other early randomized studies were not able 
to demonstrate beneficial effects of sigmoidoscopy on CRC 
mortality.15,18 In the last few years, more conclusive data be-
came available from the United Kingdom Flexible Sigmoid-
oscopy Trial, which showed a significant reduction in CRC 
mortality of 31%,13 while the American PLCO Trial showed a 
reduction of 26%.16

With regard to overall mortality, the data to date have 
been less encouraging. None of the available randomized 
controlled trials were able to demonstrate any improvement 
in overall mortality,13,14,16-18 and one even reported increased 
overall mortality in those who underwent sigmoidoscopy.15 
The reason for this lack of benefit is unclear, but may be due 
to occasional complications from the sigmoidoscopies or 
the associated follow-up colonoscopies, or from non-gastro-
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intestinal comorbid conditions in the screened patients that 
diluted the protective effect of sigmoidoscopy. 

Just like with CRC incidence, the impact of sigmoidos-
copy is expected to be much more pronounced for left-
sided CRC mortality than right-sided mortality, and indeed 
most studies found mortality protection only from left-sided 
CRCs,4,8,13,14,16,17,19,20 although there were a few notable excep-
tions.12,21

COLONOSCOPY

The use of colonoscopy for screening purposes has only 
become popular in the last 15 years or so in a few rela-
tively affluent countries, the principal one being the United 
States, which is responsible for the majority of the world’s 
colonoscopies. Nevertheless, evidence for its efficacy at re-
ducing CRC incidence and mortality is steadily accumulat-
ing, although randomized controlled data are still limited. 
Colonoscopy has several advantages over sigmoidoscopy: 
it evaluates both the left and right colon, and, since patients 
have undergone a full bowel preparation, large polyps can 
be removed at the time of screening using cautery snare 
polypectomy or even argon plasma coagulation, if needed. 
Furthermore, colonoscopy is usually performed by gastroin-
testinal specialists, with a higher level of expertise than gen-
eralists. 

IMPACT OF COLONOSCOPY ON CRC INCIDENCE

There is mounting evidence that colonoscopy leads to 
a subsequent reduction in CRC incidence (Tables 1 and 
2). Retrospective case-control studies provided the initial 
data.3,7-9,23 Five studies from various countries, previously de-
scribed, included patients who had been exposed to either 
sigmoidoscopy or colonoscopy, but if we stratify the data 
it is clear that colonoscopy is associated with decreased 
incidence of CRC, with an OR of 0.47 [0.37−0.58] (for colon 
cancer) and 0.61 [0.48−0.77] (rectal cancer) in the Veterans 
Administration Health System study,3 0.29 [0.15−0.58] in an-
other American study,9 0.70 [0.57−0.87] in a Canadian study,7 
0.23 [0.19−0.27] in a German study,23 and 0.45 [0.20−0.98] in 
a Dutch study.8 In addition, a German retrospective cohort 
study with 586 screened patients and 2,701 controls found a 
relative risk of 0.52 [0.37−0.73] for advanced neoplasia inci-
dence.24

More recently, large prospective non-randomized con-
trolled studies have also shown reduction in CRC incidence, 
with a relative risk of 0.44 [0.38−0.52] (after negative colo-

noscopy) reported from the Nurses Health Study and Health 
Professionals Follow-up Study.12 A single-cohort prospective 
observational study on 715 subjects supported these find-
ings by showing a 67% reduction in CRC incidence when 
compared to historical controls (from the Surveillance, Epi-
demiology, and End Results database),25 while a prospective 
controlled study that followed 22,686 subjects for 6 years 
also reported decreased CRC incidence with an adjusted 
OR of 0.31 [0.16−0.59].26 Currently, there are no random-
ized controlled data on the impact of colonoscopy on CRC 
incidence, although there are some ongoing trials (e.g., the 
Nordic-European Initiative on Colorectal Cancer [NordICC] 
trial, comparing screening colonoscopy versus no screening; 
and the CONFIRM trial, comparing screening colonoscopy 
versus fecal occult blood testing) that may provide some 
findings in the near future. 

Although colonoscopy is supposed to evaluate the entire 
colon, some studies still showed a left-sided effect, with no 
protection against right-sided cancer development.7,8 How-
ever, most studies demonstrated protection against both left-
sided and right-sided cancers.3,9,12,23,26

IMPACT OF COLONOSCOPY ON CRC AND 
OVERALL MORTALITY

There is now reasonably robust evidence from several 
sources that exposure to colonoscopy, whether screening or 
diagnostic, is associated with a reduction in CRC mortality 
(Tables 1 and 2). Similar to the research on CRC incidence, 
retrospective studies account for most of the evidence in this 
area.21,27,28

Earlier on, a before-mentioned Veterans Administration 
Health Care System study that included patients who had 
undergone sigmoidoscopy or colonoscopy showed a protec-
tive effect for colonoscopy once the data were stratified (OR 
0.43 [0.30−0.63]).21 Subsequently, two large studies using 
administrative data from the Canadian national health insur-
ance system reported an association between colonoscopy 
and decreased CRC mortality, with an OR of 0.69 [0.63−0.74] 
for the Ontario case-control study (with 10,292 cases and 
51,460 controls),27 and a risk reduction of 29% for the Mani-
toba retrospective cohort study (with a total of 54,803 sub-
jects compared against historical controls).28 In the same 
vein, a retrospective analysis on 1,071 CRC patients not only 
showed improved survival in those whose cancers were 
detected by screening as opposed to symptoms, but also a 
“stage-shift” as well, i.e., higher probability of cancers being 
detected at an earlier stage.29
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With regard to prospective data, the main evidence comes 
again from the Nurses Health Study and Health Profession-
als Follow-up Study, which found a 68% reduction in CRC 
mortality for patients who had undergone screening colo-
noscopy.12 Another prospective cohort study, previously 
described, supported this with an OR of 0.12 [0.01−0.93] for 
CRC mortality.26 There are currently no randomized con-
trolled data on the effect of colonoscopy on CRC mortality.

Both retrospective Canadian studies showed a strong left-
sided effect, with no protection against mortality from right-
sided cancers at all.27,28 However, other studies have shown 
a reduction in proximal cancer mortality,21 including a 53% 
reduction seen in the largest prospective study to date.12

CONCLUSIONS

In conclusion, lower endoscopy is an effective and widely 
used modality for evaluating the colon and for CRC screen-
ing. Studies have generally shown that sigmoidoscopy and 
colonoscopy, whether for diagnostic, screening or surveil-
lance purposes, is associated with a reduction in CRC inci-
dence and CRC mortality. The data regarding their impact 
on overall mortality is much more limited at this time. No 
major study has been able to show a significant reduction 
in overall mortality from either sigmoidoscopy or colonos-
copy. This may be partly explained by the phenomena of 
non-adherence (“screening” subjects who did not actually 
undergo lower endoscopy) and contamination (“controls” 
who actually underwent lower endoscopy as part of routine 
clinical care), both of which result in underestimation of the 
effects of lower endoscopy. As expected, sigmoidoscopy has 
a predominant effect on left-sided CRC, although some stud-
ies have shown modest effects on right-sided colon cancer 
as well, presumably due to discovery of proximal colon can-
cers associated with synchronous distal polyps. The added 
value of colonoscopy over sigmoidoscopy has been the sub-
ject of some controversy. Some earlier retrospective studies 
have suggested that the protective effect of colonoscopy on 
right-sided colon cancers is minimal or non-existent, pos-
sibly due to suboptimal bowel preparation and the tendency 
of flat sessile serrated adenomas to occur in the right colon. 
However, these studies, though boasting large sample sizes, 
were based exclusively on claims data and potentially sub-
ject to bias;27,28 for example, colonoscopy completion rates 
might be over-reported during billing to ensure payment 
for a complete examination even when the cecum or right 
colon has not been comprehensively examined. Subsequent 
retrospective and prospective studies have demonstrated 

that the protective effect applies to both right and left-sided 
cancer, although usually the protection was better on the 
left side. Despite the introduction of other screening and 
diagnostic modalities, such as CT colonography and colonic 
capsule endoscopy, lower endoscopy will continue to be an 
important method for CRC screening and colon evaluation. 
Efforts should continue to be made for improving access 
and examination quality, with particular focus on enhancing 
bowel preparation and withdrawal technique.
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