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Background: The long-term effects of sigmoidoscopy screen-
ing on colorectal cancer (CRC) incidence and mortality in women
and men are unclear.

Objective: To determine the effectiveness of flexible sigmoid-
oscopy screening after 15 years of follow-up in women and men.

Design: Randomized controlled trial. (ClinicalTrials.gov:
NCT00119912)

Setting: Oslo and Telemark County, Norway.

Participants: Adults aged 50 to 64 years at baseline without
prior CRC.

Intervention: Screening (between 1999 and 2001) with flexible
sigmoidoscopy with and without additional fecal blood testing
versus no screening. Participants with positive screening results
were offered colonoscopy.

Measurements: Age-adjusted CRC incidence and mortality
stratified by sex.

Results: Of 98 678 persons, 20 552 were randomly assigned to
screening and 78 126 to no screening. Adherence rates were
64.7% in women and 61.4% in men. Median follow-up was 14.8
years. The absolute risks for CRC in women were 1.86% in the
screening group and 2.05% in the control group (risk difference,
�0.19 percentage point [95% CI, �0.49 to 0.11 percentage

point]; HR, 0.92 [CI, 0.79 to 1.07]). In men, the corresponding
risks were 1.72% and 2.50%, respectively (risk difference, �0.78
percentage point [CI, �1.08 to �0.48 percentage points]; haz-
ard ratio [HR], 0.66 [CI, 0.57 to 0.78]) (P for heterogeneity =
0.004). The absolute risks for death of CRC in women were
0.60% in the screening group and 0.59% in the control group
(risk difference, 0.01 percentage point [CI, �0.16 to 0.18 per-
centage point]; HR, 1.01 [CI, 0.77 to 1.33]). The corresponding
risks for death of CRC in men were 0.49% and 0.81%, respec-
tively (risk difference, �0.33 percentage point [CI, �0.49 to
�0.16 percentage point]; HR, 0.63 [CI, 0.47 to 0.83]) (P for het-
erogeneity = 0.014).

Limitation: Follow-up through national registries.

Conclusion: Offering sigmoidoscopy screening in Norway re-
duced CRC incidence and mortality in men but had little or no
effect in women.
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The U.S. Preventive Services Task Force recommends
several screening tests for colorectal cancer (CRC)

in women and men aged 50 to 75 years, including sig-
moidoscopy and the combination of sigmoidoscopy
and immunochemical fecal occult blood testing (FOBT)
(1). Sigmoidoscopy screening for CRC has been intro-
duced in the United Kingdom and other countries, in-
cluding Norway. Previous analyses of 4 randomized
trials have indicated that sigmoidoscopy screening re-
duces CRC incidence by 18% to 26% and CRC mortality
by 22% to 31% after 10 to 17 years of follow-up (2–5).
Evaluating the duration of this effect is important be-
cause it may enable guideline makers to recommend
evidence-based screening intervals, thus reducing health
care costs, patient inconvenience, and adverse events re-
lated to screening.

The effectiveness of sigmoidoscopy screening in
women is still uncertain. In 3 of the trials, absolute re-
ductions in CRC incidence were larger among men
(0.40% to 1.05%) than women (0.13% to 0.42%),
whereas 1 trial with shorter follow-up found the oppo-

site (0.38% in women vs. 0.26% in men). Reduction of
CRC mortality was consistently larger in men (0.15% to
0.36%) than women (0.04% to 0.17%) (2–6) (Senore C.
Personal communication.). Longer follow-up is needed
to confirm data on the effectiveness of sigmoidoscopy
screening in women and men.

Here, we report data on CRC incidence and mortality
after up to 17 years of follow-up in 98 678 women and
men. The data are based on NORCCAP (Norwegian Colo-
rectal Cancer Prevention), a population-based, random-
ized trial of sigmoidoscopy screening with and without
additional immunochemical FOBT versus no screening.
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METHODS
Patients and Design

The study design is described elsewhere (7) and in
the Supplement (available at Annals.org). In brief, be-
tween 1999 and 2000, all women and men aged 55 to
64 years in the city of Oslo and Telemark County, Nor-
way, were identified through the National Registry and
randomly assigned to once-only sigmoidoscopy screen-
ing or no screening (Section 1 of the Supplement). Per-
sons in the screening group were further randomly as-
signed (1:1) to receive sigmoidoscopy alone or with a
single round of immunochemical FOBT (FlexSure OBT
[Beckman Coulter]) (7). Both randomization procedures
were done by an independent body (IBM Norway) using
computerized algorithms. At the end of 2000, investiga-
tors decided to also include all persons aged 50 to 54
years living in the trial areas, as described previously (6)
and in Section 1 of the Supplement. Screening was done
in 1999 and 2000 for persons aged 55 to 64 years and in
2001 for those aged 50 to 54 years. The only exclusion
criterion was history of CRC. During the study, no orga-
nized CRC screening and very little opportunistic screen-
ing took place in the trial areas (3). All participants who

attended the screening examination provided written in-
formed consent. The study was approved by the Ethics
Committee of South East Norway and the Norwegian
Data Protection Authority. The trial is registered at
ClinicalTrials.gov (NCT00119912).

Screening examinations were done at 3 dedicated
centers (7, 8). During sigmoidoscopy, detected polyps
were removed or biopsied and examined histopatho-
logically. Participants assigned to sigmoidoscopy and
FOBT received the FOBT kit by mail and returned it to
the screening center at their sigmoidoscopy appoint-
ment. A positive result on a screening test was defined
as any polyp of 10 mm or larger (regardless of histol-
ogy), any adenoma, CRC, or positive findings on FOBT.
Participants with positive results were referred for
colonoscopy for removal of all detected polyps and di-
agnosis of cancer. Postpolypectomy surveillance was
done according to Norwegian guidelines (5- or 10-year
colonoscopy intervals for high-risk adenomas and no
surveillance for low-risk adenomas) (9).

End Point Ascertainment
Primary study end points were CRC incidence and

mortality. Predefined secondary end points included

Table. Age-Adjusted Hazard Ratios and Rate Differences for CRC Incidence and Mortality in the Screening Versus Control
Group in Women and Men

Variable Women

Screening Group (n � 10 297) Control Group (n � 39 254)

Cases, n Cases
per 100 000
Person-Years, n

Cases, n Cases
per 100 000
Person-Years, n*

Hazard Ratio
(95% CI)

Rate Difference
per 100 000
Person-Years
(95% CI)

CRC incidence 207 140.1 789 153.6 0.92 (0.79 to 1.07) −13.5 (−35.4 to 8.5)
Person-years of observation 147 762 556 457 − −
Location†

Distal 89 60.2 389 74.3 0.81 (0.64 to 1.02) −14.1 (−28.9 to 1.10)
Proximal 113 76.5 383 76.1 1.01 (0.82 to 1.25) 0.35 (−15.7 to 16.4)

Age group
50−54 y 39 81.0 237 94.2 0.86 (0.61 to 1.21) −13.2 (−41.3 to 14.9)
55−64 y 168 168.7 552 181.1 0.93 (0.78 to 1.11) −12.4 (−42.1 to 17.2)

Screening method
Sigmoidoscopy 104 140.6 789 153.6 0.92 (0.75 to 1.13) −12.9 (−41.2 to 17.0)
Sigmoidoscopy + FOBT 103 139.5 789 153.6 0.91 (0.74 to 1.11) −14.0 (−42.7 to 15.8)

CRC mortality 65 43.7 225 43.3 1.01 (0.77 to 1.33) 0.43 (−11.7 to 12.6)
Person-years of observation 148 705 575 166 − −
Location†

Distal 33 22.2 99 18.8 1.17 (0.79 to 1.73) 3.36 (−4.9 to 12.0)
Proximal 27 18.2 114 22.2 0.83 (0.54 to 1.26) −4.0 (−12.0 to 4.0)

Age group
50−54 y 12 24.8 70 27.7 0.90 (0.49 to 1.65) −2.86 (−18.3 to 12.6)
55−64 y 53 52.8 155 50.5 1.05 (0.77 to 1.42) 2.3 (−14.0 to 18.6)

Screening method
Sigmoidoscopy 35 47.1 225 43.3 1.09 (0.76 to 1.56) 3.78 (−12.9 to 20.5)
Sigmoidoscopy + FOBT 30 40.4 225 43.3 0.94 (0.64 to 1.37) −2.93 (−17.9 to 13.2)

All-cause mortality 1571 1056.4 5427 1047.5 1.02 (0.96 to 1.07) 8.92 (−49.3 to 66.6)
Age group

50−54 y 315 652.4 1651 654.0 1.00 (0.88 to 1.13) −1.5 (−80.2 to 77.1)
55−64 y 1256 1251.4 3776 1230.0 1.02 (0.95 to 1.08) 21.4 (−58.2 to 101.0)

CRC = colorectal cancer; FOBT = fecal occult blood testing.
* Rates are age-standardized.
† The sum of cases of distal and proximal CRC is lower than the total values because the location of some cases of cancer was unknown.
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CRC incidence and mortality in women and men and in
the distal colon (defined as rectum and sigmoid colon)
and proximal colon. All end points were assessed by
linkage of participants' national identity numbers to
Norwegian registries (Cancer Registry, Cause of Death
Registry, and National Registry) (7). We defined CRC as
adenocarcinoma of the colon or rectum.

Statistical Analysis
All primary analyses followed the intention-to-treat

principle—that is, participants were classified into their
allocated group (screening or control) regardless of ad-
herence to the intervention. All participants were fol-
lowed from study entry until CRC diagnosis, death, em-
igration, or 31 December 2015, whichever occurred
first. The number of persons eligible for analyses was
updated from previous publications for current registry
status for those who had emigrated or died before the
study started. Details of the sample size calculations
have been published previously (3, 7) and are available
in Section 2.1 of the Supplement.

We computed rates and 15-year cumulative prob-
abilities (risks) of CRC incidence and mortality, as well
as rate differences and 15-year risk differences. All es-
timates were adjusted for age, as explained in Section

2.2 of the Supplement and elsewhere (3); 95% CIs for the
differences were calculated via a nonparametric boot-
strap with 10 000 samples. We estimated hazard ratios
(HRs) from Cox models (Section 2.2 of the Supplement).

Stratification by sex was a predefined subgroup
analysis in the NORCCAP trial. We tested for effect het-
erogeneity by sex on the additive scale using boot-
strapping (7). Because substantial heterogeneity ex-
isted between women and men for both CRC incidence
(P = 0.004) and mortality (P = 0.014), the steering com-
mittee decided to present results for women and men
separately. Results for women and men combined are
in Section 3 of the Supplement. As secondary analyses,
we estimated the per protocol effect among partici-
pants who adhered to screening via instrumental vari-
able estimation (Section 2.3 of the Supplement).

All analyses were done with Stata, version 14.1
(StataCorp).

Role of the Funding Source
The study was funded by grants from the Norwe-

gian government and the Norwegian Cancer Society.
The funders had no role in the design, conduct, or re-
porting of the trial.

Table—Continued

Men P Value for
Heterogeneity for
Women vs. MenScreening Group (n � 10 255) Control Group (n � 38 872)

Cases, n Cases
per 100 000
Person-Years, n

Cases, n Cases
per 100 000
Person-Years, n*

Hazard Ratio
(95% CI)

Rate Difference
per 100 000
Person-Years
(95% CI)

186 131.4 962 196.9 0.66 (0.57 to 0.78) −65.5 (−80.8 to −36.9) 0.004
141 510 528 317 − −

105 74.2 611 124.3 0.59 (0.48 to 0.73) −50.1 (−62.0 to −28.6) 0.006
78 55.1 326 67.6 0.81 (0.63 to 1.04) −12.5 (−24.3 to 3.5) 0.31

38 81.9 317 126 0.65 (0.46 to 0.91) −44.1 (−73.6 to −14.6) 0.25
148 155.6 645 233.1 0.67 (0.56 to 0.80) −77.5 (−108.4 to −46.7) 0.009

85 119.9 962 196.9 0.60 (0.48 to 0.75) −77.0 (−91.9 to −35.7) 0.002
101 142.9 962 196.9 0.72 (0.59 to 0.89) −54.0 (−72.0 to −10.7) 0.27

57 40 305 63.3 0.63 (0.47 to 0.83) −23.2 (−32.8 to −8.7) 0.014
142 370 539 415 − −

35 24.6 180 37.3 0.65 (0.45 to 0.93) −12.8 (−20.7 to −1.9) 0.023
20 14.1 112 23.3 0.60 (0.37 to 0.96) −9.2 (−15.5 to −1.1) 0.43

8 17.2 88 34.8 0.49 (0.24 to 1.02) −17.6 (−31.6 to −3.7) 0.21
49 51.1 217 77.7 0.66 (0.48 to 0.90) −26.6 (−44.2 to −8.9) 0.038

29 40.7 305 63.3 0.64 (0.43 to 0.93) −22.6 (−34.6 to −1.9) 0.010
28 39.3 305 63.3 0.62 (0.42 to 0.91) −23.9 (−35.3 to −3.3) 0.084

2238 1572.0 8006 1638.1 0.96 (0.91 to 1.00) −66.1 (−137.5 to 5.77) 0.111

463 995.3 2528 1001.8 0.99 (0.90 to 1.10) −6.5 (−105.2 to 92.2) 0.96
1775 1853.0 5478 1964.0 0.94 (0.89 to 1.00) −111.0 (−211.7 to −10.3) 0.076
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RESULTS
Of 100 210 randomly assigned persons, 1532 (1.5%)

were excluded (because of CRC, death, emigration be-
fore study entry, or not being traceable through the Na-
tional Registry), leaving 98 678 persons eligible for analy-
ses, 20 552 in the screening group and 78 126 in the
control group (Appendix Figure, available at Annals.org).
In the screening group, 10 271 participants were ran-
domly assigned to sigmoidoscopy screening and 10 281
to the combination of sigmoidoscopy and FOBT. Men ac-
counted for 49.8% of the study population.

The screening adherence rates were 64.7% in
women and 61.4% in men. Colonoscopy for positive
screening results was done in 2520 screened partici-
pants (19.5%), 16.2% of women and 22.9% of men. Sur-
veillance was recommended to 493 women (7.4%) and
775 men (12.3%). Adherence to colonoscopy after pos-
itive results on sigmoidoscopy or FOBT was high (96%)
in both women and men. The median follow-up was
14.8 years for both incidence and mortality.

CRC Incidence in Women
During 704 219 person-years of observation in

women, 207 cases of CRC were diagnosed in the
screening group and 789 in the control group (Table).
The incidence rates per 100 000 person-years were
140.1 cases in the screening group and 153.6 in the
control group, corresponding to 13.5 fewer cases (95%
CI, �35.4 to 8.5 cases) per 100 000 person-years in the
screening group and an HR of 0.92 (CI, 0.79 to 1.07)
(Table and Figure 1). The 15-year risks for CRC were
1.86% in the screening group and 2.05% in the control
group (risk difference, �0.19 percentage point [CI,
�0.49 to 0.11 percentage point]) (Figure 2). The CRC
incidence rates differed little between the screening
and control groups with tumor location (distal vs. prox-
imal colon) or screening method (sigmoidoscopy alone
vs. with FOBT).

CRC Incidence in Men
During 669 827 person-years of observation in

men, 186 cases of CRC were diagnosed in the screen-
ing group and 962 in the control group. The incidence
rates per 100 000 person-years were 131.4 cases in the
screening group and 196.9 in the control group, corre-
sponding to 65.5 fewer cases (CI, �80.8 to –36.9 cases)
per 100 000 person-years in the screening group and
an HR of 0.66 (CI, 0.57 to 0.78) (Table and Figure 1).
The 15-year risks for CRC were 1.72% in the screening
group and 2.50% in the control group (risk difference,
�0.78 percentage point [CI, �1.08 to �0.48 percent-
age points]) (Figure 2).

The HRs were 0.59 (CI, 0.48 to 0.73) for cancer in
the distal colon and 0.81 (CI, 0.63 to 1.04) for cancer
in the proximal colon (Table). The incidence rate was
lower in the screening group than in the control group
for both older and younger age groups and for sig-
moidoscopy with and without FOBT.

CRC Mortality in Women
A total of 290 women died of CRC during follow-

up (723 871 person-years of observation), 65 in the
screening group and 225 in the control group. The
CRC mortality rates per 100 000 person-years were
43.7 deaths in the screening group and 43.3 in the con-
trol group, corresponding to 0.4 more deaths (CI,
�11.7 to 12.6 deaths) per 100 000 person-years in the
screening group and an HR of 1.01 (CI, 0.77 to 1.33)
(Table and Figure 1). The 15-year risks for CRC death
were 0.60% in the screening group and 0.59% in the
control group (risk difference, 0.01 percentage point
[CI, �0.16 to 0.18 percentage point]) (Figure 2). The
CRC mortality rates differed little with tumor location
(distal vs. proximal colon) or screening method (sig-
moidoscopy alone vs. with FOBT).

CRC Mortality in Men
A total of 362 men died of CRC during follow-

up (681 785 person-years of observation), 57 in the
screening group and 305 in the control group. The
CRC mortality rates per 100 000 person-years were
40.0 deaths in the screening group and 63.3 in the con-
trol group, corresponding to 23.2 fewer deaths (CI,
�32.8 to �8.7 deaths) per 100 000 person-years in the
screening group and an HR of 0.63 (CI, 0.47 to 0.83)
(Table and Figure 1). The 15-year risks for CRC death
were 0.49% in the screening group and 0.81% in the
control group (risk difference, �0.33 percentage point
[CI, �0.49 to �0.16 percentage point]) (Figure 2).

The HRs were 0.65 (CI, 0.45 to 0.93) for death from
CRC of the distal colon and 0.60 (CI, 0.37 to 0.96) for
that of the proximal colon (Table). For sigmoidoscopy
screening alone, the HR was 0.64 (CI, 0.43 to 0.93),
compared with 0.62 (CI, 0.42 to 0.91) for sigmoidos-
copy with FOBT.

Results for women and men combined are in Sup-
plement Table 1 (available at Annals.org). Supplement
Figures 1 and 2 (available at Annals.org) show cumula-
tive incidence and mortality for screening attenders,
nonattenders, and control participants.

All-Cause Mortality
During follow-up, 17 242 deaths (17.5%) occurred:

6998 women (14.1%) and 10 244 men (20.9%). The all-
cause mortality rates in women were 1056.4 and
1047.5 deaths per 100 000 person-years in the screen-
ing and control groups, respectively (HR, 1.02 [CI, 0.96
to 1.09]). For men, the all-cause mortality rates were
1572.0 and 1638.1 deaths per 100 000 person-years,
respectively (HR, 0.96 [CI, 0.91 to 1.00]).

Per Protocol Analyses
Among participants who adhered to screening, we

estimated that the 14-year risk differences for CRC inci-
dence were �0.27 percentage point (CI, �0.72 to 0.18
percentage point) in women and �1.19 percentage
points (CI, �1.65 to �0.72 percentage points) in men
(Supplement Table 1). The estimated 14-year risk
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differences for CRC mortality were �0.03 percentage
point (CI, �0.27 to 0.21 percentage point) in women
and �0.52 percentage point (CI, �0.77 to �0.26 per-
centage point) in men.

DISCUSSION
Our findings indicate that once-only sigmoidos-

copy screening reduces the risk for CRC incidence over
17 years by 34% in men but does not reduce risk in

Figure 1. Risks for CRC, rectosigmoid cancer, and death of CRC for women and men in the screening and control groups.
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women. For CRC mortality, we observed a 37% reduc-
tion in men but little or no reduction in women.

We and others have shown that sigmoidoscopy
screening lowers CRC incidence and mortality for 10 to
12 years (3–5, 10). The previous reports also indicated
that the effect might be smaller in women than men,
but differences varied between studies and between
the 2 end points (CRC incidence and mortality). This
heterogeneity between studies and end points may
have been due to short follow-up, which could have
prevented researchers from finding differences in ef-
fectiveness between women and men. Different thresh-
olds for colonoscopy referral might also have contrib-
uted to the heterogeneity between the sex-specific
effects because cancer distribution in the large bowel
varies with sex and age (6). Another source of hetero-
geneity is the difference in surveillance recommenda-
tions: More intensive surveillance during follow-up
might make the screening intervention more effective.

In a recent pooled analysis of 3 of the 4 random-
ized trials—which shorter follow-up than in the present
report—sigmoidoscopy screening reduced the inci-
dence of CRC by 29% in women younger than 60 years
and 24% in men. No screening effect was seen in older
women (6).

In this update of the NORCCAP study with longer
follow-up and more events, we found a strong effect of
sigmoidoscopy screening in men but little or no effect
in women. Furthermore, the effect in men lasted be-
yond what we have previously reported, and we found
a strong trend toward reduction in all-cause mortality in
men screened by sigmoidoscopy. In comparison, the
UK Flexible Sigmoidoscopy Screening trial found that
once-only sigmoidoscopy screening was effective in

both women and men after 17 years of follow-up, al-
though less so in women, which is consistent with our
findings (2). In that trial, CRC incidence decreased by
0.42% in women and 1.05% in men and CRC mortality
by 0.17% in women and 0.36% in men.

Why sigmoidoscopy screening has limited or no
effect in women is unclear. Because CRC is more prev-
alent in men than women, the CRC incidence and mor-
tality rates were higher in the male than the female con-
trol group, whereas men and women had similar
incidence and mortality rates in the screening groups
(Supplement Figures 1C and 2C). This could indicate
that only a certain risk threshold can be reached by
screening regardless of sex. Alternatively, these find-
ings may reflect that women who were screened had a
different CRC risk profile from men (screening atten-
dance rates in our study were higher for women than
men) (Supplement Figures 1 and 2). Men also have a
higher prevalence of adenomas at sigmoidoscopy
screening, and accordingly, men were more often re-
ferred for colonoscopy. In NORCCAP, screening re-
duced both proximal and distal cancer and cancer
death in men, but not in women. Finally, the quality of
the screening examination and follow-up colonoscopy
in persons with positive screening results may have dif-
fered by sex: Women had a slightly shorter intubation
depth on sigmoidoscopy (44 vs. 49 cm) and lower ce-
cum intubation rate on colonoscopy (87% vs. 93%).
However, the quality of bowel preparation was similar
for women and men (8). We cannot rule out or confirm
any of these possible explanations, although we find
them unlikely to explain the observed differences.

Differences in transition rates and sojourn time
(screen-detectable period) of preclinical CRC are also

Figure 2. Fifteen-year risks for CRC and death of CRC with and without screening for women and men.
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unlikely to explain our finding, because similar esti-
mates have been found in women and men (11). Fi-
nally, women have a higher risk than men for proximal
colon cancer, which often has a more aggressive
course than distal cancer (12). This may affect the effec-
tiveness of sigmoidoscopy screening in women but
does not explain the lack of effect of screening also in
the distal colon (6).

Our finding that sigmoidoscopy is not effective in
women may have implications for future screening pro-
grams using sigmoidoscopy, such as those in the
United Kingdom, Italy, and Norway. Studies of biennial
FOBT screening have also reported a lower effect in
women than men (13). Sex-specific guidelines are not
available but may be appropriate to consider. Colono-
scopy may be a better screening method than sig-
moidoscopy in women, as suggested by others (14).
However, this is uncertain because randomized trials
on the effectiveness of colonoscopy screening are
still ongoing (15).

Our study comprised 2 screening groups, sigmoid-
oscopy alone and sigmoidoscopy with FOBT. We did
not find meaningful differences between these 2 meth-
ods with regard to CRC incidence or mortality (Table
and Supplement Table 1). Thus, according to our results,
adding once-only FOBT to sigmoidoscopy screening
does not improve efficiency. Only repeated FOBT has
been shown to be effective (16).

We found a possible minor beneficial effect of sig-
moidoscopy screening on all-cause mortality in men
(HR, 0.96 [CI, 0.91 to 1.00]), which has been confirmed
in a recent meta-analysis (17). This important observation
may affect screening acceptance. The meta-analyses,
however, did not report results for women and men
separately.

Current guidelines recommend repeated sigmoid-
oscopy screening at 5- to 10-year intervals (1). We show
that once-only sigmoidoscopy has a sustained effect for
a follow-up of 15 years. An extension to 12- or 15-year
intervals would result in substantial savings for the
health care system and reduce the individual burden of
screening, including patient discomfort and risk for ad-
verse events and complications. Sigmoidoscopy is gen-
erally well-tolerated but is still invasive. Up to 10% of
patients (more commonly women) have moderate or
severe pain during the procedure (18–20).

Although NORCCAP is a large, population-based,
carefully done intervention trial, it has some limitations.
It was originally designed for women and men aged 55
to 64 years. Even though sex-specific analyses were
prespecified, we decided to report results separately
for women and men only after detecting a positive in-
teraction between sex and randomization group. Still,
we believe that presenting the combined results as the
main finding would have been misleading given the
observed heterogeneity between women and men.
We consider a sex-stratified meta-analysis to be highly
desirable, but combining data from NORCCAP and the
other trials of flexible sigmoidoscopy screening may
produce results that are no longer generalizable. Be-
cause of its population-based design, NORCCAP eval-

uates the effectiveness of sigmoidoscopy screening in a
population, whereas the other studies (by including
volunteers) are efficacy trials. Another limitation is our
lack of data on CRC treatment in the study population,
but because Norway's health care system provides uni-
versal coverage, access to treatment should not differ
between the screening and control groups. However,
treatment strategies are unlikely to affect incidence,
and women and men also differed in CRC incidence.
Finally, we did not have information about socioeco-
nomic status or ethnicity in the screening and control
groups, but because of NORCCAP's randomized de-
sign, these covariates are expected to be equally dis-
tributed between the groups.

In conclusion, the effect of sigmoidoscopy screen-
ing was long-lasting in men, with absolute risk reduc-
tions of 0.78% for CRC incidence (from 2.50% to 1.72%)
and 0.33% for CRC mortality (from 0.81% to 0.49%). For
women, we could not detect an effect of sigmoidos-
copy screening on incidence or mortality. Our results
may have implications for future screening recommen-
dations and trial design, where sex-stratified evalua-
tions and sample size calculations should be consid-
ered. We further believe that communicating absolute
rather than relative risk reductions, as in the present
paper (Figure 2), would be preferable during shared
decision making with patients.
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Appendix Figure. Study flow chart.

Participants identified through population registry (n = 100 210)
   Aged 50–54 y (birth cohort 1946–1950): 44 474
   Aged 55–64 y (birth cohort 1935–1945): 55 736 

Excluded before study entry (n = 121)
   Died: 30
   Had CRC: 57
   Emigrated: 34

Excluded before study entry (n = 107)
   Died: 48
   Had CRC: 40
   Emigrated: 19

Excluded (n = 1304)
   Before study entry: 1301
      Died: 508
      Had CRC: 315
      Emigrated: 478
   Not traceable in population registry: 3

Included in intention-to-treat analysis (n = 20 552)
   Received flexible sigmoidoscopy: 10 271
   Received flexible sigmoidoscopy + FOBT: 10 281

Selected for control group (n = 79 430) 

Included in intention-to-treat analysis
(n = 78 126) 

Randomly selected for study group (n = 20 780) 

Randomly assigned to receive flexible
sigmoidoscopy (n = 10 392)

Randomly assigned to receive flexible
sigmoidoscopy + FOBT (n = 10 388)

Randomization

CRC = colorectal cancer; FOBT = fecal occult blood testing.
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