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ABSTRACT

Background and study aims The effectiveness of colo-

rectal cancer screening programs depends on adherence

to surveillance protocols for screening-positive individuals.

We evaluated adherence in the Danish population-based

screening program and estimated the volume of diagnostic

resources required to achieve this adherence.

Patients and methods In this register- and population-

based study, we included individuals with a positive fecal

immunochemical test (FIT) screening from 2014 to 2017

and followed them until mid-2022. All endoscopic, ima-

ging, and surgical procedures performed at public and pri-

vate hospitals were identified. Adherence to national proto-

cols was reported in terms of proportions and timeliness.

Use of diagnostic and surveillance procedures was estima-

ted during a 4-year post-screening period.

Results Among 82,221 individuals with a positive FIT test,

84% had a baseline colonoscopy within 1 month. After re-

moval of intermediate or high-risk adenomas, 12% and 6%,

respectively, did not have any follow-up.Only ~50% had

timely surveillance. Approximately 10% to 20%, depending

on their referral diagnosis, did not have a second surveil-

lance colonoscopy. In addition, 12% with a negative colo-

noscopy had a second colonoscopy within 4 years.

Conclusions High adherence to baseline colonoscopy

after positive FIT-screening is followed by lower adherence

throughout the adenoma surveillance program. Better ad-

herence to the guidelines could potentially improve the ef-

fectiveness and efficiency of the screening program.

Original article

Supplementary Material is available at

https://doi.org/10.1055/a-2297-9622

Jørgensen Susanne Fogh et al. Adherence to follow-up… Endosc Int Open 2024; 12: E649–E658 | © 2024. The Author(s). E649

Article published online: 2024-05-03



Introduction
Population-based colorectal cancer (CRC) screening programs
using fecal immunochemical tests (FIT) increase diagnosis of
early-stage cancers and precursor lesions, i. e. adenomas or ser-
rated polyps [1] and decrease CRC-specific mortality [2]. They
have been in place in several high-income countries since 2006
[3]. Most European countries offer regional or national biennial
FIT screening to men and women from ages 50 to 55 years to
ages 70 to 74 years [3].

Individuals with positive FIT tests are offered a colonoscopy
to detect and remove any prevalent lesions. However, even
when only adenomas are detected and removed, the risk of
CRC remains elevated [4] and these individuals require further
surveillance. Thus, the effectiveness and efficiency of screening
programs as a whole are highly dependent on appropriateness,
and adherence to, the recommended surveillance.

Denmark has the fourth highest incidence of CRC worldwide
among individuals aged 50 to 75 years [5]. The FIT-based
screening program was implemented in 2014. Even though it
was implemented gradually to allow for sufficient colonoscopy
capacity, there were reports of capacity constraints during the
first period [6]. Other FIT-based screening programs have also
experienced both overuse and under-use of colonoscopy servi-
ces after abnormal screening tests [7, 8, 9, 10, 11, 12]. Although
these data were primarily based on early stages of implementa-
tion, they indicate that programs require a thorough under-
standing of how to efficiently utilize colonoscopy resources
and secure timely detection of CRC and its precursor lesions.

We evaluated adherence to the recommended surveillance
pathways after a positive FIT test and after screen-detected in-
termediate- and high-risk adenomas in Denmark. In addition,
we estimated the real-life resources employed for the follow-
up of screen-detected abnormalities.

Patients and methods
Setting

The Danish CRC screening program utilizes FIT testing. It was
gradually implemented between March 1, 2014 and December
31, 2017.During this 4-year prevalence screening, all screen-
ing-eligible individuals were randomly invited once. Those who
turned 50 or 75 years during this period were invited just before
their birthday, resulting in a slight over-representation of 50-
and 75-year-olds. Since then, all Danish residents have been in-
vited when they have turned age 50 and thereafter biennially
until they have turned age 75 years.

After a positive FIT test, defined as >100 µg Hgb/L (20 µg
Hgb/g feces), a full colonoscopy is recommended within 14
days. If this is not possible due to pain or technical difficulties,
a computed tomography (CT) colonography is recommended
on the same day to avoid additional bowel preparation. If no
polyps or cancers are detected, the colorectum is considered
“clean.” Participants with clean colons after a full colonoscopy
are quarantined from the screening program for 8 years [13].
Detected polyps are removed and individuals are offered colo-
noscopy surveillance according to the 2012 European guide-

lines [14]. The guidelines define three adenoma risk levels: 1)
low-risk adenomas or a clean CT colonography, discharged to
routine biennial FIT screening (or in up to 4 years during the
prevalence round); 2) intermediate-risk adenomas, for which
the first surveillance colonoscopy is recommended after 3
years; and 3) high-risk adenomas, for which the first surveil-
lance colonoscopy is recommended after 1 year. The recom-
mended second surveillance depends on the results of the first
surveillance colonoscopy (Supplementary material, Fig. S1)
[13].

Data sources

Information on FIT tests was retrieved from the National Colo-
rectal Cancer Screening Database [15] and was merged with
The Danish Civil Registration System to access vital and resident
status information using the unique Danish identification num-
bers (CPR numbers). Cancer history was retrieved from the
Cancer Registry [16] and the National Pathology Register [17],
while information on diagnostic procedures such as colonosco-
pies, sigmoidoscopies, other endoscopic procedures, imaging
procedures, biopsies, polypectomies, and surgeries performed
by public hospitals or private specialists was retrieved from the
National Patient Register [18] and the National Health Service
Register [19]. These registries were merged on an individual
level.

Study population

We included all men and women aged 50 to 75 years with a po-
sitive FIT test during the prevalence screening. If an individual
had more than one positive FIT test, only the first one was in-
cluded. Exclusion criteria were: death or emigration within 3
months of an abnormal screening sample, when the surveil-
lance colonoscopy was due after the end of follow-up (30 June
2022), inactive or missing CPR information, not a Danish resi-
dent, history of colorectal or anal cancer, history of inflamma-
tory bowel disease and familial adenomatous polyposis (these
patients often attend specific surveillance programs), or regis-
trations of “no adenoma surveillance due to severe comorbid-
ity.” The individuals were followed from the abnormal screen-
ing sample through baseline and surveillance procedures until
death, cancer diagnosis, emigration, or end of follow-up,
whichever came first.

Definition of risk stratification based on
colonoscopies

During the initial diagnostic period following a positive FIT test
(Supplementary material, Fig. S2), some individuals had more
than one baseline colonoscopy or an incomplete baseline colo-
noscopy leading to a CT colonography. Therefore, baseline risk
assessment for adenomas was based on all relevant information
registered during this period. We considered all examinations
within 3 months after baseline colonoscopy as a continuation
of the initial exam. The same was applied after surveillance co-
lonoscopies (Supplementary material, Fig. S2).

National guidelines for medical coding require specific risk
assessment codes. The risk assessments made by the endos-
copist performing the colonoscopy, based on the size and num-
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ber of adenomas detected, were supported by pathological
data on the morphology and degree of dysplasia. In case these
codes were not registered within 3 months after baseline colo-
noscopy, an algorithm based on pathological information was
used to risk-stratify as many as possible, based on national
guidelines [20]. All visits that included a colonoscopy code or a
risk assessment code after the 3-month baseline period were
considered surveillance visits. In addition, visits with no risk as-
sessment or colonoscopy code, but with a polypectomy code
associated with an “adenoma control code” or “colorectal can-
cer screening code” were also included as both the first or sec-
ond surveillance (Supplementary material, Table S1).

Adherence to recommended follow-up

Assessment of adherence to recommended follow-up was
made in terms of its timeliness and whether a colonoscopy (or
CT-colonoscopy) was performed at baseline (the first colonos-
copy after a positive FIT), at first surveillance, or at second sur-
veillance whenever such was recommended.

Adherence to baseline colonoscopy was considered as hav-
ing been in accordance with the guidelines if a colonoscopy
was performed within 1 month after the positive FIT test. “In-
sufficient technique or delayed” baseline colonoscopy was de-
fined as a colonoscopy performed 1 to 3 months after the posi-
tive FIT test or if other endoscopic procedures were performed
instead of a colonoscopy (e. g., sigmoidoscopies and proctos-
copies). Individuals without endoscopic procedures performed
within 3 months were considered as having had no follow-up.

Only individuals with intermediate- and high-risk adenomas
detected at baseline colonoscopy were recommended for sur-
veillance. Thereafter, adherence to the second surveillance was
only assessed for those with high-risk assessments at the base-
line colonoscopy because the available follow-up time did not
suffice to fully capture the recommended follow-up protocols
after intermediate-risk assessments (Supplementary material,
Fig. S1). For both first and second surveillance examinations,
those with 3-year surveillance protocols were assessed in terms
of timeliness, categorized as “on time” if attending in 2.5 to 3.5
years, “delayed” if attending >3.5 years later, and “early” if at-
tending <2.5 years after the previous examination. Timeliness
among those with 1-year surveillance protocols was categor-
ized into “on time” if attending in 9 to 15 months (3–15 months
for piecemeal resections because extra colonoscopies may be
recommended [20]), “delayed” if attending later than 15
months, and “early” if attending in <9 months (<3 months for
piecemeal resections).

Outcomes and analyses

Adherence to baseline colonoscopy and surveillance exams
after screening was described as proportions depending on pa-
tient risk assessment. Mutually adjusted generalized linear re-
gression models were used to analyze potential associations be-
tween non-adherence and age at screening, sex, and comorbid-
ities [21, 22]. The latter were categorized using the Charlson’s
Comorbidity Index score for the last 10 years as no, mild, mod-
erate, and severe comorbidities.

Use of post-screening endoscopic, surgical, and diagnostic
imaging procedures was presented as proportions of screened
individuals with at least one procedure performed during a 4-
year period after baseline risk assessment, and as numbers of
procedures performed during the same 4-year period.

Sensitivity analysis

We repeated the analyses to investigate the timeliness of fol-
low-up with a definition of an additional 3 and 6 months before
follow-up as either “delayed” or too early.

In 2017, the international multicentre European Polyp Sur-
veillance (EPoS) trial randomizing adenoma patients to differ-
ent follow-up schedules was initiated in the Central Denmark
Region [23]. Lacking information about trial participants, we
excluded the Central Denmark Region in this period in a sepa-
rate analysis.

Results
We identified 85,338 screening participants with a positive FIT
test, of whom 82,221 were included in our study after exclu-
sions (Supplementary material, Fig. S3). Of those, 46,057
(56%) were men and 28,559 (35%) had one or more comorbid-
ities. Among all screened individuals, the age distribution re-
flected the invitation strategy during the prevalence round,
with slight over-representation of the youngest and oldest indi-
viduals (▶Table 1).

After a positive FIT test, 76,002 individuals (92.4%) had a di-
agnostic procedure performed within 3 months (▶Fig. 1). The

▶Table 1 Study population characteristics.

Included individuals

with positive FIT tests

Screened individ-

uals

Total 82,221 (100%) 1,241,645 (100%)

Gender

Male 46,057 (56.0) 573,742 (46.2)

Female 36,164 (44.0) 667,903 (53.8)

Age group

49–54 years 12,942 (15.7) 314,657 (25.3)

55–59 years 11,232 (13.7) 218,917 (17.6)

60–64 years 14,403 (17.5) 217,693 (17.5)

65–69 years 18,207 (22.1) 229,943 (18.5)

70–75 years 25,437 (30.9) 260,419 (21.0)

Comorbidity*

None 53,662 (65.3) 921,988 (74.3)

Mild 21,390 (26.0) 257,566 (20.7)

Moderate 4,976 (6.1) 44,529 (3.6)

Severe 2,193 (2.7) 17,562 (1.4)

*Charlson comorbidity index.
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majority, 69,123 (84.1%), had a baseline colonoscopy per-
formed within 1 month. A small number, 894 (1.2%), had endo-
scopic procedures other than colonoscopy (▶Fig. 1). Supple-
mental Fig. S4 shows that extending the inclusion period to 6
or 12 months would only increase the proportion correctly fol-
lowed up by approximately 1%. Thus, the majority of individuals
who do not have their baseline colonoscopy within 3 months
end up not having it at all (Fig. S4).

The baseline colonoscopy identified 13,214 individuals with
intermediate-risk and 9,024 individuals with high-risk adeno-
mas (▶Fig. 1). Among those, 439 either died or emigrated be-
fore their surveillance examination was due or were not consid-
ered suitable for surveillance due to comorbidity (▶Fig. 1). Ap-
proximately 90% of intermediate- and high-risk patients had
surveillance colonoscopies, but only 53% had them on time
(▶Table2). Sensitivity analyses extending the “on time” inter-

Positive FIT tests N = 82 221
No endoscopic procedure within 
three months, 
N = 6219 (7.6 %)

Baseline colonoscopy N = 75 108 (91.3 %)

Intermediate risk assessment
N = 13 214

Not enough follow-up time

High risk
N = 9024

No follow-up
N = 1557 (12.1)

No follow-up
N = 607 (19.0)

No follow-up
N = 176 (12.7)

2nd surveillance
colonoscopy

N = 2583 (81.0)

2nd surveillance
colonoscopy

N = 1205 (87.3)

No follow-up
N = 86 (9.7)

2nd surveillance
colonoscopy

N = 738 (87.5)

Clean colon or low 
risk adenomas

N = 3593

Intermediate risk
adenomas
N = 1522

High risk
adenomas

N = 930

No follow-up
N = 548 (6.1)

First surveillance 
colonoscopy
N = 11 286 

(87.9 %)

First surveillance 
colonoscopy

N = 8408 
(93.9 %)

No adenoma control program, i.e. 
clean colon (26 479)
Low risk or CT clean colon (19 700)
CRC (4564)
Missing risk assessments (2127)

Other endoscopic procedures 
N = 894 (1.2 %)

Death, emigration before 
follow-up was due and 
comorbidity codes.
N = 68

CRC (N = 56)
Missing risk assessments (N = 2307)

Death, emigration before 
follow-up was due and 
comorbidity codes.
N = 371

Death, emigration 
before follow-up 
was due and 
comorbidity codes.
N = 403

Death, emigration 
before follow-up 
was due and 
comorbidity codes.
N = 47

Death, emigration 
before follow-up 
was due and 
comorbidity codes.
N = 141

Abreviations: FIT – Faecal Immunochemical test, CT – Computed Tomography, CRC – Colorectal Cancer

Endoscopic procedure performed within 
3 months

N = 76 002 (92.4 %)

▶ Fig. 1 Flowchart of pathways of follow-up in the study population.
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val by 3 months increased the proportion having surveillance
colonoscopy to 60% (data not shown). Extending the interval
by 6 months for the 3-year follow-up recommendation and by
6 months for the 1-year follow-up recommendations increased
the overall proportions with timely adherence to 64%. This
means that 26% of the eligible individuals ended up with either
no surveillance colonoscopy or had it delayed by more than 1
year (data not shown).

Risk assessment codes were not used to the same extent in
the surveillance program, because 2,307 (27%) could not be
risk-stratified. Among the 6,101 individuals (73%) that we
were able to risk-stratify, only about one-third of those with
low-risk or intermediate-risk assessment attended for the sec-
ond surveillance colonoscopy on time (▶Table2). The propor-
tion without a second surveillance colonoscopy was 19% among
clean-colon or low-risk adenomas and 13% among intermedi-
ate-risk adenomas (▶Table 2). After two high-risk assessments,
53% had timely and 10% had no second surveillance. The sensi-
tivity analyses extending the “on time” period by 3 months in-
creased the proportion with timely second surveillance from
37% to 43%. Extending the 3-year and 1-year follow-up recom-
mendations by 6 months increased the proportion with timely
follow-up to 47% (data not shown).

Women, the youngest and oldest age groups, and those
with any comorbidity were more likely to not undergo baseline
colonoscopy, whereas older age and any comorbidity were
associated with deviations from recommendations for the first
surveillance exam. Similar patterns were seen for the second
surveillance, although they were not statistically significant in
case of comorbidity (▶Table 3).

▶Table 4 shows that among the 3% of individuals who could
not be risk-stratified after baseline colonoscopy, almost 27%
underwent at least one colonoscopy and 15% underwent poly-
pectomy in the following 4 years (▶Table4). Among those with
a clean colon, the proportions were 12% and 4%, respectively,
while among those with a low-risk baseline colonoscopy, the
proportions were 22% and 13%, respectively. These two groups
contributed 9,835 colonoscopies and 4,503 polypectomies, or
27% of all colonoscopies and 22% of all polypectomies per-
formed in the study population during this period (▶Table 5).

The sensitivity analysis excluding 2,643 residents of the Cen-
tral Denmark Region showed similar results (not reported).

Discussion
Summary of main results

As expected, most individuals with positive FIT tests received a
baseline colonoscopy. Nevertheless, adherence to first and sec-
ond surveillance colonoscopies was substantially lower. Varia-
tion in time at which these surveillance colonoscopies took
place was substantial. On average, the endoscopic resources
to investigate intermediate- and high-risk adenomas were in
accordance with the recommended surveillance protocols.
However, the expected colonoscopy savings from the 8-year
quarantine strategy after normal colonoscopies may not be as
large as expected, because this group still is associated with a
significant proportion of colonoscopies.

Comparison with other studies and implications for
practice

The high rate of compliance with baseline colonoscopy, 84%, is
similar to that observed in the Dutch screening program, re-
ported as 82% [24]. Several other programs have been less suc-
cessful. The Catalan FIT-based program, for example, recorded
61% adherence within 60 days [25]. The tendency toward a di-
minishing adherence at the stage of surveillance has also been
seen elsewhere. Our findings of approximately 50% timely ad-
herence to the first and approximately 30% to 50% timely ad-
herence to the second surveillance examination were broadly
in line with a meta-analysis in which adherence at either stage
was on average 49% [9]. Another meta-analysis focused specifi-
cally on any adherence to second surveillance and reported a
pooled estimate of 72% [26]. In Denmark, this was approxi-
mately 85% overall, with a large variation in timing (▶Table 2).
Nevertheless, these findings do show that the Danish program
has managed to achieve somewhat higher adherence compar-
ed with other European programs [9, 25]. One explanation for
this favorable observation could be the national screening im-
plementation strategy with a national steering group that was
appointed to monitor outcomes of the program. Furthermore,
in the beginning, there were no additional qualifications requir-
ed for endoscopists examining individuals with positive screen-
ing tests. This fact considerably increased available colonosco-
py capacity [13]. Finally, all Danish residents have a national
personal identification number, which is used for all communi-
cation with health services and makes it easy to track and rein-
vite those who have moved to another region.

Failure to obtain follow-up after a positive FIT test is asso-
ciated with a higher risk of CRC and CRC-specific mortality
[27]. Of the 6,219 individuals (7.8%) in our study who had no
follow-up 3 months after a positive FIT test, 70% had no endo-
scopic procedures performed during the next 4 years (Supple-
mentary material, Fig. S4). Ten percent for whom first surveil-
lance and 15% of for whom second surveillance was recommen-
ded no longer engaged with the service (▶Table2). As in other
screening programs, the proportions with no follow-up varied
with the severity of the findings at the previous colonoscopy
[9, 28] Although this was a register-based study and we were
not able to determine the reasons for non-adherence, they
could be either patient-driven or due to organizational failures,
including capacity constraints. A qualitative study found that
the most frequent patient-driven cause was unwillingness to
participate in surveillance [29]. Of those who did not attend
the first or second surveillance in Denmark, we suspect that
20% to 30% may have been discharged from surveillance due
to age, potentially in combination with comorbidity (data not
shown). International guidelines recommend ending surveil-
lance after age 75 years, but because that was not explicitly de-
scribed in the Danish guidelines, there might not have been
complete consensus about it among endoscopists.
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Colonoscopy use after normal and low-risk
assessments

We found that 22% of patients with low-risk assessments at
baseline colposcopy had a colonoscopy despite it not being re-
commended for surveillance. Although this may signal overuse
of diagnostic services, we should contrast it with the recent
finding that only 72% of these individuals attended for subse-

quent screening [30], with a potentially high persistent FIT
test positivity rate at that screen [31]. We do not have data to
describe the overlap between those with unexpected colonos-
copies and those with positive tests at the next screen.

A previous Danish study describing the phase during the
gradual implementation of the screening program showed
that the yearly average use of colonoscopies was 13.6/1000
among “not yet invited” individuals in the program’s target

▶Table 2 Adherence to baseline, first, and second surveillance colonoscopy.

Adherence to baseline colonoscopy after a positive FIT test result

Full adherence, within
the recommended time
(<31 days) and with a co-
lonoscopy*

Late follow-up (31–91 days) or procedures other than
colonoscopy

No follow-up within 3
months

Total (N = 82,221) 69,123 (84.1%) 6,879 (8.4%) 6,219 (7.6%)

First surveillance for patients with intermediate - and high-risk adenomas at baseline colonoscopy (N=21,799†)

Medium-risk adenomas at baseline colonoscopy (recommended: 3 years)

On time
(2.5–3.5 years)

Late (>3.5 years) Early
(<2.5 years)

No 1st surveillance colo-
noscopy

Total (N = 12,843) 6,632 (51.6) 2,888‡ (22.5) 1,766 (13.8) 1,557 (12.1)

High-risk adenomas at baseline colonoscopy (recommended: 1 year)

On time, 9–15 months
(3–15 months if piece-
meal resection)

Late, >15 months Early, <9 months
(1–3months if piecemeal
resection)

No 1st surveillance colo-
noscopy

Total (N = 8,956) 4,879 (54.5) 2,449‡ (27.3) 1,080 (12.1) 548 (6.1)

Of which piecemeal re-
section (N=2,048)

1,266 (61.8) 529 (25.8) 154 (7.5) 99 (4.8)

Second surveillance for patients with high-risk adenomas at baseline colonoscopy (N=5,454§)

Negative or low risk at first surveillance colonoscopy

On time
(2.5–3.5 years)

Late (>3.5 years) Early
(<2.5 years)

No 2nd surveillance colo-
noscopy

Total (N = 3,190) 1,083 (34.0) 832 (26.1) 668 (20.9) 607 (19.0)

Medium-risk at first surveillance colonoscopy

On time
(2.5–3.5 years)

Late or other procedures
(>3.5 years)

Early
(<2.5 years)

No 2nd surveillance colo-
noscopy

Total (N = 1,381) 444 (32.2) 371 (26.9) 390 (28.2) 176 (12.7)

High-risk at first surveillance colonoscopy

On time, 9–15 months
(3–15 months if piece-
meal resection)

Late, (>15 months) Early, <9 months
(1–3months if piecemeal
resection)

No 2nd surveillance colo-
noscopy

Total (N = 883) 466 (52.8) 228 (25.8) 103 (11.7) 86 (9.7)

*Including incomplete colonoscopies initiated within 30 days.
†Medium-risk patients are recommended follow-up colonoscopy after 3 years. N=371 were excluded because of death, emigration, or codes for severe comorbidity
before the follow-up was due. High-risk patients are recommended follow-up colonoscopy after 1 year. N=69 were excluded (N=22 among those with piecemeal
resection).
‡Of those 1,035 (medium risk) and 580 (high-risk) was non-colonoscopy follow-up.
§Patients with negative and low-risk assessments at first surveillance after initial high-risk assessment at baseline colonoscopy are recommended to undergo a new
colonoscopy in 3 years. N=403 were excluded because of death, emigration, codes for severe comorbidity, or the end of study on June 30, 2022, which was earlier
than when follow-up exam was due. Patients with medium-risk assessments at first surveillance after initial high-risk assessments at baseline colonoscopy were re-
commended to undergo a new colonoscopy in 3 years. N=141 were excluded. Patients with high-risk assessments at first surveillance and baseline colonoscopies
were recommended to under a new colonoscopy in 1 year. N=47 were excluded.
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age range. [32] In comparison, our estimate of 4,086 colonos-
copies over a 4-year period after a clean colonoscopy corre-
sponds to on average of 39/1000 per year in this group. Al-
though other countries have reported even higher proportions
of colonoscopies after normal and low-risk assessments [7, 8, 9,
10], this rate is high, given that the risk after a clean high-qual-
ity colonoscopy is low compared with the general population
[33]. However, the subgroup with additional colonoscopies
might still have a higher risk of other colorectal diseases, such

as diverticulitis, upper gastrointestinal disease, or hemor-
rhoids, because they did present with a positive FIT test. Never-
theless, their use of colonoscopy should be monitored carefully.
In fact, in a US setting with opportunistic screening with short
re-screening intervals, Kruse and colleagues estimated that
88% of colonoscopies performed after a normal screening colo-
noscopy represented overuse, i. e. they were not due to symp-
toms [10]. Early colonoscopies may put a strain on colonoscopy
services if they are not performed because of symptoms or

▶Table 3 Relative risk of deviations from the recommended baseline colonoscopy and first surveillance colonoscopy, by sex, age at screening, and
comorbidity index status at screening.

All deviations vs. full

adherence to baseline

colonoscopy

RR (95% CI)

All deviations vs. full adherence to

first surveillance colonoscopy among

intermediate and high-risk assess-

ments at baseline

RR (95% CI)

All deviations vs. full adherence to

second surveillance colonoscopy

among high-risk assessments at base-

line

RR (95% CI)

Men ref ref ref

Women 1.07 (1.03; 1.10) 1.02 (0.99; 1.05) 1.04 (0.99; 1.08)

49–54 years 1.19 (1.11; 1.27) 1.03 (0.97; 1.09) 0.94 (0.86; 1.02)

55–59 years 1.06 (0.99; 1.14) 1.03 (0.98; 1.09) 1.00 (0.93; 1.08)

60–64 years ref Ref Ref

65–69 years 1.05 (0.98; 1.12) 1.04 (0.99; 1.08) 0.97 (0.91; 1.03)

70–75 years 1.20 (1.13; 1.28) 1.14 (1.09; 1.18) 1.08 (1.02; 1.14)

No comorbidity ref ref Ref

Mild comorbidity 1.27 (1.16; 1.39) 1.10 (1.06; 1.13) 1.04 (0.99; 1.09)

Moderate comorbidity 1.78 (1.54; 2.06) 1.24 (1.17; 1.31) 1.07 (0.98; 1.17)

Severe comorbidity 1.65 (1.32; 2.04) 1.24 (1.14; 1.35) 1.08 (0.93; 1.24)

NOTE: non-significant interactions between age and comorbidity are present.
RR, relative risk; CI, confidence interval.

▶Table 4 Number and proportions of individuals attending diagnostic and treatment procedures within 4 years after the baseline colonoscopy, by
risk assessment at baseline colonoscopy.

Number and proportions of

individuals with at least one

of the following procedures

after the initial assessment*

Clean co-

lon

N=26,479

Low risk†

N=19,700

Medium

risk

N=13,214

High risk

N=9,024

No risk as-

sessment

N=2,127

Cancer

N=4,564

Total

N=75,108

Colonoscopy, N (%) 3,260 (12) 4,350 (22) 9,387 (71) 7,609 (84) 571 (27) 2.308 (51) 27,485 (37)

Other endoscopic procedures,
N (%)

1,753 (7) 1,208 (6) 1,014 (8) 1,341 (15) 249 (12) 1,540 (34) 7,105 (10)

CT colonography, N (%) 101 (0) 167 (1) 159 (1) 99 (1) 42 (2) 24 (1) 592 (1)

Colorectal surgery, N (%) 274 (1) 332 (2) 352 (3) 576 (6) 57 (3) 3,789‡

(83)
5,380 (7)

Colorectal biopsies, N (%) 1,486 (6) 1,542 (8) 1,773 (13) 2,127 (24) 220 (10) 1055 (23) 8,206 (11)

Colorectal polypectomy, N (%) 1,157 (4) 2,492 (13) 5,367 (41) 4,989 (55) 325 (15) 1,363 (30) 15,693 (21)

*Not including the period and procedures during the baseline assessment.
†Including also clean-colon assessments after computed tomography colonography.
‡After first colonoscopy and not latest date in the diagnostic period (up to 3 months after first colonoscopy).
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other conditions. In Denmark, early colonoscopies represented
approximately 12% of first and 11% to 28% of second surveil-
lance colonoscopies. A meta-analysis reported that 42% of the
time, endoscopists requested colonoscopies within a shorter
follow-up interval than recommended [9]. Another study found
that the reasons for endoscopists recommending a shorter sur-
veillance interval included individual assessments including
poor bowel preparation, fear of missed polyps, and family his-
tory of CRC [34].

Danish guidelines for adenoma surveillance were changed in
2023 to follow the 2020 European Society of Gastrointestinal
Endoscopy recommendations. In these guidelines, adenomas
at risk are allocated to 3-year surveillance, thus more individ-
uals will be discharged to routine screening after high-quality
colonoscopy [35]. In light of our findings, clinicians and health-
care planners should be aware that the expected lower demand
for colonoscopy services might not be fully realized if the
guidelines are not adhered to. Post-hoc analyses showed that
approximately 27% of intermediate-risk adenomas will be allo-
cated to the low-risk group under the new guidelines (polyps
<10mm, no adenomas with high-grade dysplasia, and no ses-
sile lesions with dysplasia), and thus, return to FIT screening in
2 years. In addition, 3-year instead of 1-year surveillance will be
recommended to all individuals with high-risk adenomas. While
these figures may be quite accurate and most likely will lead to
a reduction in colonoscopy demand, quantification of the im-
pact on colonoscopy resources is much more uncertain, be-
cause positivity and adherence rates may differ with the new
risk stratification.

Strengths and limitations

Danish healthcare registers are valid and very complete [16, 17,
18, 19]. We linked several registers to fully capture the entire
screening and surveillance pathways. At least 4.5 years of fol-
low-up was available for all screened individuals with positive
FIT tests.

One of the limitations of our study is that, due to late imple-
mentation of the program and the long prevalence round, our
estimates may not be fully generalizable to the subsequent
screening rounds. Second, while 97% of the population could
be risk-stratified at the baseline colonoscopy, it was only possi-
ble for approximately 70% at surveillance colonoscopies. Lastly,
the COVID-19 pandemic did not disrupt the screening program
in Denmark, although it may have led to postponement of
some of the surveillance examinations in the spring of 2020.A
separate analysis performed for screening in 2014 and 2015
showed that adherence to second surveillance among individ-
uals whose baseline assessment showed them to be high risk
but low-risk/normal or intermediate risk at first surveillance
was about 10 percentage points better than in the main analy-
sis.

Conclusions
Although adherence to baseline colonoscopy after a positive FIT
screening test was high, that trend did not continue through-
out the adenoma surveillance program and requires further
elucidation. In addition, more research is needed to determine
whether colonoscopies after a clean colon and low-risk assess-

▶Table 5 Number of diagnostic procedures performed in a 4-year period after the baseline colonoscopy, by initial risk assessment/diagnosis
(whereby one patient from Table 4 could have several procedures of the same kind).

Resource use after the

baseline colonoscopy and

for the proceeding four

years, by risk group as-

sessment at baseline colo-

noscopy (N=75,108)*

Clean co-

lon

Low risk† Medium

risk

High risk No risk as-

sessment

Cancer Total

N (%)

Number of colonoscopies 4,086 (11) 5,749 (16) 11,199
(30)

11,382
(31)

842 (2) 3,640 (10) 36,898 (100)

Number of other endo-
scopic procedures

3,059 (23) 1,908 (14) 1,515 (11) 2,098 (16) 372 (3) 4,325 (32) 13,277 (100)

Number of CT colonogra-
phies

110 (17) 175 (28) 162 (26) 103 (16) 44 (8) 27 (4) 621 (100)

Number of colorectal sur-
geries

321 (5) 373 (6) 386 (6) 640 (10) 64 (1) 4367‡ (71) 6,151 (100)

Number of biopsies 1,864 (18) 1,872 (18) 2,066 (20) 2,656 (26) 298 (3) 1,462 (14) 10,218 (100)§

Number of polypectomies 1,394 (7) 3,109 (15) 6,269 (31) 7,236 (35) 426 (2) 2,057 (10) 20,491 (100)§

*Not including the period and procedures during the baseline assessment.
†Including also clean-colon assessments after computed tomography colonography.
‡After first colonoscopy and not latest date in the diagnostic period (up to 3 months after first colonoscopy).
§Only counted one per visit.
CT, computed tomography.
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ments represent excess use of colonoscopy services. An im-
provement in these indicators may improve the effectiveness
and efficiency of the screening program.
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