Inflammatory

Research Article

Intestinal
Diseases

Inflamm Intest Dis 2021;6:101-108
DOI: 10.1159/000513473

Received: October 20, 2020
Accepted: November 20, 2020
Published online: February 17, 2021

Elevated Faecal Calprotectin in Patients with a
Normal Colonoscopy: Does It Matter in Clinical
Practice? A Retrospective Observational Study

Henrik Hovstadius

David Lundgren Pontus Karling

Department of Public Health and Clinical Medicine, Division of Medicine, Umea University, Umea, Sweden

Keywords

Faecal calprotectin - Colonoscopy - Cardiovascular disease -
Colorectal cancer - Diverticular disease - Esophagitis -
Gastritis - Inflammatory bowel disease

Abstract

Introduction: Faecal calprotectin (FC) is commonly used as
a diagnostic tool for patients with gastrointestinal (GI) symp-
toms. However, there is uncertainty in daily clinical practice
how to interpret an elevated FC in patients with a normal
colonoscopy. We investigated if patients with a normal colo-
noscopy but with an elevated FC more often were diagnosed
with a Gl disease in a 3-year follow-up period. Methods: Pa-
tients referred for colonoscopy (n = 1,263) to the Umea Uni-
versity Hospital endoscopy unit between 2007 and 2013 per-
formed a FC test (CALPRO") on the day before bowel prepa-
ration. A medical chart review was performed on all patients
who had normal findings on their colonoscopy (n =585, me-
dian age 64 years). Results: Thirty-four percent of the pa-
tients (n = 202) with normal colonoscopy had elevated FC
(>50 pg/qg), and these patients were more frequently diag-
nosed with upper Gl disease during the follow-up period
than patients with normal FC levels (9.9 vs. 4.7%; p = 0.015).
The upper Gl diseases were mainly benign (i.e., gastritis). In
a binary logistic regression analysis controlling for age, gen-
der, nonsteroid anti-inflammatory drug use, and proton-

pump inhibitor use, there was no difference for a new diag-
nosis of upper Gl disease in the follow-up period (multivari-
ate OR 1.70; 95% Cl: 0.77-3.74). There was no difference in a
new diagnosis of lower Gl disease (6.4 vs. 5.2%; p = 0.545) or
cardiovascular disease/death (multivariate OR 1.68; 95% Cl:
0.83-3.42) in the follow-up period between patients with el-
evated versus normal FC levels. Conclusions: In patients
with a normal colonoscopy, a simultaneously measured in-
creased FC level was not associated with an increased risk for
significant Gl disease during a follow-up period of 3 years.
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Introduction

Calprotectin is an intracellular calcium and zinc-bind-
ing protein with antibacterial properties, and it is abun-
dant in the cytoplasm of leukocytes, especially in neutro-
phil granulocytes [1-3]. These characteristics make cal-
protectin an excellent marker of leukocyte activity, and
increased levels of calprotectin haves been measured in
response to inflammatory activity in several body fluids
such as serum, liquor, and faeces [4].

Faecal calprotectin (FC) has been used to evaluate gut
inflammation in clinical practice for nearly 2 decades |3,
5-8]. The FC test is easy to perform, and it is stable in
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Fig. 1. Recruitment of the study popula-
tion.

room temperature up to 1 week [9]. The main use of FC
is to monitor disease activity in inflammatory bowel dis-
eases (IBDs) and to discriminate IBD from nonorganic
bowel disease. FC correlates well with disease activity in
IBD, and it can predict relapse and treatment response
[10-12]. A normal FC test reduces the need for referral to
colonoscopy to evaluate IBD.

In addition to IBD, all factors that trigger the activity
and recruitment of neutrophils into the gut lumen can
elevate FC levels. For example, elevated FC levels haves
been seen in patients with rheumatological disease, nec-
rotizing colitis, infectious colitis, and colorectal carcino-
ma [13-16]. Elevated FC levels have also been associated
with the use of nonsteroid anti-inflammatory drugs
(NSAIDs), acetylsalicylic acid (ASA), and proton-pump
inhibitors (PPIs) [17-19]. Furthermore, FC levels are af-
fected by age, that is, elevated levels are seen in the elder-
ly as well as in neonates [19, 20].

However, in a substantial number of subjects, FC is
elevated without any obvious cause. There is uncertainty
if these patients are at a higher risk of (or will later de-
velop) gastrointestinal (GI) disease. In the literature, we
found only one small report (abstract) that showed that
patients with an initially elevated FC, but a normal colo-
noscopy had a risk of organic disease at follow-up [21].

The aim of the present study was to investigate if a pa-
tient in clinical practice with an elevated FC level and
without pathological findings on a colonoscopy more of-
ten were diagnosed with a significant GI disease in the
following 3 years than a patient with normal FC levels. Is
it safe to rule out GI disease in a patient with elevated FC
but with a normal colonoscopy in clinical practice? A sec-
ondary aim was to determine if an elevated FC level was
associated with cardiovascular disease and/or death.
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Methods

The present study is based on the Faecal and Endoscopic
Colorectal Study in Umea, Sweden (FECSU), which is a cohort
consisting of 1,263 patients [22]. All outpatients that had under-
gone a planned colonoscopy at the endoscopic unit at Norrlands
University Hospital in Umea between May 2007 and February
2013 were invited to participate in this study. The exclusion crite-
rion in the FECSU was if the colonoscopy was planned to be sched-
uled in <1 week from referral, or if the patient had any impaired
mental ability, dementia, or low-performance status that made it
difficult to provide a stool sample and/or to fill in the question-
naires. During summer vacations and periods of reorganization at
the endoscopic unit, there were temporary stops in the recruitment
for the study. In total, there were 2,100 patients invited and 1,263
patients accepted to participate.

In the present study, we included all patients who had a normal
outcome of the colonoscopy in the FECSU (n = 585) (Fig. 1). Find-
ing of hemorrhoids, colonic diverticulosis, and benign polyps
(low-grade adenomas and hyperplastic polyps <1 cm) were classi-
fied as having a normal colonoscopy. The adenoma detection rate
in the FECSU was 14.5%. Exclusion criteria were known GI dis-
eases including IBD and microscopic colitis. Subjects who were on
surveillance for hereditary cancer and patients controlled for pre-
vious polyps/cancer were not excluded.

The stool sample was collected the day before the start of bow-
el preparation and was sent to the accredited Department of Labo-
ratory Medicine, Clinical Chemistry, Umea University Hospital,
on the same day as the colonoscopy was performed. The samples
were analyzed using the CALPRO calprotectin ELISA test accord-
ing to the manufacturer (Calpro AS Norway). The method is not
sensitive enough to give specific values below 20 pg/g and above
10,000 pg/g. Values out of range were recorded as <20 pg/g and
>10,000 pg/g. Based on the original study by Tibble et al. [5], we
used FClevel >50 pg/g to define a positive FC test. All endoscopists
who performed colonoscopies in the study and all pathologists
were blinded to the result of the FC test. In addition, all patients in
the study were asked to report the usage of medications the week
before the FC test.

To find patients who had a new diagnosis of any GI disease in
the following 3 years, a medical chart review that included the de-
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Table 1. Patients referred to colonoscopy with a normal outcome on the colonoscopy (n = 585) and basal characteristics divided by

different cutoff values of FC levels

FC median, pg/g  Patients with  p value Patients with ~ p value

(25th-75th FC >50 pg/g, FC >100 pg/g,

percentile) n (%) n (%)
All patients (n = 585) 30 (20-82) 202 (34) 119 (20)
Female gender (n = 314) 30 (20-91) 106 (34) 0.673 66 (21) 0.661
Male gender (n = 271) 30 (20-78) 96 (35) 0.673 53 (20) 0.661
Cause of referral for colonoscopy: (multiple causes possible)
Hematochezia (n = 108) 28 (20-74) 35(32) 0.626 19 (18) 0.454
Occult blood in stool (n = 181) 35 (20-187) 76 (42) 0.032* 50 (28) 0.013*
Anemia (n =71) 67 (22-155) 40 (56) <0.001* 32 (45) <0.001*
Weight loss (n = 30) 20 (20-74) 8 (27) 0.352 6 (20) 0.962
Fever (n=14) 38 (21-87) 5(36) 0.952 2 (14) 0.569
Change in bowel habits (n = 80) 34 (20-82) 30 (38) 0.548 16 (20) 0.935
Screening for hereditary colon cancer (n = 44) 22 (20-43) 8(18) 0.018* 7 (16) 0.448
Control after cancer (n = 44) 35 (20-88) 18 (41) 0.355 7 (16) 0.448
Control after adenoma/polyps (n = 35) 33 (20-68) 13 (37) 0.737 5(14) 0.359
Diarrhea (n = 100) 30 (20-74) 32 (32) 0.559 20 (20) 0.926
Irritable bowel syndrome-like symptoms (n = 103) 25 (20-62) 28 (27) 0.084 14 (14) 0.061
Anal symptoms (n = 16) 20 (20-82) 5(31) 0.780 3(19) 0.873
Based on radiology findings (n = 26) 30 (20-84) 10 (38) 0.671 3(12) 0.252
Miscellaneous indications (n = 46) 32 (20-73) 14 (30) 0.543 9 (20) 0.892
Colonoscopy findings
Normal colonoscopy without diverticula, hemorrhoids, adenoma, 29 (20-76) 80 (31) 0.067 50 (19) 0.496
and polyps (n = 262)
Colonic diverticulosis (n = 224) 36 (20-99) 91 (41) 0.015* 53 (24) 0.116
Hemorrhoids (# = 90) 30 (20-74) 32 (36) 0.824 16 (18) 0.511
Hyperplastic polyps (n = 79) 33 (20-84) 33 (42) 0.145 17 (22) 0.780
Low-grade adenomas (n = 9) 42 (25-149) 4 (44) 0.504 4 (44) 0.089
Current medications
PPI (n=123) 78 (30-144) 77 (63) <0.001* 50 (41) <0.001*
ASA (n=115) 69 (28-147) 69 (60) <0.001* 42 (37) <0.001*
NSAIDs (n = 48) 68 (26-132) 26 (54) 0.003* 17 (35) 0.007*

FC, faecal calprotectin; NSAID, nonsteroidal anti-inflammatory drug; PPI, proton-pump inhibitor; ASA, acetylsalicylic acid. * Statistically significant.

partment of medicine, surgery, endoscopy, and radiology was per-
formed on all subjects with a normal index colonoscopy. To con-
struct a composite outcome of major life events, we also checked
for cases of death, stroke, or myocardial infarction.

GI disease was classified as either upper or lower GI disease
depending on its localization above or below the ligament of Tre-
itz. This is a pragmatic study performed in clinical practice and
biopsies for histology were not performed in all patients. There-
fore, the definition of GI disease was based on either clinical judg-
ment by the endoscopist or histology as it is done in clinical prax-
is in Sweden. For example, a patient could be classified as having
“gastritis” both on macroscopic (endoscopy) and/or microscopic
(histology) judgment.

Statistical Methods
All statistical analyses were made using IBM SPSS version 26.
To compare categorical variables, x° tests were used. Fischer’s ex-

Elevated FC and Normal Colonoscopy

act test was used when the number of subjects with a factor was
small (<10). Binary logistical regression was used when controlling
for cofounders, and outcomes are presented as odds ratio with
95th confidence intervals. All variables were treated as dichoto-
mous, except age which was treated as a continuous variable.
When comparing median age, a Mann-Whitney U test was used.
A result was deemed significant if the p value was <0.05.

Results

Patient Characteristics

All patients who were included in the study were ret-
rospectively observed for 3 years or until deceased. The
median age of all patients with a normal colonoscopy was
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Table 2. The number (proportions) of patients with a normal colonoscopy who were diagnosed with GI disease,
stroke, myocardial infarction, or deceased within 3 years after the initial colon investigation

Patients with Patients with p value

FC >50 pg/g, FC <50 ug/g,

n=202 n =383
Median age, years (25th-75th percentile) 70 (64-75) 60 (50-68) <0.001*
Female gender 106 (52.5%) 208 (54.3%) 0.673
Any GI disease 31 (15.3%) 37(9.7%) 0.041*
Upper GI disease 20 (9.9%) 18 (4.7%) 0.015*
Gastritis 8 (4%) 8 (2.1%) 0.187
Esophagitis/Barret’s esophagus 6 (3%) 4 (1.0%) 0.088
Ulcus/Duodenal ulcus 3 (1.5%) 1(0.2%) 0.088
Lower GI disease 13 (6.4%) 20 (5.2%) 0.545
Colonic Diverticulitis 4 (2%) 9 (2.3%) 0.773
Tleus 3 (1.5%) 2 (0.5%) 0.229
Any GI cancer 2 (1%) 6 (1.6%) 0.570
IBD 0 2 (0.5%) >0.999
Death, stroke, and myocardial infarction® 24 (11.9%) 16 (4.2%) 0.001*

FC, faecal calprotectin; GI, gastrointestinal; IBD, inflammatory bowel disease. * If a patient suffered either a
stroke, myocardial infarction, or died. * Statistically significant.

64 years (25th-75th percentile 53-72 years). There was an
equal gender distribution, and the most common cause
of referral to colonoscopy was suspicion of GI bleeding
(hematochezia, occult blood in stool, and anemia) and
IBS-like symptoms (Table 1). Approximately, one-third
of the patients had a FC >50 pg/g, 1 of 5 patients had a FC
>100 pg/g, and 45 patients (8%) had a FC >200 pg/g. The
median age was significantly higher (70 vs. 60 years; p <
0.001) in the FC >50 pg/g group than the FC <50 ug/g
group. There were significantly more patient referred for
anemia (54 vs. 32%; p < 0.001) and occult blood in the
stool (42 vs. 31%, p < 0.032) in the FC >50 ug/g group than
the FC <50 pg/g group (Table 1). There were significant-
ly more patients in the group with FC >50 pg/g than the
group of patients with FC <50 pg/g with the finding “co-
lonic diverticulosis” (45 vs. 35%; p = 0.015), but there
were no differences between the groups in the frequencies
of reported hemorrhoids, hyperplastic polyps, and low-
grade adenomas. The use of PPIs (63 vs. 26%; p < 0.001),
ASA (60 vs. 28%; p < 0.001), and NSAIDs (54 vs. 33%;
p = 0.003) was more common in the FC >50 ug/g group
than the FC <50 pg/g group (Table 1). In the group with
patients FC >50 pg/g, there were a significantly lower
number of patients referred due to screening for heredi-
tary colonic cancer (18 vs. 36%; p = 0.018).

In the FC >100 pg/g group, the median age was sig-
nificantly higher (70 vs. 62 years; p < 0.001) than the FC
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<100 pg/g group. There was significantly more patients
on PPIs (41 vs. 15%; p > 0.001), ASAs (36 vs. 16%; p <
0.001), and NSAIDs (35 vs. 19%; p = 0.007) in patients
with FC >100 pg/g than the patients with <100 ug/g. In
the FC >100 pg/g group, there was no significant differ-
ences in the frequency of colonic diverticulosis compared
to the FC <100 pg/g group. The cause of referral for occult
blood in the stool (28 vs. 17%; p = 0.013) and anemia (45
vs. 17%; p < 0.001) was significantly more common in the
patients with FC >100 pg/g than the patients with FC
<100 ug/g.

Gastrointestinal Disease

The number of patients that during the post-colonos-
copy 3-year observation period underwent any addition-
al Gl investigations was 182 (31%), a second colonoscopy
77 (13%), a gastroscopy 88 (15%), a video capsule small
bowel endoscopy 10 (1.7%), an abdominal CT scan 127
(22%), and other abdominal imaging 20 (3.4%). There
was a significant higher proportion of patients with FC
>50 pg/g than patients with FC <50 ug/g that had under-
went a second colonoscopy (18 vs. 11%; p = 0.014), gas-
troscopy (22 vs. 11%; p < 0.001), and abdominal CT scan
(31 vs. 17%; p < 0.001).

In the 3-year follow-up period, 68 patients (12%) had
a new diagnosis of any GI disease. Thirty-eight patients
were diagnosed with an upper GI disease, 33 patients
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Table 3. The baseline level of FC in patients with a normal colonoscopy that were diagnosed with cancer in the GI tract during a 3-year

follow-up period

GI cancer, n =8 FC before index Gender Ageatindex Time from index
colonoscopy, (M, male; colonoscopy, colonoscopy to cancer
ug/g F, female) years diagnosis, months

Pancreatic cancer 33 M 87 7

Recurrence colon cancer, peritoneal carcinosis 150 M 76 2

Adenocarcinoma in colon, polyp with cancer 20 M 73 28

New liver metastasis from previously treated colorectal cancer 65 F 66 19

Recurrence of colon cancer with metastasis to mesentery 47 F 64 6

Cholangiocarcinoma 20 F 68 10

Adenocarcinoma in appendix 20 M 55 12

Carcinoid in small intestine 35 M 79 6

FC, faecal calprotectin; GI, gastrointestinal.

were diagnosed with a lower GI disease, and 3 patients
developed both upper and lower GI disease. The most
common upper GI disease was gastritis (n = 16), and the
most common lower GI disease was diverticulitis (n = 13)
(Table 2). The patients with a FC >50 ug/g were signifi-
cantly more often diagnosed with an upper GI disease
than the patients with FC <50 pg/g, but there was no dif-
ference in the occurrence of lower GI disease (Table 2).
The most common upper GI disease in the subjects with
a FC >50 pg/g was gastritis (n = 8) and esophagitis/
Barrett’s esophagus (n = 6), but no patient developed up-
per GI cancer. Binary logistic regression analysis using FC
>50 pg/g as a dependent variable showed that the differ-
ences in upper GI disease did not remain after controlling
for age, gender, PPI use, and NSAID use (multivariate OR
1.70; 95% CI: 0.77-3.74). When using FC >100 pg/g as a
dependent variable in the binary logistic model, there was
no difference in developing upper GI disease (multivari-
ate OR 2.01; 95% CI: 0.91-4.44). The most common low-
er GI disease in the group with elevated FC diagnosed in
the follow-up period was diverticulitis (n = 4) and ileus
(n =3) (Table 2).

Inflammatory Bowel Disease

Two patients were diagnosed with IBD during the
3-year period after their colonoscopy. The FClevels at the
initial colonoscopy for these patients were 44 ug/g
(Crohn’s disease) and 20 pg/g (ulcerative proctitis), re-
spectively.

Elevated FC and Normal Colonoscopy

Cancer

Eight patients developed cancer in the GI tract during
the study. Two patients developed new colorectal cancer,
and 3 patients had arelapse ofa previously known colorec-
tal cancer. Of these 8 patients, only 2 had a FC level >50
ug/g at the time of the initial colonoscopy. The cancer
cases are presented in Table 3.

Death, Stroke, and Myocardial Infarction

Forty patients (7%) suffered a stroke, myocardial in-
farction, or deceased during the study and the composite
outcome of these major events were significantly more
frequent in the subjects with FC >50 pg/g (Table 2).
However, in the binary logistical regression model, in-
cluding age and gender as independent variables, there
were no significant differences between subjects with >50
pg/g and subjects with <50 pg/g (multivariate OR 1.68;
95% CI: 0.83-3.42). Also, when using FC >100 pg/g as a
dependent variable, there was no difference in the com-
pound variable (multivariate OR 1.80; 95% CI: 0.87-
3.71).

Patients with FC >200 ug/G

Of the 45 patients with a FC >200 pg/g and a normal
colonoscopy, 5 patients (11%) were diagnosed with a GI
disease in the follow-up period. Three patients were diag-
nosed with “Gastritis,” and 2 patients were diagnosed
with Ileus, but there were no patients who developed can-
cer (Table 3). The median age was significantly higher in
the patients with FC >200 ug/g than the patients with FC
<200 pg/g group (69 vs. 63 years; p < 0.001).
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Discussion

In clinical practice, there is uncertainty in how to in-
terpret a patient with an elevated FC test and without any
obvious cause on investigations of the GI tract. We inves-
tigated if it was safe to rule out significant GI disease in a
patient with an elevated FC test with a normal colonos-
copy in clinical practice. In our study that included 585
patients referred for colonoscopy and with a normal co-
lonic investigation, we found that in subjects with FClev-
els >50 ug/g, there was a significantly higher risk during
the following 3 years than an upper GI disease would be
diagnosed. However, after controlling for common fac-
tors that elevate FC (age, gender, NSAID, and PPI use),
this risk was no longer significant. The upper GI diseases
diagnosed in the follow-up period were of benign nature
(gastritis and gastroesophageal reflux disease), and a de-
lay to diagnosis in these patients was likely of minor clin-
ical significance.

Few studies have investigated the relationship between
elevated FC levels, normal colonoscopy, and future GI
disease. We only found a small report in the literature (an
abstract) on 67 patients with a FC >50 ug/g and a normal
colonoscopy [21]. In that study, patients with FC levels
<225 ug/g did not develop intestinal disease over a period
of 3 years, but in patients with FC >225 ug/g, 14 out of 25
patients developed significant GI disease during the
3-year follow-up period. Nine of the patients in that study
developed IBD. However, in our study, only 2 patients in
total developed IBD during follow-up, and none of those
2 patients had a FC >50 ug/g.

There are other studies that have focused on slightly
elevated FC levels and colonoscopy findings (but without
an index colonoscopy) [22, 23]. For example, a study
from Scotland [23] investigated the significance of slight-
ly elevated FC levels (in the span 100-200 pg/g with the
Btihlmann calprotectin ELISA kit) in patients 16-50 years
of age that presented with lower GI symptoms. In that
study, the negative predictive value for any GI pathology
was 86.7% during a follow-up of approximately 3 years.
If only IBD, advanced adenoma, and colorectal cancer
were the target, the negative predictive value was much
higher (97.5%) [23]. Hogberg et al. [24] investigated the
accuracy of FC to predict a positive diagnosis of IBD, ad-
vanced adenoma, and colorectal cancer in primary care
in a 2-year follow-up period from the FC test. Using FC
>50 pg/g (CALPRO calprotectin ELISA test), the positive
predictive value of FC >50 pg/g for any of the diagnosis
was 18% (20 out of 119 patients with FC >50 ug/g had any
of the diagnosis) [24].
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Increased FC levels have been strongly associated with
colonic disease [25]. However, in the present study, in
patients with a normal colonoscopy at baseline, an in-
creased risk for developing lower GI disease during the
follow-up period was not found.

Increased FC levels have been found in patients with
acute diverticulitis [26], and higher FC levels predicted
recurrence of colonic diverticulitis in patients suffering
from an episode of acute uncomplicated diverticulitis
[27]. In the present study, 13 patients developed clinical
diverticulitis during the follow-up period, but only 4 of
these patients had elevated FC levels at the time of the in-
dex colonoscopy. Overall, the presence of colonic diver-
ticulosis was associated with higher FC levels, but in the
same patient population, we previously showed that when
controlling for age, there was no association between FC
levels and the finding of colonic diverticulosis on colo-
noscopy [19]. Consistent with this finding, Tursi et al.
[26] did not detect an association between FC levels and
asymptomatic diverticular disease.

Increased FC levels have been associated with colorec-
tal cancer [28]. At the index colonoscopy, approximately
2-13% of adenomas are missed [29]. In our study, an el-
evated FC test in combination with a normal colonoscopy
was not associated with a risk of colorectal cancer or oth-
er GI cancers in the following 3 years after the colon in-
vestigation. Overall, there were 8 patients who developed
any GI cancer in the follow-up period. Six of these pa-
tients had a normal FC test at the index colonoscopy, and
2 patients had only slightly elevated FC levels (i.e., 65 and
150 pg/g, respectively).

Inflammation plays a role in the pathogenesis of car-
diovascular disease [30]. Several studies have implied that
serum calprotectin is associated with the pathogenesis of
coronary artery disease, and it has the potential to dis-
criminate between stable and unstable coronary artery
disease [31-35]. Therefore, we compared the incidence of
cardiovascular events and death in the follow-up period
between the subjects with low versus high FC levels. In
our study, a composite outcome of death, stroke, and
myocardial infarction showed that the group with elevat-
ed FC levels was more than twice as likely to suffer from
any of these events. However, when controlling for age
and gender, there was no difference in risk between the
patients with high and low FClevels. This implies that age
and male gender, and not FC levels are risk factors for
cardiovascular events and death among the patients in
our study.

There are some limitations in our study design. Al-
though we included a large group of patients, the study
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was underpowered (type 2 error) for the development of
several GI diseases (e.g., IBD) in the follow-up period.
However, the overall risk for the composite variables low-
er, respectively, upper GI disease, the power of the study
was acceptable. An inclusion criterion was a patient being
referred for colonoscopy. Therefore, our results are ap-
plicable mainly to patients referred to colonoscopy and
may not be generalized to the general population. For ex-
ample, the subjects included in the study were older than
in the general population. On the other hand, our study
population reflects what is seen in daily clinical practice.

After the index colonoscopy, no active follow-up of the
patients was performed. Instead, the study was a prag-
matic study thataimed to show what happened in real life.
For example, we have no information of the upper GI or
small bowel before or at the time of the FC test, and ad-
ditional investigations of the GI tract were dependent on
the decisions made in clinical practice. The diagnosis was
based on clinical judgment that in turn was based on the
history in combination with objective data, and in some
patients, the diagnosis was not confirmed by histology or
radiologic findings.

Unfortunately, we have no data on the subjects who
did not participate in the study. For some patients, we
cannot rule out that it could be differences in age, socio-
economic status, and perhaps other factors between “par-
ticipants” and “non-participants.”

The strength of our study is that we measured FC be-
fore and in close proximity to the performed colonoscopy
(just before the bowel preparation), which makes it some-
what certain that our patients had the FC test at the time
of the endoscopy. In addition, the endoscopists and the
pathologists were blinded to the result of the FC test. Fur-
thermore, strength of our study is that at the time of study,
there was no private endoscopy unit in the catchment
area of Umed, and therefore, the study mirrors “all pa-
tients” referred to colonoscopy in the catchment area.
The only exclusion criteria were known GI disease, if the
colonoscopy was planned to be scheduled in <1 week
from referral, or if the patient had any impaired mental
ability, dementia, or low-performance status that made it
difficult to provide a stool sample and/or to fill in the
questionnaires. Finally, all patients who participated in
the study stayed residing in the catchment area through-
out the study period, which strengthens the retrospective
observation analysis.

In summary, in patients with a normal colonoscopy, a
simultaneously measured increased FC level was not as-
sociated with an increased risk of developing GI disease
during the following 3 years. We argue that it is safe to

Elevated FC and Normal Colonoscopy

rule out colonic disease in patients referred to colonos-
copy with increased FClevels and a normal colonic inves-
tigation.
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