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Abstract

Objectives:  Faecal Calprotectin (FC) is a marker for intestinal in�ammation, which allows the clinician to distinguish
between functional and organic intestinal illnesses, as well as to evaluate the activeness of disease in chronic in�ammatory
bowel syndrome (IBD). �is is done with one measurement in one stool sample. �ere are rare studies that report day-to-
day variability in FC concentration measured in patients with IBD. If such variability also exists in healthy individuals has
not been investigated so far.

Aim: To determine the day-to-day variability of FC in healthy individuals.

Methods:  163  healthy  volunteers  without  gastrointestinal  symptoms  gave  three  stool  samples  of  the  morning  bowel
movement mostly within 3 days. �e FC-analysis was made by enzyme-linked immunosorbent essay (ELISA) method a�er
Bühlmann. �e threshold to pathological FC- values was 50µg/g.

Results: Of the 163 volunteers (aged 17-66y, mean 37y, 100 women), 49 volunteers (30.1%) showed at least one value
deemed pathologic. 40 (24.5%) showed both normal and elevated (>50µg/g) values and 9 (5.5%) showed elevated values
throughout. Applying a cut-off of 100 µg/g, 26 volunteers (16%) showed at least one elevated measurement and only 4
(2.5%) had values consistently over 100 µg/g.

Conclusions:  The presented data show a high variability of FC in a short amount of time in a third of the healthy
volunteers. �is suggests several measurements of FC to be adequate to reach a decision if further investigation is necessary.
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Raising the cut-off to 100 µg/g seems appropriate to keep the rate of false positive results low without missing relevant
disease.

Keywords: Faecal Calprotectin; Variability; IBD

Study Highlights

What is Known

Faecal calprotectin is a widely used marker
for intestinal in�ammation.

Its  main  uses  are  in  the  management  of
inflammatory  bowel  disease  and  in  distinguishing
between  organic  and  functional  gastrointestinal
disease.

Clinical  decisions  are  currently  based  on
one stool sample.

What is New Here

Faecal  Calprotectin  shows high variability
even in intestinally healthy individuals.

One  measurement,  as  currently  recom-
mended,  might  well  not  be  sufficient  for  reliable
decision-making.

Introduction

Clinicians  o�en  have  to  assess  abdominal  dis-
comfort,  which  presents  the  challenge  of  not  only  a  large
amount of possible diagnoses, but also simply di�erentiating
between  organic  and  functional  disorders  [1,2].  Evidently  a
thorough  patient  history  and  examination  are  crucial  to
�nding  the  right  diagnostic  pathway,  closely  followed  by
laboratory  testing  [2].  An  e�ective  way  to  di�erentiate
between  functional  and  organic  disorders  of  the  gastro-
intestinal  tract  is  endoscopic  exams  [3].  �ese  however  are
time consuming, expensive and disturbing to a lot of patients.
�us, faecal markers were researched. �e best known faecal
marker  is  calprotectin.  Numerous studies  have shown faecal
calprotectin  (FC)  to  be  a  useful  tool  to  distinguish  between
functional and organic disorders [2,4,5]. It is decidedly more

reliable  than  blood  tests  [6],  therefore  a  slightly  more
uncomfortable means of  collection and slightly higher e�ort
to analyse seem justi�ed. FC is a protein that is mainly found
in  neutrophil  granulocytes  [7].  Neutrophils  are  released  in
the gastrointestinal lumen by the in�amed intestinal mucosa
and can thus be tracked in stool samples [7]. FC is very stable
and resistant to intestinal bacteria, which leads to a generous
time frame of analysis and uncomplicated storage, although it
has  been  suggested,  that  a  time  period  of  three  days  should
not be over stepped for an unbiased result [7].

FC  is  already  widely  used  in  the  management  of
patients  with  in�ammatory  bowel  disease  (IBD),  namely
ulcerative  colitis  and  Crohn’s  disease  [4].  Although  FC
cannot always accurately predict disease extension [8], it can
premeditate  a  disease  �are  [9]  and  correlates  well  with
mucosal  healing,  to  date  the  most  important  prognostic
factor  in  IBD  [10].  It  helps  in  the  management  of  these
patients, prevents unnecessary endoscopic exams and enables
a timely start to therapy of a recurrence [4].

Less well established but getting better known is the
role  of  FC  in  primary  care  [2,11,12].  Especially  younger
patients  are  more  likely  to  su�er  from  irritable  bowel
syndrome (IBS) than IBD, although clinical presentation can
be  identical  with  bloating,  discomfort,  cramps  etc  [2].  A
measurement  of  FC  can  help  distinguish  these  two  [2],
Guidelines commonly recommend the measurement of FC in
patients  with  unclear  abdominal  discomfort  lasting  longer
than 4 weeks [14,15]. An FC value over 50µg/g would lead to
an  endoscopic  exam;  a  value  under  this  cut-off  would
determine  a  functional  disorder,  e.g.  IBS,  as  the  most  likely
diagnosis. It has indeed been thoroughly documented that FC
has a high negative predictive value [16]. On the other hand,
falsely positive results with this cut-o� are common [5,12,16].
Several  investigators have already recommended a cut-off  of
100µg/g or higher because of this [2,10,12,17].
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A  further  di�culty  is  the  variability  of  FC,  which
has only been mentioned rarely and is little known. In scarce
studies  with  IBD  patients,  high  variability  in  FC  values  was
shown  [18-20].  In  our  own  daily  clinical  practice  we  have
seen  this  variability  in  a  variety  of  patients.  �is  poses  the
question if  such variability  also exists  in healthy individuals.
According to our knowledge,  this  has  not  been documented
so far.

In this study, we planned to evaluate the changes in
FC  concentration  intra-individually  in  a  short  amount  of
time. It  was our objective to assess this variability in healthy
individuals, as well as to see if we can see a bene�t of several
measurements  instead  of  one.  As  a  second  objective,  we
examined the e�ects of elevating the currently used cut-off of
FC.

Methods

For this study, healthy volunteers 17 years or older
were  recruited,  who  considered  themselves  intestinally
healthy and were willing to give three stool samples on three
consecutive  days.  Enrolment  started  in  October  2015  and
ended in February 2017, last follow-up was December 31st,
2019.  Primary inclusion criteria  where  intestinally  healthy
volunteers,  who  submitted  three  stool  samples  on
consecutive days. Exclusion criterion was an organic reason
for  FC  elevation,  including  the  use  of  NSAD.  Interested
parties received an information dossier and an interview for
information  and  consent.  They  completed  a  short
questionnaire to their overall health and gave their consent in
writing.  They  then  received  three  stool  sample  kits  with
verbal and written instructions on how and when to take the
stool  sample,  namely  from  the  morning  stool  of  three
consecutive days if possible, and to send in the stool samples
the same day.  Samples that were collected within 14 days
were accepted for analysis, since analysis was not performed
on  weekends  and  not  all  participants  had  daily  bowel
movements. During the study period the volunteers were told
not to take NSAID and to inform us about any changes in
health.  The  volunteers  with  elevated  values  were  further
questioned by a doctor. Occult blood was evaluated as well.
The  stool  samples  were  sent  to  MCL  (Medizinische
Chemische  Laboratorien)  in  Niederwangen,  CH.  Occult
Blood analysis was performed by MCL, the FC was analysed
in  cooperation  with  Rothen  Medizinsche  Laboratorien  in

Basel, CH. �e Bühlmann Fcal ELISA Method was used to
evaluate FC concentration in the stool [21]. �is method was
developed  in  Switzerland  and  has  found  worldwide
recognition and use [22]. �e cut-off used was 50 µg/g stool
[15,21]. Results were o�en stated as <15 or <30 µg/g, which
we coded  as  15  and 30  µg/g  respectively.  When elevated
values  arose,  we  personally  contacted  the  corresponding
volunteers, informed them and completed a more thorough
questioning to their overall and intestinal health at the time
of participation. �en they were asked to participate a second
time with another three stool samples. Further examinations
were arranged or recommended according to constellation of
results  and  clinical  findings.  In  cases  of  elevated  values
endoscopic  evaluation  was  recommended.  Patients
undergoing  endoscopic  evaluation  received  helicobacter
pylori (H. pylori) antigen testing in either stool or histologic
samples  of  their  upper  endoscopy [23].  Occult  blood was
initially determined through the guaiac test, oward the end of
the study period MCL switched to immunchromatography
[24]. Volunteers were informed in case of pathological results
and recommendations were given. All results were seen by a
medical doctor and pathological values were discussed in a
team  of  doctors.  All  volunteers  received  a  copy  of  their
results.  The values were transcribed encrypted in an excel
chart. To a small extent, excel was used for the descriptive
statistical analysis. �e professor emeritus of Statistics of the
University  of  Berne,  Jürg  Hüsler,  received  our  encrypted
patient  data  and calculated our  statistical  results  with the
So�ware SAS (Statistical Analysis System) Version 9.4. �e
study was approved by the Swiss Ethics committee of Berne
(KEK-number 334/15).

Results

Study Population

Initially,  we  assessed  183  volunteers  who
considered  themselves  intestinally  healthy.  163  of  the  183
(89%) quali�ed for the �nal analysis (see also Figure 1). �e
20 exclusions were as follows: 7 volunteers did not give three
usable  stool  samples,  3  made  mistakes  in  the  stool  retrieval,
mostly  taking  all  samples  from  the  same  stool.  9  had  to  be
excluded  because  they  revealed  themselves  to  not  being
intestinally healthy a�er more thorough questioning, of these
2  had  a  gastric  bypass  surgery,  3  had  re�ux,  2  a  diagnosed
irritable  bowel  syndrome  (IBS)  and  2  were  under  treatment
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due  to  chronic  obstipation.  �ese  19  patients  did  not  meet
the  inclusion  criteria.  Only  one  patient  (0.5%)  had  to  be
excluded  secondarily  due  to  pathological  endoscopic  and
histological �ndings, namely an ileitis of unknown origin. Of
the 163 analysed volunteers 100 were women (61.3%) and 63

were  men  (36.7%).  Median  age  was  26  years,  mean  age  was
37  years,  range  was  17-66  years.  Of  the  163  volunteers
analysed,  104  (63.8%),  138  (84.7%),  153  (93.9%)  gave  their
stool  samples  on  three  consecutive  days,  within  one  week,
within  10  days  respectively,  the  remaining  10  (6.1%)  gave
their  stool  samples  within  two  weeks.

Figure 1: Flow chart

Main point of investigation

�e results of FC measurements in all three samples
ranged from 3 to 2’142µg/g. Further details are shown in the
scatter  plot  in  Figure  2.  �e  mean  value  of  the  �rst  sample
was  44.5  µg/g,  the  second  was  60.3  µg/g,  the  third  41  µg/g.
�e  mean  value  of  the  second  measurements  was  the  only

one above the recommended cut-off of 50 µg/g, largely due to
a  single  anomaly  of  2142  µg/g  (the  other  2  values  of  this
volunteer  were  normal).  Excluding  the  anomaly  led  to  a
mean  FC  of  47.5  µg/g.  �e  median  value  was  similar  in  all
three measurement rows with 20, 22 and 18 µg/g respectively.
Further details are shown in Table 1.
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Figure 2: Faecal Calprotectin measurements per volunteer

Abbreviations: Cal: faecal calprotectin (FC) in µg/g; cal1-3: results of the �rst through third FC measurement. Rep: red represents the second,
blue the third measurement.

How to read the table: the x-axis shows the �rst calprotectin measurement (Cal1), red on the y-axis shows the second measurement (cal2),
blue on the y-axis the third (cal3). 6 values (from 6 di�erent volunteers) > 400 µg/g were not documented for better visibility: 587 and 489 in

the �rst measurement, 2142 and 728 in the second, and 699 and 485 in the third measurement.

Table 1: Key �gures on all three faecal calprotectin measurements

Variable N Mean Standard Deviation Minimum Maximum Lower Quartile Median Upper Quartile

Cal1 163 44.5 75.1 3 587 15 20 37

Cal2 163 60.3 183.4 6 2142 15 22 43

Cal3 163 41 73.7 9 699 15 18 40

Cal 1-3: Calprotectin values from the �rst, second and third stool sample respectively. All calprotectin values are in µg/g.

114  (69.9%)  of  the  163  analysed  individuals  had
three consecutive normal measurements of  FC in their  stool
samples.  �us  49  (30.1%)  of  the  healthy  population  had  at
least one elevated FC value. 40 (24.5%) showed both normal
and elevated (>50 µg/g) values and 9 (5.5%) showed elevated
values  throughout.  Of  the  49  volunteers  (30.1%)  with

elevated  values,  25  (15.3%)  had  one,  15  (9.2%)  two  and  9
(5.5%)  three  elevated  measurements.  All  volunteers  with
elevated  values  were  contacted  and  questioned;  they  all  felt
healthy  and  denied  taking  NSAID.  �ose  with  values  >50
µg/g  who  were  agreeable  received  further  investigation
(second series of stool samples, endoscopy). �is is discussed
more closely below and listed in Table 2.
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Table 2: Overview of the faecal calprotectin values in the participants with elevated values, including values of the second series of three stool
samples

First series Second series

V Age Gender NEV Cal1 Cal2 Cal3 NEV Cal1 Cal2 Cal3 Investigation

1 32 F 1 41 70 29 none

2 34 F 1 23 19 68 none

3 54 M 1 30 69 36 none

4 32 F 1 21 15 69 none

5 26 M 1 15 15 58 none

6 57 F 1 21 41 52 none

7 54 F 1 15 71 15 none

8 23 M 1 28 47 88 none

9 28 F 1 26 22 53 none

10 25 F 1 47 51 39 none

11 63 F 1 118 15 15 none

12 28 M 1 15 49 132 none

13 26 M 1 15 347 16 none

14 50 M 2 31 75 55 none

15 31 F 2 61 48 72 none

16 44 M 2 90 44 51 none

17 44 M 2 15 73 59 none

18 35 F 2 37 305 94 gastro/colo

19 52 F 2 99 50 485 gastro/colo

20 32 F 3 142 147 128 gastro/colo

21 58 F 3 489 241 361 gastro/colo†

22 29 F 1 21 57 30 0 37 18 15 none

23 51 F 1 60 45 18 0 19 17 19 none

24 51 F 1 29 32 74 0 15 29 15 none

25 41 M 1 80 40 30 0 25 25 48 none

26 25 M 1 96 40 15 0 15 15 15 none

27 45 F 1 15 102 15 0 15 15 15 none

28 51 M 1 16 24 109 0 27 45 34 none

29 44 F 1 325 24 15 0 18 15 15 none

30 31 M 1 265 21 15 1 19 115 15 none

31 21 F 1 19 2142 15 1 15 15 60 none

32 23 M 1 38 728 41 1 53 31 48 none
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33 49 M 1 45 59 31 2 53 15 254 none

34 58 F 2 96 59 32 0 15 28 15 none

35 22 F 2 16 107 91 0 15 15 15 none

36 24 F 2 128 74 15 0 20 15 15 none

37 28 F 2 151 192 36 1 75 30 23 none

38 23 F 2 78 32 68 3 141 84 65 none

39 26 F 2 193 25 124 3 122 166 110 gastro/colo

40 17 M 2 587 222 43 3 62 156 94 gastro/colo

41 45 M 2 60 107 40 3 567 64 262 gastro/colo

42 34 F 2 16 53 128 3 91 153 76 gastro/colo

43 21 F 3 134 266 71 0 15 20 15 none

44 36 F 3 79 53 81 2 58 36 67 none

45 52 M 3 57 349 51 1 81 15 15 none

46 53 F 3 152 245 71 1 70 39 24 gastro/colo†

47 30 M 3 197 179 223 3 211 201 567 none

48 29 F 3 140 297 699 3 805 687 716 gastro/colo†

49 26 F 3 343 89 66 3 1591 1085 324 gastro/colo

Abbreviations: V: volunteer; NEV: number of elevated values; M: male, F: female; Cal: calprotectin; INV: investigation; gastro/colo:
gastroscopy and colonoscopy; †H. pylori infection. All calprotectin values are in µg/g.

Analysis per sample

25 (15.3%) volunteers had an elevated value in their
�rst  stool  sample,  29 (17.8 %) in the second and 28 (17.2%)

had an FC value above 50 µg/g in the third stool sample. For

details see the box plots in Figures 3a-c. Approximately half
of those volunteers with elevated values had an elevated value
in their �rst sample.
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Figure 3a-c: Boxplots of the �rst (a), second (b) and third (c) calprotectin measurement

Feacal calprotectin in µg/g. �e box plots show median and interquartile range, mean (small square) and standard deviation, as well as
outliers. 6 values (from 6 volunteers) > 400 µg/g were not documented for better visibility: 587 and 489 µg/g in the �rst measurement, 2142

and 728 µg/g in the second, and 699 and 485 µg/g in the third measurement.

Cut-o�

By raising the cut-off from 50 to 100 and 150 µg/g,
the  percentage  of  volunteers  with  three  normal  results  went
from 69.9% to 84%, and to 89.6% respectively (see Table  3).

With all thresholds, approximately half of the volunteers with
elevated values had the elevated value in their �rst sample. If
the  �rst  measurement  was  normal,  17.4%  showed  elevated
values  in  the  further  samples  when  applying  a  cut-off  of  50
µg/g, 8.1% with 100 µg/g, and 5.2% with 150 µg/g.
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Table 3: Faecal Calprotectin values based on cut-o�

Elevated values Cut-o� 50µg/g n (%) Cut-o� 100µg/g n (%) Cut-o� 150µg/g n (%)

0 114 (69.9) 137 (84) 146 (89.6)

>0 49 (30.1) 26 (16) 17 (10.4)

- 1 - 25 (15.3) - 17 (10.4) - 11 (6.7)

- 2 - 15 (9.2) - 5 (3.1) - 4 (2.5)

- 3 - 9 (5.5) - 4 (2.5) - 2 (1.2)

Total 163 (100) 163 (100) 163 (100)

Variation

We  found  large  variation  in  our  samples,  with  a
range of  0-2142 µg/g.  �e high value of  2142 µg/g belonged
to  a  volunteer  with  two  further  normal  values,  the  elevated
one being the second measurement, and performed a second
series  with  three  normal  values  throughout.  �e  second
highest value measured in the study was 728 µg/g. �e mean
value  (Mean)  of  each  variable  was  higher  than  the  third
quartile  (Q3),  which  means  less  than  ¼  of  the  values  are
responsible for the large range. �is also explains the at times
high standard deviation (SD), whose median was only 6.93. A
confounding  factor  for  median  and  mean  of  absolute
deviation  (mad)  of  SD  was  that  test  results  were  o�en
reported  to  be  <15  or  <30  µg/g,  which  we  equated  with  15
and 30 µg/g respectively. �e variation is further depicted in

supplementary �gure 1.

�e  correlation  according  to  Spearman  for  mean
value  and  standard  deviation  is  high  with  almost  0.9  and
statistically  signi�cant  with  a  p-value  of  <.0001.  �is  is  not
overly surprising,  since the two are still  very close with only
three  values  per  person  and  both  are  highly  in�uenced  by
stray values. �e correlation between sd and median, the last
being more resistant to strays, is 0.65, only medium strength.

Gender Bias

We  did  not  �nd  signi�cant  di�erences  between
men  and  women.  In  100  women,  69  (69%)  showed  three
results  under  50  µg/g,  in  63  men  the  number  was  45
(71.43%).  Changing  the  thresholds  did  not  show  di�erent
results.  For  further  details,  see  Table  4.

Table 4: Faecal calprotectin results based on self-reported gender

Cal Female (%) Male (%) Total (%)

<50 69 (69) 45 (71.4) 114 (69.9)

<100 83 (83) 54 (85.7) 137 (84.1)

<150 89 (89) 57 (90.5) 146 (89.6)

Total 100 (100) 63 (100) 163 (100)

Abbreviations: Cal: calprotectin cut-o� (µg/g).

Analysing  the  Volunteers  with  Elevated  Calpro-
tection

49  (30.1%)  volunteers  had  at  least  one  elevated
value, 17 (10.4%) had no further investigation. Of the 17, 13
had only  one  elevated  value,  10  of  which  had  a  value  under
100  µg/g,  3  above  (with  values  of  118,  132,  347  µg/g).  �e
remaining  4  had  two  elevated  values,  all  under  100µg/g.  All

had  inconspicuous  interviews  and  decided  against  further
testing.  Of  the  17,  3  had  gastro  and  colonoscopy  either
shortly  before  or  a�er  the  study,  and showed inconspicuous
results.  Of the remaining 32 volunteers with elevated values,
4  had  a  gastro  and  colonoscopy  directly  a�erwards  and  28
did  a  second  stool  series,  of  which  7  had  endoscopy
a�erwards. Of the 28 volunteers who were willing to perform
a  second  series  of  three  stool  samples,  12  had  three  normal
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values,  6  had  one  elevated  value,  2  had  two  elevated  values,
and  7  had  three  elevated  values  in  the  second  series.  Of  the
last  7,  5  received  endoscopy  with  inconspicuous  results.  2
volunteers  felt  healthy  and  did  not  want  endoscopy,  1  had
two  values  below  100  µg/g.  �e  other  with  values  201-567
µg/g initially agreed to further testing, but then cancelled due
to  feeling  completely  healthy.  �e  volunteer  was  contacted
again  two  years  a�er  the  last  sample  and  reported  feeling
healthy  and  opposed  to  further  testing.  For  further  details,
see Table 1.

H. pylori Infection

Only  volunteers  who  underwent  endoscopy  were
routinely  tested  for  H.  pylori,  four  were  positive.  According
to current opinion, H. pylori does not elevate FC levels [25].
One  person  had  two  elevated  values  in  her  three  samples
(305/94µg/g).  One  woman  (values  140/297/699µg/g  and
805/687/716µg/g)  still  had  elevated  values  half  a  year  a�er
successful  eradication  (307/443/308µg/g).  Another  woman
with  elevated  values  (152,  245,  71µg/g)  showed  normal
results  in  a  second  series  (70/39/24  µg/g),  even  though  H.
pylori was not eradicated. One man who received a diagnosis
of H. pylori infection independently from the study had three
normal results (30/30/50 µg/g).

Occult Blood

139 of the 163 volunteers also had testing for occult
blood  with  each  stool  sample.  Two  volunteers  showed  a
positive result in one sample, in both calprotectin values were
below  50  µg/g.  �ey  were  referred  to  their  general
practitioner  (GP)  for  further  investigation.

Discussion

In  our  study  with  136  intestinally  healthy
volunteers,  30.1%  had  at  least  one  calprotectin  (FC)  value
above 50 µg/g in three stool samples within two weeks. 24.5%
had values in the normal and pathological range.

Few studies have examined FC variability in speci�c
diseases.  Lasson  et  al.  let  18  patients  with  known  ulcerative
colitis collect two stool samples of each bowel movement for
2 days and found signi�cant intra-individual variability with
a  median  individual  coe�cient  of  variation  of  52%  (range
4-178)  [18].  In  a  similar  set  up,  Tibble  et  al.  found  a

coe�cient of variation of 54% (95%CI 21-94) [26]. Naismith
et  al.  found  an  intra-class  correlation  of  0.84  (95%CI
0.79-0.89) in patients with Crohn’s disease [20]. However, the
total  agreement  of  all  three  stool  samples  analysed  per
individual was 79% at a cut-off of 50 µg/g, meaning that 21%
did not have consistent values below or above. Cremer et al.
looked  at  the  FC  variability  in  120  patients  with  IBD  and
found  high  intra-individual  day  to  day  variability  [27].
Husebye  et  al.  studied  14  consecutive  pts  referred  for
colonoscopy,  who  did  not  have  colonic  in�ammation  or
neoplasm,  and  found  a  coe�cient  of  variation  of  58%  [28].
FC  variability  has  thus  rarely  been  assessed  outside  of  IBD
and, to our knowledge, never in a healthy population.

In our study with 136 volunteers, 30.1% showed day
to day variation extreme enough to have at least one FC value
above 50 µg/g in three stool samples within two weeks. 24.5%
had values  in  the  normal  and pathological  range.  �ey thus
showed a better correlation to actual disease, or lack thereof,
with the consecutive measurements than just a singular one.
A  signi�cant  number  of  pathological  results  were  in  the
range  between  50  and  100  µg/g.  �e  percentage  of  healthy
volunteers  with  falsely  pathological  �ndings  decreased  to
16% by applying a cut-off of 100 µg/g. Raising the cut off  to
150  µg/g  led  to  a  small  further  decrease.  Our  data  thus
supports  the  worldwide  tendency  to  apply  a  cut-off  of  100
µg/g  for  FC  [2,10,17].  Our  study  has  several  limitations,
largely  due  to  its  pragmatic,  researcher-based  design.  Most
importantly,  we  did  not  perform  endoscopy  in  all
participants but only in a select subpopulation with elevated
FC values. �is had several reasons, the comfort and safety of
the  participants,  the  in�uence  of  willingness  to  participate,
monetary  and  ethical  factors.  Second,  we  did  not  assess  for
stool consistency, which should not have too much variation
or  in�uence  in  our  presumed healthy  population.  �ird,  we
did  not  assess  time  between  bowel  movements,  although  a
longer  in-between  time  might  lead  to  higher  FC  levels  [18].
To  minimize  this  risk,  we  advised  our  participants  to  take
their  samples  from  the  �rst  bowel  movement  of  the  day.
Additionally,  it  can  be  argued  that  a  healthy  individual
should not have elevated FC values even a�er a longer stool
lying  time,  as  long  as  it  is  in  the  range  considered  healthy.
�ose  with  obstipation  (>5days  between bowel  movements)
were  excluded  from  the  study.  Fourth,  the  time  between
collection of  stool  sample  and analysis  can in�uence results.
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According  to  current  data,  FC-values  stay  stable  for  several
days  and  show  a  decrease  a�er  approximately  seven  days
[18].  �e  laboratory  used  did  FC  testing  Monday  through
Friday. To circumvent this issue, we advised our participants
to collect stool samples in the range of Monday to �ursday.
Fi�h,  we  did  not  take  blood  samples,  so  we  do  not  know  if
the  participants  had  elevated  in�ammation  markers  in  their
blood.

In  summary,  our  data  showed a  high  variability  in
healthy  individuals,  with  ¼  having  normal  as  well  as
pathological  values  in  three  consecutive  stool  samples.  �is
leads  us  to  the  suggestion  that  more  than  one  stool  sample
could  be  performed  to  reach  clinical  decisions  in  patients
with  gastrointestinal  symptoms.  To  de�nitely  determine  a
recommendation,  studies  are  needed  in  that  population,
ideally  with  endoscopy  control.
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Supplementary Tables & Figures

Supplementary Table 1: Comparison of variations

Variable N Mean SD Min Q1 Median Q3 Max

mad 163 20.168 64.36 0 0.33 4 13 709

SD 163 33.098 109.74 0 0.58 6.93 21 1226.87

mean 163 48.603 78.80 10.33 15.33 25.33 44 725.33

range 163 60.503 193.07 0 1 12 39 2127

Abbreviations: Mad: mean of absolute deviation; SD: standard deviation; Q1/3: Quartile 1/3; Min: minimum, Max: maximum.
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Supplementary Table 2: Correlations

Spearman Correlation Coe�cients, N = 163 Prob > |r| H0: Rho=0

 mean med mad sd range

mean 1 0.87066 0.87621 0.87257 0.87621

 <.0001 <.0001 <.0001 <.0001

med 0.87066 1 0.66034 0.64891 0.66034

<.0001  <.0001 <.0001 <.0001

mad 0.87621 0.66034 1 0.99941 1

<.0001 <.0001  <.0001 <.0001

sd 0.87257 0.64891 0.99941 1 0.99941

<.0001 <.0001 <.0001  <.0001

range 0.87621 0.66034 1 0.99941 1

<.0001 <.0001 <.0001 <.0001  

Abbreviations: med: median; mad: median of absolute deviation; sd: standard deviation

Supplementary Figure 1: Range comparison

Figure of calprotectin values (µg/g) of 163 volunteers; sd: standard deviation
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