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ORIGINAL ARTICLE

Proton pump inhibitor use is associated with elevated faecal calprotectin levels.
A cross-sectional study on subjects referred for colonoscopy

David Lundgrena, Vincy Ekl€ofb, Richard Palmqvistb, Johan Hultdinc and Pontus Karlinga

aDepartment of Public Health and Clinical Medicine, Umeå University, Umeå, Sweden; bDepartment of Medical Biosciences/Pathology, Umeå
University, Umeå, Sweden; cDepartment of Medical Biosciences Division of Clinical Chemistry, Umeå University, Sweden

ABSTRACT
Objectives: Faecal Calprotectin (FC) is a sensitive marker for gut inflammation. However, slightly ele-
vated FC levels are also common in subjects without inflammation. We investigated the association
between FC and clinical factors including concomitant use of medical therapy in patients with a nor-
mal colonoscopy.
Material and methods: Out-patients (n¼ 1263) referred for colonoscopy, performed FC test (CALPRO)
the day before the start of bowel preparation. All subjects answered questionnaires that included
questions on the present and past health history, concomitant medical treatment and gastrointestinal
symptoms (GSRS). A medical record chart review was performed to check for concomitant disease,
cause of referral and the result of the colonoscopy including biopsies. Inclusion criteria were a normal
colonoscopy. Exclusion criteria were inflammatory bowel disease, colon cancer and high-
grade dysplasia.
Results: Five hundred ninety subjects fulfilled the inclusion criteria and completed the study. Thirty-six
per cent of the subjects had a FC >50 mg/g. In a logistic regression analysis, age (adjusted OR: 1.051;
CI: 1.032–1.071), and the use of proton pump inhibitors (adjusted OR: 3.843; CI: 2.338–6.316), non-ster-
oid anti-inflammatory drugs (adjusted OR: 2.411; CI: 1.162–5.002) and acetylsalicylic acid (adjusted OR:
2.934; CI: 1.085–3.448) were significantly associated with an elevated FC (>50 mg/g).
Conclusions: More than one-third of the patients with a normal colonoscopy performed in clinical
routine had a slightly elevated FC level. Our results emphasise the need for attention to age, the use
of proton pump inhibitors, non-steroid anti-inflammatory drugs and acetylsalicylic acid in the interpret-
ation of FC tests in clinical practice.
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Introduction

Calprotectin is a protein with antibacterial properties that
are mainly found in the cytoplasm of neutrophil granulo-
cytes and it has been used as a diagnostic tool to detect
inflammation since the early 2000s [1]. Faecal calprotectin
(FC) is a sensitive marker of gut inflammation, especially
colonic inflammation, and is mainly used in discriminating
inflammatory bowel disease (IBD) from functional bowel
disorders [1–3]. In patients with IBD, FC levels correlate well
with the degree of inflammatory activity; therefore FC has
partly replaced endoscopy in the evaluation of inflamma-
tory activity in patients with IBD [4–7]. However, a moder-
ate elevation of FC is also commonly seen in subjects
without IBD, which thereby hampers the test specificity [8].
Factors that trigger neutrophils elevate calprotectin. For
example, infectious enteritis, diverticulitis, microscopic col-
itis and rheumatologic disease have been associated with
increased FC levels [9–13]. In addition, increased FC levels
were shown in patients with colorectal cancer, adenomas
and juvenile polyps [14–17]. FC levels are also dependent

on age and are seen in both the neonatal period and the
elderly [8,18]. For example, more than 25% of subjects
50–70 years old have FC levels above 50 lg/g without any
known disease [8]. Many older subjects, as well as subjects
with gut symptoms, are on drugs that may directly or indir-
ectly have an effect on gut integrity. It is well known that
the use of nonsteroidal anti-inflammatory drugs (NSAID) is
associated with a moderate rise in FC levels [19–22]. Also,
in some studies, acetylsalicylic acid was shown to be associ-
ated with elevated FC levels, whereas this is not the case in
some other studies [23–25]. Despite a large number of stud-
ies on FC in the last decade, there is still uncertainty as to
how to interpret an increased FC level in non-IBD patients.
It is not known if drugs other than NSAID, or other factors
are associated with FC.

The present study focussed on subjects referred for colon-
oscopy and with a normal outcome of the examination. We
aimed to study the association between factors that include
concomitant use of medical therapy and FC levels in patients
with a normal colonoscopy.
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Methods

Study population

This study is based on the Faecal and Endoscopic Colorectal
Study in Umeå (FECSU) entailing a cohort of 1263 patients
who underwent colonoscopy at the University Hospital in
Umeå, Sweden between May 2007 and February 2013 [26].
All outpatients, independent of cause of referral and who
had undergone planned colonoscopy at the endoscopy unit
at Norrlands University hospital (Umeå Sweden) were invited
to participate in the study. Umeå University hospital has a
primary catchment area of 150,000 citizens. Approximately
2500 outpatients were scheduled for colonoscopy during the
time period that the study was performed. Exclusion criteria
in the FECSU study were if the colonoscopy was planned to
be scheduled in less than one week from the decision to
investigate the colon, or if the patient had concomitant men-
tal disease, dementia or low-performance status that could
restrict the patient from filling in questionnaires or to leaving
stool sample. In addition, during some periods (i.e., summer
and periods of reorganization) there was a temporary stop in
the recruitment of subjects for the study thus resulting in
�2100 patients were invited. Of these, 1263 patients
accepted to participate in the study. All study participants
filled in written consent, questionnaires and answered ques-
tions about their concomitant medication use (‘What drugs
are you currently taking?’), and their present and past health
history before they started their bowel preparation for the
colonoscopy.

In addition, a medical record chart review was performed
to check concomitant diseases, the cause of referral for col-
onoscopy and the result of the colonoscopy including data
on biopsy specimens if available. Only the patients who had
a complete colonoscopy to caecum and with a normal endo-
scopic finding were included in the analysis. Patients with
known IBD, microscopic colitis, unspecific colitis or colon
malignancies including high-grade dysplasia were not
included. Due to the high prevalence in the study population
of haemorrhoids, diverticulosis and benign polyps, we
included patients with these findings. We used dichotomised
variables for haemorrhoids (yes or no), diverticula (yes or no)
and hyperplastic polyps/adenoma (yes or no). Seven hundred
thirty-one patients fulfilled the inclusion criteria and were
included in the analysis.

Faecal calprotectin (FC)

Patients were informed to collect the stool sample the day
before the patients started the bowel preparation for the col-
onoscopy. The stool sample was sent the same day as the
colonoscopy was performed to the accredited Department of
Laboratory Medicine, Clinical Chemistry, Umeå University
Hospital. The samples were analysed using the CALPROVR cal-
protectin ELISA test according to the manufacturer (Calpro
AS Norway). FC was analysed in a single stool sample before
colonoscopy preparation. The lowest limit of detection was
20 mg/g faeces, and the upper limit of the analytical range

was 10000 mg/g. We used FC level >50 mg/g to define a
positive FC test [17].

Faecal immunological test for haemoglobin (FIT)

In a subset of patients (n¼ 147) a faecal immunological test
for haemoglobin (FIT) was analysed from the same stool
sample as the FC. FIT was analysed using immunological
Analyze F.O.B Test (ANL products AB, Sweden), according to
the manufacturer’s instruction. A positive test indicates that
the sample contains >40 ng/ml of human haemoglobin. Due
to the study design, only one single sample per patient
was analysed.

Colonoscopy

The colonoscopy was performed in clinical routine by 33 dif-
ferent colonoscopists. Mucosa samples were taken only if the
physician judged the need of samples necessary for the clin-
ical assessment. All biopsy specimens were judged by experi-
enced pathologists. Both the physician that performed the
colonoscopy and the pathologist were blinded to the out-
come of the questionnaires and the result of the FC test.

Gastrointestinal symptoms

For evaluation of the presence of any gastrointestinal symp-
toms in the last week we used 18 questions from the
Gastrointestinal Symptom Rating Scale (GSRS) and GSRS for
irritable bowel syndrome (GSRS-IBS) [27,28]. The GSRS and
GSRS-IBS are validated questionnaires using a Likert scale
(0–6 points) spanning from no symptoms to very severe
symptoms. The items are grouped into symptoms clusters
for abdominal pain (two items), bloating (three items), diar-
rhoea (four items) constipation (two items), gastroesophageal
reflux (two items) and dyspepsia (three items).

Statistically methods

SPSS version 23 was used for data analysis. Mann–Whitney
tests were used for comparison of FC levels. Chi-square tests
were used to determine differences in proportions of
patients for all dichotomy data. We only analysed factors
that were found/reported in at least 10 subjects.
Concomitant medications were recorded on the basis of sub-
groups (i.e., beta blockers, proton-pump inhibitors). A
Spearman test was used to analyse correlations between FC
levels and gastrointestinal symptoms scores.

A logistic regression analysis with dependent variable FC
>50 mg/g was used to control for possible confounding fac-
tors. Age, gender and all factors that in the chi-square ana-
lysis that showed a p-value below .10 were included as
independent variables in the logistic regression analysis. Age
was included as a continuous variable and all other variables
as dichotomised variables.
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Ethics

The study protocol was approved by the Regional Ethical
Review Board in Umeå, Sweden (Dnr 08–184 M; Dnr 07–045
M). All individuals in this study signed a written con-
sent form.

Results

Basal characteristics

Seven hundred and thirty-one subjects fulfilled the inclusion
criteria (Figure 1). There were missing data for 141 patients
(missed stool samples or incomplete questionnaires) leaving
590 subjects (80.7%) in the final analysis. The basal character-
istics of these patients are presented in Table 1. There was
an equal gender distribution and the most common cause of
referral was bleeding (obscure or occult). More than one-
third of the patients had a FC level above the cut-off of
50 mg/g.

Concomitant medical therapy and FC levels

There were several drugs associated with increased FC levels
(Supplementary Table 1). We performed a logistic regression
analysis with FC >50 mg/g as dependent variable and age,
gender and all variables with a p< 0.10 on the Chi-square
test as independent variables. Three drugs showed a signifi-
cant association with increased FC levels in the logistic
regression analysis (Table 2). Proton pump inhibitor (PPI) use
showed the strongest association followed by the use of
non-steroid anti-inflammatory drugs (NSAID) and the use of
acetylsalicylic acid. Also, age was significantly associated with
increased FC levels. The findings of diverticulosis, haemor-
rhoids or benign polyps on colonoscopy were not associated
with increased FC levels.

FIT and FC levels

In a subgroup of the patients, FC and FIT were simultan-
eously analysed from the same stool sample. Significantly
more subjects showed a FC > 50 mg/g than a positive FIT
test (32% vs 10%; p< .05) (Table 3). A FC > 50 mg/g was also
significantly more common than a positive FIT test in
patients on PPI (64%% vs 19%; p< .001) and in patients on
acetylsalicylic acid (63% vs 16%; p< .001).

Gastrointestinal symptoms and FC levels

There was a significant but only modest correlation between
FC levels and total GSRS-IBS score. Also in the sub-scores for
dyspepsia, satiety and diarrhoea, there were modest correla-
tions with FC levels (Table 4). Using the median as cut-off
only total GSRS IBS score showed a significant association
with FC levels (>50 mg/g). When adding total GSRS-IBS score
in the logistic regression model, it had no significant influ-
ence on the effect of NSAID, acetylsalicylic acid and PPI on
FC levels.

Discussion

FC has been proven to be a sensitive marker of gut inflam-
mation and is commonly used in clinical practice to discrim-
inate IBD from functional GI disorders [1–3]. However, the
test is hampered with a low specificity and there is still
uncertainty of how to interpret slightly elevated FC levels.
The present study focussed at investigating possible factors
associated with an elevated FC in patients with a normal
outcome on colonoscopy. More than one-third of the
patients had elevated FC levels, and elevated levels were
associated with age and to the use of PPIs, NSAIDs and
acetylsalicylic acid in the multivariate analysis. Interestingly,
the use of PPIs showed the strongest association to
increased FC levels. Increasing age and the use of NSAIDs
were shown to be associated with a rise in FC in previous
studies [8,19–22]. In patients using acetylsalicylic acid, the
data from previous studies are contradicting [23–25]. For
example, one small study showed no increase in faecal cal-
protectin in patients on prophylactic low doses of

Figure 1. Flow diagram showing how the study population were selected.

Table 1. Basal characteristics, cause of referral for colonoscopy and faecal cal-
protectin outcome in patients (n¼ 590) referred for colonoscopy with a nor-
mal colonoscopy outcome. Note that a single patient may have more than
one cause of referral.

Mean age years (SD) 61.7 (14.4)
Proportion of:

Men 46 % (n¼271)
Women 54 % (n¼319)

The cause of referral for colonoscopy
Anaemia 13 % (n¼75)
Rectal bleeding 22 % (n¼109)
Diarrhoea 17 % (n¼101)
Occult bleeding 31 % (n¼185)
Weight loss 5 % (n¼30)
Change in bowel habits 14 % (n¼82)
Abdominal pain/irritable bowel syndrome 17 % (n¼102)

Median faecal calprotectin in ug/g (25th–75th percentile) 31 (20–85)
The proportion of subjects with a faecal calprotectin

>50 lg/g
36 % (n¼212)
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acetylsalicylic acid [25]. NSAIDs and acetylsalicylic acid are
both known to induce enteropathy that includes small ero-
sions or ulcers and these may correspond with inflammation
or bleeding from the mucosa. A reduction of mucus, prosta-
glandins and altering cytokines has been seen in patients
treated with NSAIDs [29]. This could lead to intestinal ero-
sions, ulcers, inflammation, stricture, bleeding, protein loss
and loss of villi. All of these findings are commonly seen
when investigating the small bowel in patients treated with
NSAID [29]. Usually, healthy subjects lose 1–2mL blood in
the gastrointestinal tract every day. Previous studies have
shown that the use of acetylsalicylic acid and NSAIDs

increases the mean faecal blood loss by two to four times;
this means that more patients should be positive for FIT [30].
However, in our subgroup analysis, relatively few of these
subjects had a positive FIT test.

Also, in a British study, PPIs were to be associated with FC
levels [31]. The present study confirms in a larger cohort,
and after adjustment for the use of other drugs, that PPIs are
associated with increased FC levels in the stool. The reason
that PPI use is associated with increased FC levels is uncer-
tain and raises some questions. One possibility could be a
positive association between PPIs and inflammation. The lack
of data on direct pro-inflammatory effects of PPIs argues
against this. Instead, in vitro and in vivo studies have shown
that PPIs have anti-oxidative properties [32,33]. It is also
known that PPIs, by blocking v-type HþKþATPases in neutro-
phil granulocytes, can change their inflammatory abilities to
release an oxidative burst and also inhibit their ability to
express adhesion molecules [34–36]. The anti-inflammatory
effect is separated from its lowering effect of gastric acid in
rats and has been shown to protect from ischaemia and
reperfusion injuries as well as from NSAID (indometacin)
effects of the gut [37,38]. To conclude, PPIs shows more
characteristic of having anti-inflammatory actions than pro-
inflammatory actions, and other sources are probably more
appropriate to cause increased FC levels in stool.

Table 2. Patients referred for colonoscopy and with a normal colonoscopy finding (n¼ 590). Logistic regression with dependent vari-
able FC >50 mg/g and independent variables age, male gender, diverticulosis and drugs.

Variable
Univariate (expB) odds ratio
(95th % confidence interval)

Multivariate (expB) odds ratio
(95th % confidence interval)

Age 1.058 (1.042–1.075) 1.051 (1.032–1.071)a

Male gender 1.164 (0.831–1.631) 1.330 (0.882–2.006)
Diverticulosis 1.476 (1.046–2.081) 0.839 (0.552–1.275)
Acetylsalicylic acid 3.598 (2.365–5.476) 2.934 (1.085–3.448)a

Dipyridamole 3.272 (0.947–11.313) 1.329 (0.329–5.367)
Non-steroidal anti-inflammatory drugs 2.543 (1.399–4.623) 2.411 (1.162–5.002)a

Paracetamol 1.608 (1.031–2.506) 1.105 (0.628–1.946)
Proton pump inhibitors 4.091 (2.704–6.189) 3.843 (2.338–6.316)a

Drugs for obstipation 2.326 (1.122–4.821) 1.123 (0.433–2.913)
Drugs for irritable bowel syndrome 2.705 (1.387–5.276) 1.990 (0.893–4.435)
Prednisolone 2.320 (1.119–4.808) 1.412 (0.587–3.396)
Per oral iron supplements 3.668 (1.605–8.385) 2.209 (0.788–6.195)
B-vitamins 1.900 (1.175–3.073) 1.091 (0.583–2.043)
Nitroglycerin 5.407 (2.463–11.870) 1.995 (0.785–5.068)
Beta–blockers 2.074 (1.383–3.110) 1.037 (0.604–1.780)
Calcium channel inhibitors 1.893 (1.224–2.926) 1.142 (0.672–1.939)
Angiotensin-converting-enzyme inhibitors 1.789 (1.106–2.894) 1.204 (0.683–2.122)
Diuretics 1.918 (1.268–2.9011) 1.116 (0.657–1.895)
Statins 2.305 (1.534–3.462) 1.217 (0.684–2.165)
Inhalation steroids 2.114 (1.234–3.619) 1.924 (0.742–4.986)
Inhalation beta 2 receptor agonists 1.862 (1.056–3.285) 1.086 (0.394–2.992)
Gabapentin 3.779 (1.112–12.569) 2.776 (0.728–10.582)
The use of four or more drugs 3.110 (2.187–4.423) 0.710 (0.400–1.260)
aStatistically significant multivariable odds ratios.

Table 3. The outcome of faecal calprotectin (FC) test and a faecal immunological test (FIT) in patients referred for colonoscopy and with a normal
colonoscopy finding (n¼ 277). A FC above 50 mg/g is regarded as a positive FC test. The proportion of positive tests is shown for all patients and
for patients using acetylsalicylic acid, non-steroidal anti-inflammatory drugs and proton pump inhibitors.

All patients
(n¼ 277)

Acetylsalicylic acid
(n¼ 47)

Non-steroidal anti-inflammatory
drugs (n¼ 21)

Proton pump
inhibitors (n¼ 58)

Both FC and FIT negative 63% (n¼174) 28% (n¼13) 58% (n¼12) 24% (n¼17)
Only FIT positive 5% (n¼14) 8% (n¼4) 5% (n¼1) 7% (n¼4)
Only FC positive 27% (n¼75) 55% (n¼26) 24% (n¼5) 52% (n¼30)
Both FC and FIT positive 5% (n¼14) 8% (n¼4) 14% (n¼3) 12% (n¼7)

Table 4. The correlation between reported gastrointestinal symptoms and
faecal calprotectin in patients referred for colonoscopy and with a normal col-
onoscopy outcome.

GSRS Subscore rs p-value

Abdominal pain 0.068 .102
Bloating 0.072 .068
Constipation 0.062 .141
Diarrhoea 0.091 .029a

Early Satiety 0.099 .017a

Gastroesophageal reflux –0.007 .873
Dyspepsia 0.093 .026a

Total GSRS-Irritable Bowel Syndrome score 0.109 .01a

Statistics: Spearman test; GSRS: Gastrointestinal Symptom Rating Scale.
aStatistically significant.
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An alternative theory is that PPI treatment induces a bac-
terial overgrowth with a secondary response of the immune
system in the gut. PPIs have been shown to promote bacter-
ial growth due to the inhibition of acid production in the
stomach, which may result in a response of neutrophils to
bacteria in the gut [39–41]. Naturally occurring bacteria and
fungi contain HþKþATPase. PPIs may affect these microor-
ganisms by direct interaction with the HþKþATPase and
thereby altering the pH-level [39]. There are several studies
indicating that PPIs can change the gut microbiota [39–41].
In patients with systemic sclerosis there was an association
between dysbiosis and increased FC levels [42]. Also, there is
an increased risk of gastroenteritis in PPI users [43]. For
example, pathogenic bacteria such as Vibrio cholera and
Campylobacter do not survive in a low pH, but when the pH
rises these bacteria can evolve and cause gastroenteritis [43].
However, PPIs have also shown to suppress growth and elim-
inate microbiota through a direct effect on HþATPase [36].

There could also be factors that influence the stability of
calprotectin protein that have impact on the outcome of a
FC test. For example, human calprotectin has shown a
marked increased thermal stability when pH increases from
7.0 to 8.0 [44], and therefore an increased pH alone could
explain the higher FC levels in patients using PPIs.

In our study, we did not investigate the upper gastro-
intestinal tract, and perhaps the PPI use mirrors a not yet dis-
covered upper GI disease. However, in a study from Italy,
there was no association between chronic active gastritis,
chronic non-active gastritis or infection with Helicobacter
pylori and an increase in FC levels in the stool [45]. In line
with this, no association was found with dyspepsia and PPI
use and FC levels in a British study [31]. The present study
only showed a modest correlation between symptoms of
dyspepsia and FC levels, and no association between symp-
toms of gastroesophageal reflux and FC levels were
observed. Adding these GI symptoms in the logistic regres-
sion model did not change the association between PPI use
and FC levels. Therefore, disease in the upper GI tract prob-
ably does not explain the association between PPI use and
increased FC levels.

Finally, could increased FC levels reflect an occult gastro-
intestinal bleeding? A majority of the patients in our study
was referred due to suspected gastrointestinal bleeding.
Therefore in a subset of patients, we compared a FIT analysis
with FC from the same stool sample. The method for FIT was
identical to the one used in clinical routine. A ‘positive’ FC
test was three times as common as a positive FIT for all
patients as well as for the patients who used PPIs and acetyl-
salicylic acid. Therefore, factors other than GI bleeding are
involved in the increase of FC levels in the subjects in
our study.

There are some limitations to our study. Firstly, this is a
cross-sectional study and, therefore, we are unable to draw
conclusions of the cause-effect relationship between PPI use
and FC levels. Secondly, we have not consequently investi-
gated the upper GI tract or the small bowel in the study sub-
jects. Therefore, in some patients, there might be undetected
pathology in the upper GI tract or small bowel that can

cause increases in FC levels. Thirdly, the subjects in the pre-
sent study belong to a selected group (subjects referred to
colonoscopy), and therefore our data may not be fully
applicable to a general population. Lastly, there may be
other confounders that we did not have data for that might
have effect on FC levels.

The strength in our study is that we tested a stool sample
just before the preparation of the colonoscopy, and we only
included subjects with a normal outcome of the colon inves-
tigation. The number of subjects allowed us to make conclu-
sions and to perform a logistic regression analysis, at least
for drugs that are commonly used (e.g., PPIs).

To conclude, we found that increased age, the use of
NSAIDs, acetylsalicylic acid and PPIs were associated with an
increase in FC levels in patients with a normal colonoscopy.
Therefore, the use of these drugs should be considered in
the interpretation of FC tests in clinical practice.
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