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ABSTRACT

ARTICLE HISTORY

Background and objectives: The role of exercise in the management of inflammatory bowel disease
(IBD) is inconclusive as most research focused on short or low-intensity exercise bouts and subjective
outcomes. We assessed the effects of repeated prolonged moderate-intensity exercise on objective
inflammatory markers in IBD patients.
Methods: In this study, IBD patients (IBD walkers, n ¼ 18), and a control group (non-IBD walkers,
n ¼ 19), completed a 30, 40 or 50 km walking exercise on four consecutive days. Blood samples were
taken at baseline and every day post-exercise to test for the effect of disease on exercise-induced
changes in cytokine concentrations. A second control group of IBD patients who did not take part in
the exercise, IBD non-walkers (n ¼ 19), was used to test for the effect of exercise on faecal calprotectin.
Both IBD groups also completed a clinical disease activity questionnaire.
Results: Changes in cytokine concentrations were similar for IBD walkers and non-IBD walkers (IL-6
p ¼ .95; IL-8 p ¼ .07; IL-10 p ¼ .40; IL-1b p ¼ .28; TNF-a p ¼ .45), with a temporary significant increase in
IL-6 (p < .001) and IL-10 (p ¼ .006) from baseline to post-exercise day 1. Faecal calprotectin was not
affected by exercise (p ¼ .48). Clinical disease activity did not change in the IBD walkers with ulcerative
colitis (p ¼ .92), but did increase in the IBD walkers with Crohn’s disease (p ¼ .024).
Conclusion: Repeated prolonged moderate-intensity walking exercise led to similar cytokine responses
in participants with or without IBD, and it did not affect faecal calprotectin concentrations, suggesting
that IBD patients can safely perform this type of exercise.
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Introduction
Inflammatory bowel disease (IBD), including Crohn’s disease
(CD) and ulcerative colitis (UC), are characterized by a clinical
course with periods of active disease alternating with periods
of remission [1]. Environmental factors like exercise may
influence the course of IBD [2]. A recent study showed that
IBD patients were significantly less physically active after
their IBD diagnosis than before [3]. Patients experience barriers to exercise due to IBD-related limitations such as
fatigue, diarrhea, joint pain, weakness and fear for symptom
exacerbation [4]. However, small prospective studies showed
that low-intensity exercise appears to be safe and well tolerated with minimal risk of symptom exacerbation in patients

in remission or with mildly active disease [2,5,6]. Moreover, a
large observational study showed that patients in remission
with higher exercise levels were significantly less likely to
develop active disease after 6 months follow-up [7].
Exercise may have beneficial effects on IBDby changing
the intestinal microbiota and by release of cytokines, but the
exact mechanism is unknown [8,9]. Exercise can enrich the
microbiota diversity, stimulate proliferation of bacteria that
modulate mucosal immunity and improve barrier functions
of the gut, which all seem to be beneficial in an inflamed
intestine [10]. By contraction of skeletal muscles, myokines
such as IL-6 are released which are known to exert antiinflammatory effects and inhibit the release of proinflammatory cytokines such as IL-1b and TNF-a [9]. It is known that
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cytokine concentrations can increase directly after exercise
[11–13]. In healthy individuals, this increase seems to depend
on the intensity and duration of exercise [10,14]. In a previous study during the Nijmegen Four Days Marches, it was
suggested that there is an adaptive response of the body to
prolonged and repeated exercise, since they found a gradual
decrease in cytokine concentration in healthy individuals
after a peak on the first exercise day [15]. It is unknown
whether this pattern is the same in IBD patients and to what
extent an increase in cytokine concentrations is actually a
sign of IBD activity or whether it is all related to exercise.
Therefore, it is of interest to also study faecal calprotectin as
a more specific measure of IBD activity to be able to differentiate between exercise and disease effects. Faecal calprotectin is a marker of intestinal inflammation and correlates
significantly with endoscopic disease activity [16,17]. So far,
only a few studies on exercise in IBD patients assessed faecal
calprotectin and they found no changes [18–21]. Based on
these studies on cytokines and faecal calprotectin, we
expected that repeated prolonged exercise would not lead
to a clinically relevant increase in inflammatory markers.
Previous studies on exercise in IBD mainly focused on
short bouts of exercise or low-intensity exercise, while
health-enhancing effects of exercise are generally more
noticeable after repeated bouts of exercise [2,5]. In addition,
studies often explore patient well-being and disease activity
without objective markers of inflammation. Therefore, the
aim of this study was to assess the effects of repeated bouts
of prolonged moderate-intensity walking exercise on inflammatory markers (i.e., cytokines and faecal calprotectin) in
patients with IBD. Besides this, we investigated the effect of
repeated prolonged moderate-intensity exercise on clinical
disease activity.

Materials and methods
Study population
We included 19 IBD patients who participated in the 2019
edition of the Nijmegen Four Days Marches, the IBD walkers.
Additionally, we included two control groups: a control
group of 19 Nijmegen Four Days Marches participants without a history of IBD, the non-IBD walkers, to test for the
effect of disease, and a control group of 19 IBD patients who
did not participate in the exercise event, the IBD nonwalkers, to test for the effect of exercise. IBD walkers and
non-IBD walkers were recruited via the Nijmegen Exercise
Study database of Radboud University Medical Centre,
Nijmegen, The Netherlands, via social media and via wordof-mouth promotion. IBD non-walkers were recruited via the
outpatient clinic of Hospital Gelderse Vallei, Ede, The
Netherlands. Inclusion criteria for all IBD patients were age
18 years and diagnosis of CD or UC made by a gastroenterologist. IBD patients were excluded when they used specific
biologicals (infliximab, adalimumab, golimumab, ustekinumab) as these might reduce cytokine concentrations. NonIBD walkers were included when they were 18 years of age
and they were excluded when they had a history of IBD or
other gastro-intestinal diseases. The non-IBD walkers and IBD
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non-walkers were comparable with the IBD walkers for age
(±5 years) and gender. This study was approved by the
Medical Ethical Committee region Arnhem-Nijmegen (CMO
registration number: 2019-5375) and by the Medical Ethical
Committee of Wageningen University. All participants provided written informed consent. This study was conducted in
accordance with the Declaration of Helsinki and was registered at trialregister.nl as NL7872.

Study design
Measurements were performed 1 or 2 days prior to the first
exercise day (baseline) and within 30-min post-exercise at
the four consecutive exercise days. At baseline, body weight
and height were measured, participant characteristics were
registered, and questionnaires regarding physical activity
and, in case of IBD participants, clinical disease activity were
completed. Blood samples from IBD walkers and non-IBD
walkers were collected at baseline and every exercise day
directly after finishing to determine cytokine concentrations.
Besides that, faecal samples were collected by IBD walkers
and IBD non-walkers at baseline, at days 2 or 3 and at the
end of the exercise event to determine calprotectin. Non-IBD
walkers did not collect faecal samples. IBD walkers and nonIBD walkers walked 30, 40 or 50 km at a self-selected pace at
four consecutive exercise days. Start and finish time were
registered and used to calculate walking speed, without correction for breaks. Their heart rate (HR) was measured every
5 km during the first exercise day using a 2-channel ECG
chest band system. Heart rate was used to estimate exercise
intensity as a percentage of the maximum HR (exercise
intensity ¼ measured HR/expected maximal HR  100%,
where expected max HR ¼ 208 – (0.7  age)) [22]. Heart rate
measurements and blood sampling were not performed in
IBD non-walkers. At the end of the exercise event, IBD
walkers and IBD non-walkers completed a clinical disease
activity questionnaire for the second time.

Participant characteristics and physical activity
questionnaires
All participants completed a general questionnaire on demographics, level of education, smoking and medication use,
and the validated Short Questionnaire to Assess Health
enhancing physical activity (SQUASH) [18]. IBD walkers and
non-IBD walkers also completed a questionnaire on their
preparations for the exercise event. IBD walkers and IBD
non-walkers completed an extended general questionnaire
with additional questions on type and extent of IBD, age of
disease onset, number of flare-ups, previous IBD-related surgeries and their opinion on the influence of physical activity
on their IBD.

Blood samples
Blood samples were taken at baseline and within 30 min
post-exercise at the four consecutive exercise days. A venous
blood sample was collected in a 10 mL EDTA vacutainer
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(Becton-Dickinson, NJ). The vacutainer was put on melting
ice water and centrifuged at 1200 rcf for 15 min at 4  C.
Plasma was then transferred to polypropylene tubes and
stored at 80  C until analysis. IL-6, IL-8, IL-10, IL-1b and
TNF-a concentrations were determined using the MesoScale
Discovery (MSD) MULTI-SPOT Assay System [Proinflammatory
Panel 1 (human) Kits, K15049D] according to the manufacturers’ instructions. The lower detection limits varied per
plate and were 0.136–0.432 (IL-6), 0.052–0.138 (IL-8),
0.039–0.213 (IL-10), 0.013–0.080 (IL-1b) and 0.066–0.229 (TNFa) pg/ml. All values below these lower detection limits were
considered as missing’s. The percentages of missing values
were 3.8% for IL-8 and TNF-a, 8.6% for IL-6 and IL-1b and
20.5% for IL-10. These values were imputed during statistical
analysis. All standards for the calibration curve, control samples, and 10% of the plasma samples from participants were
measured in duplicate. Accuracy and precision were evaluated by controls across multiple runs and multiple lots as
described in the manufacturer’s protocol.

Faecal samples
Faecal samples were collected at baseline, halfway and at
the end of the exercise event. Participants were provided
with materials and instructions to collect the samples at
home. Samples were stored in a refrigerator before transfer
to the study laboratory for analysis. Faecal calprotectin was
determined using a sandwich enzyme-linked immunosorbent
assay (ELISA). Faecal calprotectin concentrations for this assay
ranged from 0 to 2500 mg/g.

Clinical disease activity questionnaire
IBD walkers and IBD non-walkers completed a clinical disease
activity questionnaire at baseline and at the end of the last
exercise day. Depending on their type of IBD, this was the
Patient Harvey Bradshaw Index (P-HBI) for CD and the
Patient Simple Clinical Colitis Activity Index (P-SCCAI) for
UC [23,24].

Statistical analysis
Normally distributed data are presented as mean ± SD,
skewed data as median with interquartile range (IQR) and
categorical data as frequency with proportion. Differences
between groups for participant and exercise characteristics
were analyzed with a chi-square test for categorical data,
and an independent samples t-test for continuous data. Oneway analysis of variance (ANOVA) was used to examine differences in exercise characteristics over time within groups.
Post-hoc analyses were performed using the Bonferroni multiple comparisons test. The main outcomes, cytokine
responses and faecal calprotectin, were analysed using linear
mixed models to account for missing values, after log10
transformation to obtain normality [25]. Participant was used
as a random factor and sampling days, groups and their
interaction were used as fixed factors. A random intercept
was used with an unstructured covariance structure for

cytokines and an identity covariance structure for faecal calprotectin for covariance of time points. Baseline values were
used as a reference. Changes in clinical disease activity
scores were analyzed with a Wilcoxon signed-ranks test
within groups and with an independent samples t-test and a
Mann–Whitney U test between groups. A p-value of <0.05
was considered statistically significant. Statistical analysis was
performed using IBM SPSS Statistics version 24.

Results
Participant and exercise characteristics
In total, 56 participants were included in the data analysis:
18 IBD walkers, 19 non-IBD walkers and 19 IBD non-walkers.
One male IBD walker dropped out after the first exercise day,
due to a fall, and was excluded from further analysis.
Another IBD walker withdrew during the second exercise day
due to abdominal pain and frequent loose stools. Since this
might have been related to her IBD, she was included in further analysis. The mean age of the study population was
54 ± 12 years and the average BMI of all participants was
26.0 ± 3.8 kg/m2. In each group 11 participants were female.
No significant differences were found between IBD walkers
and non-IBD walkers or IBD non-walkers regarding participant characteristics, except for training distance during the
last two weeks before the walking event (IBD walkers vs
non-IBD walkers, p ¼ .03, Table 1). The average heart rate
during the first exercise day was 114 ± 12 bpm, resulting in
an average exercise intensity of 67 ± 8%, which fulfills the
definition of moderate-intensity exercise [26]. This is supported by the subjective rate of perceived exertion which
was 5.0 [IQR 3.0–7.0], indicating that participants scored the
prolonged walking exercise as a moderate activity [27]. No
differences in heart rate and exercise intensity were found
between IBD walkers and non-IBD walkers (p ¼ .96 and
p ¼ .99, respectively). Walking distance did not differ
between groups (p ¼ .35) and walking speed did also not differ between groups or between days (p ¼ .50 and p ¼ .15,
respectively, Table 1). IBD non-walkers were more often
treated with immunosuppressants compared to IBD walkers
(6 vs 47%, p ¼ .004). Furthermore, IBD non-walkers reported
not to experience an effect of physical activity on their IBD,
while IBD walkers were positive about the effect of physical
activity (Table 2).

Cytokines
No differences in cytokine concentrations were found
between IBD walkers and non-IBD walkers (F-test: IL-6
p ¼ .95; IL-8 p ¼ .07; IL-10 p ¼ .40; IL-1b p ¼ .28; TNF-a p ¼ .45)
in the linear mixed model analysis. From baseline until postexercise day 4, all IL-8 concentrations were higher in IBD
walkers compared to non-IBD walkers, though not significant
(p ¼ .07, Figure 1/Supplemental Table 1). When combining
the two groups, differences between days were found (Ftest: IL-6 p < .001; IL-8 p ¼ .012; IL-10 p < .001; IL-1b p ¼ .008;
TNF-a p ¼ .018). For IL-6 and IL-10, a significant increase was
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Table 1. Characteristics of the study population consisting of IBD walkers,
compared to non-IBD walkers for effect of disease and to IBD non-walkers for
effect of exercise.

Subjects, n
Gender, n (%)
Female
Age (years)
BMI (kg/m2)
Educationa, n (%)
Low
Middle
High
Smoking, n (%)
Never
Current
Former
Walking distance per day, n (%)
30 km
40 km
50 km
Average walking speed (km/h)b
Physical activity
Total activity scorec
Training distance last 2 weeks
before walking event (km)

IBD
walkers

non-IBD
walkers

IBD
non-walkers

18

19

19

11 (61)
54 ± 11
25.7 ± 3.8

11 (58)
54 ± 14
26.0 ± 4.5

11 (58)
54 ± 13
26.2 ± 3.2

3 (17)
7 (39)
8 (44)

5 (26)
6 (32)
8 (42)

7 (37)
7 (37)
5 (26)

9 (50)
1 (6)
8 (44)

13 (68)
0 (0.0)
6 (32)

14 (74)
2 (11)
3 (16)

5 (28)
11 (61)
2 (11)
4.5 ± 0.8

2 (11)
13 (68)
4 (21)
4.4 ± 0.7

—
—
—
—

10,147 ± 5030
37 ± 34

9919 ± 4291
68 ± 49

7559 ± 3918
—

Continuous data are presented as mean ± SD. Categorical data are presented
as n (%).
BMI: body mass index; IBD: inflammatory bowel disease.
a
Education level: no education, primary or lower vocational education and
lower general secondary education (low); secondary vocational education and
higher general secondary education (middle); higher vocational education and
university (high).
b
Number of kilometres (30, 40 or 50) divided by finish time minus start time,
no correction for breaks.
c
Total activity score represents intensity factors per activity (MET-scores) multiplied by the minutes per week spent on each activity as derived from
the SQUASH.
p < .05.

seen between baseline and post-exercise day 1 (p < .001 and
p ¼ .006, respectively). Hereafter, both concentrations
decreased, and from day 3 onwards IL-10 did not significantly differ anymore from baseline (p ¼ .21), while IL-6
remained significantly higher throughout the days compared
to baseline (p < .001, Figure 1/Supplemental Table 1). IL-8
concentrations increased between baseline and post-exercise
day 1 in both groups and further increased on exercise day
2 in non-IBD walkers. From post-exercise day 2 onwards, IL-8
concentrations remained quite stable and significantly higher
compared to baseline (p ¼ .033, p ¼ .029 and p ¼ .040,
respectively, Figure 1/Supplemental Table 1). Concentrations
of IL-1b and TNF-a stayed rather stable during the event and
concentrations did not differ from baseline (all p-values 
.10, Figure 1/Supplemental Table 1).

Faecal calprotectin
Faecal calprotectin concentrations showed a wide-range and
skewed distribution, ranging from 0 to 1054 mg/g (Figure 2).
With the use of linear mixed models, no differences were
found between IBD walkers and IBD non-walkers (F-test:
p ¼ .73) nor overtime (F-test: p ¼ .48). A remarkable increase
was observed in one IBD walker and in two IBD non-walkers.
Faecal calprotectin concentrations of the IBD walker
increased from 419 at baseline to 1054 lg/g at the end of
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Table 2. IBD specific characteristics, IBD walkers compared to IBD
non-walkers.
IBD walkers
Age at diagnosis (years)
33 ± 13
CD disease location, n (%)
8
Ileum
2 (25)
Colon
2 (25)
Ileum and colon
2 (25)
Unknown
2 (25)
UC disease location, n (%)
10
Pancolitis
2 (20)
Left-sided colitis
3 (30)
Proctitis
5 (50)
Flare-ups in past 12 months, n (%)
None
8 (44)
1–2 flare-ups
6 (33)
3–4 flare-ups
2 (11)
More than 4 flare-ups
2 (11)
Medication use, n (%)
5-ASA, oral
9 (50)
5-ASA, rectal
4 (22)
Corticosteroids, oral
4 (22)
Corticosteroids, rectal
2 (11)
Immunosuppressants
1 (6)
No medication use
7 (39)
Surgery, n (%)
1 (6)
Perceived effect of physical activity on IBD, n (%)
Very negative
0 (0)
Negative
1 (6)
No effect
3 (17)
Positive
12 (67)
Very positive
2 (11)

IBD non-walkers
40 ± 15
8
0 (0)
4 (50)
4 (50)
0 (0)
11
3 (27)
2 (18)
6 (55)
7
10
0
2

(37)
(53)
(0)
(11)

6
1
3
0
9
3
2

(32)
(5)
(16)
(0)
(47)
(16)
(11)

0
0
11
7
1

(0)
(0)
(58)
(37)
(5)

Continuous data are presented as mean ± SD. Categorical data are presented
as n (%).
5-ASA: 5-aminosalicylic acid, CD: Crohn’s disease, IBD: inflammatory bowel disease, UC: ulcerative colitis.
p < 0.05.

the exercise event. Despite this increase, the participant was
able to complete the exercise event. Concentrations of the
two IBD non-walkers increased from baseline to the end of
the exercise event from 234 to 465 lg/g and from 156 to
266 lg/g (Figure 2).

Clinical disease activity
P-SCCAI scores, ranging from 0 to 13, were not different
between UC walkers and UC non-walkers at baseline and at
the end of the exercise event (p ¼ .42 and p ¼ .20, respectively), nor did they change within groups (p ¼ .92 and
p ¼ .75) or between groups (p ¼ .81, Table 3). P-HBI scores
ranging from 0 to 15, were also not different between CD
walkers and CD non-walkers at baseline and at the end of
the exercise event (p ¼ .82 and p ¼ .10, respectively), nor did
they change over time in CD non-walkers (p ¼ .50). Yet, P-HBI
scores increased significantly over time in CD walkers
(p ¼ .024) and therefore became significantly different
between CD walkers and CD non-walkers (p ¼ .046), indicating that clinical disease activity worsened during the exercise
event in participants with CD (Table 3).

Discussion
We found that repeated bouts of prolonged moderate-intensity exercise results in comparable changes in cytokine concentrations in IBD walkers and non-IBD walkers, suggesting
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Figure 1. Estimated marginal mean cytokine concentrations (pg/mL) after back transformation, at baseline and days 1 to 4, for IBD walkers and non-IBD walkers.
Cytokine concentrations are presented in picogram per millilitre. p < .01, p < .05. Data are presented as mean ± standard error and were derived from a linear
mixed model analysis. All statistical tests were performed on the log10 scale. Hereafter, data were back transformed for presentation in this figure. Differences
between groups were never statistically significant and therefore groups were combined to test for differences between days, using baseline as reference. IBD:
inflammatory bowel disease; IL: interleukin; TNF: tumor necrosis factor.

that the cytokine response is only affected by exercise rather
than disease activity. Furthermore, stable and comparable
faecal calprotectin in IBD walkers and IBD non-walkers also
suggests that repeated prolonged moderate-intensity exercise does not lead to disease exacerbation. These objective
findings are supported by self-reported P-SCCAI scores,
though not by P-HBI scores. Our results suggest that
repeated prolonged moderate-intensity exercise does not
appear to have harmful effects on disease activity in UC and
probably not in CD either. It seems that IBD patients can
safely perform this type of exercise without significant
exacerbation of inflammation.
To the best of our knowledge, this is the first study to
investigate the effect of repeated prolonged moderate-

intensity exercise on IBD patients. At the moment it is
unknown which exercise type, intensity and duration is safe
and beneficial in IBD patients. Our study revealed that cytokine responses to repeated prolonged moderate-intensity
exercise in IBD patients were comparable to the responses in
non-IBD controls and these responses are in line with the literature. In two comparable studies, cytokine concentrations
increased and decreased in a similar manner as cytokine concentrations in our study [15,28]. In these studies and ours, a
peak in IL-6 and IL-10 concentrations were seen post-exercise
day 1 compared to the other exercise days despite rather
similar durations of exercise on the four consecutive exercise
days. This might be due to the training adaptation of the
body [29]. The strong increase of IL-6 and IL-10 between
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Figure 2. Column scatter of faecal calprotectin concentrations (lg/g) at baseline, halfway (day 2 or 3) and at the end of the exercise event, for IBD walkers and
IBD non-walkers. Faecal calprotectin concentrations are presented in microgram per millilitre. All statistical tests were performed on the log10 scale using baseline
as a reference. Lines represent medians. IBD: inflammatory bowel disease.
Table 3. Clinical disease activity scores at baseline and at the end of the exercise event, for IBD walkers and IBD non-walkers, UC and CD separately.

UC—P-SCCAI score
IBD walkers (n ¼ 10)
IBD non-walkers (n ¼ 11)
p-value
CD—P-HBI score
IBD walkers (n ¼ 7)a
IBD non-walkers (n ¼ 8)
p-value

Within group median
change (end baseline)

Within group
p-value#

Baseline

End

1.0 [1.0 to 2.0]
1.0 [0.0 to 3.0]
.42

1.0 [0.8 to 3.3]
0.0 [0.0 to 2.0]
.20

0.0 [1.0 to 1.3]
0.0 [1.0 to 0.0]

.92
.75

3.0 [1.0 to 5.0]
3.0 [0.3 to 5.8]
.82

5.0 [3.0 to 7.0]
4.0 [0.5 to 4.0]
.10

1.0 [1.0 to 5.0]
0.0 [1.8 to 0.8]

.024
.50

Mean change between
groups (95% CI)
(walkers–non-walkers)

Between groups
p-value¥

0.2 (2.0 to 1.6)

.81

3.5 (0.1-6.9)

.046

Data are presented as median [interquartile range].
CD: Crohn’s disease; IBD: inflammatory bowel disease, P-HBI: Patient Harvey Bradshaw Index; P-SCCAI: Patient Simple Clinical Colitis Activity Index, UC: ulcerative colitis.
#
p-values refer to a Wilcoxon signed-rank test.
¥
p-values refer to an independent samples t-test.
p-values refer to a Mann–Whitney U test. Bold values are significant.
a
One CD walker was excluded from the analysis because of a missing P-HBI end score.

baseline and post-exercise day 1 indicates a substantial
increase in production and secretion of myokines which is
primarily regulated by skeletal muscles. Therefore, the
increase in IL-6 and IL-10 might be explained by the walking
exercise rather than other factors such as gender, fitness
level or (type of) IBD [11,29]. Contrary to IL-6, IL-8 and IL-10,
there were barely any changes in IL-1b and TNF-a between
baseline and the four consecutive exercise days, which is
also in line with the literature. The majority of studies
showed that the concentrations of IL-1b and TNF-a remain
unchanged following exercise [13,30]. Two studies specifically
investigated cytokine responses in IBD patients. A pilot study
in 15 paediatric CD patients and 15 healthy controls showed
that IL-6 increased significantly in both groups during
60 minutes of moderate-intensity cycling, but not after short
bouts of high-intensity cycling. Within 60 minutes after exercise, IL-6 returned to baseline. No change was found in TNFa comparable to our observations [30]. The fact that IL-6
only increased after moderate-intensity cycling could be
explained by the production and secretion of myokines by
skeletal muscles, which is predominantly influenced by the
duration rather than the intensity or mode of exercise [29]. A
randomized cross-over trial in 17 IBD patients found no
changes in IL-6, IL-8, IL-10 and TNF-a after eight weeks of

moderate-intensity aerobic and resistance training three
times per week [31]. As cytokines seem to return to baseline
within minutes to hours after exercise, changes might have
been missed due to the timing of blood sampling since they
sampled before and after the 8-week intervention period.
Our study with a prolonged duration of exercise and blood
sampling within 30 min post-exercise therefore adds new
insights to the current literature on cytokines in IBD patients.
We found comparable faecal calprotectin concentrations
in IBD walkers and IBD non-walkers and no change over
time. This is in line with the results of a randomized clinical
trial on moderate-intensity running and two pilot studies on
yoga classes and high-intensity interval training or moderateintensity continuous training. In these studies, all types of
exercise were performed three or four times per week during
8–12 weeks and no significant changes in faecal calprotectin
were found [19–21]. Even though repeated prolonged moderate-intensity exercise did not significantly change faecal
calprotectin concentrations in our study, noticeable changes
were observed in some participants. The observed increase
in calprotectin concentrations in three participants (one IBD
walker and two IBD non-walkers) may be a sign of disease
exacerbation, since calprotectin is a sensitive biomarker of
intestinal inflammation [16,17]. However, as an increase was
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seen in both groups, it is not likely that the repeated bouts
of prolonged moderate-intensity exercise caused this
increase. It has been hypothesized that calprotectin concentrations depend on the amount of blood in stool and stool
consistency, which varies widely between stools in IBD
patients with active disease and causes natural day-to-day
variation in faecal calprotectin [32–35]. Thus, the fact that a
considerable number of participants had active disease is a
likely explanation for the high variability of faecal calprotectin concentrations in our study.
To date, the majority of studies examined the effect of
exercise on IBD by subjective measures such as self-perceived disease activity and quality of life. It was found that
low intensity exercise significantly improves self-perceived
disease activity in IBD patients in remission or with mildly
active disease [36,37]. Regarding moderate-intensity exercise,
self-perceived disease activity did not change in the previously mentioned randomized controlled trial on moderateintensity running or in the randomized cross-over trial on
moderate-intensity aerobic and resistance training [19,31].
Another randomized controlled trial also found no change in
self-perceived disease activity after 10 weeks of mind-body
therapy including moderate-intensity exercise in 30 UC
patients in remission of mildly active disease [38]. In this
study, we found that changes in P-HBI scores were higher in
walking CD patients compared to the CD non-walkers, suggesting worsening of clinical disease activity during the exercise event. However, these changes were not reflected in
faecal calprotectin. Therefore, the chance that clinical disease
activity increased due to the exercise event is small, since
faecal calprotectin better correlates with endoscopic disease
activity than clinical disease activity questionnaires, especially
in patients with colonic disease which applied to the majority of our patient group [39–41].
The strengths of this explorative study are the use of
objective inflammatory markers on the systemic as well as
the intestinal level combined with self-reported validated
questionnaires, in comparable groups in terms of age, gender and disease type. Moreover, the inclusion of CD as well
as UC with a variety of disease states widens the applicability
of the results. However, some limitations should be taken
into account. First, due to the explorative nature of this
study no proper sample size calculation was performed and
the sample size was relatively small. As a result, it was not
possible to compare subgroups (CD vs UC or remission vs
active disease) or to correct for confounders such as BMI or
IBD specific medication. However, our sample size was large
enough to detect a change in calprotectin of 40 mg/g as calculated in a post-hoc power analysis. Second, we excluded
IBD patients that used specific biologicals which resulted in a
select group of participants regarding medication use that
does not accurately reflect the current IBD population.
Though only a minority of the IBD population uses biologicals. Third, during the exercise event, we only took post-exercise blood samples. Therefore, we do not know whether
cytokine concentrations completely recovered overnight.
Also, baseline blood samples were not collected on the same
day and same time of day across participants, which could

have led to some variability due to normal daily variation in
cytokine concentrations. However, these biases were equal
for IBD walkers and non-IBD walkers and are therefore not
likely to have affected cytokine responses. Fourth, we did
not find harmful effects during the marches, though it would
have been interesting to have follow-up data of the weeks
or months after the marches to see whether harmful effects
would appear at a later time.
In conclusion, we found a comparable change in cytokine
concentrations after repeated prolonged moderate-intensity
exercise in IBD walkers compared to non-IBD walkers, and
stable and comparable faecal calprotectin in IBD walkers
compared to IBD non-walkers. These results suggest that IBD
patients can safely perform this type of exercise without significant exacerbation of inflammation. More studies, preferably with larger sample sizes and a follow-up period, are
needed to further investigate the effects of this type
of exercise.
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