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Abstract

Purpose To date, no adequate treatment for irritable bowel syndrome with predominant constipation complaints (IBS-C) is
available. Fibers with prebiotic properties and probiotic compounds have shown promise in relieving IBS-C-related com-
plaints. We aimed to determine the effects of a 4-week intervention with either an Acacia fiber (AF) with prebiotic properties
or a probiotic Bifidobacterium Lactis (BLa80) supplement, compared to a control supplement, on stool pattern, IBS symp-
toms and Quality of Life (QoL), in IBS-C individuals.

Methods A parallel, double-blind, randomized controlled trial involving 180 subjects meeting the ROME IV criteria for
IBS-C was conducted. Following a 4-week observation period, subjects received either AF (10 g), Probiotic BLa80 (4 g;
2x 10" CFU/g) or a maltodextrin placebo (10 g) daily for 4 weeks. Subjects reported daily information on stool pattern
and gastrointestinal complaints. Before and after each 4-week period, questionnaires on symptom severity, constipation
symptoms, anxiety and depression and QoL were completed. Stool mass was measured for 5-days before and after the
intervention.

Results Stool frequency significantly improved in the AF and Probiotic BLa80 groups compared to placebo (P<0.001,
P=0.02, respectively). Probiotic BLa80 showed a significant reduction in IBS symptom severity (P=0.03), for AF a trend
towards decreased constipation symptoms (PAC-SYM, P=0.10) was observed. No significant changes in stool consistency,
stool mass or QoL measures were observed between the AF and Probiotic BLa80 compared to placebo.

Conclusion Daily dietary supplementation with Acacia fiber and probiotic supplements might help IBS-C patients by reliev-
ing IBS-related complaints compared to a placebo supplement.

Registration number of clinical trial The trial is registered at Clinical Trials.gov: NCT04798417: Study Details | Nutrition to
Relieve IBS Constipation | ClinicalTrials.gov.
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for diseases such as colorectal cancer, Parkinson’s disease,
cardiovascular disease, and all-cause mortality [4—6].

To date, no adequate treatment for IBS-C is available.
This is partially due to the heterogeneity of people with IBS,
the variability of symptoms over time, and the complicated
pathology in which not all mechanisms are fully understood
[7, 8]. IBS is a multifactorial disease in which the intes-
tinal cell wall, immune system, enteroendocrine cells, and
the gut microbiota all have an important role [9]. The first
therapeutic approach for people with constipation consists
of diet and lifestyle changes, such as adequate fluid and
fiber intake and regular exercise. For patients who do not
respond to these modifications, laxatives are the mainstay
of pharmacologic treatment [7]. Long-term use of laxatives,
however, can have side effects like metabolic disturbances
and potentially harmful effects on the colon [10]. Diet is a
known trigger for IBS symptoms and the majority of people
with IBS have reported a reduction or increase in symptoms
with changing their diet [11]. It is, however, hardly known
what the underlying mechanism is and what kind of nutri-
tion and dietary compounds have the biggest impact. The
need for therapies that effectively treat or relieve symptoms
of IBS-C, and are safe to use on a chronic basis, remains
unfulfilled [12].

Studies that include various (prebiotic) fiber and probi-
otic compounds have indicated an improvement in stool
frequency and consistency, and may be a promising solu-
tion to alleviate IBS-C-related complaints [13, 14]. Pro-
biotics have been studied most in relation to IBS, but it
remains unclear which individual species and strains are
most beneficial. Moreover, studies with prebiotic treatment
appear to be sparse in people with IBS [13]. Some of the
reported effects of prebiotics and probiotics may have been
mediated by increasing the Bifidobacterium abundance in
IBS-C patients, who have shown to have a relatively lower
abundance of Bifidobacteria in their gut [15—17]. Previous
research on acacia fiber (AF) has shown its prebiotic proper-
ties, with significant increases in Lactobacillus, Bifidobacte-
rium and Prevotella [18, 19] and its high digestive tolerance
[18] due to the slow fermentation rate throughout the colon
[20]. In-house in vitro studies related to intestinal trypto-
phan metabolism and serotonin-related pathways, screening
45 compounds, have furthermore indicated that the AF and
probiotic Bifidobacterium animalis subsp. Lactis (BLa80)
may have beneficial effects on intestinal peristalsis (data not
shown).

Therefore, the objectives of the current study were to
determine the effects of a 4-week intervention with either
the AF supplement or the probiotic Bla80 supplement on
stool pattern, which includes stool frequency, stool consis-
tency, and stool mass, on gastrointestinal (GI) complaints,
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and on Quality of Life (QoL), in patients with constipation-
predominant IBS (IBS-C).

Methods
Study design

This randomized double-blinded placebo-controlled human
intervention study covered a total duration of 8 weeks,
including three parallel treatment arms (See Fig S1 supple-
mentary data). The study consisted of an observation period
of 4-weeks (week 1-4), which was similar for all treatment
arms, followed by a 4-week intervention period (week 5-8).
The observation period was added to assess the variation,
without any treatment, for all outcome measures to be
included as baseline [21, 22]. During the intervention period
subjects received either a probiotic supplement, a fiber
supplement, or a placebo supplement, to serve as control.
Stratified randomization, using random numbers, ensured
balanced allocation across treatment groups for BMI, age,
and sex. An independent, unblinded scientist conducted the
randomization and assignment to the treatment groups after
enrollment. Successful randomization was confirmed by the
balanced distribution of baseline characteristics between the
three treatment groups (Table 1). Study subjects and investi-
gators remained blinded until all analyses were completed.
The primary outcomes of this study were stool fre-
quency, stool consistency and stool mass. Secondary out-
comes, were IBS severity, constipation symptoms, anxiety
and depression scores and QoL. Before the start of the study
subjects were informed about all study procedures via an
online information meeting. At the start and at the end of
both study periods, subjects completed the validated ques-
tionnaires, consisting of irritable bowel severity scoring sys-
tem (IBS-SSS) [23], the patient assessment of constipation
symptoms (PAC-SYM) [24], the patient assessment of con-
stipation Quality of Life questionnaire (PAC-QOL) [25], the
Hospital anxiety and depression scale (HADS) [26], and the
Food frequency questionnaire (FFQ) to measure their habit-
ual dietary intake [27]. During both study periods, subjects
also completed short daily questionnaires via ecological
momentary assessment (EMA) application on their phone
(LifeData LLC, Marion, IN, USA), which recalled stool
frequency and consistency, GI-complaints, and supplement
compliance. Stool consistency was a self-reported scale and
scored on the Bristol Stool Scale (BSC), ranging from hard
pellets (score 1) to watery diarrhea (score 7) [28]. In case of
a stool frequency of > 1 stool per day, the BSC of the first
stool was scored. The last 5 days of both the observation
and intervention period, subjects were asked to collect and
weigh all of their stools, in order to record a 5-day stool
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mass. To standardize this measurement subjects received a
measurement scale and strict collection instructions. During
the entire study, subjects were requested to maintain their
normal routines concerning their diet and exercise patterns.

The study was performed from March until July 2021
in the Netherlands and was conducted in a corona-proof
setting, completely at home and online. An online informa-
tion meeting was organized prior to the start of the study,
to explain all study procedures and measurements. Ethi-
cal approval for the NUTRIC study was obtained from the
Medical Ethical Committee of Utrecht. The trial is regis-
tered at ClinicalTrials.gov (NCT04798417) and conducted
according to the declaration of Helsinki. A digital written
informed consent was obtained from each participant prior
to inclusion in the study.

Study subjects and compliance

We aimed to include 180 subjects with IBS-C in the study.
Subjects meeting the Rome IV criteria [29] for IBS with
constipation, aged 18-70 with a BMI between 18.5 and
30 kg/m?, maintaining a stable dietary pattern, and owning
a smartphone, were eligible for participation. Exclusions
applied for those with certain chronic diseases or using
specific medication or supplements that could influence the
study outcomes (such as antibiotics, antidepressants, prebi-
otics or probiotics within 4 weeks before the study), recent
intestinal surgery (except appendectomy/cholecystectomy)
or endometriosis, pregnancy, breastfeeding, excessive alco-
hol use, smoking, or drugs/nitrous oxide consumption.
Over-the-counter laxatives use was allowed, but had to
remain constant during the study. A participant flowchart is
shown in Fig. 1.

Supplement use and deviations from habitual diet and
fluid intake were questioned daily via the Lifedata app.
Using this self-reported data, a supplement compliance
rate was calculated and deviations from the habitual dietary
pattern were reported as protocol deviation. Subjects who
dropped-out (n=4) were excluded from the intention-to-
treat (ITT) population. One additional subject was excluded
from the ITT, as they did not meet all inclusion criteria for
the ROME 1V criteria at screening. Five others had major
protocol deviations (due to medical reasons, medication, or
supplement use), and were excluded from all per protocol
(PP) analyses (n=170). One participant with less than 75%
daily questionnaire compliance was excluded from the PP
analysis of the daily measurements (n=169). Four partici-
pants with incomplete 5-day stool collection were excluded
from the PP analysis on stool mass only (n=166).

Intervention products

The probiotic BLa80 supplement (Bifidobacterium anima-
lis subsp. animalis BLa80, WeCare Probiotics Co., Ltd,
Jiangsu, China) was mixed with 50% maltodextrin (Baolin-
gbao Biology Co., Ltd, China, DE value 16% <DE <20%
as a delivery vehicle. The daily dose for this compound
was 4 g/day (2x 10" CFU/g), divided in two sachets: one
sachet (2 g/sachet) in the morning and one in the evening.
The daily dose of the Acacia fiber (AF) supplement (Ina-
vea™ Pure Acacia, Nexira, Rouen, France) was gradually
increased from 5 g during the first five days to 10 g during
the remainder of the intervention period, to prevent increase
in GI complaints due to a sudden increase in daily fiber
intake. The daily dose was also divided in two sachets: one
sachet (5 g) in the morning and one sachet in the evening.
The same gradual increase from 5 g to 10 g divided over
two sachets was chosen for the placebo (control) supple-
ment consisting of maltodextrin (WeCare biotechnology
Co., Ltd, Jiangsu, China), which is a frequently used pla-
cebo compound in IBS trials [30]. For all supplements, the
most effective and regularly consumed dosage was chosen
in consolidation with literature and providers of the supple-
ments. All supplements were consumed after mixing it with
a small glass of orange juice, provided by the researchers.
The packages and sachets of all supplements were identical,
to ensure blinding. Supplements were commercially avail-
able products safe for human consumption.

Data analyses

Sample size was determined based on previous studies
examining the effect of comparable prebiotic and probiotic
supplements on stool frequency [31, 32]. Aiming to detect
a difference of a stool frequency of 1.0 per week during
the intervention period, assuming an SD of 1.5 in the mean
stool frequency per week, using a power of 0.80 and a sig-
nificance level of 0.05, and taking into account 2 drop-outs
per group, a group size of 60 study subjects per arm was
required. This resulted in 180 study subjects in total.

Statistical analyses and visualizations were performed
using R statistics (RStudio, PBC, Version 4.0.2). Data show
the PP analysis only. A p-value < 0.05 was considered statis-
tically significant.

Data of daily questionnaires

Stool frequency, stool consistency, stool mass, and gastro-
intestinal complaints (bloating, abdominal pain, flatulence)
were compared between the Acacia fiber, Probiotic BLa80
and placebo, and analyzed using linear mixed models (LMM)
with restricted maximum likelihood estimation using Imer
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Fig. 1 Study participant flow chart. Flowchart of study subjects from recruitment and screening to final intention-to-treat (ITT) and per protocol

(PP) data analyses

function (“lme4” package in R). Treatment group (Placebo
/ AF / Probiotic BLa80) and time (observation [day 1 to
28] / intervention [day 29-56]) were included in the model
as main effects and as interaction effect (time*treatment
group), subject was included as random effect. The aim was
to compare each treatment with placebo, not to compare the
AF and Bla80 treatments with each other.

To get more insight in the clinical relevance (e.g. an
increase of more than 1 stool per week, considered clinically
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relevant [33]), delta values were computed. For stool fre-
quency, average stools per week, per period, were calcu-
lated per individual and averaged per treatment group. For
stool consistency, bloating, abdominal pain and flatulence
the average value per day for observation and intervention
period was calculated. Subsequently, the average values for
the intervention period were subtracted by the average val-
ues of the observation period. One-Way ANOVA analysis
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followed by post-hoc testing with Bonferroni correction for
multiple testing was performed on these period deltas.

Data of questionnaires at week 0, 4, 8

Differences in total scores of IBS-SSS, PAC-SYM, PAC-
QOL, and HADS scores and dietary intake (fiber, kjoule
and water intake) were analyzed with LMM with restricted
maximum likelihood estimation using Lmer function (Ime4
package), with week (0 / 4 / 8) and supplement included as
main factors and interaction effect (time*supplement), and
subject as random effect. Week was included as factor to
compare week 4 versus week 8 (change intervention) and
week 0 versus week 4 (change observation).

To get more insight in the clinical relevance of the data,
responder variables were computed. For the IBS-SSS score,
a reduction of 50 score points after treatment was consid-
ered a clinically relevant change and applied as cut-off
value to compute the responder variable on the IBS-SSS
outcome (1=responder, 0=no responder) [34], while a
reduction of 0.75 point for PAC-SYM and PAC-QOL scores
after treatment was applied as a cut-off value to compute
the responder variable for PAC-SYM (1 =responder, 0=no
responder) [35]. Responder analyses were performed with
Pearson’s Chi-squared tests.

Results
Baseline characteristics

A total of 176 subjects completed the 8-week study period
(156 females, 20 males). Baseline characteristics of the
study subjects per treatment group are shown in Table 1.
Mean age of all study subjects was 37.2 years (range 18—69
years) with an average BMI of 22.9 kg/m2 (range 18.5—
30.0 kg/m2). About 12% of the study subjects kept using
laxatives on a regular basis during the intervention period.

Table 1 Study participant baseline characteristics (ITT population,
n=175)

Placebo AF Probiotic BLa80

Sex 52 (88.1%) 50 (87.7%) 53 (89.8%)

n (%) female — —7(11.9%) —-7(12.3%) -6(10.2%)

N (%) male

Age (years) 37.1+14.7 382+15.1 363+12.7
Mean + SD

BMI (kg/m2) 22.5+2.6 23.1+29 23.1+2.6

Mean + SD

Laxative use 6 (10.2%) 4 (7.0%) 11 (18.6%)

Number of users

(%)

Subject compliance, adverse events and food intake

Subjects showed high compliance to study supplements
(98% on average) and questionnaires (95% on average).

A total of 14 adverse events, possible or probable related
to the treatment or study procedures, were reported. All
these events were mild to moderate, and primarily involved
gastrointestinal symptoms. One serious adverse event was
reported, involving a one-day hospitalization due to heart
failure, and deemed unrelated to the study by the overseeing
medical professional.

During the observation and intervention period there
were no significant changes in fiber and water intake for the
AF and probiotic BLa80 treatment groups, compared to the
placebo group.

Stool pattern

Stool frequency and stool consistency were reported on a
daily basis during the observation and intervention period,
see Figs. 2A and 3A. In the AF and probiotic BLa80 treat-
ment groups a significant increase in stool frequency was
observed during the intervention period compared to the
placebo group, with effect sizes of f=0.14 (P <0.001) and
B=0.09 (P=0.02), respectively. These slopes indicate an
increase of 0.14 stools per day for the AF group and 0.09
stools per day for the probiotic BLa80 treatment group dur-
ing the intervention period, in contrast to the change within
the placebo group. During the study period, over-the-coun-
ter laxative use was permitted. To ensure that laxative use
did not interfere with our outcomes, an additional sub-group
analysis was conducted on our primary outcome, stool fre-
quency, excluding subjects using laxatives. Exclusion of
these subjects did not affect the results (data not shown).

To gain more insight into the clinical relevance, period’s
delta’s were calculated (Fig. 2B). The period’s delta (aver-
age stools per week during intervention minus average
stools per week during observation) was significantly higher
for the AF treatment group (A=1.3+1.9 stools per week,
P=0.02) compared to the placebo group (A=0.4+1.8
stools per week). No significant effect was found for the
probiotic BLa80 period’s delta (A=0.8+2.0 stools per
week, P=0.38) versus placebo (Fig. 2B).

Daily variation in stool frequency (A) during the observa-
tion period (day 0-28) and intervention period (day 29-56)
and the change in stool frequency (B) per week during the
intervention period (mean intervention — mean observation),
for placebo (n=157), prebiotic acacia fiber (AF) (n=55) and
probiotic Bifidobacterium Lactis (Bla80) (n=57) treatment.
Linear mixed model analysis showed that Acacia fiber and
Probiotic Bla80 significantly increased stool frequency
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Fig. 3 Stool consistency and stool mass changes during the observation and intervention period

compared to placebo (P<0.001 and P=0.02) for Acacia
fiber and Probiotic Bla80, respectively.

For all treatment groups there was an increase in stool
consistency during the intervention period, based on the
period deltas, indicating that the stool consistency is becom-
ing softer over time. There was, however, no significant
difference between the AF and probiotic BLa80 treatment
groups and placebo.
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There were differences in stool mass between the groups
at the start of the intervention. However, there was no sig-
nificant effect for any of the treatments on total stool mass,
see Fig. 3B.

Stool consistency (A) during the observation period
(day 0-28) and intervention period (day 29—56) for placebo
(n=>57), prebiotic acacia fiber (AF) (n=55) and probiotic
Bifidobacterium Lactis (Bla80) (n=57), and Stool mass
(B) before (WK4) and after (WKS) for placebo (n=55),
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prebiotic acacia fiber (AF) (n=154) and probiotic Bifidobac-
terium Lactis (Bla80) (n=57) treatment.

IBS symptom severity, constipation-related
complaints, QoL, and Gl complaints

There was a significant decrease (f= -38.43, P=0.03) in
symptom severity (IBS-SSS) during the intervention period
for the probiotic BLa80 group compared to the placebo
group. This indicates a reduction of 38.43 points on the
IBS-SSS for the probiotic BLa80 group between week 4
and week 8, in contrast to the change in IBS-SSS observed
in the placebo group (Fig. 4A). This was also reflected in
a significantly higher percentage of responders in the pro-
biotic BLa80 group (53% Probiotic BLa80 group versus
29% in the placebo group; P=0.02), whose IBS-SSS scores
improved with at least 50 points during the intervention
period. For the AF group no significant changes in IBS-SSS

IBS symptom severity scale (IBS-SSS)

175 T t +
WKO0 WK4 WK8

Time (Week)
C

2.0

@

Quality of life (QOL) total score

WKO WK4 WKS
Time (Week)

scores were observed during the intervention period, com-
pared to the placebo group.

No significant effect was observed across the treatment
groups for QoL, constipation related symptoms (PAC-
SYM) and anxiety and depression scores in the intervention
period, compared to placebo. However, a trend was found
for a higher responder rate (> — 0.75 point change) for con-
stipation-related complaints (PAC-SYM) in the AF group
compared to the placebo group (P=0.10). All treatment
groups, showed a reduction in constipation-related com-
plaints (see Fig. 4B), and PAC-QoL scores, indicating an
improved QoL (see Fig. 4C), during the intervention period.
These reductions, however, were not significantly different
compared to the placebo group.

IBS symptom severity (A), constipation-related com-
plaints (B), and QoL (C) before and after placebo (n=>58),
prebiotic acacia fiber (AF) (n=>55) and probiotic Bifido-
bacterium Lactis (Bla80) (n=57) treatment. The vertical
dashed line indicates the start of the intervention period

2.2
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Fig.4 IBS symptom severity scores (IBS-SSS) (A), constipation-related complaints (B), and Quality of Life (QoL) scores (C) during the observa-

tion and intervention period
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(day 28). Linear mixed model analysis showed a significant
decrease for probiotic BLa80 during the intervention period
(P=0.03).

GI complaints were reported on a daily basis during both
study periods, see Fig. 5A, B and C. No significant effect
was observed across the treatment groups for gastrointesti-
nal complaints, as compared to the placebo group during the
intervention period.

Daily variation in abdominal pain (A), bloating (B), and
flatulence (C) during the observation period (day 1-28) and
intervention period (day 29-56) for placebo (n=57), pre-
biotic acacia fiber (AF) (n=55) and probiotic Bifidobacte-
rium Lactis (Bla80) (n=157) treatment.
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Discussion

The NUTRIC study investigated the effects of 4 weeks
supplementation with either AF or probiotic BLa80 on stool
frequency, stool consistency, stool mass, IBS-C-related GI
complaints, and QoL, as compared to placebo.

Stool pattern and IBS related symptoms

Results show that 4-week supplementation with AF or pro-
biotic Bla80 significantly increased stool frequency, which
was also the primary outcome on which the sample size was
calculated. According to the US FDA’s guideline, a clini-
cally meaningful change for IBS-C patients is an increase
of more than 1 stool per week. Based on the delta values
in our study, we observed that after 4-week consumption
of AF, there was an increase of on average Al.3 (£1.9)
stools per week compared to the observation period. This
increase exceeded the threshold established by the US FDA
[33]. The effects of AF and probiotic BLa80 supplements

~
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Fig.5 Daily variation in gastrointestinal complaints during the observation and intervention period
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on stool consistency and stool mass were not different
from placebo. Probiotic Bla80 supplementation resulted
in a significant decrease in IBS-SSS compared to placebo.
AF supplementation resulted in a trend (p=0.10) towards
higher responder rates for PAC-SYM compared to placebo,
possibly due to increased stool frequency, which may result
in relieving constipation-related complaints. Overall, the
AF group seemed to have fewer constipation complaints
at baseline compared to placebo, and all treatment groups
reported softer stools at the start of the observation period
(2.6-2.9) compared to the ROME 1V criteria for constipa-
tion (mostly scores 1-2). All subjects were, however, clas-
sified with IBS-C based on those criteria during screening.
The baseline values seem to have little impact on the results,
but may have limited the room for improvement. All treat-
ment groups reported mild GI symptoms (abdominal pain,
bloating, and flatulence), indicating that supplements were
well-tolerated.

Probiotic treatment and IBS-C

The decrease in IBS-SSS for the probiotic BLa80 group may
be attributed to an increase in Bifidobacterium abundance,
since prior studies indicated a relatively lower abundance
of Bifidobacteria in patients with IBS [15-17]. Although,
the observed improvement cannot definitively be attributed
to an increase in the abundance of Bifidobacteria within
this study, since the abundance was not evaluated within
this trial. Previously, it has been suggested that an increase
in Bifidobacteria might alleviate IBS symptoms due to the
potential increase in fecal bacterial mass and colonic motil-
ity, leading to a decreased transit time and improvements in
immune function due to effects on inflammatory cytokine
production and gut barrier function [36-38].
Bifidobacterium lactis was previously reported to have
beneficial effects on stool pattern in patients with constipa-
tion [32, 39], and to result in overall symptom severity relief
in 34 people with IBS-C [40]. However, the latter study did
not use a validated method to measure symptom sever-
ity. The reduction of more than 50 points on the IBS-SSS
after 4 weeks probiotic BLa80 treatment in significantly
more (53% probiotic vs. 29% placebo) patients is consid-
ered a clinical meaningful change [23], and is comparable
or even higher compared to studies with a longer treatment
period using other probiotic strains [41-43]. The increase
in stool frequency after BLa80 treatment (A0.8 +2.0 stools/
week), however, is somewhat lower compared to previous
research. A recent meta-analysis of 6 RCTs, involving 663
IBS-C patients with a duration of 2—4 weeks, showed that
Bifidobacterium lactis supplementation resulted on average
in a significant increase of 1.51 stools per week [39]. Over-
all, these data indicate that probiotics with Bifidobacterium

seem to reduce IBS symptoms, but not all in a similar man-
ner and to a similar extent. This variability could be linked
to both the dosage of Bifidobacterium administered and
the level of colonization achieved in the gut. In the present
trial, a dosage of 4 g containing 2 times 10'® CFU/g was
administered, whereas dosages of Bifidobacterium in prior
trials involving IBS patients ranged from 10’ CFU/day to
1.25x10° CFU/day, indicating lower levels compared to
those used in the current trial.

Prebiotic treatment and IBS-C

Studies investigating the effect of fibers with prebiotic prop-
erties on IBS-C relief appear to be sparse. Although not
studied before in patients with IBS, previous human stud-
ies with AF demonstrated its prebiotic properties [18, 19],
which can potentially increase colonic biomass, fecal bulk
and subsequently affect stool frequency [18]. This might
explain the observed increase in stool frequency in IBS-C
patients after AF treatment (A 1.3 + 1.9 stools/week). Earlier
in-house in vitro experiments suggest that this effect of AF
might be attributed to an induced increase in intestinal sero-
tonin levels (data not shown), which is previously linked
to an increased stool frequency and reduced constipation
[44]. Compared to other studies with prebiotic or soluble
fibers, AF seems to have a comparable or even more pro-
nounced effect on stool frequency [45, 46]. Meta-analyses
on constipation show an average improvement of 1.01
stools per week with 10—15 g prebiotic inulin or galacto-oli-
gosacharides supplementation [46], whereas psyllium fiber
supplementation resulted in an improvement of 0.9 stools
per week [45]. In accordance with earlier conducted human
studies [28], AF was well tolerated in IBS-C patients. This
might be linked to the specific progressive fermentation of
AF through the distal part of the colon as measured with a
Twin Shime experiment [36].

Importance of a placebo controlled trial

High placebo response rates, between 27% and 34%, are
common in studies among patients with IBS [47]. Some
of the subjective study parameters showed improvements
over time, independent of treatment group. For IBS symp-
tom severity, a placebo responder rate of 29% was observed
in our study, which is in line with previous studies involv-
ing IBS patients. This underlines the importance of includ-
ing a parallel placebo group in intervention studies among
patients with IBS. The susceptibility of this study popula-
tion to placebo effects, and high interindividual variation
in subjective complaints, potentially limits the chance of
finding additional significant effects of specific dietary
supplements.
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Strengths

All 180 study participants were recruited and included in
the same period (March 2021, — May 2021), reducing the
impact of external factors such as seasonal changes. Despite
the high number of participants and relatively long study
duration compliance to study procedures was high. A pre-
ceding observation period of 4 weeks may have diminished
the placebo effect in patients with IBS, as people were
already accustomed to be involved in a study.

This study included self-reported outcome measures,
which is common in studies involving IBS patients, since
there are no conclusive objective outcome parameters for
IBS. All measures were validated questionnaires. Partici-
pants recorded daily stool frequency and GI symptoms to
mitigate potential recall biases. Collecting daily data is
important in this population, as the day-to-day variability
in stool pattern differs greatly between and within IBS-C
patients [48]. When only questioning and reporting a weekly
average, the effects of a treatment may go unnoticed [49],
and this may introduce recall biases.

Limitations and recommendations

The current study encountered a higher drop-out rate than
initially anticipated, resulting in a slightly underpowered
analysis with 55 to 57 subjects per treatment group for
the primary outcome parameters. A minimum of 58 sub-
jects were required according to our sample size calcula-
tion. However, we do not expect this shortfall to have had
a significant impact on our results. Future studies should
consider including a larger study population, to even more
effectively surpass the strong placebo effect. A longer study
period (>3 months) may also help diminish the strong pla-
cebo effect [48, 50], although this may be challenging for
compliance and drop-out rates. Additionally, subpopula-
tion analyses or stratification for habitual dietary intake,
symptom severity, serotonin or transit time-related effects
should be considered, which could provide further insight
into potential underlying mechanisms. Since prebiotic fibers
and probiotics are potentially complementary to each other,
future studies could also explore incorporating a synbiotic
group to assess the synergistic effects.

Conclusion

This study shows that 4-week daily supplementation with
10 g AF or 4 g (2x 10" CFU/g) probiotic BLa80 has a
beneficial effect on stool frequency in IBS-C patients. The
effect of AF on stool frequency was a clinical meaningful
change, while probiotic BLa80 also improves IBS symptom

@ Springer

severity. Both supplements may aid in relieving IBS consti-
pation symptoms. Placebo effects may have influenced the
size of significant treatment effects and hampered the iden-
tification of additional effects of supplementation on more
subjective outcome markers. Further research is needed to
obtain better understanding of IBS pathogenesis and the
mechanisms of action of potential treatments.
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