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Abstract

Background: A previous exploratory study demonstrated the ability of the Lab4 pro-
biotic to alleviate the symptoms of IBS, and post hoc data analysis indicated greatest
improvements in the female subgroup. The aim of this study is to confirm the impact
of this multistrain probiotic on IBS symptom severity in females.

Methods: An 8-week, single-center, randomized, double-blinded, placebo-
controlled, superiority study in 70 females with Rome IV-diagnosed irritable bowel
syndrome (IBS) receiving the Lab4 probiotic (25 billion colony-forming units) daily
or a matched placebo. Changes from baseline in the IBS-symptom severity score
(IBS-SSS), daily bowel habits, anxiety, depression, IBS-related control, and avoid-
ance behavior, executive function, and the fecal microbiota composition were as-
sessed. The study was prospectively registered: ISRCTN 14866272 (registration
date 20/07/22).

Key Results: At the end of the study, there were significant between-group reduc-
tions in IBS-SSS (-85.0, p <0.0001), anxiety and depression scores (-1.9, p=0.0002
and -2.4, p<0.0001, respectively), and the IBS-related control and avoidance be-
havior score (-7.5, p=0.0002), all favoring the probiotic group. A higher proportion
of the participants in the probiotic group had normal stool form (p=0.0106) and/
or fewer defecations with loose stool form (p=0.0311). There was little impact
on the overall diversity of the fecal microbiota but there were significant differ-
ences in Roseburia, Holdemanella, Blautia, Agathobacter, Ruminococcus, Prevotella,
Bacteroides, and Anaerostipes between the probiotic and placebo groups at the end
of the study.

Conclusions & Inferences: Daily supplementation with this probiotic may represent

an option to be considered in the management of IBS.

KEYWORDS
bowel habit, IBS, microbiota, probiotic

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2024 The Authors. Neurogastroenterology & Motility published by John Wiley & Sons Ltd.

Neurogastroenterology & Motility. 2024;36:€14751.

https://doi.org/10.1111/nmo.14751

wileyonlinelibrary.com/journal/nmo

10f13


https://doi.org/10.1111/nmo.14751
www.wileyonlinelibrary.com/journal/nmo
mailto:
https://orcid.org/0000-0001-6300-3100
http://creativecommons.org/licenses/by/4.0/
mailto:b.mullish@imperial.ac.uk
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fnmo.14751&domain=pdf&date_stamp=2024-01-29

MULLISH ET AL.

20f13
290 | WL Ey- [

1 | INTRODUCTION

Irritable bowel syndrome (IBS) is a functional gastrointestinal dis-
order characterized by abdominal pain, bloating, and altered bowel
habits and is associated with psychological comorbidities such as
anxiety and depression.! The prevalence of IBS in the USA, Canada,
and the UK is around 4.5% according to the Rome IV guidelines and
there is a notably higher incidence in females compared to men.? The
multifactorial nature of IBS impacts upon the quality of life of people
with IBS which imparts a substantial economic burden on healthcare
systems at an estimated annual cost to the National Health Service
(NHS) in the UK of £1-2billion.?

The precise etiology of IBS remains elusive, but it is becoming
increasingly evident that a combination of factors such as visceral
hypersensitivity, loss of gut barrier function, gut motility distur-
bances, and low-grade inflammation are likely to contribute.? It is
recognized that the gut microbiota plays a role during health and
disease and differences in microbial composition, particularly lower
abundances of lactobacilli and bifidobacteria, have been observed
in the gut microbiome of people with IBS compared to healthy peo-
pIe.5’7 These differences have focused attention on the potential of
microbiome manipulation to be included in the management of the
symptoms of IBS, with one such major approach of interest being the
use of probiotic supplementation to contribute to the alleviation of
the symptoms of 1BS.810

Probiotics are defined as “live microorganisms which when
administered in adequate amounts confer a health benefit on the
host”!! There is accumulating evidence supporting the ability of
probiotic organisms to reduce IBS severity score and improve both
bowel habits and quality of life”° but there are inconsistencies in
the outcomes due to different organisms and doses, underpowered
studies,*? placebo effects'® and the variable nature of IBS symptom-
ology.14 This has contributed to the lack of consensus on the bene-
fits of probiotic supplementation in sufferers of IBS. Current clinical
guidelines for the management of IBS do not recommend the use of
probiotics.*?

In our previous exploratory probiotic study we demonstrated
that a combination of lactobacilli and bifidobacteria could alleviate
gastrointestinal discomfort and improve bowel habits in subjects
with Rome 11l diagnosed IBS* suggesting a promising role for the
probiotic in the management of IBS. A post hoc analysis of the
study data identified the greatest improvement in 18-40-year-old
females and selected that population for the current placebo-
controlled, randomized, double-blind, intervention study. The
aims of the study were to (i) confirm the ability of the probiotic
to alleviate gastrointestinal symptom severity and improve bowel
habits, (ii) investigate the impact on anxiety, depression, quality of
life and executive function, and (iii) assess the fecal microbiota for

changes in composition.

Key points

e A previous post hoc analysis had suggested irritable
bowel syndrome (IBS) symptom benefit, especially in
females, in association with the use of the Lab4 probi-
otic. The aim of this present study was to explore the
potential therapeutic role of Lab4 in a randomized, dou-
ble-blind, placebo-controlled trial setting.

e In 70 females with Rome IV-diagnosed IBS, randomized
1:1 to Lab4P probiotic or placebo for 8weeks, there
were significant between-group changes favoring the
Lab4 group in several clinically relevant domains, includ-
ing a reduction in IBS-symptom severity score, and anxi-
ety and depression scores. The proportion of females
reaching a reduction in IBS-SSS 2 50 points also favored
the Lab4 group.

e Lab4-treated females had little overall change to gut mi-
crobiota diversity, but did have changes in a number of
stool bacterial taxa.

e Lab4P was well-tolerated, with no serious adverse

events of note associated with its use.

2 | METHODS
2.1 | Study approval

The study was conducted by Comac Medical (Sofia, Bulgaria)
in accordance with the ethical principles of the Declaration of
Helsinki. Ethical approval was granted by the Ethical Committee
of Comac Medical (Reference: #245/13.07.2022). The study pro-
tocol was registered with the International Standard Randomized
Controlled Trial Number (ISRCTN) registry on July 20, 2022:
ISRCTN14866272.

2.2 | Study design

A single-center, double-blind, randomized, placebo-controlled su-
periority study with the equal allocation of participants between
two parallel groups. The sample size calculation was based on the
changes after 8weeks of intervention in IBS-Symptom Severity
Score (IBS-SSS) observed among 18- to 40-year-old females from

a previous IBS probiotic study (Figure s1).1°

Twenty-seven partici-
pants per group were required to detect an 80-point reduction in
IBS-SSS (standard deviation of 98) using a Type | error of 0.05 and a
power of 85%. Groups of 35 were included to account for potential

drop-outs.
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2.3 | Recruitment, eligibility and consent

Females (aged 18-40) diagnosed with IBS (according to the Rome
IV criteria, any subtype) were identified by General Practitioner (GP)
based on medical records, informed about the study by phone in July
2022, and offered the opportunity to take part in the study by attend-
ing the Comac Medical trials facility in August 2022. The inclusion cri-
teria were: no other diagnosed gastrointestinal disorders/conditions
nor had any recent abdominal surgery, normal/corrected-to-normal vi-
sion without color blindness (in order to complete the executive func-
tion task), willing to maintain a normal diet and lifestyle throughout the
study, and willing to provide fecal and blood samples. Exclusion criteria
were: diagnosed diabetes, arrhythmia, ventricular extrasystole, atrio-
ventricular block, cardiovascular disease, or severe systemic disease,
for example, cancer, dementia, advanced organ failure, immunodefi-
ciency or undergoing immunosuppressive therapy, pregnancy or plan-
ning pregnancy, any unexplained loss of weight in recent months, taken
probiotics regularly during the 30-days prior to the study, or taken oral
antibiotics during the 90-days prior to the study. At enrolment, par-
ticipant medical records were re-checked and participants provided
informed consent before undertaking any study-related activities.

Participants were compensated for their participation.

2.4 | Randomization

The eligible participants were allocated to one of the two study arms
in a 1:1 ratio according to a computer-generated random sequence
(block size of four) that was generated using SAS PROC PLAN (SAS
v9.4). The allocation sequence was not available to any member
of the research team until all databases had been completed and
locked. Tamper-proof sealed envelopes containing the participant

allocation sequence were held at the trial site.

2.5 | Study product

The probiotic (Lab4) comprised white capsules containing a total of
25billion colony-forming units (cfu) of Lactobacillus acidophilus CUL60
(National Collection of Industrial, Food and Marine Bacteria [NCIMB]
30,157), Lactobacillus acidophilus CUL21 (NCIMB 30156), Bifidobacterium
bifidum CUL20 (NCIMB 30153) and Bifidobacterium animalis subsp. lac-
tis CUL34 (NCIMB 30172) and microcrystalline cellulose. The placebo
capsules contained microcrystalline cellulose and were identical in ap-
pearance, size, and weight to the active product. The active and placebo
products were prepared by Cultech Ltd, Port Talbot, UK, and were pack-
aged into induction-sealed high-density polyethylene pots.

2.6 | Intervention

One capsule was taken daily for 56days. Participants were in-
structed to take the capsules with food, avoid hot drinks at the time
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of ingestion, and store the intervention in a refrigerator. Participants

returned any unused capsules for compliance monitoring.

2.7 | Outcomes

The primary study outcome was a change in IBS-SSS. Secondary out-
comes were changes in bowel habit, quality of life (anxiety and de-
pression, avoidance and control behaviors, and general well-being),
cognitive health (executive function), plasma biomarkers (plasma
interleukin-6 concentration), and the composition of the fecal micro-
biota. The schedule of participant visits to the trial center and data
and sample collection is shown in Figure 1A. Participants received
paper copies of all study questionnaires to take home on the day O
visit. Participants completed baseline (day 0) and endpoint (day 56)
questionnaires and the executive function test at the trial center.

2.8 | Stool sampling and collection

At the start and end of the study, the participants provided stool
samples using the Fe-Col® Fecal Sample Collection kits (Alpha
Laboratories, Hampshire, UK) in accordance with the manufacturer's
instructions and stored them in anaerobic Genbags (Sigma Aldrich,
UK) under refrigeration for up to 48h prior to transfer to the trial

center for storage at -80°C pending analysis.

2.8.1 | Fecal calprotectin analysis

Baseline stools were sampled using Biihimann Calex® Caps (Alpha
laboratories, Hampshire, UK) and assayed using the Bihlmann fCal®
ELISA kit (EK-CAL version A2; Alpha Laboratories, Hampshire, UK)
according to the manufacturer's instructions. The manufacturer re-
ported cut-off value for the detection of active gastrointestinal in-
flammation is >160pg/g.

2.9 | Anthropometric measurements

Onday 0 and day 56, body weights were measured using a calibrated
column scale (Seca 709, Hamburg, Germany) after the removal of
shoes and jackets. The blood pressure of seated participants after
5min rest was measured using a calibrated blood pressure monitor
(Omron, Kyoto, Japan). Shoes were removed before height measure-
ment. Efforts were made to standardized the time of day at which
measurements were taken for each participant.

2.10 | IBS symptom severity scores

This was measured on days 0, 14, 28, 42, and 56 using the IBS-SSS
questionnaire'® (Figure S2). The IBS-SSS was based on abdominal
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(A) Day:0 14 28

42 56

Placebo group

Active group

@ Visit to trial center

#l Stool and plasma collection

8 Anthropometric measurements

B B IBS symptom severity

I Bowel habit dairy

B Quality of life assessments
B Executive function assessment

(B) [ Enrolment ] Identified as eligible (n=90)

» +Declined to participate (n=20)

Randomised (n=70)

v

! [
L

Allocation ] v

Allocated to Active group (n=35)
*Received allocated intervention (n=35)
+Did not receive allocated intervention (n=0)

Allocated to Placebo group (n=35)
*Received allocated intervention (n=35)
+Did not receive allocated intervention (n=0)

Follow-Up ] v

Lost to follow-up (n=0)
Discontinued intervention (n=0)

Lost to follow-up (n=0)
Discontinued intervention (n=0)
Adverse events (n=0)

Adverse events (n=0)
v [

Analysis ]

*Faecal calprotectin >160 pg/g (n=8)
*Participants analysed (n=27)

*Faecal calprotectin >160 pg/g (n=6)
*Participants analysed (n=29)

FIGURE 1 (A) Study design and scheme of data/sample collection and (B) flow diagram of the study recruitment.

pain, bloating severity, dissatisfaction with bowel habits, impact on
daily life, and days with pain giving a maximum score of 500. Scores
of <75 were considered to indicate no IBS symptoms whereas
75-174 indicated mild IBS, 175-299 indicated moderate IBS, and
>300 indicated severe IBS. “IBS-SSS responders” were defined as
those participants achieving a 250-point reduction by the end of the
study.'’

2.11 | Plasma interleukin-6 concentration

Twelve-hour fasted bloods were collected on days O and 56 by
venepuncture into EDTA vacutainers and the plasma was immedi-
ately separated by centrifugation (2000 g, 10 min), aliquoted, and
stored at -80°C until required. Plasma levels of interleukin (IL)-6

were quantified using the human IL-6 immunoassay (ab46042;

Abcam, Cambridge, UK) in accordance with the manufacturer's

instructions.

2.12 | Bowel habits

Monitored using an adapted version of a recognized daily bowel habit
diary®® (Figure S3). Participants recorded (i) the date of attempted
defecation, (ii) whether a stool was passed, (iii) whether there was
an urgent need to defecate, (iv) whether there was straining to start
the defecation, (v) whether there was a feeling of incomplete evacu-
ation, (vi) the Bristol Stool Form Score (BSFS) rating, (vii) whether
the stool was provided as a sample and (viii) whether the defecation
occurred at the time of antibiotic usage. BSFS scores were grouped
into three categories: 1 and 2 indicated hard stool form, 3-5 indi-

cated normal stool form, and 6 and 7 indicated loose stool form.
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2.13 | Quality of life

a. Anxiety and depression. This was measured on days O and 56
using the Hospital Anxiety and Depression Scale (HADS) ques-
tionnaire®’ comprising 7 questions related to anxiety (HADS-A)
and 7 questions relating to depression (HADS-D, see Figure S4).
Each item is scored on a Likert scale between 0 and 3 giving a
maximum score of 21 per subscale.

b. Avoidance and control behavior. This was measured using the IBS be-
havioral responses questionnaire (IBS-BRQ)?° on days 0 and 56. The
questionnaire comprises 26 items each scored on a Likert scale from
1 (never) to 7 (always) to give a maximum score of 182 (Figure S5).

c. General well-being. This was measured on days O and 56 using
a modified version of a questionnaire by Grossenbacher et al.?!

assessing general well-being, state of health, state of mood, state

of energy, and sleep quality using a visual analog scale of O (very
poor) to 10 (Very good).

2.14 | Executive function

This was measured on days 0 and 56 using an adaptation of the Stroop
Color Word Test (SCWT). Participants were presented with a series
of written colors (orange, pink, blue, green, or yellow text) that were
congruent or incongruent with text color (orange, pink, blue, green or
yellow) and asked to correctly identify the text color (by pressing a but-
ton mapped to that color) while ignoring the written word for as many
words as possible within 1 min. Outcome measurements were the total
number of answers, latency to correct answer, and accuracy (percent-
age of correct answers). The sequence of word/color combinations
was the same for each participant but differed on days O and 56. The
test was performed on Apple iPads (6th Generation, (Apple, California
USA)) using Trialflare software (Seastorm Ltd, Cardiff, UK).

2.15 | Fecal microbiome analysis

DNA was extracted from stool samples using the QlAamp® Fast DNA
Stool Mini Kit (Qiagen, Germany). Samples were homogenized in Matrix
Lysing D tubes (MPBIO) and a FastPrep®-24 bead beater (MPBIO,
United States). Eluted genomic DNA was quantified using a Qubit®
(Thermo Fisher Scientific, United States) and stored at -20°C. Extracted
DNA was sent to Novogene (Cambridge, UK) for amplification of the
V3-V4 region of bacterial 16S rRNA gene using the universal primer
set 341F (5-CCTAYGGGRBGCASCAG-3’) and 806R (5'-GGACTACN
NGGGTATCTAAT-3'). After 16S rRNA gene library preparation and
generation, libraries were sequenced using the Illumina NovaSeq plat-
form to generate 250bp paired-end raw reads. Paired-end raw reads
were filtered, trimmed, forward and reverse reads merged and chi-
maeras removed using DADA2? to obtain amplicon sequence variants
(ASVs) which were aligned against the SILVA database v138 to assign

taxonomy.23
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2.16 | Data analysis

Data analysis was performed on those participants that (i) had base-
line fecal calprotectin concentrations of <160pg/g which was se-
lected as representing a cut-off value to differentiate IBS from other
inflammatory bowel conditions and (ii) did not report oral antibiotic
usage during the study (antibiotics can have a profound effect on the
gut microbiota leading to gastrointestinal discomfort and changes in
motility24). Eight participants from the placebo group and six from
the probiotic group had high fecal calprotectin results (Figure Sé)
and no oral antibiotics usage was reported during the intervention
period.

2.17 | Statistical analysis

Statistical analysis of IBS-SSS, HADS, IBS-BRQ, and anthropomet-
ric data was based on changes from baseline and was performed
using a linear mixed model (LMM) that included baseline measure-
ment of an endpoint, treatment, time, and interaction between
treatment and time as fixed effects, baseline values as a covari-
ate, and the subject as the random effect from which the treat-
ment effect in terms of adjusted least square mean difference at
each time point with 95% confidence intervals and p-values were
calculated (SAS® version 9.4; SAS Institute Inc., Cary, NC, USA).
Missing data points were inputted using the last observation car-
ried forward (LOCF). The number of “IBS-SSS responders” per
study group was compared using Fisher's exact test (GraphPad
Prism, Version 9.5.0).

Bowel habit data were analyzed using a generalized linear model
(GLM) that included treatment as the only predictor from which the
treatment effect in terms of mean difference and incidence rate
ratio with 95% Cl and p-values were calculated (SAS® version 9.4;
SAS Institute Inc., Cary, NC, USA). The SCWT data were analyzed
by analysis of variance (ANOVA) with repeat measurements that
included baseline measurement of an endpoint, treatment, time,
and interaction between treatment and time as fixed effects and
the subject as the random effect from which the treatment effect
in terms of mean difference with 95% and two-sided p-values were
calculated (GraphPad Prism, Version 9.5.0). For all analyses, values
of p<0.05 were considered significant.

2.18 | Statistical analysis of fecal microbiota

The R package Phyloseq?® was used for data importation and di-
versity analyses and results were plotted with ggplot2.26 Wilcoxon
rank sum test was performed to compare Shannon's diversity
index between interventions and time points. Spatial differences
between the groups were observed with a non-metric multidi-
mensional scaling (NMDS) plot based on Bray-Curtis dissimilarity

matrix. The R package Vegan was used to perform permutational
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analysis of variance (PERMANOVA) computed with 999 permuta-
tions using the Adonis function and assess the homogeneity of dis-
persion.27 Differential abundance of Amplicon Sequence Variant

(ASV) between interventions was analyzed using DESeq2.28

3 | RESULTS

A flow diagram of enrolment, allocation, follow-up, and analysis is
shown in Figure 1B. Ninety females were contacted by GPs and 20
declined to participate and 70 were inducted into the study between
the August 01, 2022 and August 09, 2022. The intervention period
took place between August 02, 2022 and October 07, 2022; there

were no drop-outs from either arm of the study. The probiotic and

Total Active
Demographics and anthropometry
N° of participants 56 27
Female (%) 100 100
Age (years), mean (SD) 31.90 (5.84) 31.30 (5.60)
Height (m), mean (SD) 1.67 (0.06) 1.67 (0.07)
Weight (kg), mean (SD) 66.57 (12.82) 65.39 (14.19)
BMI (kg/m?), mean (SD) 23.83 (4.05) 23.26 (4.46)
SBP (mmHg), mean (SD) 116.16 (9.08) 116.26 (10.65)
DBP (mmHg), mean (SD) 71.19 (4.37) 71.74 (5.07)
Fecal calprotectin concentration (pg/g) 54.43 (37.29) 53.26 (34.26)
IBS-SSS, score (SD) 262.88(57.20) 249.68 (59.00)
Abdominal pain severity 62.86 (14.49) 60.37 (14.54)
Days with abdominal pain (%) 29.85(11.88) 30.42 (13.23)
Bowel habit dissatisfaction 63.39 (14.31) 62.96 (13.25)
Bloating severity 51.25(25.09) 44.44 (28.19)
IBS impact on everyday life 55.54 (16.94) 51.48 (17.25)
IBS-SSS classification, n (%)
Mild 4(7.1) 4(14.8)
Moderate 37 (66.1) 17 (63.0)
Severe 15 (26.8) 6(22.2)
Predominant bowel habit, n (%)
Mixed bowel habit 31(55.4) 16 (59.3)
Constipation 5(8.9) 2(7.4)
Diarrhea 20(35.7) 9(33.3)
Unclassified 0(0) 0(0)
IBS-related medication use prior to 45 (80.3) 19 (70.4)
study, n (%)
HADS: Anxiety score, mean (SD) 8.59 (3.95) 7.41 (3.08)
HADS: Depression score, mean (SD) 7.36 (3.61) 6.85 (2.51)

IBS-BRQ score, mean (SD) 119.40 (24.96)

112.11(24.94)

placebo were well tolerated with no reported serious adverse ef-
fects related to the intervention. Compliance with the intervention
(calculated from the number of returned capsules) and completion of
the questionnaires exceeded 98% in both arms of the study. Rates of
recruitment, drop-outs, adverse events, and compliance are consist-
ent with other probiotic intervention studies conducted by Comac
Medical.??3° Tamper-proof sealed envelopes containing participant
allocations (for emergency unblinding) remained intact over the du-
ration of the study confirming that blinding had been preserved.
When retrospectively analyzed, eight of the women in the active
group and six in the placebo group had baseline fecal calprotectin
levels exceeding the 160 pg/g cut-off value and were excluded from
data analysis. The baseline characteristics of the remaining par-

ticipants are presented in Table 1 The values for age, BMI, blood

TABLE 1 Baseline characteristics of the

Placeb
acevo studied population.

29

100
32.62(6.34)
1.66 (0.06)
66.89 (13.29)
24.27 (4.13)
115.41(8.49)
71.10(3.42)
55.52 (40.48)
275.17 (53.57)
65.17 (14.30)
29.31(10.69)
63.79 (15.45)
57.59 (20.29)
59.31(16.02)

0(0.0)
20 (69.0)
9(31.0)

15(51.7)
3(10.3)
11 (37.9)
0(0)

26 (89.7)

10.52 (3.80)
8.55(3.70)
128.24 (24.14)

Note: The data represent the mean +standard deviation (SD) of the stated number of participants

(n) in each group.

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; HADS, Hospital Anxiety and
Depression Scale; IBS-BRQ, IBS Behavioral Responses Questionnaire; IBS-SSS, IBS-Symptom

Severity Score; SBP, systolic blood pressure.
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pressure, and distribution between IBS subtypes were similar be-
tween groups but there were more participants with higher values
for IBS-SSS, HADS, and IBS-BRQ in the placebo group than in the
probiotic group.

3.1 | Theimpact of daily supplementation on the
symptoms of IBS

3.1.1 | Changesin IBS symptom severity score

Changes from baseline (day 0) in IBS-SSS are shown in Figure 2A (de-
tailed data in Table S1). The between-group differences in severity
score favoring the probiotic increased from 14.5% on day 28 (-36.10
points, p=0.0018) to a >80-point difference on day 56 (-84.95
points, 33.8% between-group difference, p<0.0001) associated
with consistent active group symptom severity reduction through-
out the study but little change in the placebo group. The final be-
tween group IBS-SSS differences were for: abdominal pain severity
31.7% (-19.16 points, p<0.0001, Figure 2B), days with abdominal
pain, 44.6% (-13.59 points, p <0.0001, Figure 2C), bloating severity,
31.4% (Figure 2D), dissatisfaction with bowel habit 39% (p <0.0001,
Figure 2E), and IBS impact on everyday life, 29.8% difference (-15.67
points, p <0.0001, Figure 2F).

The number of participants reaching a 250-point reduction in IBS-
SSS (responders) was significantly higher in the active group at days
42 (p<0.0001) and 56 (p<0.0001, Table 2). In the active group, there
was a gradual increase throughout the study; at day 14, 1 participant,
day 28, 8, up to 15 participants at day 42 and reaching 17 at day 56. In
contrast, the responders in the placebo were low and sporadic; 0, 4, 1,
and 1 participants on days 14, 28, 42, and 56, respectively. There were

no changes in plasma IL-6 levels in either group (Figure S7).

3.2 | Theimpact of daily supplementation on
bowel habits

The daily diaries were used to monitor bowel habits and in both
groups defecation rates were ~1/day and the mean BSFS was ~4
(Table 3). The proportion of participants with normal stool form
(BSFS 3-5) in the probiotic group was significantly higher than in
the placebo (78.04% vs. 66.54%, respectively, p=0.0106) whereas
there were less loose stools (BSFS 6-7) in the active group (15.72%
vs. 24.39% for active and placebo, p=0.0311); there were no sig-
nificant between-group differences in hard stools (BSFS 1-2). There
were trends towards fewer “incomplete” defecations (active group:
16.84%, placebo: 25.69%, p=0.0676) and “failures” (7.69% in active
vs. 14.37% in placebo, p=0.0525, Table 3).

(A) IBS-Symptom severity score (B)  Abdominal pain severity
50
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Days with abdominal pain
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3.3 | The impact of daily supplementation on
anxiety, depression, and IBS-related behavior

Anxiety was significantly reduced between groups (difference of
-1.85, p=0.0002) favoring the probiotic group at the end of the
study (Table 4A) with a 31.4% (-2.33 reduction, p <0.0001) decrease
from baseline in the active group.

Depression did not change within the placebo group, but there
was an improvement in the probiotic group with a 33.9% (-2.36,
p<0.0001) final between-group difference (Table 4B); the active
group decreased from baseline (-2.20, 32.1% reduction, p <0.0001).

TABLE 2 Changes in the number of IBS-SSS responders over the
duration of the study.

Placebo
Active (h=27) (n=29)
Day 14
Responders?, n (%) 1(3.70) 0(0)
Non-respondersb, n (%) 26 (96.30) 29 (100)
p-Value 0.4821
Day 28
Responders?, n (%) 8(29.63) 4(13.79)
Non-respondersb, n (%) 19 (70.37) 25(86.21)
p-Value 0.1988
Day 42
Responders?, n (%) 15 (55.56) 1(3.45)
Non-respondersb, n (%) 12 (44.44) 28 (96.55)
p-Value <0.0001
Day 56
Responders?, n (%) 17 (62.96) 1(3.45)
Non-responders®, n (%) 10 (37.04) 28 (96.55)
p-Value <0.0001

2>50-point reduction.

b<50-point reduction.

TABLE 3 Participant bowel habits during the study.

Avoidance and control behavior was assessed using the IBS-BRQ
completed on days 0 and 56 (Table 4C) and there was a significant
between-group difference (-7.49, 6.9% reduction, p=0.0002) at the
end of the study due to a significant improvement (-9.00, 8% reduc-
tion, p<0.0001) in the active group.

There were no major changes in general well-being (Table S2) or

executive function (Table S3).

3.4 | The impact of daily supplementation on
anthropometry

Increases from baseline in bodyweight and BMI (~1%) occurred in
the active group (0.84kg, p=0.0111 and 0.30kg/m?, p<0.0001, re-
spectively, Table 5) but not the placebo group resulting in a between-
group difference of 0.70kg (p=0.0111) in bodyweight and 0.25kg/
m? (p=0.0165) in BMI by the end of the study.

3.5 | Theimpact of daily supplementation on the
composition of the fecal microbiota

At the end of the study, no between-group differences were ob-
served in alpha diversity (Shannon index, Figure 3A). Non-metric
multidimensional scaling (NMDS) showed significant spatial sepa-
ration between baseline and the end of the study in both the pla-
cebo and active groups (p=0.0360 and p=0.02307, respectively)
but no between-group differences (Figure 3B). No differences in
the homogeneity of dispersion were observed between time points
or groups. Differential abundance analysis identified a number of
bacterial taxa that were significantly different between the pla-
cebo and active groups at the endpoint but not at the baseline
(Figure 3C). Roseburia, Holdemanella, two ASVs assigned to Blautia,
and Agathobacter were enriched in the active group, whereas ASVs
from Ruminococcus, Roseburia, Prevotella, Blautia, Bacteroides, and
Anaerostipes were more abundant in the placebo group. Relative

Between-group difference (A vs. P) in LSM

Active (n=27) Placebo (n=29) 95% Cl % p-Value
Number of defecations per day, mean (SD) 1.11(0.31) 1.02 (0.38) 0.10 (-0.09, 0.28) 9.4 0.3066
Bristol stool form score, mean (SD) 4.13 (0.65) 4.35(0.85) -0.22(-0.62,0.19) -5.0 0.2909
Proportion of defecations, % (SD), with
Hard stool form (BSFS 1 or 2) 6.24 (14.53) 9.07 (17.78) -2.83(-11.57,5.91) -31.22 0.5186
Normal stool form (BSFS 3, 4 or 5) 78.04 (14.75) 66.54 (17.51) 11.50(2.79,20.21) 17.28 0.0106
Loose stool form (BSFS 6 or 7) 15.72 (11.75) 24.39 (16.88) -8.67 (-16.51, -0.82) -35.54 0.0311
The feeling of incomplete evacuation 16.84 (15.59) 25.69 (19.52) -8.84(-18.35, 0.66) -34.43 0.0676
Failure to pass a stool 7.69 (10.71) 14.37 (14.15) -6.69 (-13.45,0.07) -46.53 0.0525
An urgent need 26.11 (11.76) 30.63(17.02) -4.52(-12.41,3.37) -14.76 0.2559
Straining 11.87(13.31) 17.67 (22.19) -5.80(-15.69, 4.10) -32.81 0.2454

Abbreviations: BSFS, bristol stool form score; Cl, confidence interval; LSM, least square mean; SD, standard deviation.
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TABLE 4 Changes in anxiety, depression, and control and avoidance behavior at the end of the study (Day 56).

A. HADS anxiety score
Change from day 0, LSM (95% Cl; p-value)
Difference between groups in LSM (95% ClI; p-value)
B. HADS depression score
Change from day 0, LSM (95% Cl; p-value)
Difference between groups in LSM (95% ClI; p-value)
C. IBS-BRQ score
Change from day 0, LSM (95% Cl; p-value)
Difference between groups in LSM (95% ClI; p-value)

Abbreviations: Cl, confidence interval; LSM, least square mean.

Active (n=27)

-2.33(-2.96, -1.70; p<0.0001)
-1.85(-2.76, -0.94; p=0.0002)

-2.20(-2.92, -1.49; p<0.0001)
-2.36(-3.37,-1.35; p<0.0001)

-9.00 (-11.64, -6.37; p<0.0001)
-7.49 (-11.25, -3.74; p=0.0002)

TABLE 5 Changes in anthropometry at the end of the study (Day 56).

Body weight (kg)
Change from day 0, LSM (95% Cl; p-value)
Difference between groups in LSM (95% ClI; p-value)
BMI (kg/m?)
Change from day 0, LSM (95% Cl; p-value)
Difference between groups in LSM (95% ClI; p-value)
Systolic blood pressure (mmHg)
Change from day 0, LSM (95% Cl; p-value)
Difference between groups in LSM (95% ClI; p-value)
Diastolic blood pressure (mmHg)
Change from day 0, LSM (95% Cl; p-value)
Difference between groups in LSM (95% ClI; p-value)

Abbreviations: Cl, confidence interval; LSM, least square mean.

Active (h=27)

0.84(0.46, 1.23; p<0.0001)
0.70(0.17,1.23; p=0.0111)

0.30(0.16, 0.45; p<0.0001)
0.25(0.05, 0.44; p=0.0165)

1.20(-0.25, 2.66; p=0.1038)
1.08 (-0.95, 3.11; p=0.2892)

-0.27 (-1.30, 0.75; p=0.9649)
-0.04 (-1.47,1.38; p=0.9542)

(A) -~ Placebo (B)
- Probiotic
- 038
DI A -
5.0 gk . .
S o kel R M3
@ o . - 0.4
3 L. 2 sy K
= 45 = . -
_‘2‘ o o o o g, : %
‘® =S T o)
e i Joul 2 00
a8 s . o3
« 4.0 ..
& .
o
< .. . .
.. 0.4
35 o« .
Baseline . Endpoint 10 05
Timepoint

-~ Placebo i
SDU Ruminococcus-
- Probiotic
Roseburia-
Baseline Prevotella_9-
Holdemanella-
Blautia-
Bacteroides-
Baseline
Anaerostipes-
+ Baseline Agath -
7 : Endpoint \gathobacter
00 05 10
NMDS1

Placebo (n=29)

-0.48 (-1.09,0.12; p=0.1151)

0.15 (-0.54, 0.85; p=0.6548)

-1.51(-4.05, 1.03; p=0.2373)

Placebo (n=29)

0.14 (-0.23, 0.51; p=0.4496)

0.06 (-0.08, 0.20; p=0.3988)

0.12(-1.29, 1.53; p=0.8634)

-0.23(-1.22,0.76; p=0.6421)

® Bacteroidota
Firmicutes

-10 0 10 20

Probiotic
Log2FoldChange

FIGURE 3 Changes in the composition of the fecal microbiota. (A) Shannon alpha diversity measures and (B) non-metric multidimensional
scaling (NMDS) plot based on the Bray-Curtis dissimilarity matrix according of the active and placebo groups throughout the study. (C)
Bacterial genera that were similar in abundance between treatment groups at baseline but were differentially abundant between treatment
groups at the endpoint using DESeq2 normalization for data after logarithmic transformation. Each dot represents a unique ASV.
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abundance estimates of the differentially abundant bacterial taxa

are shown in Table S4.

4 | DISCUSSION

In this eight-week study there was a significant reduction in IBS-SSS
alongside improvements in bowel habits and reductions in levels of
anxiety, depression, and IBS-related behaviors in Rome IV-diagnosed
IBS females receiving the Lab4 probiotic.

In a previous Lab4 probiotic exploratory IBS study, Williams et al
reported a 50-point between-group difference in IBS-SSS favoring
the Lab4 group®® and for a subgroup from that study comprising
females aged from 18 to 40, the difference was nearer 80-points
(Figure S1). In the current study with females, the between-group
difference in IBS-SSS at the end of the study was 85 points sup-
porting the reductions seen. Reductions of 250-points are con-
sidered to be clinically meaningful16 and by the end of the current
study, 63% of the Lab4 group had achieved a 250-points severity
reduction whereas this was only 4% for the placebo group. In the
probiotic group, the IBS-SSS reduction was associated with fewer
days with abdominal pain, reduced pain and bloating severity, and
improvements in bowel habit dissatisfaction and general well-being.
A study with healthy adults receiving Lab4 also reported reductions
in abdominal pain and bloating and improvements in bowel habits.*®
Zhang et al showed in a network analysis of IBS randomized con-
trol trials that single-strain probiotics of Lactobacillus acidophilus
alleviated gastrointestinal symptoms (particularly bloating) and im-
proved quality of life.'® Similarly, Bifidobacterium lactis DN-173010%!
and B.bifidum MIMBb75%? have been shown to reduce IBS-SSS
and multistrain probiotics have also been found to improve IBS
symptomolgy.”

In the study the placebo effect was minimal which contrasts with
the vast majority of other IBS studies.'® Many factors contribute to
the placebo effect including psychological responses to receiving
an intervention (expectation of improvement), low study popula-
tion sizes, subjectivity of participant-reported outcomes,*® over-
interaction with physicians and/or multiple participant visits to the
trial centre.®®%* In the current Lab4 study, there was limited contact
with GPs (one phone conversation) and only two visits to the trial
centers which may have reduced the placebo effect although the
exact cause(s) are unknown.

According to Rome |V guidelines, IBS is classified into 4 sub-
types—constipation dominant (IBS-C), diarrhea dominant (IBS-D),
mixed bowel habit (IBS-M), or unclassified (IBS-U)—determined
on the basis of stool type. Our study population composition was
predominantly IBS-M followed by IBS-D then IBS-C and with no
IBS-U. Participants on the probiotic reported 35% fewer loose
stools during the intervention period which indicates a potential
anti-diarrhoeal effect and in a Lab4 study with school children
(aged 3-10) there was a 44% reduction in the incidence of watery/
loose stools.>® In contrast, in the current IBS study, there were
fewer “incomplete” defecations (feeling of incomplete evacuation

or failure to defecate) in the probiotic group compared to the pla-
cebo group which could be considered to be an “anti-constipation”
outcome and similar outcomes have been observed in a Lab4
study with healthy adults.’® These data suggest the “normaliza-
tion” of stool form and this was evidenced by the greater incidence
of stools with normal form in the Lab4 group. The low numbers
for IBS-D and IBS-C prevented meaningful subgroup analyses,
but other probiotic studies have shown anti-diarrhoeal and anti-
constipation effects in these subtypes.%'37

There are known to be psychological and cognitive burdens
associated with IBS®® with anxiety/depression affecting over
a third of those with IBS* and cognitive impairments have also
been observed.*®* Probiotic bacteria are gaining recognition for
their positive impact on mental health and cognition via interac-
tion between the gut-brain axis*? and probiotics have shown anti-
anxiety and/or anti-depressive responses in people with |BS.4344
There were reductions in both HADS anxiety and depression
scores in the probiotic group but there was no impact on cognition
during the SCWT (assessing executive function®®). It is unclear
if the changes were due to symptom alleviation and/or involved
the modulation of the gut-brain axis interaction. The Lab4 probi-
otic has been shown to improve memory in healthy Wistar rats,*¢
preserve cognitive capabilities in an Alzheimer's disease mouse

1, and improve mood scores in adults®® which support the

mode
improvements observed. In other studies, probiotics have been
shown to alleviate IBS symptoms without an impact on anxiety
and depression.“g'49

The IBS symptoms can affect the quality of life for people with
IBS resulting in the adoption of controlling and avoidance behaviors
such as food anxieties or the avoidance of social situations.?° The
IBS-BRQ questionnaire?® indicated reductions in control and avoid-
ance behaviors in the probiotic group alongside the improvements in
general life observed in the probiotic group of this study (Figure 2F)
and as has been seen other IBS probiotic intervention studies (re-
viewed in Ref. 50).

The vast majority of individuals with IBS do not present with
any demonstrable intestinal abnormalities or inflammation but el-
evations in circulating pro-inflammatory cytokines, such as IL-6,
have been observed.** Healthy adults taking the Lab4 probiotic had
improvements in gastrointestinal symptoms and bowel habits that
were associated with reduced circulating levels of plasma IL-6'8 and
another Lab4 ex vivo study showed reduced IL-6 secretion by pe-
ripheral blood mononuclear cells.? In the current study, the base-
line plasma IL-6 levels were within the normal range®® and remained
unchanged.

It has been found that the diversity of the IBS gut microbiota

5:6:54-56 harticularly in females.””

differs from that of healthy subjects
Comparison of the baseline alpha diversity of the IBS cohort from
this study with that of age, gender and/or geographically matched
non-IBS populations from previous studies with the Lab4 pro-
biotic'®%° showed the alpha diversity of the IBS population was
significantly lower (Figure S8). There was a trend towards higher

diversity in the active group at the end of the study, but not the

95U90 17 SUOWILIOD BRI 8]01 ddke U} Ad PauRAC a2 SOoILE O ‘9SN J0 S [N o} ATeJgIT UIIUO /31 UO (SUONIPUOO-PUE-SLLLSILLICO"AB| I ARG PUI UG/ ScIY) SUOIIPUOD) PUE SWS | au) 95 *[1202/70/v0] Uo Aeiqi18u1iuo Aa|1m ‘Uopuo a6s|[00 [eusdu] Aq T624T OWU/TTTT'OT/I0p/W0Y" 8| ARG [pUIIUO//STNY WO POpEO|UMOQ ‘7 ‘VZ0Z ‘Z86ZS9ET



MULLISH et AL.

placebo. Both groups presented significant changes in beta diversity
between baseline and endpoint, which may be related to an instabil-
ity/imbalance in the microbiota of these participants but this needs
investigation. As has been mentioned, IBS can have an impact upon

5859 and so these changes

the diversity of the on the gut microbiota
could be related to the nature of IBS interactions within the gut, but
more research is needed in this area to gain greater clarity.

Increased abundances of Agathobacter and Holdemanella were
observed in the probiotic group and Agathobacter is a butyrate-
producing organism found in healthy individuals and has been ob-
served to be increased in the presence of probiotic bacteria.®%%!
Enriched abundances of Holdemanella have been associated with
decreased IBS-SSS and fatigue in people with 1BS.%? Prevotella,
Bacteroides, Anaerostipes, and Ruminococcus were enriched in the
placebo group. Prevotella and Ruminococcus are positively asso-
ciated with severity of IBS, particularly 1BS-D.%®%* Anaerostipes
is a butyrate-producing bacteria associated with the alleviation
of symptoms during IBS.%° The role of Bacteroides is unclear with
both low®® and high abundance®” reported during IBS. Bacteroides
spp. are known to produce acetate, with high levels of this SCFA
have been shown to be associated with the severity of IBS
symptoms.%®

The study has a number of strengths; (i) it is a second study
demonstrating the benefits of Lab4 probiotic supplementation in an
IBS cohort; (i) the small placebo effect; and (iii) our data analysis was
focused on participants who had calprotectin levels below 160pg/g
to ensure we were not including those with suspected inflammatory
status. Limitations of the study are (i) the generalisability of the find-
ings is limited due to the female only 18-40-year-old cohort in a
single geographical location and (ii) baseline anxiety and depression
scores in the probiotic group were lower than the clinical threshold
of 8 highlighting the need for further work in an IBS cohort with
HADS >8 in order to assess the anti-anxiety and anti-depressive
qualities of supplementation.

In summary, this randomized, double-blind, placebo-controlled
study in women with IBS confirmed the ability of the Lab4 probiotic
to play a beneficial role in the management of IBS via improvements in
gastrointestinal status and bowel habits, anxiety, and depression and
indications of an impact upon the composition and functioning of the
gut microbiota. The mechanisms of action driving these benefits have
not been identified and further studies are needed.
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