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Abstract

Background: Accumulating evidence supports the view that an imbalance of gut bacteria contributes to IBS, and
that increasing the mass of beneficial species may reduce the numbers of pathogenic bacteria and help alleviate
symptoms.

Methods: In this double-blind trial 400 adult patients with moderate-to-severe symptomatic diarrhea-predominant
IBS (IBS-D) were randomized to treatment with the multi-strain probiotic Bio-Kult® (14 different bacterial strains) or
placebo for 16 weeks. The change in severity and frequency of abdominal pain was the primary outcome measure.

Results: Probiotic treatment significantly improved the severity of abdominal pain in patients with IBS-D. A 69%
reduction for probiotic versus 47% for placebo (p < 0.001) equates to a 145 point reduction on the IBS-severity
scoring system (IBS-SSS). The proportion of patients who rated their symptoms as moderate-to-severe was reduced
from 100% at baseline to 14% for the multi-strain probiotic at follow-up (month 5) versus 48% for placebo (p < 0.001).
Also, the number of bowel motions per day from month 2 onwards was significantly reduced in the probiotic group
compared with the placebo group (p < 0.05). In addition to relieving symptoms, the probiotic markedly improved all
dimensions of quality of life in the 34-item IBS-Quality of Life (IBS-QoL) questionnaire. No serious adverse events were
reported.

Conclusions: The multi-strain probiotic was associated with significant improvement in symptoms in patients with IBS-
D and was well-tolerated. These results suggest that probiotics confer a benefit in IBS-D patients which deserves
further investigation.

Trial registration: [Clinicaltrials.gov NCT03251625; retrospectively registered on August 9, 2017].

Keywords: BioKult, Diarrhea, Gastrointestinal well-being, IBS, Multi-strain probiotic, Probiotic, Randomized controlled
trial, Quality of life

Background
Irritable bowel syndrome (IBS) is a common highly
prevalent functional gastrointestinal (GI) disorder that
places an enormous burden on resource-challenged
healthcare systems [1, 2]. It has a heterogeneous clinical
phenotype with various symptom combinations includ-
ing abdominal pain, bloating and altered stool frequency,
in the absence of any detectable organic disease with the

available clinical tests and examinations [3]. Rome III
criteria defines IBS as recurrent abdominal pain or dis-
comfort at least 3 days/month in the last 3 months
(symptom onset at least 6 months prior to diagnosis) as-
sociated with two or more of the following: improve-
ment with defecation, onset associated with a change in
frequency of stool, or onset associated with a change in
form (appearance) of stool. The prevalence of IBS varies
between geographic regions and populations, and is also
dependent upon the diagnostic criteria used [4]. A
worldwide prevalence of approximately 10–20% of the
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adult population has been reported [5] and in the largest
analysis to date (41 countries, 288,103 individuals), the
mean prevalence among different countries ranged from
1.1% (France and Iran) to 35.5% (Mexico) [1]. Three sur-
veys in Bangladesh have reported IBS prevalence rates of
24.4% (Rome I criteria), 7.7% (Rome II criteria) and 12.
9% (Rome III criteria) with a slightly higher rate in fe-
male patients [6–8]. Despite being highly symptomatic
and negatively impacting the individual’s quality of life
(QoL), it has been noted that only about one-third of pa-
tients present to their general practitioners [9].
The pathogenesis of IBS is multifactorial, including

factors such as genetics, dietary intolerance, alterations
in the GI microbiota, small intestinal overgrowth (SIBO)
, intestinal immune activation, increased intestinal per-
meability, visceral hypersensitivity, abnormal pain pro-
cessing, disruption of the gut-brain axis, behavioral
pathways and altered GI motility [10–12]. Diagnosis of
IBS remains a challenge with no acceptable biochemical,
histopathological or radiological tests available. Cur-
rently, it is diagnosed using symptom-based criteria ini-
tially proposed by Manning which were subsequently
modified and incorporated into various iterations of the
Rome criteria [13–16]. The role of inflammation and im-
munological mechanisms in the pathogenesis of IBS
symptomatology may be particularly important since,
during follow-up, IBS patients tend to have greater mu-
cosal cellularity and other signs of an increased inflam-
matory response [17–20].
Many drugs have been advocated in the treatment of

IBS, including antispasmodics, bulking agents, psycho-
tropic agents, and 5-HT receptor antagonists. However,
in the majority of cases these agents have proven to be
disappointing for the relief of symptoms, possibly as a
result of the heterogeneous pathogenesis of the disease.
Probiotics are ‘live microorganisms which when admin-
istered in adequate amounts confer a health benefit on
the host’ [21]. The rationale for the use of probiotics in
the management of IBS is their potential to correct dys-
biosis (qualitative and quantitative changes in the micro-
biota) or to stabilise the host microbiota. A decreased
abundance of Bifidobacterium and Lactobacillus species
[22], and an increase in Gammaproteobacteria species (a
family comprised of numerous pathogens) [23] is fre-
quently reported in IBS studies. Furthermore, PCR-
denaturing gradient gel electrophoresis (PCR-DGGE)
analysis of fecal samples from IBS patients reveals
greater temporal instability of the microbiota compared
to healthy controls [24]. The observation of dysbiosis, al-
tered mucosal barrier function, activated immune re-
sponses and SIBO all support a potential role for
bacteria in both the pathogenesis and treatment of IBS
[25–27]. There is a growing body of opinion that an im-
balance of gut bacteria contributes to IBS symptoms.

Consequently, increasing the mass of beneficial species
may help reduce the negative effects of pathogenic bac-
teria and help alleviate symptoms [28]. The majority of
studies to date have been pilot studies [29–34], and this
provided the stimulus for the current clinical trial to be
undertaken in order to assess whether administration of
a multi-strain probiotic (Bio-Kult®; 14 different bacterial
strains; 2 billion colony-forming units per capsule) was
more effective than placebo at reducing IBS symptoms
(especially abdominal pain and frequency) and improv-
ing QoL in a large number of patients with diarrhea-
predominant IBS (IBS-D) diagnosed in accordance with
Rome III criteria.

Methods
Study design
The study was a randomized, double-blind, placebo-
controlled, equal allocation ratio, parallel-group, clinical
trial performed at the BSMMU Gastroenterology depart-
ment between April 2014 and August 2016. The study
was approved by the ethical board of BSMMU, IRB (In-
stitutional Review Board) BSMMU, Dhaka prior to com-
mencement of the study; reference number BSMMU/
2015/1011. All participants were informed about the ob-
jectives, methodology and purpose of the study in an
easily understandable way, and those who agreed to par-
ticipate were required to provide verbal and written con-
sent prior to entry. The study was conducted in
accordance with the ethical principles set out in the Dec-
laration of Helsinki and the ICH Harmonized Tripartite
Guideline on Good Clinical Practice. [Clinicaltrials.gov
NCT03251625; retrospectively registered August 9, 2017].

Patients
Male and female patients aged 18 to 55 years with mod-
erate to severe IBS-D diagnosed according to Rome III
criteria [recurrent abdominal pain or discomfort (an un-
comfortable sensation not described as pain) at least
three days a month in the past three months, associated
with two or more of the following: improvement with
defecation; onset associated with a change in frequency
of stool; and onset associated with a change in form (ap-
pearance) of stool. The criteria should be fulfilled for the
past three months with symptom onset at least six
months before diagnosis]. Patients classified as IBS-D
(diarrhea predominant) had > 25% loose/wet motions
(Bristol stool scale 6–7) and < 25% firm/hard motions
(Bristol stool scale 1–2). The severity of IBS was deter-
mined by the IBS Severity Scoring System (IBS-SSS) as
described below.
The following alarm features were required to be absent

as part of screening to minimize the risk of missing import-
ant organic diseases; rectal bleeding, anemia, unexplained
weight loss, nocturnal diarrhea, and a family history of
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organic GI diseases (e.g. colon cancer or inflammatory
bowel disease). All patients agreed not to start any other
drug treatment unless clinically indicated. Exclusion criteria
included: treatment with probiotics within last three
months; concurrent severe illness (cancer, uncontrolled dia-
betes mellitus, hepatic, renal or cardiac dysfunction, and
hyper- or hypothyroidism); previous GI surgery; chronic or-
ganic bowel disorders (e.g. inflammatory bowel disease, tu-
berculosis, diverticular disease, etc); treatment with
antibiotics in the two months prior to enrolment; preg-
nancy or lactation. To exclude other diagnoses, patients ful-
filling the inclusion criteria for IBS were screened using the
following tests: full blood count (FBC), erythrocyte sedi-
mentation rate (ESR), C-reactive protein (CRP), antibody
testing for coeliac disease (endomysial antibodies or tissue
transglutaminase).

Procedures
Patients fulfilling the inclusion criteria in the absence of
exclusion criteria or an alternative diagnosis, and who

provided a written informed consent form, were in-
cluded in the study and comprised the randomization
group (Fig. 1). All participants were advised to maintain
their usual dietary practices throughout the study.
The aim was to recruit approximately 400 IBS-D pa-

tients (see Statistical Analyses section). Randomization
into two groups (equal ratios) was performed by an in-
dependent statistician using the randomizer software
(www.randomizer.org). One group received the multi-
strain probiotic Bio-Kult® (Probiotics International Ltd.
(Protexin), Somerset, UK), two capsules twice daily
(manufacturer-recommended daily dosage), while the
other group received identical placebo capsules (the filler
was microcrystalline cellulose in a vegetable capsule
made of hydroxypropyl methylcellulose), two capsules
twice daily. Bio-Kult® is a capsule formulation containing
14 different bacterial strains (2 billion CFUs per capsule)
and a dosage of two capsules twice a day is equivalent to
8 billion CFUs / day. The 14 different bacterial strains in
Bio-Kult® are: Bacillus subtilis PXN 21, Bifidobacterium

Fig. 1 Study protocol
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spp. (B. bifidum PXN 23, B. breve PXN 25, B. infantis
PXN 27, B. longum PXN 30), Lactobacillus spp. (L.
acidophilus PXN 35, L. delbrueckii spp. Bulgaricus
PXN39, L. casei PXN 37, L. plantarum PXN 47, L.
rhamnosus PXN 54, L.helveticus PXN 45, L. salivarius
PXN 57), Lactococcus lactis PXN 63, and Streptococcus
thermophilus PXN 66]. The capsules were administered
before or during a meal for a total of 16 weeks; patients
were followed-up one month after this time.
An independent data monitor maintained treatment

codes and allocation, which was locked until all analyses
had been completed. Thus, the clinical trial was per-
formed double-blind with all patients and clinical staff
unaware of which treatment had been allocated.
Before starting treatment each individual underwent a

baseline assessment during which demographic data, IBS
symptoms and QoL data were recorded. During treat-
ment patients were required to return to the clinic once
a month for reassessment of IBS symptoms and QoL,
and to report any adverse events (AE) that had occurred.
The IBS-Severity Scoring System (IBS-SSS) question-

naire was completed at baseline, at each monthly clinic
visit and after one month’s follow-up. The IBS-SSS is a
5-item instrument used to measure severity of abdom-
inal pain, frequency of abdominal pain (number of days
with abdominal pain over the last 10 days), severity of
abdominal distension, dissatisfaction with bowel habits,
and interference with quality of life, each on a 100-point
scale [35]. The items are summed and thus the total
score can range from 0 to 500 points. IBS severity has
the following defined ranges: mild 75–174, moderate
175–300, and severe > 300. The IBS-SSS was completed
by the physician at each clinic visit.
The IBS-QoL questionnaire is a 34-item measure con-

structed specifically to assess QoL impairment due to
IBS symptoms [36]. Each item is scored on a five-point
scale (1 = not at all, 5 = a great deal) that represents one
of eight dimensions (dysphoria, interference with activ-
ity, body image, health-related worries, food avoidance,
social reactions, sexual dysfunction, and relationships).
Items are scored to derive an overall total score of IBS
related QoL. To facilitate score interpretation, the
summed total score is transformed to a 0–100 scale ran-
ging from zero (poor QoL) to 100 (maximum QoL). The
QoL instrument was translated into Bengali and given to
each patient before treatment was started; the patient
completed the form each month and all data were re-
corded and entered onto a data sheet.

Efficacy assessments and endpoints
The aim of this study was to determine whether admin-
istration of a multi-strain probiotic was more effective
than placebo at reducing GI symptoms and improving
QoL in patients with moderate to severe IBS-D.

Primary endpoint

� The change in severity and frequency of abdominal
pain on the IBS-SSS during treatment with a multi-
strain probiotic or placebo, and compared with
baseline.

Secondary endpoints

� The change in other GI symptom severity scores
(including stool consistency, frequency, and bloating)
on the IBS-SSS during treatment with a multi-strain
probiotic and placebo, and compared with baseline.

� The change in QoL parameters (using a validated
IBS-QoL questionnaire) during treatment with a
multi-strain probiotic and placebo, and compared
with baseline.

� To assess any AEs reported during treatment with a
multi-strain probiotic and placebo.

Sample size
The sample size for this trial was determined using the
formula:

n1 ¼ 2σ2 Zβ þ Zα
� �2

= μ1–μ2ð Þ2

Where:

Zβ ¼ 0:84 at 80%power; and Zα
¼ 1:96 at a 95%confidence interval:

μ1 – μ2 represents the minimum clinically important dif-
ference which was set at 30% (this is advocated as the
minimal clinically significant reduction for probiotics). A
standard deviation (σ) of 87.77 for IBS-SSS from a simi-
larly designed study was reported by Sisson and col-
leagues and was used in the sample size calculation [29].
Based on these assumptions the sample size was calcu-
lated to be 135 per treatment group (270 in total).
Allowing for dropouts and non-adherence we estimated
that the sample size should be increased to a total of ap-
proximately 384 patients (192 per group). In practice the
first 400 patients with IBS-D attending the BSMMU
Gastroenterology department between April 2014 and
August 2016 and who provided written informed con-
sent entered the study and were randomized to
treatment.

Statistical analyses
All analyses were performed in the per-protocol (PP) set,
i.e. treated patients that had no major protocol viola-
tions, met the minimum protocol requirements, and
who were able to be evaluated for the primary endpoint.
IBS-SSS symptom scores and IBS-QoL instrument
scores were expressed as means ± standard deviation
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(SD) and analysed using the Student’s unpaired t-test.
Categorical data are presented as frequencies/percent-
ages and were analysed using the chi-square test. The re-
lationship between different variables was investigated
using Pearson’s correlation coefficient. P values < 0.05
were considered to be statistically significant. All ana-
lyses were performed using a computer based SPSS pro-
gram (version 13.0).

Results
A total of 400 patients with IBS-D diagnosed by Rome
III criteria and who met the inclusion criteria, were ran-
domized to 16 weeks’ treatment. A total of 360 patients
completed the study and comprised the PP analysis set.
Of these, 181 patients received multi-strain probiotic
treatment and 179 received placebo (Fig. 1).

Demographics and baseline characteristics
The treatment groups were comparable with respect to
mean (±SD) age (32.2 ± 10.1 and 31.7 ± 9.7 years for pro-
biotic and placebo,respectively) and gender (male / female
ratio 3.7/1 with a slightly higher rate in the placebo group:
4.3/1 vs. 3.2/1 in the multi-strain probiotic group (p = 0.
179) (Table 1). The two groups were comparable for the
proportion of patients with moderate/severe IBS-D: 21.5/
78.5% in the probiotic group and 29.1/70.9% in the pla-
cebo group (p = 0.101).

Changes in IBS symptom scores
Results pertaining to changes in IBS symptom scores are
presented in Table 2. For the 5-item IBS-SSS endpoints
(abdominal pain, frequency of abdominal pain (number
of days with abdominal pain over the last 10 days), se-
verity of abdominal distension, dissatisfaction with bowel
habits, and interference with life), as well as the overall
IBS-SSS score, the differences between the multi-strain
probiotic and placebo groups were statistically signifi-
cant at all time points. In the probiotic group the overall

IBS-SSS was reduced by 145 points within 30 days (117
points in the placebo group) and by 223 points by
month 5 (157 points in the placebo group). This is
highlighted by a highly significant reduction in abdom-
inal pain levels (primary outcome measure) during four
months’ treatment and at follow-up (Fig. 2). At follow-up
the abdominal pain level had decreased by 69% (decrease
of 40 points) in the multi-strain probiotic group versus
47% (decrease of 27 points) in the placebo group (58.5 ±
11.1 to 18.1 ± 15.2 vs. 57.2 ± 10.6 to 30.2 ± 19.9; p < 0.001).
In addition to improvements in IBS-SSS ratings, the

number of bowel motions/day was significantly reduced
from month 2 onwards in the multi-strain probiotic
group compared with the placebo group (Table 2). In
contrast the passing of excess mucus was similar in the
two treatment groups.
At baseline all patients rated their symptoms as moder-

ate to severe (Table 3). However, at the end of the follow-
up period 52.5% of patients in the multi-strain probiotic
group rated their symptoms as mild compared with 39.1%
in the placebo group (p < 0.001). Moreover, the number of
patients symptom free at the end of the study was 33.7%
in the multi-strain probiotic group compared with only
12.8% in the placebo group (p < 0.001).
Comparison of IBS symptom score improvements by

age and gender in the multi-strain probiotic group re-
vealed no statistically significant differences by month 5.
In contrast, in the placebo group, patients aged 30 years
and over had significantly improved pain (p < 0.001) and
abdominal bloating (p = 0.041) scores compared with pa-
tient aged < 30 years.

Changes in IBS-QoL scores
Changes in overall QoL as assessed by the IBS-QoL
questionnaire are shown in Table 4. From month 2
onwards there was a statistically significant improve-
ment in QoL in the multi-strain probiotic group com-
pared with the placebo group. Figure 3 details the

Table 1 Patient demographics

Variable Probiotic (n = 181) Placebo (n = 179) P-value

Age (years) [mean ± SD] 32.2 ± 10.1 31.7 ± 9.7 0.642

Gender (males/ females) 136/45 145/34 0.179

IBS-D (Rome III criteria) 181 (100) 179 (100) NS

Moderate 39 (21.5) 52 (29.1) 0.101

Severe 142 (78.5) 127 (70.9)

Occupation:

Service industry 59 50 0.043

Student 51 38

Business person 19 23

Housewife 22 25

Worker (painter, tailor, driver, farmer) 30 43
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Table 2 IBS symptom scores at baseline, during 16 weeks’ treatment and after one month’s follow-up

Probiotic (Bio-Kult®) (n = 181) Placebo (n = 179) P-value

Overall IBS-SSS scores

Before treatment 333.0 ± 40.4 332.9 ± 42.0 0.992

Month 1 187.9 ± 61.3 215.4 ± 75.0 < 0.001

Month 2 146.5 ± 76.4 188.0 ± 92.0 < 0.001

Month 3 122.0 ± 78.3 199.5 ± 104.1 < 0.001

Month 4 115.2 ± 75.0 179.7 ± 100.2 < 0.001

Month 5 110.0 ± 71.8 176.0 ± 100.0 < 0.001

IBS-SSS: Severity score of abdominal pain

Before treatment 58.5 ± 11.1 57.2 ± 10.6 0.264

Month 1 30.3 ± 14.8 35.3 ± 15.9 0.002

Month 2 23.8 ± 16.2 31.1 ± 18.8 < 0.001

Month 3 20.3 ± 15.8 33.1 ± 19.7 < 0.001

Month 4 18.5 ± 16.2 30.4 ± 20.3 < 0.001

Month 5 18.1 ± 15.2 30.2 ± 19.9 < 0.001

IBS-SSS: Number of days in the last 10 days with pain

Before treatment 7.7 ± 2.3 8.1 ± 2.3 0.056

Month 1 3.6 ± 2.1 4.4 ± 2.5 0.001

Month 2 2.9 ± 2.3 3.8 ± 2.7 0.001

Month 3 2.5 ± 2.2 4.2 ± 2.8 < 0.001

Month 4 2.4 ± 2.1 4.1 ± 3.2 < 0.001

Month 5 2.2 ± 1.9 3.9 ± 3.0 < 0.001

IBS-SSS: Severity score of abdominal distension

Before treatment 58.5 ± 11.5 58.9 ± 12.0 0.695

Month 1 34.2 ± 16.2 38.4 ± 19.3 0.028

Month 2 25.7 ± 16.9 35.6 ± 20.2 < 0.001

Month 3 21.1 ± 16.4 37.5 ± 22.3 < 0.001

Month 4 20.1 ± 16.6 36.3 ± 23.3 < 0.001

Month 5 19.6 ± 15.8 35.9 ± 23.5 < 0.001

IBS-SSS: Satisfaction score for bowel symptoms

Before treatment 71.0 ± 9.7 69.6 ± 13.1 0.256

Month 1 44.9 ± 14.2 50.3 ± 16.9 0.001

Month 2 34.3 ± 17.2 43.0 ± 19.6 < 0.001

Month 3 29.6 ± 18.3 45.5 ± 22.5 < 0.001

Month 4 28.0 ± 18.9 43.3 ± 23.8 < 0.001

Month 5 26.5 ± 19.1 42.2 ± 25.0 < 0.001

Highest number of bowel motions per day

Before treatment 6.1 ± 2.6 5.6 ± 1.8 0.024

Month 1 3.3 ± 1.4 3.3 ± 1.4 0.891

Month 2 2.9 ± 1.2 3.2 ± 1.3 0.043

Month 3 3.0 ± 1.5 3.6 ± 1.3 < 0.001

Month 4 2.7 ± 1.5 3.5 ± 1.3 < 0.001

Month 5 2.5 ± 1.4 3.4 ± 1.4 < 0.001
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results for the eight individual dimensions on the IBS
QoL questionnaire. Food avoidance, sexual dysfunc-
tion and health-related worries had the most negative
impact on QoL at baseline in both groups of patients.
The benefits of multi-strain probiotic therapy were
consistent across all eight dimensions with a steady
increase over time. After 4 months’ treatment, and at
follow-up, the ratings in the probiotic group were sta-
tistically significantly higher than in the placebo
group (p < 0.001 in all cases). Neither age nor gender
had any statistically significant effects on IBS-QoL
scores at month 5.

Tolerability and safety
Both multi-strain probiotic treatment and placebo were
well-tolerated with no treatment-related adverse events
(AEs) reported during the study.

Discussion
Summary of main findings
According to Rome III criteria, abdominal pain or dis-
comfort are hallmark determinants for the initial diagno-
sis of IBS and changes in bowel movements define
different subtypes [16]. Typically, the pain or discomfort
is related to defecation, or its onset is associated with an
increase or decrease in the frequency or form of stool,
which can be further exacerbated by stressful life events.
Therefore, changes in the severity of abdominal pain are
a reliable measure of treatment outcome and were
assessed in this cohort using IBS-SSS questionnaire,
which incorporates two pain-related items [29, 35, 37].
A decrease of > 50 points in the IBS-SSS score is indica-
tive of a clinical improvement [35], although it has been
suggested that a minimum reduction of 95 points is
needed to show a clinically relevant change in symptoms
[37]. In the current study an average reduction in the

Table 2 IBS symptom scores at baseline, during 16 weeks’ treatment and after one month’s follow-up (Continued)

Probiotic (Bio-Kult®) (n = 181) Placebo (n = 179) P-value

Passing excess mucus [no. pts. (%)]

Before treatment 181 (100.0) 179 (100.0)

Month 1 170 (93.9) 177 (98.9) 0.012

Month 2 175 (96.7) 175 (97.8) 0.748

Month 3 175 (98.9) 177 (98.9) 0.157

Month 4 171 (94.5) 174 (97.2) 0.195

Month 5 168 (92.8) 171 (95.5) 0.272

IBS-SSS: Score of IBS affecting or interfering with life

Before treatment 68.6 ± 12.6 66.1 ± 11.1 0.049

Month 1 42.5 ± 15.0 47.4 ± 16.6 0.004

Month 2 33.4 ± 17.2 40.6 ± 19.7 < 0.001

Month 3 26.0 ± 17.9 41.8 ± 23.4 < 0.001

Month 4 24.9 ± 16.5 29.1 ± 19.6 0.028

Month 5 23.4 ± 17.4 28.2 ± 20.1 0.015

The unpaired t-test was used to determine the level of statistical significance

Fig. 2 IBS-SSS abdominal pain ratings with probiotic (Bio-Kult®) or placebo (16 weeks’ treatment and 1-month follow-up). The lower the score the
less the pain: * p = 0.002; ** p < 0.001; NS = not significant

Ishaque et al. BMC Gastroenterology  (2018) 18:71 Page 7 of 12



overall IBS-SSS score was 145 points achieved within
30 days of intervention and this was increased to over
200 points after 16 weeks of treatment. These reductions
with multi-strain probiotic are clinically meaningful and
they were not significantly affected by age or gender.

Furthermore, they are markedly greater than changes in
IBS-SSS reported previously with a single strain pro-
biotic after 12 weeks’ treatment (reduction of 50 points
after 12 weeks) [38] and in multi-strain probiotic trial
(reduction of 63 points after 12 weeks) [29]. With

Table 3 Severity of symptoms at baseline, during 16 weeks’ treatment and after one month’s follow-up)

Severity of IBS-D Probiotic (Bio-Kult®) (n = 181) Placebo (n = 179) P-value

Baseline

Moderate 39 (21.5) 52 (29.1) 0.101

Severe 142 (78.5) 127 (70.9)

Month 1

Symptoms free period 2 (1.1) 2 (1.1) 0.086

Mild 78 (43.1) 58 (32.4)

Moderate 91 (50.3) 99 (55.3)

Severe 10 (5.5) 20 (11.2)

Month 2

Symptoms free period 16 (8.8) 18 (10.1) < 0.001

Mild 112 (61.9) 61 (34.1)

Moderate 42 (23.2) 82 (45.8)

Severe 11 (6.1) 18 (10.1)

Month 3

Symptoms free period 54 (29.8) 20 (11.2) < 0.001

Mild 98 (54.1) 62 (34.6)

Moderate 23 (12.7) 57 (31.8)

Severe 6 (3.3) 40 (22.3)

Month 4

Symptoms free period 56 (30.4) 22 (11.2) < 0.001

Mild 99 (54.7) 68 (38.0)

Moderate 21 (11.6) 66 (36.9)

Severe 6 (3.3) 23 (12.8)

Follow-up: Month 5

Symptoms free period 61 (33.7) 23 (12.8) < 0.001

Mild 95 (52.5) 70 (39.1)

Moderate 21 (11.6) 65 (36.3)

Severe 4 (2.2) 21 (11.7)

The unpaired Chi-square test was used to determine the level of statistical significance

Table 4 IBS-QoL scores at baseline, during 16 weeks’ treatment and after one month’s follow-up)

Probiotic (Bio-Kult®) (n = 181) Placebo (n = 179) P-value

Before treatment 22.6 ± 10.5 27.5 ± 13.0 < 0.001

At 1st month 46.5 ± 13.6 44.8 ± 15.8 0.270

At 2nd month 59.0 ± 18.9 48.7 ± 20.3 < 0.001

At 3rd month 66.4 ± 21.6 47.6 ± 22.9 < 0.001

At 4th month 68.3 ± 21.8 48.4 ± 24.5 < 0.001

At 5th month 72.0 ± 16.5 58.5 ± 16.8 < 0.001

The unpaired t-test was used to determine the level of statistical significance
Note: In this scoring system, higher scores indicate better QoL
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Fig. 3 Individual dimension scores for IBS-QoL during 16 weeks’ treatment with multi-strain probiotic (Bio-Kult®; blue square) or placebo (red square). *
p < 0.05; ** p < 0.001; NS, not significant. Note: In this scoring system, higher scores indicate better QoL
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respect to the primary outcome, 16 weeks supplementa-
tion with a multi-strain probiotic, reduced the abdom-
inal pain level by 69% versus 47% in the placebo group
(58 points to 18 points vs. 57 points to 30 points; p
< 0.001). Over 85% of patients in the probiotic group
reported an improvement in their severity category,
whereas nearly half (48%) of the placebo group did
not see an improvement in their severity category.
The relatively high response in the placebo group has
been previously reported in functional bowel disorder
studies, which was shown to have a negative correlation
with study duration [30]. As per European Medicines
Agency “Guidance on The Evaluation of Medicinal Prod-
ucts for the Treatment of IBS”, a responder has to demon-
strate abdominal pain score which has improved at least
30% compared to baseline [39]. In the current study key
symptoms of IBS were statistically significantly improved
compared with placebo, with the change in most parame-
ters exceeding 30%.
There is accumulating evidence showing that certain

probiotics may be capable of significantly reducing ab-
dominal pain, abdominal distension and flatulence while,
at the same time, increasing health-related QoL in IBS
patients [40]. Likewise in the current study, in addition
to relieving symptoms, multi-strain probiotic treatment
was shown to markedly improve all dimensions of QoL
evaluated using the 34-item IBS-QoL questionnaire.
Beneficial changes were noted within one month of
starting treatment and, after 4 months’ treatment, the
improvements were statistically significant (p < 0.001) for
all eight measures included in this QoL instrument.
During the course of this clinical trial, multi-strain pro-
biotic treatment and placebo were equally well-tolerated
with no treatment-related AEs reported.

Comparison with existing literature
A recently published systematic review of probiotics
undertaken by the British Dietetic Association (BDA)
found that of 35 probiotic RCTs analysed, almost three-
quarters were potentially pilot studies with a sample size
too small (< 50 patients/group) to develop any probiotic-
specific clinical recommendations [41]. The sample size
(N = 360) of the current study was based on robust stat-
istical analyses to achieve adequate power and represents
one of the largest probiotic IBS clinical trials to date.
Moreover, the research recommendations from the BDA
review called for high-quality RCTs of probiotics to con-
sider IBS sub-type and to use validated symptom and
QoL assessments [41]. In this regard our study only
included patients with IBS-D, and assessments were
performed using validated IBS-SSS and IBS-QoL
instruments.
Another interesting finding in the BDA review was

that studies which used multi-strain probiotics seemed

to produce better clinical results than single-strain pro-
biotics in terms of global symptoms (14 of 35 studies re-
ported statistically significant benefit and 65% of these
used multi-strain probiotics), abdominal pain (8 of 35
studies reported statistically significant benefit and 63%
of these used multi-strain probiotics) and QoL (only 2 of
16 studies that measured QoL reported statistically sig-
nificant benefit, and both of these studies used multi-
strain probiotics) [41]. Research teams at our institution
(BSMMU) have also seen variable responses dependent
upon the bacterial strains used as probiotic. Results of a
randomized, double-blind, placebo-controlled trial of the
effects of a single strain probiotic, S. boulardii, in IBS-D
patients were not very promising [32]. However, a
follow-up study with a multi-strain probiotic yielded a
beneficial outcome which was significant both clinically
and statistically [33]. A number of studies have shown a
decrease in the microbial diversity of IBS patients com-
pared to healthy controls [42], and specifically in relation
to Bifidobacteria and Lactobacilli spp. [12, 43]. The 14-
strain probiotic used in this current study (including 7
Lactobacilli and 4 Bifidobacteria spp.) may have pro-
vided clinical benefits by increasing the microbial diver-
sity in these patients, and may also help explain why
single-strain probiotic studies have not been as success-
ful in reducing symptoms in IBS patients.
It is undeniable that the gut microbiota has both direct

and indirect effects on the immune system and inflam-
mation [44, 45]. Current evidence suggests that IBS pa-
tients have greater mucosal cellularity and other signs of
increased inflammatory activity which might contribute
to the development of IBS [12, 46]. In this study markers
of inflammation were not measured, however future
studies would benefit from monitoring inflammation to
explore the impact of probiotics on systemic and local
inflammatory markers. Overall, and despite the growing
interest in this field, our understanding of the role of the
gut microbiota in functional GIs such as IBS remains
limited [12]. The results of the current trial provide an
insight into the benefits that may be obtained using a
multi-strain probiotic, but the study was not designed to
help elucidate the physiological mechanisms underpin-
ning the observed clinical improvements.

Study strengths and limitations
The strengths of this clinical trial relate to its design in-
volving a large number of IBS-D patients with strict con-
trols to reduce factors which could influence bias
(maintained double-blind by independent personnel)
and variation (large number of patients with severe IBS-
D in a placebo-controlled study). The vast majority of
IBS probiotic trials undertaken so far suffer from small
sample sizes, which renders their findings inconclusive.
In contrast, this trial appears to be one of the largest
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published to date in a ‘relatively’ homogeneous group of
patients with severe IBS-D. The trial had adequate stat-
istical power to determine statistically/clinical relevant
differences between the multi-strain probiotic and pla-
cebo in patients with IBS-D. This limits conclusions that
can be drawn from findings to similar types of patients
treated with the same multi-strain probiotic species.
For a trial of this type there are a number of important

limitations that need to be outlined. Firstly, compliance was
only checked qualitatively and reinforced at each client visit
via verbal questioning and no metrics were maintained.
Secondly, while all participants were advised to maintain
their usual dietary practices throughout the study, and this
was monitored informally at client visits, no nutritional as-
sessments were undertaken to confirm dietary adherence.
Thirdly, the reasons for patients withdrawing from the
study were not always readily available. Because of this it
was decided to perform a per-protocol analysis which pre-
sents a potential biased best-case view of the available data
since the conclusions only apply to ‘ideal’ patients who are
fully adherent to the treatment that they have been given.
Another potential limitation of the study is that routine col-
onoscopy was not performed to rule out the presence of
microscopic colitis (MC), as is the case for almost all stud-
ies in this therapeutic setting. However, the relatively young
age of our cohort (approximate mean age 32 years) with a
predominance of males (almost 80%) means that the rela-
tive incidence of MC would be low and unlikely to signifi-
cantly impact on the reported findings.
Finally, the duration of the study (4 months’ treatment

plus one month’s follow-up) is consistent with clinical trials
in this therapeutic setting, but it is relatively short for a dis-
ease which is potentially life-long. Consequently, no conclu-
sions regarding the durability of the response can be made.

Conclusions
In this large controlled clinical trial well-validated in-
struments to assess symptom severity (IBS-SSS) and
QoL (IBS-QoL) were used in patients with IBS-D. We
found that the multi-strain probiotic Bio-Kult® (14 differ-
ent bacterial strains; 8 billion colony-forming units per
day) was safe and superior to placebo in improving GI
symptoms over a period of 4 months in patients with
IBS-D. Furthermore, symptom improvement was paral-
leled by statistically significant benefits in all measures
of QoL. Finally, it is important to note that the findings
only apply to the multi-strain probiotic administered
and should not be generalised to other probiotics or IBS
patient subtypes.
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