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Abstract

Background: Stress is an exacerbator of irritable bowel syndrome (IBS) symptomes,
and anxiety and depression are co-morbidities. Bifidobacterium longum strains 1714®
and 35642® attenuate stress responses in healthy people and reduce symptoms in
IBS, respectively. Here, we explore relationships between the psychological and vis-
ceral effects of the two strains (COMBO) in IBS subjects and biomarkers of stress and
inflammation.

Methods: We recruited 40 patients with IBS (Rome Ill) and mild to moderate anxiety
(HADS-A) and/or depression (HADS-D) and 57 asymptomatic female controls with
low or moderate stress. IBS patients were fed COMBO (1x10° cfu/day) for 8 weeks
with an 8-week washout. IBS symptoms, psychometric measures, salivary cortisol
awakening response (CAR), and plasma inflammatory biomarkers were assessed every
4 weeks.

Key results: Compared to healthy controls, IBS subjects had a blunted CAR. Treatment
with COMBO restored CAR and improved IBS symptoms compared to baseline dur-
ing the treatment phase. The COMBO reduced HADS-D, HADS-A score, and TNF-«,
while sleep quality improved significantly from baseline to the end of the intervention.
Surprisingly, these parameters improved further once treatment ended and main-
tained this improvement by Week 16.

Conclusions and inferences: These findings suggest that the stress response is a major
driver of IBS symptoms. The time course of the beneficial effect of COMBO on IBS
symptoms suggests that this is achieved through a restoration of the stress response.
In contrast, the time course of the effects of COMBO on anxiety and depression in
IBS paralleled an anti-inflammatory effect as indicated by a reduction in circulating
levels of TNF-a.
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1 | INTRODUCTION

Irritable bowel syndrome (IBS) is a common, typically chronic, disor-
der whose central features are recurrent episodes of abdominal pain
and disturbed bowel habit.»? Though non-fatal, IBS impairs quality
of life (QOL) and inflicts significant burdens on sufferers and health-
care systems.! The underlying factors contributing to IBS are het-
erogeneous and not completely understood but it is considered that
dysmotility, visceral hypersensitivity, immune activation, brain-gut
interactions, and changes in gut microbiota are significant contribu-
tors to its pathophysiology.*3

Stress is an exacerbator of IBS symptoms, and anxiety and de-
pression are common co-morbidities.**”? When present, anxiety
and depression exacerbate IBS symptoms, impair QOL, and promote
healthcare-seeking behaviors; thus, resulting in increased health-
care utilization and costs.>'° IBS patients reporting psychological
distress demonstrated more severe Gl and non-GIl symptoms, fa-
tigue, Gl-specific anxiety, and lower QOL as well as impaired re-
sponse to therapy.*™* Furthermore, both anti-depressants'® and
psychological interventions have been shown to be efficacious in
reducing symptoms in |BS.16:17

Consequently, therapies that address gastrointestinal symptoms
alone may fail to alleviate burdens on daily life and activities. For
example, we have previously shown that Bifidobacterium longum
35642® provides relief of global as well as individual cardinal symp-
toms in IBS but did not impact on QOL or anxiety and depression.®
Another B. longum strain, B. longum 1714®, in contrast, has been
shown to attenuate stress responses in healthy adults.”? We hy-
pothesized that a combination of the two strains would provide a
further opportunity to provide insights into relationships between
visceral and psychological symptoms and biological parameters in
IBS. However, the two strains have not been tested in combination,
and the mechanisms of their combined effects are unknown. Here
we, therefore, studied the psychological and visceral effects of the
two strains in combination (COMBO) in IBS subjects and explored
associations with a variety of symptoms and biomarkers of stress
and inflammation.

2 | MATERIALS AND METHODS

2.1 | Participants with IBS

We recruited 40 female adult patients (ages 18-65 years) with IBS
and mild to moderate anxiety and/or depression using the Hospital
Anxiety and Depression scale (HADS; HADS-A or HADS-D scores
ranging from 8 to 14). The Rome Ill criteria were used to diagno-
sis IBS and required that over the preceding 3 months subjects
had to have abdominal discomfort or pain more than 25% of the
days that was associated with two of three features: (1) relieved
with defecation, (2) onset associated with a change in frequency
of stool, or (3) onset associated with a change in form (appear-
ance) of stool.

Key points

e Irritable bowel syndrome (IBS) is a disorder of gut-brain
interaction and has been linked, in the gut, to a disturbed
microbiome and an altered immune response and, in the
brain, to sensitivity to stress and co-morbid anxiety and
depression.

e Certain probiotics have been shown to impact on symp-
toms thought to originate in either the gut or the central
nervous system.

e By studying the response, in IBS, to a combination of
a centrally and a peripherally acting probiotic, we were
able to differentiate between impacts on stress-related
effects on gut symptoms (mediated by cortisol) and on
anxiety and depression (mediated by pro-inflammatory

cytokines).

Patients with a significant acute or chronic coexisting illness,
major inflammatory disorders, severe immunodeficiency, abdominal
surgery (except for hernia repair and appendectomy), lactose intoler-
ance, history of psychiatric illness other than anxiety or depression,
were excluded. Patients who were pregnant/breast-feeding, had a
body mass index (kg/m?) >30 or taking anti-depressants, anxiolytics,
antipsychotics in the last 6 months were also excluded. The probi-
otic Alflorex® with the B. longum 35624® strain was prohibited for
6 months while all other probiotics were forbidden for 4 weeks prior
to and during the study. Antibiotics were forbidden for 3 months
prior to the commencement of the study. Patients were instructed to
follow their habitual diet and exercise routine and not consume any
disallowed medications, supplements, probiotic products, or dietary
fiber, that could interfere with the assessment of the study product
for the duration of the study. The use of rescue medication (bisac-
odyl 5 mg for constipation if no bowel movement occurred on four
consecutive days or loperamide 2 mg for troublesome diarrhea) was
recorded. Each potentially eligible patient was evaluated by a full
review of clinical history, physical examination, full blood count, and
routine biochemistry analysis. Subjects with any clinically significant

abnormalities in any of these tests were excluded from the study.

2.2 | Low and moderate stress non-1BS controls

Two groups of healthy female non-IBS controls were recruited to
provide a sex-matched comparison with the IBS patient cohort.
Participants were categorized into either moderate stress group
based on a Cohen's Perceived Stress Scale (PSS) score? of 14-26
(moderate) and HADS-A OR HADS-D of 8-14 or into a low stress
group based on a PSS-10 score of <12, and HADS-A and HADS-D
scores <7. Participants with a history of functional GI disorders as
defined by ROME Ill and serious health conditions (as described
above) were excluded. Healthy controls were instructed to follow
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their habitual diet and exercise routine and not consume any dis-
allowed medications, supplements, probiotic products, or dietary
fiber, that could interfere with the assessment of the baseline char-
acteristics. Subjects who were taking psychoactive medications at
the time of the study or within the last month were also excluded
from the study. The low and moderate stress (non-IBS control sub-
jects) were assessed at baseline and acted as comparators to the IBS
patients in terms of their psychometric, HPA, and inflammatory ac-
tivity. They were studied at baseline only and were not followed for

16 weeks.

2.3 | Design of the intervention study in
IBS subjects

As this was an exploratory study, the trial was not powered, and 40
IBS subjects were selected for the study. Data from this study will be
used to provide an indication of the effect size and, thereby, power
future double-blind placebo-controlled studies. All IBS subjects con-
sumed the strain combination “COMBO” product for 8 weeks with
an 8-week follow-up (Figure 1). The “COMBO” product (B. longum
1714® and B. longum 35624®) at a dose of 1 x 10’ cfu/day total was
supplied by Precision Biotics Group. The strain combination was in
capsule form and taken once a day. Participants were instructed to
consume the product every morning, before, with, or after food.
Study visits were conducted at 0, 4, 8, 12, and 16 weeks. Subjects
returned any used and unused study product and compliance was
assessed at each visit; those subjects who did not comply with prod-
uct consumption (over 80%) were to be excluded.

2.4 | Study measures

All self-reported measures were conducted at O, 4, 8, 12, and
16 weeks. IBS symptoms were assessed by the IBS Severity Scoring
System (IBS-SSS), which has been validated in outpatients with
IBS.2! A clinically significant improvement was defined as a reduc-
tion in IBS-SSS by 50 points, as per the original description of the
tool. Anxiety and depression were assessed by the HAD scale.?>%

A clinically significant improvement was defined as reduction in
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anxiety and/or depression scores of 22 points. This was based on the
previously established mean clinically important difference for the
depression score on the HAD scale of 1.4.252% The visceral sensitiv-
ity index (VSI) was used to measure of the gastrointestinal symptom-
specific anxiety of patients with IBS?” while the 19-item Pittsburgh
Sleep Quality Index (PSQI) was used to measure subjective sleep
quality, sleep latency, sleep duration, habitual sleep efficiency, sleep
disturbances, use of sleeping medication, and daytime dysfunction.
A global PSQI score of greater than 5 is used to distinguish poor from

good sleepers.28

2.5 | Cortisol awakening response

Saliva samples for the cortisol awakening response (CAR; four sam-
ples/morning (0, 30, 45, and 60min after waking)) were collected
at 0, 4, 8, 12, and 16 weeks using Salivette devices and stored at
-80°C. Cortisol levels were determined using a commercially avail-
able competitive ELISA (Salimetrics LLC) according to manufactur-
er's instructions. Cortisol data were excluded if subjects collected
their samples more the 5 min outside of the designated collection

times.

2.6 | Cytokine and biomarker assays

Whole blood samples of volume 9 ml were collected at 0, 4, 8, 12,
and 16 weeks in tubes containing ethylene diamine tetra acetic acid.
Samples were centrifuged immediately and plasma frozen at -80°C.
Measurements of plasma TNF-«a, IL-6, IFN-a, CRP, and BDNF were
performed using an electro-chemiluminescence multiplex system
Sector 2400 imager from Meso Scale Discovery using S-plex kits

measuring from fg/ml to ng/ml.

2.7 | Safety
Blood samples for blood count, serum chemistry, and quantitative
immunoglobulin levels were obtained at initial evaluation and at the

end of the study and analyzed using standard laboratory methods

randRoegil;Zfigr?ae:gggnin COM BO WaShOUt
[\ Y ] Y )
Wee[ -2 Week0 Week 4 Week 8 Week 12 Week 16
Visit 1 Visit2 Visit 3 Visit4 Visit5 Visit6
\ J
|
» 1BS-SSS » PlasmaBiomarkers
» HADS-A/D » Salivary Cortisol
FIGURE 1 Schematic of the study » Psal
design » VSI



40f 15
90 | WiLE Y- [

GROEGER ET AL.

to assess patient safety. Adverse and serious adverse events were

recorded.

2.8 | Statistics

All statistical analyses unless stated otherwise were performed using
GraphPad Prism for Windows (Version 9.2). Before analysis, the data
were examined for normality using the Kolmogorov-Smirnov test,
and for homogeneity of variance. Statistical significance for data
with normal distribution was evaluated using a one-way analysis of
variance (ANOVA) with Tukey post-tests, whereas data not normally
distributed were analyzed using the Kruskal-Wallis test with Dunn's
multiple comparison test. For correlation analysis, simple linear re-
gression was performed where the R? and p value were recorded.
For CAR, area under the response curve was calculated with re-
spect to increase (AUCi) using the trapezoidal method as an indi-
cator for the physiological stress response.?’ When comparing the
intervention on all biological and symptom measures over time, a
mixed effect model was used with Dunnett's post-test to cope with
missing values from protocol violators. Chi-squared tests were used
to determine the interaction between IBS severity and treatment
throughout the course of the study. Principal component analysis
(PCA) was performed to identify trends in biomarkers or subjective
measures at baseline where HADS Depression was classified as low:
1-7, medium: 7-10, and high: >10 and IBS was separated into mild
(0-175), moderate (176-300), and severe (301-500) based on the
IBS-SSS scale. Each factor was normalized for value-mean/standard
deviation. PCA analysis with missing values was performed using
the following packages “missMDA” and “FactoMineR” and “ggbiplot”
used to draw plots in R.2° For a post hoc analysis, we categorized
our IBS patients into those who had a reduction in depression scores
of 22 points on HAD scale and those who did not. Permutational
multivariate analysis of variance (PERMANOVA) using the Adonis
function in the R Vegan package was used to determine significance
in dissimilarity matrices across samples by metadata categories (e.g.,
biomarkers, disease severity, and subjective questionnaires). A heat-
map of all normalized data with clusters by sample and biomarker
was generated using GraphPad Prism. Change from baseline com-
parisons were analyzed using one-way ANCOVA. Unless otherwise
indicated, all results were presented as means+SEM. Differences
were considered significant at p <0.05.

3 | RESULTS

3.1 | IBS patients baseline characteristics

A total sample of 40 women with IBS was enrolled into the study
and all 40 completed the study with no dropouts. At baseline, their
median age was 40 and median IBS-SSS score 250 with over 82%
of subjects in the moderate to severe IBS category (IBS-SSS> 175).
According to the Rome Il criteria, IBS patients were designated as

having IBS with diarrhea (IBS-D, n = 10), IBS with constipation (IBS-
C, n = 13), or mixed IBS (IBS-M, n = 17). Participants predominately
suffered from subthreshold anxiety (95%) and to a lesser extent de-
pression (48%) with 38% suffering from both subthreshold anxiety
and depression (Table 1). Correlation of HADS-Anxiety (HADS-A)
and HADS-Depression (HADS-D) scores to IBS severity scale (IBS-
SSS) showed that HADS-D (R? = 0.325; p =0.001; Figure 2A) but not
HADS-A (R? = 0.036; p = 0.239) correlated with IBS-SSS (Figure 2B).

3.2 | Determinants of IBS symptom severity
at baseline

To identify the main contributors to IBS symptoms, normalized bio-
marker data, extra Gl subjective questionnaires (HADS-A/D, PSQI,
and VSI) were subjected to PCA at Week O with patients categorized
by IBS symptom severity or HADS-D severity. Interestingly, no sepa-
ration in the groups in terms of their IBS severity of mild, moderate,
and severe was observed (PERMANOVA p = 0.25 and R? = 0.061).
IBS severity classification does not significantly drive differences in
the remaining factors in the analysis (Figure 2C). However, a sepa-
ration was observed between low and moderate/high HADS-D pa-
tients (PERMANOVA p = 0.003 and R? = 0.131). HADS.D severity
significantly drives the other included parameters, especially plasma
biomarkers (Figure 2D).

3.3 | Non-IBS stress controls and IBS sufferers
demonstrate similar patterns of subthreshold
anxiety and depression

Fifty-seven female non-IBS stress controls were recruited of
which 29 were deemed low stress and 28 were moderate stress
at baseline. Their median ages were 47 and 43years, respectively
(Table 1). Comparison of non-IBS controls with low stress and mod-
erate stress showed a significant increase in HADS-A (p <0.0001),
HADS-D (p<0.0001), and PSQI (p <0.0001) in the moderate stress
group compared to the low stress group to a level that was compa-
rable to the IBS subjects (Figure 3A-C). Rates of anxiety and de-
pression between IBS and non-IBS moderate stress controls were
similar at 95% versus 96% for anxiety compared to IBS, 45% versus
39% for depression, and 38% versus 39% for both, respectively
(Table 1). In the female control subjects, there were significant
correlations between PSS and three other psychometric meas-
ures HADS-Anxiety (R? = 0.8977, p = <0.0001), HADS-Depression
(R?=0.6576, p = <0.0001), and the global PSQI score (R? = 0.5447,
p = <0.0001).

Interestingly, IBS patients in the mild symptom severity category
and those with IBS-D had similar levels of depression to the low
stress, non-1BS controls whereas moderate to severely symptomatic
IBS patients (p<0.0001) and those with constipation (p<0.0001)
and mixed types (p<0.0001) had significantly higher levels of de-
pression (Figure S1).
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TABLE 1 Subject characteristics at the

baseline Demographic characteristics Low stress Moderate stress IBS
Numbers 29 28 40
Age, median (IQR) 47 (39-51.5) 43 (33.25-54.5) 40 (26.25-46)
Sex Female Female Female
IBS-SSS median (IQR) = = 250 (190-315)
IBS-SSS severe (2300) [n (%)] - - 10 (25%)
IBS-SSS moderate (175-300) [n (%)] = = 23 (58%)
IBS-SSS mild (75-175) [n (%)] - - 7 (18%)
IBS subtype [n (%)]
IBS-mixed - - 17 (42.5%)
IBS-constipation predominant - - 13 (32.5%)
IBS-diarrhea predominant - - 10 (25%)
HADS s [n (%)]
Anxiety (HAD-A =28) 27(96%) 38 (95%)
Depression (HAD-D =8) 11 (39%) 18 (45%)
Anxiety and depression 11(39%) 15 (38%)
PSQI global sleep score [n (%)]
PSQl global score >5 1(3%) 20 (71%) 26 (65%)
3.4 | Baseline Morning Free Salivary Cortisol Oral administration of the COMBO product to moderate/severe

Profiles differ between non-IBS stressed controls and
IBS patients with similar levels of subthreshold
anxiety and depression

Area under the curve analysis with respect to increase (AUCi) was
used to quantify the cortisol response. Both low and moderate stress
non-IBS controls showed a significant increase in free salivary cortisol
within the first 30 min after awakening with no difference between
the two groups (Figure 3D). In contrast, at the time of awakening
IBS patients (n = 40) had significantly higher levels of baseline corti-
sol compared to both non-IBS stress controls (Figure 3E) but did not
demonstrate the expected rise 30 min after awakening. Area under the
curve analysis with respect to increase showed that the CAR was sig-
nificantly lower for IBS patients than for both moderate and low stress
non-IBS controls (p = 0.013; Figure 3F). Interestingly, IBS patients
with mild symptoms did not have a blunted CAR compared to IBS pa-
tients with moderate to severe symptoms (Figure 3G,H). Therefore,
subsequent results focus only on the moderate to severe IBS group.
Interestingly, linear regression analysis revealed a correlation be-
tween AUCi salivary cortisol and IBS-SSS (R? = 0.3960, p = 0.0002;
Figure 3I) but not HADs-A (R? = 0.009076, p = 0.5862) or HADs-D
(R>=0.01732, p = 0.4511).

3.5 | A combination of B. longum 35624® and B.
longum 1714® restores salivary CAR in moderate to
severe IBS patients

As previously mentioned, CAR was significantly lower for IBS pa-
tients with moderate to severe symptoms compared to moderate
stress controls (Figure 3G,H).

IBS patients significantly increased the CAR (measured as AUC)) at
Week 4 (p = 0.045); n = 29 one-way ANOVA (four saliva collection
protocol violators were excluded from the analysis) but not Week
8 (p = 0.2081) compared to baseline. Once the treatment of the
COMBO product stopped, the CAR returned to baseline levels by
Week 8 post-treatment (Figure 4A).

3.6 | A combination of B. longum 35624® and B.
longum 1714® decreases symptoms in moderate to
severe IBS patients

Shifts from one IBS severity category to another were followed over the
duration of the study. As illustrated in Figure 4B, there was significant
movement from the severe to moderate and from moderate to mild
at 4, 8, and 12 but not at 16 weeks. Chi-squared tests demonstrated
that category of symptom severity and treatment were statistically de-
pendent at Week 4 (p <0.01), Week 8 (p <0.01), and Week 12 (p <0.01);
however at Week 16 (8 weeks post-treatment), there was no significant
change in symptom severity category compared to baseline (Figure 4B).

Compared to baseline, IBS-SSS scores significantly decreased
in response to the COMBO at 4 and 8weeks (IBS-SSS 275+ 68 to
152+79; p<0.0001; n = 33 one-way ANOVA) with the largest effect
seen at 8 weeks in the moderate to severe IBS group (Figure 5A). After
the 8-week treatment phase, IBS symptoms slowly increased from
Week 8 to Week 16 (IBS-SSS 152+ 79 to 229 +110) almost returning
to baseline scores. A similar response was observed for all the individ-
ual component scores of the IBS-SSS at 4 and 8 weeks: abdominal pain
severity (Figure 5B), abdominal pain frequency (Figure 5C), abdominal
distension severity (Figure 5D), bowel habit satisfaction (Figure 5E),
and QOL (Figure 5F).
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FIGURE 2 Baseline characteristics: IBS-SSS is weakly correlated with HADS-Depression: The degree of HADS Depression is more

of a determining factor than Gl symptom severity in separating subjects according to their baseline levels of biological and subjective
questionaries endpoints. (A) Linear regression analysis between IBS-SSS and HADS depression (R? =0.3246 p =0.001). (B) Linear
regression analysis between IBS-SSS and HADS-Anxiety (R? = 0.03647 p = 0.2378). (C) PCA for all biological endpoints and subjective
guestionnaires in the IBS patients at Week 0, showing no distinct segregation of patients from mild to moderate and severe Gl symptoms
(IBS-SSS). Ellipses = 50% Cl of the groups. (D) PCA for all biological endpoints and subjective questionnaires in the IBS patients at Week O,
showing distinct segregation of patients from low depression to mid and high HADS (Low: 1-7, Medium: 7-10, High: >10 depression scores).
Ellipses = 50% Cl of the groups. Too few datapoints in High group to compute ClI

Sixty-six percent and 82% of subjects experienced a clinically
meaningful decrease in IBS-SSS score (250) at 4 and 8 weeks, respec-
tively. Following cessation of treatment, IBS-SSS scores increased with
only 40% of the IBS patients showing a decrease in IBS-SSS 250 from
baseline to Week 16 (Table S2).

In tandem with the improvement in IBS-SSS, consumption of
COMBO produced a decrease in the daily symptom severity visual
analog scales for pain, discomfort, bloating, distension, urgency,
straining, and gas by Week 8 (Figure S2). The frequency of bowel
movements per day (and type of stools (Bristol stool scale)) was nor-
malized in IBS patients with COMBO treatment (Figure S2).

3.7 | Effects of B. longum 35624® and B. longum
1714® on anxiety and depression, sleep quality, and
visceral hypersensitivity in moderate to severe

IBS patients

The HADS depression score decreased significantly from base-
line to the end of the treatment (8weeks) by a mean+SD of
-1.939+3.152 (p<0.05) in the treatment group. Surprisingly, once
treatment stopped the HADS depression score improved further at
Week 12 (-2.33+2.63; mean+SD [p<0.001]) and maintained this
improvement by Week 16 (-2.12+3.386; mean+SD (p<0.0001);
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was determined at baseline. Data shown are mean +SEM. ****p <0.0001 (one-way ANOVA comparison of moderate stress, IBS vs. low
stress group). (B) PSQI global score was determined at baseline. Data shown are mean +SEM. ****p <0.0001 (one-way ANOVA comparison
of moderate stress, IBS vs. low stress group). (C) HADS Depression score was determined at baseline. Data shown are mean+SEM.

***%p <0.0001 (one-way ANOVA comparison of moderate stress, IBS vs. low stress group). (D) Salivary CAR at baseline-comparison of low
stress to moderate stress and IBS. Data shown are mean+SEM. ***p <0.001. (E) Salivary CAR at baseline-comparison between mild to
moderately severe IBS. Data shown are mean+SEM. (F) Salivary CAR comparison of low stress to moderate stress and mild to moderately
severe IBS. Data shown are mean+SEM. ***p <0.001, **p <0.01 (one-way ANOVA comparison of moderate stress, IBS [mild/moderate/
severe] versus low stress group). (G) Salivary CAR. Increase in salivary cortisol within 60 min after awakening, represented as area under the
curve with respect to the increase (AUCi). Data shown are mean + SEM. ***p <0.001, **p <0.01 (one-way ANOVA comparison of moderate
stress, IBS vs. low stress group). (H) Salivary CAR. Increase in salivary cortisol within 60 min after awakening, represented as area under the
curve with respect to the increase (AUCi). Data shown are mean+SEM (Mann-Whitney U-test/Wilcoxon rank-sum test mild vs. moderate to
severe IBS). (D) Linear regression analysis between IBS-55S and HADS-Depression (R? = 0.3960 p = 0.0002)
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8weeks post-treatment; Table 2; Figure S3). A similar response was 3.8 | Relationships between HADS

noted for the HADS anxiety score, with a significant improvement
from baseline to the end of the treatment by 8 weeks (mean+SD
of -1.401+2.914 (p<0.05)) a further improvement at Week 12
(-2.333+3.705 (p<0.0001)) and this improvement maintained to
Week 16 (-2.394+3.191 (p <0.0001); Table 2; Figure S3). In agree-
ment with the HADS, the VSI showed significant decreases at Weeks
4,8,12,and 16 (Table 2; Figure S3). A clinically important difference
has been described as an HADS improvement of 2. Fifty-two per-
cent of patients with moderate to severe IBS had an improvement
in HADS-D of 2 or greater after 4weeks of COMBO consumption,
whereas 48%, 55%, and 61% patients were improved at Weeks 8, 12,
and 16, respectively (Table S2). We also observed clinical important
difference of 22 in the HADS-A score in 36%, 45%, 61%, and 61% of
patients at Weeks 4, 8, 12, and 16 (Table S2).

At baseline, the mean PSQI for the IBS patients was 7.67 +3.19
with 90% categorized as poor sleepers based on a cutoff of global
score at 5 and over. While there was a significant reduction in the
PSQl in these IBS patients at Weeks 4, 8, and 16, this reduction was
sufficient to move 39% of patients into the good sleep category
during the trial (Table 2; Figure S3).

scores, sleep quality, VSI, and peripheral
proinflammatory cytokines

There were no baseline differences in the levels of plasma TNF-a
between non-IBS controls in the low and moderate stress groups
or compared to IBS patients with different subtypes and different
levels of severity (Table S1; Figure S4). Treatment with COMBO de-
creased plasma TNF-« significantly over time in the IBS cohort, an
effect that was evident for up to 16 weeks (Table 2; Figure S4). There
were no baseline differences in the levels of plasma BDNF between
non-IBS controls in the low and moderate stress groups compared
to IBS patients with different subtypes and different levels of sever-
ity (Table S1; Figure S4). Treatment with COMBO increased plasma
BDNF significantly over time in the IBS cohort and this effect was
significant at Week 4 with a trending increase at Week 12 (p = 0.07;
Table 2; Figure S4). Using PCA to compare IBS patients who had a
clinical improvement in HADS-D of 22 in response to the COMBO
to those who did not, PCA showed that differences at Weeks 4
(PERMANOVA p = 0.14 and R? = 0.038), 8 (PERMANOVA p = 0.073
and R? =0.047), 12 (PERMANOVA p = 0.053 and R? = 0.048), and 16
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FIGURE 5 IBS-SSS symptoms (A) 0
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(PERMANOVA p = 0.031 and R? = 0.052) were driven by significant
decreases in biomarkers TNF-a, IL-6, CRP, and subjective measures
HADS Anxiety/Depression and PSQI global score (Figures 6A-D and
S5; Table S3).

4 | DISCUSSION

In this study, only IBS subjects with moderate-to-severe symptoms
demonstrated a blunted CAR compared to non-IBS stress con-
trols despite similar levels of anxiety, depression, and poor sleep.
Furthermore, the COMBO restored the cortisol response and pro-
duced parallel and clinically significant reductions in overall and in-
dividual IBS symptoms, but this effect lasted only while treatment
continued. The COMBO also produced reductions in depression
and anxiety scores, as well as the VSI and improved sleep qual-
ity. However, in contrast to the IBS response, effects of COMBO
on anxiety and depression continued for up to 8weeks following
cessation of treatment and corresponded to reduced circulating
levels of peripheral proinflammatory cytokines also evident for up
to 16 weeks. This was most notable in subjects who experienced
a clinically significant improvement in depression where they had

significant decreases in IL-6, CRP, and tumor necrosis factor alpha
(TNF-a) compared to those who experienced no improvement in de-
pression. These findings suggest that the stress response is a major
driver of symptoms in IBS and the clinical response may have been
achieved through a restoration of the stress response. The time
course on central responses differed and paralleled that of a reduc-
tion in circulating levels of the proinflammatory cytokine TNF-a sug-
gesting that different mechanisms may underpin IBS symptoms and
comorbid psychological status.

As prevalence rates of IBS are higher in females than males,?
many investigations focus upon female subjects when studying the
disorder. We concentrated on females in this study as we wanted to
avoid all of the confounders that a mixed population would present.
The populations studied were representative of both non-IBS adult
females with low and moderate stress, on the one hand, and females
with IBS, on the other. The IBS population contained IBS patients
of all subtypes (constipation, diarrhea, mixed alternating), symptom
severity (mild, moderate, severe), rates of prevalence of anxiety and
depression (with a combined score of over 8), and impaired sleep
quality (with a PSQI global score of over 5). The IBS cohort in this
study was reflective of IBS patients in general where anxiety and/
or stress have been reported to be present in up to 60% of all IBS
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TABLE 2 Changes over the duration of the study in plasma biomarkers and measures obtained from subjective questionnaires

Median (IQR) change from baseline (p value)

Test Week 0 Week 4
Plasma biomarkers
IL-6 (fg/ml) 818.9 914.9 (582.7-1305)
(632.2-1210)
CRP (mg/L) 1.623 1.445 (0.6047-3.312)

(0.8384-3.809)

TNF-a (fg/ml) 168.7 164.8 (134.8-197.7)
(147.0-199.9)

IFN-a (fg/ml) 83.75 76.43 (54.09-135.6)
(61.20-124.0)

BDNF (pg/ml) 1689 2658 (1203-5884)
(1317-2614) (p <0.05)

Week 8

1065 (676.6-1436)

1.498 (0.5914-3.230)

161.5(139.3-197.7)

96.45 (64.40-150.1)

2106 (1182-2851)

Week 12

905.6 (614.3-1365)

153.8(122.8-190.0)
(p <0.01)

117.1(75.31-176.0)

3347 (1917-5858)

Week 16

877.1 (606-1287
1.701 (0.6313-5.890)
146.2 (127.0-187.5)

(p <0.01)

77.63(55.01-113.1)

2131 (1048-3759)

Subjective questionaries

Viseral 49.00 44.00 (28.50-49.00) (p <0.01)
Sensitivity (36.00-58.50
Index

HADS- 8.000 5.000 (1.000-6.500)
Depression (2.000-9.000) (p <0.05)

HADS-Anxiety 10.00 9.000 (6.750-11.00)

(8.75-13.00)

PSQl global 7.000 6.000 (3.000-9.500) (p <0.05)

score (5.000-10.00)

suffers.®! PSS was not used as a screening entry criterion for the
IBS patients, but we had seen a strong correlation between PSS and
HADS anxiety, depression, and sleep quality in our healthy control
population. This allowed us to focus on physiological measures.
Psychological distress has been associated with more severe Gl and
non-Gl symptoms, fatigue, Gl-specific anxiety, and lower QoL
The prevalence of depression in IBS patients has also been reported
to be higher than in healthy controls (pooled difference 33% of the
population). Importantly, reported levels of the HADS-D levels of 5.4
were like those encountered in our patients.>?

Evidence from clinical and experimental studies showed that
psychological stresses have marked impacts on intestinal sensation,
motility, secretion, and permeability; effects likely mediated through
interactions between mucosal immune activation, alterations in cen-
tral nervous system, peripheral neurons, and gastrointestinal mi-
crobiota®® Stress-induced alterations in neuro-endocrine-immune
pathways act on the gut-brain axis and microbiota-gut-brain axis,
and, thereby, precipitate symptomatic exaggeration in 1BS.® The
hypothalamic pituitary-adrenal (HPA) axis has been proposed as a

mediator of brain-gut communication in IBS3435

with salivary cor-
tisol providing an accessible measure of basal HPA-axis activity.36
The stress response in IBS differs based upon sex, in that males with
IBS exhibit an increased cortisol response after ACTH administra-
tion when compared with male healthy controls, whereas females
with IBS exhibit a decreased response when compared with female
healthy controls.®” The hippocampus, which exerts negative feed-
back on the HPA axis via glucocorticoid and mineralocorticoid re-

ceptors, shows sex differences in response to stressors, with less

41.00 (22.50-52.00)
(p <0.01)

42.00 (24.50-54.00)
(p <0.01)

42.00 (25.50-54.00)
(p <0.05)

3.000 (2.000-7.000) 3.000 (1.000-6.000) 4.000 (1.000-7.000)

(p <0.05) (p <0.001) (p <0.0001)

8.000 (7.000-11.00) 8.000 (5.000-11.00) 8.000 (6.000-10.00)
(p <0.05) (p <0.0001) (p <0.0001)

6.000 (4.000-10.00) 6.000 (4.000-9.000) 7.000 (3.000-9.000)
(p <0.05) (p <0.05)

remodeling of hippocampal CA3 dendrites in females after chronic
stress®® and in gene expression including in those related to gluco-
corticoid receptors.39 Based on our cortisol results, these studies
suggest that stress is a major contributor to IBS symptoms in female
patients.

In this study, we found that female IBS patients had higher base-
line morning salivary cortisol levels than non-IBS stressed controls
in agreement with other studies*#! despite subjects with moderate
stress and IBS demonstrating similar patterns of anxiety and de-
pression. This contrasts with two other studies who have reported
decreased baseline morning cortisol levels in patients with IBS.4?43
However, subjects in the latter studies did not have elevated levels
of depression or anxiety. In addition to the higher baseline morning
cortisol level, in this study, we found that female IBS subjects had a
blunted CAR compared to non-IBS stress controls. This observation
agrees with the study by Suarez and colleagues,41 who saw a similarly
blunted CAR in female IBS patients with psychiatric co-morbidities.
Interestingly a blunted CAR was observed in young adult women
with current mild-to-moderate clinical depression** and those de-
pressed subjects enrolled in psychotherapy.45 These studies suggest
that patient sex and certain co-morbidities contribute to the blunted
CARin IBS. Indeed, changes in CAR have been previously associated

46-48 and previous

with anxiety, depression, and bad sleep quality,
work has found that functional pain symptoms are related to re-
duced cortisol secretion.’ Hellhammer and Wade have postulated
a two-stage model of disorders with a blunted cortisol response:
first, chronic stress results in prolonged hypercortisolism that later

develops into hypocortisolism. In such circumstances, the adrenal
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FIGURE 6 Improvementsin HADS Depression are a determining factor in selecting responders and non-responders to the COMBO. (A)
PCA for all biological endpoints and subjective questionnaires in the IBS patients at Week 4, showing distinct segregation of patients who
had an improvement =2 in HADS depression and those who did not. Ellipses = 50% Cl of the groups. (B) PCA for all biological endpoints
and subjective questionnaires in the IBS patients at Week 8, showing distinct segregation of patients who had an improvement 22 in HADS
depression and those who did not. Ellipses = 50% Cl of the groups. (C) PCA for all biological endpoints and subjective questionnaires in the
IBS patients at Week 12, showing distinct segregation of patients who had an improvement 22 in HADS depression and those who did not.
Ellipses = 50% Cl of the groups. (D) PCA for all biological endpoints and subjective questionnaires in the IBS patients at Week 16, showing
distinct segregation of patients who had an improvement 22 in HADS depression and those who did not. Ellipses = 50% Cl of the groups.
CRP data are not included.

glands remain hypertrophic but secrete lower levels of cortisol.”® anxiety or depression levels suggesting the relationships between
Surprisingly, in this study, we found a negative correlation between self-reported measures and stress response are complex. Indeed,
IBS severity and CAR response but no correlation between CAR and a recent study showed a complex interaction between symptom
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severity and neurophysiological measures in IBS.>* However, despite
this growing evidence implicating HPA axis in IBS symptom patho-
genesis, interventions to manage stress in IBS are poorly developed.
In this study, we used the COMBO trial to examine how IBS, anxiety,
depression, and stress response evolved over time to further define
their relationships.

Bifidobacterium longum 35624 strain has previously been shown

18,52

to reduce IBS symptoms while B. longum 1714 reduced the per-

ceived stress and cortisol output in response to an acute stressor.”?
The combination of these strains resulted in a normalization of both
the IBS symptoms and stress response in IBS patients. However,
the effects on these parameters wane in the washout period.
Psychological co-morbidities are common in IBS patients and have
been shown previously to be interwoven in the complex patho-
physiological and clinical picture of IBS.% In this study, symptom
severity correlated with depression levels but not HADS anxiety or
sleep quality. Interestingly, the combination of strains reduced anx-
iety and depression levels and improved sleep quality and visceral
perception but, surprisingly, and in contrast to IBS symptoms and
the stress response, once treatment stopped anxiety and depres-
sion levels continued to improve. We clarify that the normalization
of CAR is transient and that the decrease in depression persists
for 8weeks. After this time, cortisol levels return to baseline lev-
els. The time course of the IBS symptom response paralleled that
of the cortisol response but not that of anxiety and depression. In
agreement with our findings, a previous study showed that selec-
tive serotonin reuptake inhibitors (SSRI) may regulate the function
of the HPA axis by reducing the baseline morning cortisol level and
increasing the CAR.>® These effects correlated with therapeutic ef-
fects in the treatment of depression. Interestingly SSRIs have been
reported to reduce global symptoms and abdominal pain in constipa-
tion predominant IBS patients'>'” Hypocortisolism or a blunted CAR
response is also present in chronic fatigue syndrome54 and poten-
tially reversible by cognitive behavior therapy (CBT).>®> CBT has also
been shown to benefit IBS patients, perhaps due to its impact on the
CAR response. Sustained stress exposure in IBS can result in HPA
axis “fatigue” or blunting, glucocorticoid-resistance, and an increase
in systemic proinflammatory cytokines including TNF-a contributing
to the neuroinflammation manifested in depression.s“”57 One possi-
ble explanation could be that the probiotics are restoring HPA axis
activity in the form of increased production of cortisol via the in-
duction of a generalized compensatory anti-inflammatory response.
This could attenuate Th1 cell-mediated immune responses and in-
hibit the synthesis of cytokines including TNF«, thereby, dampening
neuroinflammation and reducing anxiety and depressive symptoms
and improving sleep quality for up to 8 weeks post-treatment. These
findings suggest that the stress response is a major driver of symp-
toms in females with IBS and that beneficial clinical responses may
have been achieved through a restoration of the stress response in
these effects.1%8

Very few studies have studied the effectiveness of probiotics on
psychological symptoms in IBS patients. Treatment with the probi-
otic B. longum subsp. longum NCC3001 reduced depression scores

and altered brain activity in patients with IBS in a placebo-controlled
pilot study.?® However, this study has been criticized for small num-
bers and differences at baseline in depression scores.”’ Furthermore,
a recent study showed that a combination of three Bifidobacterium
and Lactobacillus strains improved VS| and I1BS QOL.° However, in
contrast to our study, both studies showed no significant effect on
bowel symptoms. Interestingly, in a 6-week study, a probiotic mix-
ture was found to lower depression, anxiety, and sleep subscale with

the effects maintained after 3weeks of washout.®*

This suggests
that, like our study, that psychological effects may feature a longer
time course and associated washout.

IBS has many elements involved in its pathophysiology. In ad-
dition to gastrointestinal and depressive/anxious symptoms,
underlying low-grade inflammation is known to affect both symp-

63-65 we did not see

tomatologies.i""2 In contrast to other studies,
any significant difference in the plasma levels of TNF-a between our
asymptomatic non-IBS controls and IBS subjects. Even though the
levels of TNF-a were not increased at baseline in the IBS patients,
TNF-a levels after treatment were significantly decreased over the
treatment and washout periods, the time course of these effects
paralleled depression levels but not IBS symptoms in response to
the combination of strains. This agrees with previous studies which
demonstrated the ability of B. longum 35624 to reduce inflammatory
responses.®®¢” Furthermore, the reduction in peripheral proinflam-
matory cytokines was found to be related to a clinical improvement
in HADS-D of 22 and improvements in sleep quality, VSI, and anxi-
ety levels. This agrees with a case-control trial, where the authors
demonstrated that abnormal levels of cytokines, including TNF-«,
were significantly correlated with the severity of depressive and
anxiety mood symptoms.®® This highlights the relationships be-
tween proinflammatory cytokines and depression/anxiety in IBS
patients.62

In agreement with our observation that the CAR increased we
also saw increases in the plasma levels of the neurotrophin BDNF
after 4 and 12 weeks of treatment. This leads us to propose that an
intriguing link between the effects on BDNF and the CAR may be
due to improving hippocampal functional integrity and related to
hippocampal neurogenesis and likely related to its positive effects on
well-being and depression. Interestingly, previous work has shown
that hippocampal functioning promotes functioning of the CAR.%%70
Specifically, patients with hippocampal damage have reduced CAR
dynamics,”! and positive associations between hippocampal volume
and CAR amplitude have been demonstrated.”? In addition, we spec-
ulate that the effects of on depression could relate to the decrease in
the proinflammatory cytokines including TNF-a. It has been shown
that responders to the anti-depressive medications agomelatine,
fluoxetine, and mirtazapine in major depressive disorders exhibited
both increased levels of circulating BDNF and decreases in circulat-
ing TNF-a.”374 It is possible that changes in BDNF levels in depres-
sion might parallel a proinflammatory phenotype.”® This modulatory
effect of neuroinflammation on neurotrophins could result from the
integration of many mechanisms, including the hypothalamus pitu-
itary axis and CAR.”®
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We acknowledge the limitations of the findings in our open-
label study which recruited subjects to study a subset of IBS patients
who are comorbid with anxiety and depression. Usually, randomized
double-blind placebo-controlled studies are state of the art in clinical
medicine and IBS studies can involve a significant and variable pla-
cebo effect so these findings should be further explored in a placebo-
controlled study. However, using the open-label study, we were able
to provide valuable information on the efficacy and interaction of the
two strains in combination, estimate the carryover effect, determine
the washout period and provide reliable data on subject character-
istics and variation in the parameters measured, as well as showing
the therapeutic potential of this combination product in this defined
population. We feel that this study provides important stand-alone in-
formation on the longitudinal effects of these probiotics on both the
central and visceral aspects of IBS in females, that will be useful to
inform study designs for future trials in these areas.

In conclusion, by comparing baseline features in IBS with those
of low and moderate non-IBS stress controls and following the time
course of the response to a probiotic combination with demonstrated
central and peripheral effects, we were able to examine the relation-
ships between symptoms, psychological co-morbidities, and stress
responses among females with IBS. Our findings suggest that these
relationships are, indeed, complex and are influenced by symptom se-
verity and predominant subtype. Furthermore, the time course of the
response to the combination probiotic suggests that different mech-
anisms may underpin IBS symptoms, on the one hand, which appear
linked to the stress response, and comorbid anxiety and depression
and, on the other, seem to parallel circulating levels of the import-
ant proinflammatory cytokines such as TNFa. It is unclear what is
the driver of symptoms; certainly, comorbid depression could play a
central role in the patients studied here and our findings may not be

applicable to IBS patients without comorbid anxiety and depression.
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