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Abstract

In diseases defined primarily by the subjective nature of patient self-report, placebo effects can
overwhelm the capacity of randomized controlled trials to detect medication-placebo differences.
Moreover, it is unclear whether such placebo effects represent genuine psychobiological
phenomena or just shifts in selective attention. Knowledge of predictors of the placebo response
could improve the design of clinical trials and the delivery of personalized medical care. Irritable
bowel syndrome (IBS) represents an illness model with high placebo rates. In a subset of IBS
patients of our previous study that were randomized to placebo treatment (sham acupuncture) or
no-treatment group (waitlist), we tested an enriched panel of 10 serum biomarkers at the
enrollment and the 3" week of intervention, using a multiplex electrochemiluminescent
immunoassay. More pronounced changes overtime in serum levels of osteoprotegerin (OPG) have
been found in patients who received placebo treatment compared to waitlist group (p=0.039).
Moreover, serum levels of OPG at baseline were found to be higher (p=0.0167) in patients who
subsequently achieved adequate relief (AR) of their IBS symptoms, independently of their
treatment group. Besides, serum levels of TNF-related weak inducer of apoptosis (TWEAK) at
baseline were also higher (p=0.0144) in patients who reported AR and in particular in those who
received the placebo treatment. These two measurable biological parameters associated with
placebo, namely serum OPG and TWEAK, provide a proof of principle for discovering putative
molecular signatures of placebo response in IBS and perhaps in other illnesses with patient self-
reported outcomes.
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Introduction

Evidence based medicine relies on placebo controlled randomized clinical trials (RCTSs) to
distinguish the effects of an active pharmacological agent or procedure from the effects of a
mimicking placebo treatment.! Especially in illnesses defined by patient self-reported
outcomes, the placebo response can be substantial and make detection of a medication-
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placebo difference problematic. For example, a review of files from the Food and Drug
Administration reported that many known pharmaceutically active medications that have
FDA approval-including analgesics, anxiolytics, p-blockers, antidepressants and
gastrointestinal motility-modifying drugs-are frequently indistinguishable from placebo in
well-designed RCTs.2 Given the prevalence and validation of the placebo-controlled RCT
model, as described in a 2007 report in the Journal of American Medical Association,3
36,249 trials from 140 countries have been registered with ClinicalTrials.gov. Being able to
predict whether some patients are especially responsive to placebo treatment, based on a
well-characterized set of biomarkers, could have a tremendous scientific and economical
impact on the successful design and execution of clinical trials. Moreover, at the level of
personalized medicine, this knowledge might help with medication selection, dosage
adjustment and reduction of side effects.

In recent years, our understanding of the neurobiological mechanisms of the placebo effect
has been greatly advanced, but only for particular disease paradigms, including placebo
analgesia, Parkinson's disease, depression and various autonomic processes.48 Well-
controlled studies, using quite sophisticated approaches, have demonstrated that
psychosocial cues such as conditioning and expectation elicit quantifiable changes in
neurotransmitters, hormones, immune regulators and regionally specific brain activity 711,
It is believed that these changes could influence disease experience and response to
treatment via plausible physiological mechanisms that are most likely disease-specific.®
Placebo research has been primarily performed in controlled experimental settings involving
durations of rarely more than a few minutes and with research subjects being primarily
healthy volunteers. Often the experimental manipulations used to induce placebo effects had
little bearing to clinical practice and involved deception. Little research has been performed
in chronically ill patients over significant time periods in settings that closely resemble
clinical care. Given this shortcoming, we decided to prospectively investigate placebo
responses in the relatively long term situation of a randomized controlled trial. We have
chosen irritable bowel syndrome (IBS) as our disease model, because numerous RCTs have
reported high rates of placebo response in this illness.12: 13 It is still unknown whether the
placebo response in IBS RCTs (and most other illness with subjective self-rated outcomes)
represents a psychobiological phenomenon or purely shifts in selective attention to diffuse
symptoms.14-16 Furthermore, the bulk of information we have concerning placebo effects in
chronic diseases like IBS is derived from RCTs, and is usually confounded by the absence
of no-treatment controls.1” Without such controls, the response detected in the placebo arm
of an RCT encompasses the “genuine” placebo effect of a pill or procedure and non-specific
effects originating from spontaneous remission due to the natural course of the illness,
measurement artifacts and the statistical phenomenon of regression to the mean.1: 1/

Factors reported to impact placebo responses in IBS include patient and health care provider
characteristics, the particular treatment being applied and the experimental setting.13 It has
been reported that emotion and expectation are central to the effects of placebo in various
disease paradigms, including IBS.14 15 Another study identifies frequency of the
intervention as a predictor of placebo responses in IBS patients.18 However, to our
knowledge, biological predictors in the placebo response in IBS have not yet been reported.
Furthermore, IBS serves as a strong model for exploring biological changes over time in
response to placebo treatment because it is considered by many an archetypical “mind-
body” illness mediated by complex neuroimmune and neuroendocrine interactions.16: 19
Psychological stress is frequently reported to be the cause of both initial presentation and
exacerbation of 1BS symptoms.20: 21 Moreover, psychosocial factors such as history of
emotional or physical abuse, loss of a loved one, social stress and maladaptive coping
mechanisms influence the illness experience and treatment outcome in IBS.22 23
Additionally, chronic stress has been reported to alter immune function and cytokine
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production in many disease paradigms24. For example, negative emotions and anxiety result
in the up-regulation of serum interleukin (IL)-6, which in turn further activates the
hypothalamic-pituitary-adrenal axis and enhances the release of catecholamines and
glucocorticoids. Indeed, increased levels of cortisol, IL-6 and IL-8 have been described in
the serum of IBS patients.2> Among the putative biological mediators of stress in I1BS,
infusion of corticotrophin-releasing factor has been shown to elicit more pain and produce a

greater number of descending colon contractions in IBS patients as compared to controls.24
26

Recently, our team completed a RCT in IBS patients that demonstrated statistically and
clinically significant responses to a three week placebo treatment (sham acupuncture), with
53% of patients reporting improvement on the validated IBS outcome of adequate relief
(IBS-AR) vs 28% in the waitlist group.2” Expanding the findings of this study and in order
to capture the individual sensitivity to placebo response we focus here on identifying serum
biomarkers that may predict who is most or least likely to benefit from a placebo response.
Furthermore, we sought to generate hypotheses for the mechanisms of placebo effect in IBS
by investigating the biological changes of serum markers over time in patients that self-
report improvements in their symptoms. Based on previously reported evidence, we targeted
10 pre-identified serum biomarkers, the majority of them proinflammatory cytokines, that
best differentiated patients with IBS from other gastrointestinal pathologies and healthy
controls?8. We reasoned that perhaps some of the inflammatory mediators that might be
implicated in the pathogenesis of IBS, might be also correlated to, or affected by, the
placebo response in the same patients.

Patients and Methods
Participants-Study population

Participants in this study have been included in our previous single-blinded randomized
placebo-controlled trial that was prospectively designed to investigate placebo effects in
patients with IBS, and importantly included a no-treatment (waitlist) control group. Briefly,
we conducted a three-week single blind randomized clinical trial of 262 patients, >18years
old (75% women) diagnosed by Rome Il criteria for IBS and with a score of > 150 on the
IBS Symptom Severity Scale (IBS-SSS).2” Patients with IBS (N=262) were randomized to
one of three arms: (a) waitlist, (b) placebo acupuncture (“limited’), or (c) placebo
acupuncture plus a supportive patient-practitioner relationship (“augmented”). The placebo
treatment was delivered using a validated sham acupuncture device, in twenty minute
sessions, twice per week for three weeks.2? During the placebo treatment, the patient sees
and feels the placebo acupuncture needle appear to pierce the skin, but unbeknownst to the
patient the needle retracts into a hollow tube as it is pressed against the skin. Six to eight
placebo needles were placed for twenty minutes over predetermined, non-acupuncture points
on the arms, legs, and abdomen. The details and outcomes of the design of the clinical trial
are summarized elsewhere.2”» 22 |BS patients who received either of the two conditions of
placebo treatment in the RCT (limited or augmented), were collapsed into one group
(placebo) in order to increase statistical power. Thus, patients were finally grouped, to these
that received a placebo treatment (sham acupuncture) and to these that received no-treatment
(waitlist). Patients in the waitlist served as the control group.

Questionnaires

Questionnaires were administered to the patients at enrollment and at the conclusion of the
three-week intervention to assess baseline patient and disease characteristics and changes in
symptom severity and psychopathology. IBS-Adequate Relief (IBS-AR) is a self-reported
yes/no answer to the question “In the past 7 days have you had adequate relief of your IBS
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pain and discomfort?”.39 IBS-AR was used to define the response to placebo treatment, as
the primary clinical outcome at week three of the intervention. IBS-Quality of Life (IBS-
QOL) is a 35-item scale designed to assess the impact of IBS on eight dimensions of health
status. IBS Symptom Severity Scale (IBS-SSS) is a validated integrative symptom
questionnaire that addresses severity of a representative group of five symptoms in IBS.30
Anxiety was measured with the Beck Anxiety Inventory (BAI) and Depression was
measured using the Maier subscale of the Carroll Depression Scale. Symptom check list
(SCL)-90 is a 90 item measure of nine dimensions of psychological distress, including
somatization, anger and phobias.

Biomarker analysis

All available sera, that were collected and stored from patients at baseline and at the end of
the three-week treatment period, were assayed simultaneously in a multiplexing format on
an electrochemiluminescence platform (Meso Scale Discovery (MSD), Gaithersburg, MD).
The following analytes, which have been previously linked to intestinal inflammatory
processes,28 were included in the panel: Interleukin-1p (IL-1B), Macrophage inflammatory
protein-3p (MIP-3p), Growth-regulated oncogene-o (GRO-a), Tumour necrosis factor-
related weak inducer of apoptosis (TWEAK), Neutrophil gelatinase-associated lipocalin
(NGAL), Osteoprotegerin (OPG); growth factors: Vascular endothelial growth factor
(VEGF), Brain-derived neurotrophic factor (BDNF); and tissue remodeling proteins:
Metalloproteinase-9 (MMP-9), and Tissue inhibitor of metalloproteinase-1 (TIMP-1). These
10 blood biomarkers are part of a recently developed diagnostic algorithm aiming to
differentiate IBS patients from patients with non-IBS gastrointestinal diseases, and healthy
volunteers. A recently published report describes the exact identification process for
selecting those biomarkers. 28 Briefly, first the authors identified biological pathways
implicated in digestive diseases (over 600pathways/60000 biomarkers); then they
identifying biomarkers common across multiple pathways (approximately 2000 biomarkers).
From those they selected potential blood-based biomarkers to differentiate IBS from non-
IBS (approximately 250 biomarkers), of which 140 biomarkers could be measured using
commercially available assays. Subsequently, among them they selected 10 based on results
from further testing IBS vs non-IBS samples. The resulting diagnostic test was shown to
have a sensitivity of 50% and 88% specificity for IBS. 28

Statistical Analysis

Results

Changes in serum biomarkers between the two study arms (placebo treatment vs waitlist
control) were evaluated by Man—Whitney U-test. A two tailed t-test Student's t-test was used
to determine differences between mean values and a chi-square test of independence for
proportions was used when comparing differences between responders and non-responders.
Potential associations between a particular serum biomarker and patient or disease
characteristics were addressed by Spearman correlation tests. Since the current study was
hypothesis generating, we did not apply Bonferonni/Dunn correction for multiple
comparisons to any of our analyses. Results are expressed as mean + SD. A p< 0.05 was
considered to be statistically significant. Data were analyzed using SPSS version 17.

Changes in serum biomarkers overtime as a result of a placebo treatment in patients with

IBS

A total of 130 IBS patients who had complete clinical and serum biomarker data, both at
baseline and at week 3, were included in the analysis looking for changes in serum
biomarkers overtime as a result of the placebo treatment. Patient characteristics are
presented in Table 1. At the baseline, there was no difference comparing demographics and
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disease characteristics in patients randomized to the placebo treatment vs. waitlist control.
Serum biomarker levels also did not differ at baseline between the waitlist and placebo
treated patients. At week 3 of the study, changes (value at baseline minus value at week 3) in
serum OPG levels were significantly higher in patients who received the placebo treatment
compared to those in waitlist (p=0.039 by Man-Whitney U-test) (Table 2).

Serum biomarker levels at baseline and clinical improvement based on IBS-AR

A sum of 190 patients who completed the three week intervention and had complete clinical
and biomarker data at baseline were included in the comparison of serum biomarker levels
between placebo responders and non-responders. Overall, 44% (83/190) of study
participants [55% (68/124) in the placebo group and 23% (15/66) in no-treatment control
group, p<0.0001] reported adequate relief at week three of the intervention, consistent with
our previous reports.2”: 31 In this analysis, such patients are grouped as “placebo
responders”, independently of the treatment that they have received. Comparisons of patient
demographics and disease characteristics at baseline between placebo responders and non-
responders are presented in Table 3. Disease severity measured by IBS-SSS (p=0.034) and
disease duration (p=0.036) were found to be differed between the two groups; however there
were no significant differences among the rest of the parameters that we examined.

In addition, we compared baseline levels of serum biomarkers between responders and non-
responders. We found that OPG levels were higher in those IBS patients who subsequently
reported IBS-AR (563+24pg/ml vs. 491+18pg/ml, responders vs. non-responders,
respectively; p=0.0167), irrespective of the type of intervention that they received (Table 4).
Likewise, serum TWEAK levels at baseline, were found to be significantly higher in
responders vs. non-responders (1018+34pg/ml vs. 892+34pg/ml, responders vs. non-
responders, respectively; p=0.0144). Furthermore, baseline TWEAK was significantly
higher in IBS patients who achieved AR in response to the placebo treatment (1022441 vs.
871+45 pg/ml, responders vs. hon-responders, respectively; p=0.0157). As well, patients in
the waitlist group who reported AR had at baseline higher levels of serum OPG (610+54 vs.
453+24 pg/ml, responders vs. non-responders, respectively; p=0.0052) (Table 4).

Serum biomarker levels at baseline and clinical improvement based on IBS-SSS

IBS patients who received placebo treatment by sham acupuncture had a mean improvement
(baseline — week 3) in the IBS-SSS score of 68.3+7.8 points, while patients in wait list had a
change of 30.8+7.6 points (p=0.002). A positive correlation between serum OPG levels at
baseline and clinical improvement based on changes in the IBS-SS score (R=0.224,
p=0.0021 by Spearman correlation test) was evident when all patients were included in the
analysis (table 5). In parallel, we examined potential correlations between baseline levels of
non-biological predictors of clinical improvement including pshycological variables, such as
depression, anxiety, somatization; quality of life (QOL), and changes in IBS-SSS score at
week 3 of treatment. We found lack of such associations in this particular study. Among the
demographic and disease-related parameters that we examined, we found a negative
correlation between duration of IBS and clinical improvement (table 5)

Discussion

Although the existence of significant placebo responses (both genuine and non-specific
effects) in IBS is well-documented, it remains under debate whether such effects are
confined to the brain and represent solely the activation of certain brain circuits that can
modulate the cognitive or emotional processing of biological signals.10: 14 32 Qur results
point to a plausible biological substrate of the placebo effect in patients with IBS.
Specifically, we show decrease overtime in the serum levels of OPG in the group of patients
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that received the placebo treatment, compared to those in waitlist. Osteoprotegerin (OPG),
also known as osteoclastogenesis inhibitory factor or TNFRSF11B, is a secreted
glycoprotein and member of the TNF receptor super-family. OPG acts as a decoy receptor
for receptor activator of nuclear factor-kappa-B ligand (RANKL/OPGL). In addition to the
well documented role of OPG in the regulation of bone resorption, circulating levels of
OPG/OPGL have been found to be high in chronic inflammatory and metabolic conditions
including rheumatoid arthritis, diabetes, cardiovascular disease and renal failure; the
significance of which has just started to emerge. Patients with inflammatory bowel disease
have also higher local and systemic levels of OPG and OPGL, respectively, which are
normalized in response to treatment.33 34

As well, we recognized higher levels of OPG and of another serum protein, called TWEAK,
in patients who subsequently achieved adequate relief of their IBS symptoms. TWEAK, also
a cytokine member of the TNF super-family (TNFSF12), has pleiotropic
immunomodulatory effects.35 In at least some cell types it activates pro-inflammatory
signaling pathways, including the nuclear factor-kappaB, and is a strong inducer of I1L-8.
Studies of deficient mice revealed that TWEAK suppresses IFN-gamma and IL-12
production posing a block in the transition of innate immune response to adaptive Thl
immunity.3® Increased serum TWEAK levels have been described in several inflammatory
conditions and blocking TWEAK in experimental models of arthritis, encephalomyelitis and
colitis resulted in disease attenuation and accelerated tissue repair.3”

Higher baseline levels of pro-inflammatory cytokines in patients who subsequently report
clinical improvement, as described here, seems somehow counterintuitive. Based on the
current analysis and also published reports, IBS patients with more severe disease are less
likely to respond to treatment.31 However, the more severe cases were also expected to have
higher levels of presumably pro-inflammatory cytokines in their sera, given what is known
so far about the pathogenesis of 1BS.25: 38-41 Moreover, we found that the placebo treatment
was more effective in reducing serum OPG levels at three weeks compared to the waitlist
group. Taken together, these findings suggest that patients with IBS who mount a stronger
immune response are more likely to benefit from a placebo treatment.

IBS is often described as a “brain-gut” disorder.#2: 43 Mind-body interactions, like those
taking place during a placebo response, can originate from a regionally specific brain
activity and modulate peripheral disease manifestations, such as intestinal visceral
sensitivity, motility, secretion, and blood flow.*4: 45 Potential soluble mediators of such
effects include hormones (CRH, ACTH, prolactin, melatonin, vasopressin, oxytocin,
somatostatin), neuropeptides (VIP, NPY, endogenous opioids, aMSH) and several cytokines
(IL-1B, IL-6, IL-10, TNFa, IFNy).46-48 Our biological screening focused on immunological
factors based on epidemiologic and laboratory evidence suggesting a certain degree of
immune dysregulation in 1BS.49 In approximately 10% of patients, IBS develops following
an episode of viral or bacterial gastroenteritis.38 A reduced frequency of a polymorphism in
the IL-10 gene that is associated with lower IL-10 (an anti-inflammatory cytokine)
production, and increased frequency of a high TNFa-producing allele has been reported in
IBS patients.3? Other studies describe lymphocytic aggregates in the myenteric plexus of
patients with severe intractable IBS symptoms; and proximity of mast cells to intestinal
nerves correlates with severity of abdominal pain.>% 1 Moreover, an altered IL-10/1L-12
balance that favors Th1l responses, and higher secretion of TNF-alpha, IL-1beta, IL-5, IL-6,
and IL-13 all pro-inflammatory cytokines, from blood cells has been reported in IBS
patients, as well as an abnormal activation of B-cells. 40 41, 52, 53

The concept that placebo works in IBS patients via modulating components of the immune
system is not as far-fetched as it may seem. An intriguing possibility is that medical
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conditions that involve activation of the innate immune system in their mechanisms of
pathogenesis are the ones that are more likely to respond to a placebo treatment. 4. For
example, a placebo ultrasound therapy resulted in a significant reduction of facial swelling
and pain along with reductions in serum C-reactive protein, an acute phase protein
associated with the inflammatory response. 2° In further support of the findings of the
current study, a role for the immune system in mind-body interactions has been previously
documented in another disease paradigm. A study of long-term mindfulness-based stress
reduction intervention in patients with early stage breast or prostate cancer resulted in
improvements in quality of life and decreased stress symptoms. Those clinical responses
were associated with increased 1L-4 and decreased IFNy and IL-10 production from specific
T-cell subsets.>®

An equally important issue is whether the biological predictors of placebo responses are
distinct from the ones associated with placebo-like effects that represent forms of non-
specific healing such as disease natural history, regression to the mean and report bias. The
fact that the potential predictors we identified for those processes belong to the same super-
family (TNF) seems to suggest that they can overlap. Nevertheless, it is quite possible that
there might be as many placebo effects as types of disease, each elicited by complex
psychobiological interactions.® For example, a recent study of 25 subjects with social
anxiety reports an association between a polymorphism in the tryptophan hydroxylase-2
gene and increased susceptibility to a placebo treatment. °7

The economical burden attributed to IBS, in terms of direct health care costs, resource
utilization and loss of productivity is quite significant. 58 IBS is a chronic disease that affects
10-15% of the population in industrialized countries with no satisfactory treatment so far.
These facts emphasize the need for a vigorous testing of new medications and therapeutic
modalities. The existence of biological predictors of placebo responses in IBS, as suggested
by our findings, provides a potential paradigm shift that has implications for the design of
RCTs. One could consider using a set of serum biomarkers as a screening tool to identify
IBS patients who are more likely to respond to the placebo and revise inclusion criteria
accordingly. This strategy would potentially enhance the feasibility of clinical trials in IBS,
substantially reduce their costs and accelerate the discovery of new treatments.

There are several strengths of the current analysis, among them the inclusion of a no-
treatment group as the control for the placebo treatment, the study of a large number of
patients with a particular disease instead of healthy volunteers, the study of sustained
placebo effects over a period of three weeks and collection of data at two different time
points. However, there are also several limitations. One of the potential criticisms of the
present study is the lack of objective measurements of placebo treatment outcomes, and of
IBS itself. Thus, clinical improvement in our analysis is based on a self-reported outcome
(IBS-AR). It is quite possible that the introduction of objective clinical endpoints in IBS
RCTs might dampen the placebo effect. A novel form of placebo treatment (sham
acupuncture) was used in this study, which might elicit higher placebo responses %2
Furthermore, it is likely that different illnesses have different biological mind-body
interactions and thus the current notion supports a “spectrum” of placebo effects. ® For
example, placebo responses in pain conditions often involve endogenous opioid release and
activation of rostral anterior cingulate and nucleus accumbens 9, while in Parkinson's
disease placebo responses have been associated with dopamine release in the striatum 4.
Hence, it is unclear at this point whether the specific biomarkers that we identified in the
present analysis would generalize to other forms of placebo treatment (such as pills) or to
additional diseases known to be associated, like IBS, with high placebo responses.2
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In summary, the design of this study and its robust outcome provide the first, to our
knowledge, evidence that genuine placebo effect in IBS results in measurable changes in the
serum proteome, beyond non-specific effects (i.e., disease natural history, regression to the
mean and report bias). From a public health perspective, our findings represent a proof-of-
principle for identifying, using high throughput screening approaches and advanced
bioinformatics tools, biological signatures associated with placebo responses in clinical
trials.
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Demographics, disease characteristics and psychopathology of IBS patients randomized to placebo arm (sham

e acupuncture) or control arm (waitlist).
=
Y Waitlist | Placebo p- value
> N=47 N=83
E Demographics
g Age (years)(SD) 38.6 (14) | 39.0(15) | 0.887
% Women (%) 80.8 78.3 0.730
% Whites (%) 91.4 83.1 0.445
= Type of IBS (%) 0.792
(@]
=, Diarrhea 25.5 24.1
o)
- Constipation 21.3 16.9
Alternating 53.2 59.0
Duration of IBS (%) 0.792
<1 year 6.4 9.6
1-5 years 21.7 28.9
=z 5-10 years 255 28.9
I 10-20 years 19.1 19.3
LY >20 years 21.3 133
> Yl
(J__> Disease severity scores
= IBS-SSS (SD) 289 (60) | 296 (62) | 0.508
o
= IBS-QOL (SD) 84.1(23) | 85.0(24) | 0.829
QZJ Psychopathology scores
=
% Depression (SD) 3.3(3.1) 3.7(3.7) 0.539
g_ Anxiety (SD) 11.7 (8.4) | 13.3(9.4)
-gu- Somatization (SD) 24(21) 2.2(2.0) 0.741
SSRI treatment (%) 21.3 21.7 0.956
SSRI: selective serotonin reuptake inhibitors
<
ol
o
>
>
c
=
>
o
=
<
QO
=
=
(%]
(@]
=b
©
=L
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Table 3

Page 15

Comparisons of baseline characteristics between responders and non-responders, based on IBS-AR at week-3
of intervention, and according to treatment.

IBS- Adequate Relief at week-3
Non-responders | Responders | p-value
N=107 N=83
Demographics
Age (years)(SD) 39.8 (14) 37.6 (13) 0.286
Women (%) 70.1 80.7 0.094
Whites (%) 86.9 87.9 0.831
Type of IBS (%) 0.861
Diarrhea 25.2 241
Constipation 17.7 19.3
Alternating 57.0 56.6
Duration of IBS (%0) 0.034
< lyear 6.5 7.2
1-5 years 25.2 30.1
5-10 years 26.2 313
10-20 years 18.7 253
>20 years 234 6.0
Baseline disease severity
IBS-SSS (SD) 281 (66) 260 (70) 0.036
IBS-QOL (SD) 85.5 (25) 83.0 (24) 0.047
Psychopathology scores
Depression (SD) 3.7(3.5) 3.7(3.7) 0.991
Anxiety (SD) 11.4 (9.4) 12.9 (9.4) 0.270
Somatization (SD) 2.3(1.9) 22(2.2) 0.827
SSRI treatment (%) 22.4 14.4% 0.667

SSRI: selective serotonin reuptake inhibitors
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Differences in serum biomarker levels at baseline in responders vs. non-responders at week three of
intervention based on IBS-AR and according to their treatment.

Table 4

N (%) OPG pg/ml (SD) | TWEAK pg/ml (SD)

All groups 190
IBS-AR no 107 (56) | 491 (192) 892 (350)
IBS-AR yes | 83 (44) 563 (217)a 1018 (342)b
Placebo 124
IBS-AR no 56 (45) 524 (200) 871 (341)
IBS-AR yes | 68 (55) 552 (218) 1022 (344)C
Wait list 66
IBS-AR no 51 (77) 453 (176) 915 (361)
IBS-AR yes 15 (23) 610 (212)d 995 (348)

80=0.0167

bp:0.0:|.44

€p=0.0157

dp=0.0052
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Baseline biological and psychological predictors of clinical improvement, irrespectively of treatment arm,

based on changes in the IBS-SSS score

Changes in IBS-SSS (baseline-week 3)

R P value

OPG (pg/ml) 0.22 0.0021
delta OPG 0.22 0.012
TWEAK 0.08 NS
delta TWEAK 0.152 0.085
Age 0.04 NS
Type of IBS 0.13 NS
Duration of IBS -0.12 0.033
IBS-QOL -0.07 NS
Depression 0.03 NS
Anxiety 0.05 NS
Somatization -0.05 NS

NS: not statistically significant
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