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Abstract
Background & Aims: While multiple clinical trials support the efficacy of psychological
treatments for reducing IBS symptoms, the mechanisms responsible for symptomatic improvement
are unknown. One hypothesis is that psychological treatments work by alleviating comorbid
psychological distress implicated in the worsening of bowel symptoms and quality of life. An
alternative hypothesis assumes that changes in distress are not strictly a cause but a consequence of
IBS that will decrease with symptomatic improvement.

Methods: We evaluated these two hypothesis by applying structural equation modeling (SEM) to
the data set of a large number (N = 147) of Rome II diagnosed participants randomized to cognitive
behavior therapy (CBT), psychoeducation, or wait list. Per Rome guidelines, the primary endpoint
was global improvement of GI symptoms measured two weeks after a 10-week regimen. Secondary
endpoints were distress and quality of life (QOL).

Results: SEM analyses lend support to a model in which CBT is associated with improvements in
IBS symptoms, but that therapeutic gains are not dependent on changes in patients' overall level of
psychological distress. Symptom severity, but not clinical status (pain catastrophizing, predominant
bowel habits, symptom duration, abuse, diagnosable psychiatric disorder) or relevant
sociodemographic variables (e.g., gender, age) moderated treatment outcome.

Conclusion: CBT has a direct effect on global IBS symptom improvement independent of its
effects on distress. Improvement in IBS symptoms is associated with improvements in the QOL,
which may lower distress. Symptom improvements are not moderated by variables reflecting the
mental well being of IBS patients.

Introduction
Irritable bowel syndrome (IBS) is a prevalent, costly, and potentially disabling gastrointestinal
disorder for which there is no universally agreed upon medical option1. Conventional drug and
dietary treatments tend to fall short of therapeutic objectives for more severely affected patients
2-4 whose symptoms are often accompanied by psychological dysfunction (e.g., depression,
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anxiety, somatization) and quality of life impairment 5. The shortcomings of medical therapies,
coupled with the influence psychosocial factors exert on the expression and trajectory of IBS
6, have promoted the development of a number of psychological therapies. Their viability has
been summarized in several recent systematic reviews that weighed their apparent efficacy
profile in light of methodological imperfections of clinical trials. Recent narrative6, 7 and
quantitative 8 reviews converge in the conclusion that psychological therapies are, as a group,
efficacious in reducing key GI symptoms (pain, bowel dysfunction), comorbid psychological
distress, and quality of life impairment9, 10 at least when pitted against passive control
comparisons (e.g., waiting list, no-treatment conditions, treatment as usual).

Although the relative superiority of any one psychosocial modality (e.g., interpersonal
psychotherapy, hypnosis, muscle relaxation training, etc) is unknown, the majority of trials
supporting psychological therapies featured a specific treatment called cognitive behavior
therapy (CBT). CBT is a time limited, structured, problem focused, and prescriptive therapy
based on two central underlying assumptions: (1) symptoms are acquired (learned) and reflect
specific skills deficits in domains of cognitive and behavioral functioning and (2) teaching and
rehearsing skills for modifying maladaptive behaviors and thinking patterns can remediate
these deficits which, in turn, relieves symptoms. Specific technical components of CBT
protocols typically include: (a) the provision of information about stress and its relationship to
IBS; (b) self monitoring of antecedent and consequent events associated with IBS flare ups;
(c) problem solving strategies around stressors that aggravate symptoms; (d) muscle relaxation
exercises for cultivating lower physiological arousal and increased sense of mastery over
symptoms; and/or (e) cognitive restructuring for modifying faulty threat appraisals that
underlie physiological and emotional reactivity.

Currently, it is not known how or why CBT works, when it works, or how to optimize it so
that it renders more robust effect sizes. This is an important research question because a sizable
(25-30%11-13) proportion of IBS patients do not respond adequately to CBT. Specifying the
processes and mechanisms through which it operates may (1) help elucidate factors central to
the maintenance if not etiology of IBS and (2) refine and streamline CBT by isolating which
technical components of a treatment package are key to bringing about change. Rather than
relying on inert, redundant, or even counterproductive procedures, clinicians and researchers
can mobilize their resources toward refining, intensifying, and implementing ”active”
components with the highest therapeutic yield. Distilling the active ingredients of CBT is also
critical to exporting it beyond the relatively small number of academic facilities that provide
behavioral treatments (typically in the context of clinical trials) to routine practice settings
where the overwhelming majority of IBS patients are seen. In short, developing more
simplified, powerful, accessible, and cost-effective self management therapies depends on
specifying theoretical change mechanisms and testing whether they are responsible for
therapeutic improvements 14.

This task has been difficult because IBS outcome researchers have focused more on whether
specific treatments cause therapeutic changes than the question of what is the basis for the
changes. In the absence of formal mediational research, our understanding of why treatments
promote change is driven more by conjecture and intuition than the evidentiary process of
scientific discovery. Conventional wisdom 15, 16 holds that that psychosocial therapies such
as CBT derive their therapeutic value by reducing comorbid psychological distress
characteristic of more severe IBS patients. In other words, psychological treatments ”work”
by helping patients manage the psychological distress that worsens bowel symptoms and
quality of life 17, p. 649. This view casts heightened psychological distress as a driving influence
of symptom exacerbations and its reduction should be the primary goal of psychological
therapies. In other words, CBT presumably improves GI symptoms by reducing comorbid
psychological distress. An alternative hypothesis is that psychological distress is not strictly a
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cause but a consequence of IBS, which will decrease with improvement of its symptoms. By
learning symptom self management skills, CBT treated patients improve GI symptoms which
in turn has a salutary impact on comorbid distress and quality of life. Simply put, patients who
undergo a successful regimen of CBT may feel less distress because they learn more effective
strategies for improving their bowel problems.

We sought to gain perspectives on these two hypotheses by applying structural equation
modeling (SEM) to the data set of a relatively large number of Rome II diagnosed participants
undergoing treatment as part of an NIH funded clinical trial of two psychosocial treatments.
An advantage of SEM is that it can provide perspectives on models that include diverse types
of relationships, including moderated, mediational and bidirectional influences. Our second
goal was to examine the interrelationships among symptom improvement, quality of life, and
distress. Are changes in distress associated with changes in quality of life? Is their relationship
consistent with models that assume unidirectional or reciprocal causal dynamics? How are
changes in these important secondary endpoints associated with the primary endpoint of global
improvement in IBS symptoms? While these variables have been studied in relative isolation
of one another, they likely operate synergistically and fuel one another in the day to day lives
of patients. Understanding such relationships stands to clarify both patients' experience of IBS
as well as the quality of their treatment response to biobehavioral therapies. Our third goal was
to assess whether clinical status variables associated with more severe IBS patients moderated
treatment response. Of particular interest were patients' catastrophic thoughts about pain (i.e.,
pain catastrophizing), their abuse history, demographic features (age, gender), predominant
bowel habit, psychiatric status (diagnosable Axis I DSM IV disorder), and the severity of their
IBS symptom, as determined by the study gastroenterologist during pre treatment assessment.

Method
Experimental Design

This study is a secondary analysis of data 18 collected as part of a three arm randomized clinical
trial of group based cognitive behavior therapy and two control groups: (1) an ”active” control
group that received a psychoeducation intervention that controlled for nonspecific treatment
effects (e.g., therapist attention) and (2) a ”passive” wait list control group that controlled for
several threats to internal validity (passage of time, maturation, the effects of repeated
assessment, statistical regression). Institutional review board approval for the study was
obtained.

Participants
Participants were males and females 18-70 years old (inclusive) who were recruited primarily
through referral from local specialty (e.g., gastroenterology) and primary care physicians,
media coverage and advertisements placed in local media. A total of 970 subjects contacted
the Behavioral Medicine Clinic at the University at Buffalo between February 2000 and May,
2003 and underwent a telephone screening interview to assess basic inclusion-exclusion criteria
(bowel symptom frequency of at least twice weekly, no comorbid GI disease). Four hundred
seventy seven were scheduled for a full medical and psychological assessment to confirm
eligibility for treatment allocation, obtain pretreatment baseline data and secure informed
consent. Of individuals who met eligibly criteria, 147 participants completed pre pretreatment
assessment and treatment. Inclusion criteria included Rome II IBS diagnosis4 established
during a medical examination conducted by a board certified gastroenterologist; IBS symptoms
of at least moderate severity; willingness to maintain a stable dosage of any IBS medications
during the 4 week pre treatment baseline period prior to randomization; and ability to provide
written consent. Exclusion criteria were presence of a comorbid organic GI disease (e.g., IBD,
lactose intolerance) or mental retardation; concomitant participation in psychotherapy or
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lifetime participation in psychotherapy featuring cognitive-behavioral techniques; a history of
current or past diagnosis of schizophrenia or other psychotic disorders; or current diagnosis of
unipolar depression with suicidal ideation; or current diagnosis of psychoactive substance
abuse or dependence. Moderate to severe IBS was operationally defined as a score of 2 or
greater on physician administered global ratings of IBS severity scale19-21 (1 = mild, 2 =
moderate, 3 = severe, 4 = very severe). The average duration of IBS symptoms was 17 years.
Patients were classified on the basis of their predominant bowel habit: 47% were diarrhea-
predominant 13% constipation-predominant, and 40% were alternating or mixed.
Determination of predominant bowel habit was made after medical examination using Rome
II guidelines4 and clinical impression of the study gastroenterologist. After evaluation, the
study research coordinator who had no therapeutic relations with any of the participants used
a computer generated treatment allocation scheme to randomly assign patients to one of the
three groups (cognitive behavior therapy, psychoeducation, or waiting list control) in an
approximate 3:1:1 ratio to balance the ethical obligation to deliver treatment in a timely fashion
with the need for sufficient statistical power for mediational analyses of CBT. Participants
were informed they had an increased likelihood of being assigned to CBT. Because it is not
possible to disguise the ”contents” of psychosocial treatment, we adopted the equivalent
practice of assessing patients' credibility of the treatments to which they were assigned22.
Participants were allocated to therapists, with the goal of balancing the number of patients
treated in each condition by each therapist.

Treatment Conditions
Participants meeting study criteria received either 10, weekly 90 minute group (3-6 patients
per) sessions of cognitive behavior therapy or psychoeducation/support, or assigned to a wait
list condition after a four week pretreatment baseline period. Detailed treatment manuals were
used for each session and are available upon request. Participants in the cognitive behavior
therapy (CBT, n = 95) learned to conduct functional analyses of situational factors associated
with symptoms flare ups; to identify, challenge, and dispute negative skewed or biased thinking
patterns (e.g. catastrophizing, overestimation of threat stimuli); and to remediate problem
solving deficits for coping with stressors associated with symptom flare ups. The goals of the
psychoeducation support (PE, n = 28) condition was to disseminate information about IBS, its
clinical features, epidemiology, diagnostic criteria, medical tests, and treatment options;
facilitate the sharing of experience among group members; encourage the expression of
emotions through empathic listening, unconditional support, and warmth; and foster a sense
of cohesion among patients with similar experiences. PE specifically avoided cognitive
restructuring, problems solving training, advice giving, or prescription of behavior change
advice featured in the CBT condition. Patients assigned to waiting list (WL; n = 24) condition
were crossed over to begin cognitive behavior therapy after completing 10 weeks of symptom
monitoring and undergoing follow up assessment. None of the patients received any other
psychotherapy during the waiting list or treatment phase of the trial.

Therapists and Treatment Integrity
Three doctoral level clinical psychologists (1 male, 2 female) with an average of 10 years of
experience delivering psychological treatment of painful medical disorders such as IBS
provided treatment in three conditions under the supervision of an experienced Ph.D level
psychologist (JML). Prior to delivering treatment, therapists underwent over 40 hours of
training under the supervision of the senior author (EBB). Training involved review of both
concepts and techniques of both treatments, topic-by-topic review of the manuals, listening to
audio taped examples of therapist implementing the treatment, role play and practice exercises,
discussion of case examples and rehearsing strategies for difficult or challenging cases; and
practice cases. To ensure fidelity of treatment delivery and to minimize therapist drift,
therapists followed a structured and manualized treatment protocol which provided detailed
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guidance on session content and guidelines for implementing specific techniques. A checklist
of procedures specific to each session was also used by therapists to assure compliance.
Sessions were audio taped and rated by independent evaluators. A sample of audio taped (35%)
sessions revealed no violation of treatment procedures for either condition. The senior author
provided annual calibration clinical training and regular consultation. No therapist effects were
detected in the data.

Assessment
Per Rome recommendations 23, 24, the primary clinical endpoint for this study was patients'
estimation of global improvement of IBS symptoms (pain/discomfort and bowel symptoms)
which we measured using an psychometrically sound visual analog scale 25 (−100 = substantial
worsening to 0 = no change to 100 = substantial improvement). Secondary endpoint measures
included overall psychological distress (Global Severity Index of the Brief Symptom
Inventory26) and health related quality of life (IBS Quality of Life27). Outcome measures
were obtained at intake and two weeks after treatment ended (Week 12) with the exception of
global relief which was assessed only at Week 12. Abuse, pain catastrophizing, and
participant's expectations for treatment's success and the credibility of the assigned treatment's
rationale were assessed before treatment procedures were implemented using standardized self
report instruments 28 29, 30. The presence and temporal onset of Axis I psychiatric disorders
was assessed during baseline assessment using the Structured Clinical Interview for DSM-IV
Axis I Disorders 31. Efforts were made to keep assessors unaware of treatment assignment
during post treatment follow up. Adverse events were monitored during treatment and elicited
during question of post treatment evaluation. No adverse events were reported.

Results
The results are organized in three sections. The first section reports preliminary analyses that
describe means and standard deviations on the key variables and that compares the active and
passive control groups. The second section reports the primary structural equation analyses.
The third section reports the theoretically interesting interaction analyses that were uncovered
during routine checks for specification error.

Preliminary Analyses
Descriptive Statistics—Table 1 presents means and standard deviations for all of the major
continuous variables. In terms of demographic variables, age ranged from 22 to 79 with a
median age of 50 (and a median absolute deviation of 10.0). The sample was 82% female and
the median income was $50,000. The sample was predominately European American (93%).
Seventy percent of participants met DSM-IV diagnosis for an Axis I psychiatric disorder based
on SCID assessment. Approximately 50% of patients with a diagnosable Axis I disorder
indicated that it preceded IBS onset. The most common psychiatric disorder was Generalized
Anxiety Disorder, an anxiety disorder characterized by chronic anxiety, tension,
hypervigilance, and excessive and uncontrollable worry. Patients' baseline expectations for
success and the credibility of the rationale for their assigned therapy were equivalent across
the active conditions.

Random Assignment—To ensure that random assignment to conditions was successful,
group differences on age, education, gender, income, marital status, ethnicity and the pretest
scores of the major outcome variables were tested. Consistent with random assignment, no
statistically significant effects were observed as a function of condition.

Active Versus Passive Control Groups—Differences between the active and passive
control groups (psychoeducational support versus wait list control) were tested on the three
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primary post-intervention variables, global GI improvement, distress, and quality of life (Table
2). In no case did the mean differences remotely approach statistical significance, yielding p
values of 0.41, 0.54 and 0.80. Data for the two homogenous control groups were therefore
collapsed to maximize statistical power of contrasts and to simplify statistical modeling.
Analyses reported below focus on comparisons of the cognitive behavior therapy condition
against this pooled control group. All outcome data exclude post crossover patients.

Structural Equation Analysis
The General Logic of SEM—A dummy variable representing the CBT versus the control
groups was created (where 1 =CBT and 0 = Control) and incorporated into SEM analyses.
Figure 1 illustrates some of the possible causal dynamics that might operate. An arrow
represents a presumed causal impact of one variable on another. The variable from which the
arrow emanates is the presumed cause and the variable to which the arrow points is the
presumed effect. Each arrow is referred to as a path. In cases where two variables are connected
by two arrows in opposite directions, a bidirectional causal relationship is posited. For example,
psychological distress is assumed to influence the quality of life (path f) and the quality of life
is assumed to influence psychological distress (path g). The two hypotheses can be described
with reference to Figure 1. Hypothesis 1 states that CBT impacts global improvement (path
a) and this, in turn, impacts GI global improvement (path e). CBT impacts global improvement,
but it is thought to do so through its impact on distress. This is referred to as an indirect effect,
with the effect of CBT on GI global improvement being mediated by distress. Hypothesis 2
states that CBT impacts GI global improvement directly (path b) and this, in turns, reduces
distress (path d).

SEM is an extension of familiar regression methods that focus on a single regression equation
32. However, multiple linear equations are evaluated simultaneously. A causal model, often
represented as a path diagram per Figure 1, dictates the equations that are estimated. Each path
in a causal model has associated with it a path coefficient that is interpreted like a regression
coefficient. However, SEM permits one to go beyond traditional regression analysis to gain
additional perspectives on the viability of causal models. A causal model makes predictions
about how the correlations between the measured variables should pattern themselves. If the
data do not pattern themselves in the predicted fashion, then the causal model is rejected. If
the data pattern themselves in a way that is consistent with the model, then this does not prove
the model is correct (i.e., one cannot make causal inferences). Rather, it increases one's
confidence in the model. Sometimes, more than one model can account for the same data, a
fact that also must be considered. When observed variables rather than latent variables are the
focus of analysis, the approach is often referred to as path analysis.

The formal SEM modeling with the present data was complex and is described in the appendix.
Preliminary analyses were conducted to test for non-normality, outliers and to deal with missing
data. Following standard practice for clinical trials, baseline covariates of each outcome
variable, where available, were included in the model so as to focus the analysis on the analysis
of change 33. Age of the client also was included as a covariate. The final model that was
evaluated is presented in Figure 2 (see appendix for details). The model yielded a good fit to
the data, but a number of the path coefficients were not statistically significant. Paths in Figure
2 with letters next to them yielded statistically significant path coefficients. The values of these
coefficients and their associated confidence intervals are in Table 3. Table 3 also presents
coefficients for selected total effects. We consider the key coefficients in the model here, in
turn.

The Effect of CBT on Global GI Improvement—The estimated mean difference in global
improvement between the CBT and the control groups as reflected by path a of Figure 1 was
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31.62 with individuals in the CBT condition showing statistically significantly greater
improvement than those in the control conditions (p < 0.05, 95% CI = 18.40 to 44.90). Given
random assignment to conditions, a formal causal inference is reasonable for this portion of
the model.

The Effect of CBT on Quality of Life—Although the path coefficient linking the
intervention dummy variable directly to quality of life was statistically non-significant (see
Figure 2), the pattern of statistically significant path coefficients was consistent with the
proposition that CBT improves quality of life. This is because CBT was associated with
increased improvement in global GI symptoms (path a) and this improvement in GI symptoms,
in turn, was associated with improvement in the patients' quality of life (path b), which also
was statistically significant (path coefficient = 0.12, p < 0.05, 95% CI = 0.05 to 0.20). This
indirect effect, also captured by the product of the path coefficients a and b, was statistically
significant (p < 0.05). Stated another way, for every 10 units that global GI improvement ratings
increased, the quality of life rating was predicted to increase by 1.2 units. Since the CBT group
was approximately 32 units higher on global GI improvement than the control group, this
resulted in a mean quality of life score that was just about 3.6 units higher in the CBT condition
than in the control condition. This indirect effect was statistically significant (p < 0.05, 95%
CI = 1.67 to 6.77). Taking into account all the causal dynamics implied by the model in Figure
2, the estimated total effect of CBT on quality of life was such that those clients in the CBT
condition had a predicted mean quality of life score that was 4.6 units higher than those in the
control group (p < 0.05, 95% CI = 1.85 to 8.29). Thus, the data are consistent with the
proposition that CBT impacts quality of life, primarily through its improvement on GI
symptoms.

The modeling strategy allowed for the possibility of reciprocal causation between quality of
life and GI global improvement, but only one of the two path coefficients was statistically
significant. This was the path from global GI improvement to quality of life (see Appendix for
statistical details). This is consistent with the proposition that improving GI symptoms
improves the quality of life, but that improving the quality of life does not improve GI
symptoms.

The Role of Distress—As noted above, some scientists have argued that the primary impact
of CBT is on reducing psychological distress and that this reduced distress, in turn, produces
improvement in global GI symptoms. The results from Figure 2 suggest a different scenario.
According to the estimated coefficients for the model in Figure 2, CBT is associated with
improvement in global GI symptoms which, in turn, are associated with enhanced quality of
life of the patient (as discussed above). This improved quality of life, in turn, is associated with
decreases in psychological distress in the patient, as reflected by the path coefficient of −0.12
(p < 0.05, 95% CI = −0.20 to −0.05) for path c in Figure 2 (see Table 3). Specifically, for every
three units that quality of life changes in a positive direction, psychological distress is predicted
to decrease just under one half a scale unit.

Interestingly, the analyses found support for a bi-directional relationship between distress and
quality of life. Not only were the data consistent with the proposition that improvements in the
quality of life decrease distress, but also that decreases in distress tend to improve quality of
life. This latter effect is reflected in the path d in Figure 2, whose coefficient was −.38 (p <
0.05, 95% CI = −0.61 to −0.14). For every one unit that psychological distress increased, the
quality of life was predicted to decrease about one third of a unit.

The tested model also allowed for a direct effect of CBT on distress, but we did not find
evidence for this once variation in GI improvement and quality of life were statistically held
constant. In addition, models were tested that allowed for direct effects of distress on GI global
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improvement, but evidence for these links were not observed when other key variables were
statistically held constant (as per Figure 2).

In sum, somewhat small but statistically significant mean differences in psychological distress
were observed for the CBT and control groups (mean difference = −2.55, p < 0.05, 95% CI =
−4.77 to −0.36). These mean differences were best accounted for by a model that presumes
the differences were the result of induced changes in the patients' quality of life as a result of
improvements in GI symptoms, which, in turn, yield lowered levels of distress in the CBT
condition.

Interaction Analyses
No statistically significant moderated effects were observed for the model in Figure 2 as a
function of abuse history, catastrophizing, predominant bowel syndrome, gender, age and
number of DSM IV Axis I psychiatric disorders. An interaction between the number of years
that the individual had been experiencing GI problems and the effects of CBT on the patient's
quality of life scores was observed (such that the longer individuals had been experiencing GI
problems, the more pronounced was the effect of CBT on the patient's quality of life), but this
effect proved to be fragile and changed in statistical significance depending on the inclusion
or exclusion of different covariates and the method of statistical estimation. This effect is worth
noting for future research, but must be viewed as tentative, at best, in the current study.

In the context of explorations of specification error, one interaction effect was noted that could
be theoretical interest. It was not predicted a priori and was isolated in the context of
exploratory post hoc specification checks. It should be treated as tentative and in need of
replication in future research. The interaction was between the severity of the GI symptoms as
reported at baseline and the effects of CBT on the patient's quality of life. When an exogenous
product term for these variables was included in the model with a path to quality of life, the
product term coefficient was 5.67 (p< 0.05, 95% CI = 0.89 to 9.67). This indicates that for
every one unit that the severity of GI problems at baseline increased, the subsequent difference
between the CBT and control group on quality of life tended to increase by 5.67 units. Thus,
the more severe the GI problems were initially, the more pronounced was the effect of CBT
on the patient's quality of life.

Discussion
This study addresses the question of how therapeutic gains are achieved in a sample of severely
affected, Rome diagnosed IBS patients undergoing symptom self management training (CBT).
We were particularly interested in gaining perspectives on whether CBT – arguably the most
empirically tested psychosocial treatment 6, 8 – improves GI symptoms by reducing comorbid
psychological distress. SEM analyses yielded support for a model in which CBT is associated
with statistically significant improvements in IBS symptoms, but that these therapeutic gains
are not dependent on or mediated by changes in patients' overall level of psychological distress.
Relative to the control group, CBT exerted a direct effect on overall improvement of GI
symptoms independent of its effects on distress. To the extent that distress reduction is linked
to a treatment condition (CBT versus control), analyses suggested that the effect may be
attributable to it being a consequent of improvements in GI symptoms and, in turn, to quality
of life. .

In general, our findings dovetail with a recent report 34 concerned with whether changes in
comorbid distress variables (depression, anxiety, somatization) explained treatment gains
(QOL) in patients who underwent short-term dynamic psychotherapy. While the investigators
did not conduct formal mediation analyses, they showed that patients' level of distress
accounted for only a limited amount of variance in QOL. A similar pattern of data was reported
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by Tack et al 35 who found that the improvement23 in abdominal pain in IBS patients treated
with the SSRI citalopram was independent of mood change. The data also echo the conclusions
of a recent systematic review and meta analysis 8 that psychological treatments in general are
more effective in reducing somatic symptoms of IBS (e.g., bowel dysfunction) than comobrdid
psychological distress. These data, coupled with the results of the present study, argue, perhaps
counter-intuitively, that the greatest therapeutic value of psychological treatments rests in their
ability to improve GI symptoms, perhaps through the teaching of such factors as symptom
management skills.

Because IBS lacks a treatable biological marker that reliably corresponds with symptoms36,
“patient centered” outcomes (e.g., quality of life, distress, GI symptom improvement/relief)
are recommended as optimal endpoints for evaluating the viability of treatments for functional
GI disorders. Clinical investigators have generally conceptualized and analyzed these
endpoints as independent domains. To our knowledge, no attention has been paid to whether
treatment response to one endpoint impacts (and is impacted by) other endpoints. Our data
suggests that the relationship among endpoints is complex, dynamic, and interdependent. As
noted above, the data were consistent with a model in which symptomatic improvements
following CBT has a favorable impact on quality of life which, in turn, leads to improvements
in overall distress. Improvements in distress, in turn, impact quality of life.

Our efforts at identifying moderators yielded mixed results. The only frequently studies
variable that was associated with treatment outcome was intake severity of GI symptoms and
it was detected during routine misspecification analysis. The interaction was such that the more
severe the GI problems were at intake, the more pronounced was CBT's effect on quality of
life. These data lend some empirical support to consensus derived clinical practice guidelines
37, 38 that recommend psychosocial therapies for patients with more severe IBS symptoms.
Further research is needed to validate empirically guidelines once they are published to
augment their acceptance, adherence and value to practitioners, patients, and institutions
responsible for improving health care delivery (e.g., third party payers, government funding
agencies).

The limited predictive power of the proposed moderator variables is not altogether surprising
given the few reliable prognostic indicators found to influence outcome of IBS therapies. This
highlights the value of looking beyond socio-demographic or clinical status (e.g., psychiatric
comorbidity, bowel habit type, duration of symptoms) variables for clues about characteristics
on which outcome depends. Potentially informative moderators about which little is known
include characteristics of the clinician (e.g., clinician expertise, patients' motivation for
change); ongoing stressors or “extra-treatment” characteristics such as relationships with
family members, work strain, and financial pressures; and features relating to how the therapy
was administered (e.g., sequence of procedures, timing of treatment gains, mode of treatment
delivery, number of sessions).

In designing this study, our primary intent was to gain insights into the mediational role of
psychological distress in reducing global IBS symptoms following CBT. Our modeling efforts
argue against the notion that global IBS symptom improvements come about through distress
reduction. While our results do not establish the precise processes for how and why CBT works,
this does not diminish the scientific value of the study. By challenging the validity of the popular
view that CBT's effect is mediated through reduced psychological distress, we hope to stimulate
research dedicated to identifying the active ingredients that are theorized to underlie the effects
of CBT and other nonpharmacological therapies. We believe that specifying the processes of
change is important not merely for theoretical reasons but also so that interventions can be
made more effective for the greatest number of patients under diverse conditions. Delineating
the critical components of treatment may allow existing interventions to be modified in a
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manner that enhances their utility as well as modify or eliminate those procedural components
that are inert, redundant, or counterproductive.

Previous efforts at addressing the question of what makes CBT work have found no more
answers in physiological mechanisms 39, 40 than we find in distress variables. A potentially
fruitful approach comes from the broader behavioral medicine literature that shows that
significant reduction of painful physical symptoms (e.g., benign headache, musculoskeletal
pain, fibromyalgia) following CBT occurs through its impact on cognitive processes (e.g., self
efficacy expectancies) 41-46. Whether psychological treatments for IBS alleviate bowel
symptoms by modifying patient beliefs is largely uncharted terrain. Two exceptions come from
two recent reports 47, 48 that found that negatively skewed patient beliefs of psychotherapy
treated (hypnosis; CBT) patients decreased in parallel with IBS symptoms from pre to post-
treatment. While these data are consistent with the hypothesis that cognitive changes mediate
treatment effects, they are equally compatible with two alternative propositions: (1) changes
in IBS symptoms may lead to cognition changes; and (2) changes in cognitions and IBS
symptoms may be spuriously correlated because of the causal effect of a third, unspecified
variable. Solving this conundrum calls for more sophisticated experimental designs (e.g.,
analyses of intersession change in process variables and endpoints) and powerful analytic
strategies capable of establishing the mediational specificity of mechanisms thought to govern
treatment gains. In the end, clinical trials that attend to these methodological issues should
advance the field by promoting the development of more effective therapies for a problem
whose day to day burden -- in the absence of a more consistently satisfactory medical option
-- rests not on the shelf but on the quality of patients' symptom self management skills.

As with any study, the results of the present investigation must be interpreted within the
operative methodological constraints. SEM only tests if the patterning of data is consistent
with a hypothesized causal model but a good model fit does not prove the model being tested.
Other causal structures may account for the data equally well, a phenomenon known as
redundant models in the SEM literature. SEM results always must be interpreted knowing that
plausible redundant models may exist and the present study is no exception. The measures used
in our analyses were subject to measurement error, which can introduce bias in parameter
estimates. Although we conducted analyses that suggest its effects are minimal (see Appendix),
care also must be taken when working with imperfect indicators of latent constructs.

Several other caveats are worth noting in interpreting the data. Our findings are based on a
subset of more severely affected IBS patients with a relatively homogeneous demographic
profile drawn from one investigative site and therefore may not necessarily generalize to a
more diverse sample or one treated by other research teams. We made no attempt to assess
exhaustively the full range of possible mechanisms that may explain what CBT involves or
why it works. The mediational value of nonspecific factors (e.g., the therapist – patient
relationship) “common” across psychotherapies of equivalent efficacy or unique ones specified
by cognitive behavior theory (e.g., catastrophic cognitions) 49-51 is a research question to
which clinical investigators should direct their energies. Also unclear is whether our pattern
of data would hold up when the primary endpoint (global improvement) is measured using
alternative outcome measures such as symptom frequency or severity52 53. Because patients
appraisal of improvement and severity of symptoms appear only modestly correlated 25, they
are not equivalent endpoints. Research is needed to understand the factors that influence
patients' estimation of therapeutic change indices. For example, it is possible that patient
appraisal of improvement is a cognitively elaborate construct that may be more sensitive to
cognitive interventions than symptom oriented endpoints (e.g., e.g., stool frequency). Because
our aim was to study the therapeutic processes that distinguish a successful course of CBT
from an unsuccessful one, we relied on treatment completer data. While it is conceivable that
data from all participants who initially entered treatment would present a different set of
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findings, comprehensive analyses of the efficacy of group based CBT for IBS we report
elsewhere 18 indicates strong correspondence between treatment completer and intent to treat
data.

Despite these limitations, the present study has laid the groundwork for further exploration of
the mechanisms by which CBT impacts GI symptoms and quality of life. By showing that most
of the effects of CBT on GI symptoms occur independent of distress, attention should turn to
the identification of other potential mediators of CBT effects. Future randomized clinical trials
can then confirm the impact of these “active ingredients” of the intervention. In addition, the
links between global improvement in GI symptoms and overall quality of life should be the
subject of further study. The present study suggests an interesting reciprocal dynamic between
quality of life and reduction of distress, which requires further empirical attention.
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Appendix Technical Details of the Structural Equation Analyses

Preliminary Analyses
Preliminary analyses were conducted to gain perspectives on outliers, missing data, and non-
normality. We discuss each, in turn.

Outliers
Both model based and non-model based outlier analyses were pursued. The latter used leverage
scores derived from the multivariate profile of the continuous variables in Table 1. An outlier
was defined as a person with a leverage score three times the value of the mean leverage. Model
based outliers were examined using limited information regression analyses and then
examining standardized dfBeta values for each individual. An outlier was defined as
individuals who had dfBetas larger than 1.0. No outliers were evident in either analysis.

Missing Data
There were small amounts of missing data amounting to no more than a few cases on any given
variable. There was no coherent pattern to the missing data. For those individuals with missing
data, values were imputed to conform to covariance estimates consistent with the application
of the Expectation-Maximization method with importance re-sampling as described in King,
Honaker, Joseph & Scheve54 and implemented in the computer program Amelia 54. Given
the small number of instances of missing data, concerns about estimation strategies are moot.

Non-Normality
Maximum likelihood methods were used for the structural equation analyses. These methods
assume that the continuous variables in the model are multivariately normally distributed. This
was tested using the Mardia test for multivariate kurtosis, which yielded a statistically non-
significant result (critical ratio = 0.37, ns). Skewness and kurtosis indices for each continuous
variable are presented in Table 1. None of the values appear troublesome.

Primary Analyses
The data were analyzed using the AMOS 7.0 computer program. The chi square fit index for
the model was 0.9 (df = 1, p < .35), the CFI was 0.99, the RMSEA was <0.01; the p value for
close fit was < 0.43 and the standardized RMR was 0.01. More focused fit tests (examination
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of modification indices, offending estimates, standardized residuals, and evaluations of overall
theoretical coherence) all suggested good fit. For example, no modification indices above 4.0
were observed and none of the discrepancies between pairs of predicted and observed
covariances were statistically significant.

Predicted means for variables were derived by estimating means for the exogenous variables
and intercepts for the endogenous variables in the models. Significance tests and confidence
intervals for the standardized residuals, total effects and indirect effects in Table 3 and in the
main text were based on bootstrapping with 2000 bootstrap replicates. Confidence intervals
were estimated using the bias corrected bootstrap method as implemented in AMOS 7.0. All
of the bootstrap replicate analyses readily converged. In general, the confidence intervals for
the bootstrap analyses were close to those for the maximum likelihood estimated confidence
intervals.

A variety of alternative models was evaluated to ensure that the separate non-significant path
coefficients for reciprocated paths linking two variables were not artifactual. For example, the
model in Figure 2 was tested but in place of the reciprocated influence, there was only a single
path between distress and global GI improvement with the former influencing the latter. This
analysis with the single path was repeated, but where the model was such that global GI
improvement impacted distress. In none of the alternative models did the results contradict the
basic conclusions made in the main text. Models with reciprocal causation require the presence
of instrumental variables to achieve identification. Future research can explore the
generalizability of our results across different instruments55.

Parameter estimates for total and indirect effects as reported in the main text and Table 3 include
contributions from statistically non-significant paths. There is controversy about whether it is
best to report estimates from more saturated models that retain statistically non-significant
paths versus trimmed models that explicitly eliminate them 56. The advantage of the former
strategy is that it lessens the impact on parameter bias of mis-specification due to left-out-
variables error (LOVE) that accumulates across the potentially trimmed variables but is not
obvious in any one variable. The disadvantage is slightly reduced power. Our preference is to
avoid the LOVE problem given that the study is reasonably powered to begin with. Estimates
with and without the non-significant paths included did not vary much from one another.

Extensive tests for specification error were pursued. One set of analyses focused on possible
non-linear relationships in the data. Using a limited information estimation strategy, each
endogenous variable was regressed onto its core predictors (as dictated by Figure 2) and then
quadratic and cubic terms for a given predictor were added to the equations using polynomial
regression methods and checked for statistical significance. In no case did we observe
statistically reliable non-linearity. Another set of analyses explored specification error due to
the omission of interactions between predictors. Using the same limited information estimation
strategy, all possible two way interactions were modeled between predictors and tested for
statistical significance using strategies discussed in Jaccard & Turrisi 57. None of these effects
were even close to being statistically significant. We also tested for possible interactions with
variables not included in the model but that theory suggests could be involved in an interaction.
It was these analyses that yielded the moderator effects reported in the supplementary section
of the main text.

For the interaction analyses reported in the main text, the product term approach described by
Marsh, Wen and Hau. 58 for interaction analysis in SEM models was pursued. The interactions
were decomposed using methods described in Jaccard and Turrisi 57.

Measurement error can bias parameter estimates. To explore this, we re-estimated the model
in Figure 2 as well as the alternative models we pursued but we imposed an a priori determined
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amount of measurement error onto the observed continuous measures. We used the strategy
described by Joreskog and Sorbom 59 of fixing error variances at non-zero values . The amount
of unreliability imposed was based on the alpha coefficient for the scale (i.e., the proportion
of random error due to measurement error was set to be 1 minus the alpha coefficient for the
scale). If no such estimate was available, a reliability of 0.80 was assumed. None of the major
conclusions drawn from the original tests were altered in these analyses.

Given that some theoretically interesting links yielded statistically non-significant results, it is
useful to provide perspectives on statistical power for the tests of the path coefficients. Power
analyses for SEM models are complicated and often rest on assumptions that are impractical
or not viable. We followed the practice recommended by Jaccard and Turrisi 60 that provides
a rough sense of statistical power by applying power analytic methods for OLS regression as
applied to selected linear equations from the set of linear equations implied by the model in
question. Given a sample size of 147 and a two tailed alpha level of 0.05, we evaluated the
statistical power associated with a path coefficient that represents 5% explained variance over
and above a set of three additional covariates. Based on the structural standardized residuals
for the key endogenous variables in Figure 2, we evaluated three scenarios where the initial
set of covariates accounted for 10% of the variance, 40% of the variance, or 60% of the variance.
The approximate statistical power in these three scenarios was always greater than 0.80. For a
path coefficient that represents 3% additional explained variance in the same scenarios, the
approximate statistical power was 0.59, 0.76, and 0.90. Overall, the approximate power seems
adequate for detecting paths that account for at least 5% of the variance of an outcome variable
and in some cases, it also is adequate for coefficients that reflect only 3% unique explained
variance. In terms of contrasts between the CBT and control groups, the smaller sample size
in the control group still yields adequate power greater than 0.80 for medium effects sizes
(covariate adjusted mean differences corresponding to a Cohen d of 0.50) and large effect sizes.

The presence of reciprocal causation clouds the interpretation of standardized residuals for the
endogenous variables as coefficients of alienation. The relevant squared multiple correlations
of the three exogenous variables were calculated using the procedures described in Bentler and
Raykov61, 62 and are reported in Table 3.

As with any SEM analysis, we recognize the possible existence of equivalent models and results
must be interpreted with caution, accordingly. Good fit indicates the model is consistent with
the data but other models might account for the data equally.

Abbreviations used
IBS, irritable bowel syndrome; CBT, cognitive behavioral therapy; DSM, Diagnostic and
Statistical Manual for Mental Disorders; SEM, structural equation modeling; QOL, quality of
life.
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Figure 1.
Conceptual Model for Elaborating Relationships Between Cognitive Therapy, GI Global
Improvement, Distress, and Quality of Life
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Figure 2.
Final Model from Structural Equation Modeling
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Table 1
Baseline Demographic Characteristics of the Study Sample

CBT PE WL

Variable (n=95) (n=28) (n=24)

Mean Age 47.71 (14.11) 54.37 (12.35) 47.57 (15.71)

Female, n (%) 77.9 89.3 87.5

Ethnicity, n (%)

Caucasian 91.6 96.4 91.6

African American 6.3 0.0 4.2

Other 2.1 4.6 4.2

Mean Symptom Duration (years) 17.14 (15.79) 18.56 (13.98) 14.48 (15.17)

Predominant Bowel Habit

Diarrhea 44.2 57.1 45.8

Constipation 12.6 7.2 16.7

Alternating 43.2 35.7 37.5

Marital Status

Single 17.9 14.3 12.5

Married 60.0 50.0 54.2

Living with Significant Other 2.1 3.6 4.2

Divorced 12.6 25.0 12.5

Widowed 4.2 7.1 16.7

Education Level

Less then High School 3.2 3.6 4.2

Graduated from High School 18.9 25.0 20.8

Some College 24.2 21.4 25.0

Graduated from College 27.4 14.3 12.5

Postgraduate School 26.3 35.7 37.5

Note. N = 147. CBT indicates cognitive behavior therapy,; PE, psychoeducation; WL, wait list
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Table 3
Path Coefficients for Model in Figure 2

Unstandardized
Path Coefficient

Standardized
Coefficient 95% CI

Selected Direct Effects

Path a: CBT on GI 31.62* 0.40 18.40 to 44.90

Path b: GI on QOL 0.12* 0.24 0.05 to 0.20

Path c: QOL on DIS −0.12* −0.24 −0.21 to −0.05

Path d: DIS on QOL −0.38* −0.20 −0.61 to −0.14

Total Effects

CBT on QOL 7.07* 0.18 2.57 to 11.53

CBT on DIS −2.55* −0.12 −4.77 to −0.36

GI on QOL 0.12* 0.24 0.05 to 0.19

Residual Variances

e1: GI - 0.87 -

e2: QOL - 0.34 -

e3: DIS - 0.40 -

Note. Path letters and residual labels refer to Figure 2; CBT = Cognitive-Behavior Therapy; GI = Gastrointestinal global improvement; QOL = Quality
of life; DIS = Psychological distress.

*
signifies p < 0.05. P value for unstandardized coefficient applies to the standardized coefficient as well. Squared multiple correlations are 1.00 minus

the standardized residual variance. Confidence intervals are for the unstandardized path coefficients
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