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BACKGROUND:
 Irritable bowel syndrome (IBS) is one of the most expensive gastroenterological conditions and
is an ideal target for developing a value-based care model. We assessed the comparative cost-
benefit of treatments for IBS with diarrhea (IBS-D), the most common IBS subtype from insurer
and patient perspectives.
METHODS:
 We constructed a decision analytic model assessing trade-offs among guideline-recommended
and recently FDA-approved drugs, supplements, low FODMAP diet, cognitive behavioral therapy
(CBT). Outcomes and costs were derived from systematic reviews of clinical trials and national
databases. Health-gains were represented using quality-adjusted life years (QALY).
RESULTS:
 From an insurer perspective, on-label prescription drugs (rifaximin, eluxadoline, alosetron)
were significantly more expensive than off-label treatments, low FODMAP, or CBT. Insurer
treatment preferences were driven by average wholesale prescription drug prices and were not
affected by health gains in sensitivity analysis within standard willingness-to-pay ranges up to
$150,000/QALY-gained. From a patient perspective, prescription drug therapies and neuro-
modulators appeared preferable due to a reduction in lost wages due to IBS with effective
therapy, and also considering out-of-pocket costs of low FODMAP food and out-of-pocket costs
to attend CBT appointments. Comparative health outcomes exerted influence on treatment
preferences from a patient perspective in cost-benefit analysis depending on a patients’
willingness-to-pay threshold for additional health-gains, but health outcomes were less
important than out-of-pocket costs at lower willingness-to-pay thresholds.
CONCLUSIONS:
 Costs are critical determinants of IBS treatment value to patients and insurers, but different
costs drive patient and insurer treatment preferences. Divergent cost drivers appear to explain
misalignment between patient and insurer IBS treatment preferences in practice.
Keywords: Value; Value-Based Care; Economic Analysis; Markov; Pricing; QALY; Comparative Effectiveness; Coverage;
ICER.
Abbreviations used in this paper: CBT, cognitive behavioral therapy; IBS,
irritable bowel syndrome; IBS-D, irritable bowel syndrome with diarrhea;
ICER, incremental cost-effectiveness ratios; QALY, quality-adjusted life
years; TCA, tricyclic antidepressants; WTP, willingness-to-pay.
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Irritable bowel syndrome (IBS) is a common con-
dition in primary care and gastroenterology prac-

tice. It affects more than 30 million individuals in the
United States1,2 and accounts for more than 2 million
annual office, inpatient, and emergency department
visits.3,4 IBS is subtyped by the predominant bowel habit
of diarrhea or constipation, with diarrhea-predominant
IBS (IBS-D) being the most common subtype.1 Although
incurable, IBS-D can be managed with over-the-counter
remedies, prescription drugs, dietary interventions, or
psychological interventions.5,6 Several systematic re-
views inform comparative clinical efficacy of IBS-D inter-
ventions,7–11 but patients and providers lack information
to compare relative cost and cost-effectiveness of
potential treatment options. Without transparent infor-
mation on the comparative costs and cost-effectiveness
of treatment options, it is unsurprising that patients
and clinicians often experience mutual frustration
because of persistent barriers in starting or maintaining
effective treatment.12–14
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What You Need to Know

Background

� Irritable bowel syndrome (IBS) is one of the most
common and costly gastroenterological disorders
in medicine.

� Diarrhea-predominant irritable bowel syndrome
(IBS-D) is the most common IBS subtype.

� Physicians, patients, insurers, and policymakers
need evidence on the comparative cost-benefit of
IBS-D treatments.

Findings

� From an insurer perspective, tricyclic agents, low
FODMAP, and CBT were preferred treatments, due
to average wholesale prescription drug prices of
rifaximin, eluxadoline, and alosetron.

� From a patient perspective, prescription drug
therapies and neuromodulators appear preferable
due to a reduction in lost wages due to IBS with
effective therapy, and also considering out-of-
pocket costs of low FODMAP food and out-of-
pocket costs to attend CBT appointments.

� Health outcomes appear less important than out-
of-pocket costs to patients at lower willingness-
to-pay thresholds, but have increasing impor-
tance to patients at higher willingness-to-pay
thresholds.

Implications for patient care

� By addressing specific cost-related barriers to
treatment on a systems level, management of IBS
in usual clinical practice can better align with
outcomes reported in clinical trials.

� Cost discussions are imperative to fully address
patients’ needs in shared decision-making to
choose the optimal IBS treatment.
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Cost increasingly poses a major hurdle to effective
patient care in daily practice.15-17 As patients take a more
active role in their care, understanding the comparative
costs of potential interventions is increasingly necessary
in shared decision-making between patients and pro-
viders. Understanding cost is particularly important in
chronic disease management.

Understanding the cost-effectiveness of IBS-D in-
terventions is critical to enable patients and providers to
identify high-value interventions for this common con-
dition, and for gaining support from insurers, industry,
and policymakers.18,19 This study assesses the cost-
effectiveness of interventions recommended in clinical
practice guidelines for managing IBS-D.

Methods

We constructed a decision-analytic model to assess
the quality of life and health care use associated with any
single treatment for IBS-D. This study was conducted in
accordance with the CHEERS checklist and recent
guidelines for the conduct of cost-effectiveness analyses
from the Second Panel on Cost-Effectiveness in Health
and Medicine.20,21 Treatments were recommended by
either the most recent American Gastroenterological
Association clinical practice guideline6 or American Col-
lege of Gastroenterology monograph,5 or were Food and
Drug Administration–approved for the management of
IBS-D because publication of these documents were
included. The specific design of each treatment regimen
is outlined in the Supplementary Appendix
(Supplementary Table 1).

Drugs and supplements were stratified into 2 analysis
groups based on the quality of evidence for each therapy
using GRADE methodology in the 2018 updated Amer-
ican College of Gastroenterology monograph5: at least
moderate quality of supporting evidence, or low/very
low quality of supporting evidence. Dietary and psy-
chological interventions were included in both analyses
to account for challenges in achieving a moderate
quality-of-evidence rating in nondrug trials.10

Model Design

Our model design is outlined in Figure 1. The model
assumed that individuals began treatment immediately
and remained on treatment as long as safe and tolerated.
Individuals were followed in 4-week cycles until the time
horizon was reached or until 3 months after treatment
was discontinued. A health state specific to an in-
dividual’s current IBS symptom severity was assigned at
the end of each 4-week cycle. Two health states (treat-
ment response [ie, IBS in remission; “considerable relief
of symptoms”] and treatment nonresponse [ie, active
IBS; “lacking consideration relief of symptoms”]) were
defined using the PROOF observational study, which
followed a natural cohort of individuals meeting Rome III
criteria for IBS receiving usual care (79% female gender,
mean age of 43 [standard deviation, 15] years).22 In-
cremental gains in health-related quality of life and costs
were accumulated at the end of each treatment cycle.
Analysis was performed using TreeAge Pro 2020 R2.2
(TreeAge Software Inc, Williamstown, MA).
Treatment Outcomes: Efficacy, Tolerability, and
Safety

Our model accounted for major treatment-related
properties including intolerable side effects leading to
discontinuation, efficacy, and safety (Supplementary
Table 2). We assumed that individuals experiencing
intolerable side effects would discontinue treatment
within the first 4-week cycle. Efficacy was used to define



Figure 1.Model design.
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the probability of treatment response, based on a global
binary endpoint of adequate relief (ie, “do you feel
adequate relief of symptoms?”) in the active treatment
arm of underlying clinical trials identified in recent
network meta-analyses23 and systematic reviews,7,8,10 to
account for placebo effect and patient expectations of
therapy, which are important contributors to treatment
effectiveness in clinical practice. Serious adverse events
specified in Section 5 (“Warnings and Precautions”) of
relevant Food and Drug Administration labeling for drug
interventions were modeled, specifically acute pancrea-
titis with eluxadoline therapy.24

Costs

Sources for health care cost data are reported in
Supplementary Table 2. From an insurer perspective,
individuals incurred direct costs related to drug treat-
ment and incremental costs of outpatient and inpatient
care based on rates of health care use among individuals
with untreated IBS compared with healthy population
norms. From a patient perspective, a standard set of
nonmedical costs were included: out-of-pocket medical
costs, work-productivity losses caused by treatment
nonresponse, childcare related to receiving medical care,
and transportation costs to medical visits. The societal
perspective included all costs.

Quality of Life

Health-utility values were assigned to responder and
nonresponder health states based on findings from the
PROOF observational cohort using the multidimensional
EuroQOL instrument.22 Health utility values were used to
generate quality-adjusted life years (QALY). The average
QALY-gain over 1 year with untreated IBS or nonresponse
to IBS therapy is 0.73, compared with an average QALY-
gain over 1 year of 0.78 with response to IBS therapy.
Base-Case and Probabilistic Sensitivity
Analysis

Base-case analysis was reported from societal,
insurer, and patient perspectives in the US health care
system to determine the incremental cost (2020 US
dollars) and incremental effectiveness (QALY) refer-
enced against an appropriate comparator. Incremental
cost-effectiveness ratios (ICER) for each treatment mo-
dality were determined by dividing incremental cost by
incremental effectiveness. We referenced incremental
cost, incremental effectiveness, and ICER against “no
therapy” if values exceeded zero.25 We additionally
referenced treatments against each other to compare
cost-effectiveness among treatment interventions.

A conservative 1-year time horizon was used in base-
case analysis, consistent with the time horizon for
contemporary insurance coverage decisions (ie, annual
enrollment periods) and the stability of outcome and
cost estimates over this time period. A discount rate of
3% per annum discount rate was applied to costs and
effectiveness outcomes.

Probabilistic sensitivity analysis was conducted using
a Monte Carlo simulation of 10,000 trials to understand
the impact of uncertainty in cost and outcome estimates
on decision-making. Acceptability curves were con-
structed to evaluate the stability of cost-effective IBS-D
treatment preferences at willingness-to-pay (WTP) levels
per QALY ranging from $0 to $150,000/QALY-gained.
Additional Sensitivity Analyses

Budget-impact analysis with a 1-year time horizon
was performed. One-way sensitivity analyses were con-
ducted within the expected range of values for each
outcome and QALY inputs in the model to assess model
robustness. Additional sensitivity analyses were con-
ducted to evaluate the effects of low FODMAP food costs,
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mean daily wage, and severity of symptoms (ie, variable
health gains and work productivity losses associated
with treatment response) on treatment preference.

Results

Costs and Quality-Adjusted Life Years
Associated With Untreated Irritable Bowel
Syndrome With Diarrhea-Predominant

Receiving no treatment for IBS-D resulted in net costs
of $6930.17 from a societal perspective, $2141.05 from
an insurer perspective, and $4789.13 from a patient
perspective (ie, out-of-pocket costs for all IBS-related
expenditures including missed work and travel costs
for repeated appointments) over a 1-year period, noting
that these costs only included care directly related to
IBS-D and increased health care use arising from having
IBS-D compared with the general population. The QALY-
gained from 1 year of untreated IBS-D was 0.73.

Four interventions supported by moderate-to-strong
quality of evidence in clinical practice guidelines for
the management of IBS-D were assessed: tricyclic anti-
depressants (TCA; rifaximin and eluxadoline), low FOD-
MAP diet, and cognitive behavioral therapy (CBT).

Base-Case Analysis From an Insurer
Perspective

Results from base-case analysis including costs,
health gains (QALYs), and ICER (when appropriate) are
reported in Table 1 for each intervention from societal,
insurer, and patient perspectives (ie, all IBS-related out-
of-pocket costs including missed work and travel costs to
appointments). From an insurer perspective, TCA was
the least expensive treatment option. Low FODMAP and
CBT were more effective but more expensive than TCA
(ICER ¼ $35,902.94/QALY-gained for low FODMAP vs
TCA; ICER ¼ $890,709.41/QALY-gained for CBT vs low
FODMAP) (Figure 2A). Compared with off-label, dietary,
and behavioral interventions, rifaximin, eluxadoline, and
alosetron were significantly more expensive than TCA;
the ICER to choose alosetron over TCA required
$6,290,826.13 in insurer expenses to gain 1 QALY.

Cost-effectiveness relationships among therapies
were largely similar between societal and insurer
perspectives.

Base-Case Analysis From a Patient Perspective

From a patient perspective, alosetron, eluxadoline,
and TCA posed the lower out-of-pocket costs with dif-
ferences in 1-year costs <$200 among these treatments
(Table 1). Compared with the insurer perspective, the
costs of low FODMAP and CBT were relatively higher
from a patient perspective because of costs of low
FODMAP food and because of time away from work and
travel costs to attend CBT appointments (Figure 2B). As a
result, low FODMAP and CBT were more effective but
also more expensive than either eluxadoline or TCA.
From a patient perspective, and in contrast to the insurer
perspective, all treatments were more effective and less
expensive than “no treatment.”
Budget Impact Analysis

From an insurer perspective, low FODMAP, CBT,
and TCA were all cost-saving compared with no
treatment. TCA was the least costly treatment inter-
vention at $964.07 per year, which includes all IBS-
related health care costs borne by the insurer in
addition to prescription drug costs. Treatment with
low FODMAP or CBT cost an additional $278.55 or
$844.88 per year compared with TCA, because of
greater costs associated with health care providers for
behavioral treatments. Treatment with rifaximin,
eluxadoline, or alosetron was more expensive, costing
an additional $5180.46 and $10,602.93 or $14,744.85
compared with TCA. Considering prescription drug
costs, prescription drugs pose a 3- to 7-fold increase in
health care expenditures compared with no treatment
(ie, if insurance barriers prevent treatment access). In
contrast, all treatment interventions resulted in cost
savings compared with no treatment from a patient
perspective because of more healthy days at work and
less health care use. Prescription drugs were largely
preferred from a patient perspective over low FOD-
MAP and CBT from an out-of-pocket cost standpoint,
but differences in costs among IBS treatments were
more similar from a patient perspective than from an
insurer perspective (Table 1).
Probabilistic Sensitivity Analysis

In probabilistic sensitivity analysis from an insurer
perspective (Figure 3A), TCA was the preferred treat-
ment below a WTP threshold of $37,000/QALY-gained.
Low FODMAP was the preferred treatment above this
threshold. CBT was preferred over rifaximin, eluxadoline,
or alosetron. Rifaximin, eluxadoline, and alosetron were
not preferred from an insurer perspective because of
their average wholesale drug prices.

From a patient perspective considering out-of-pocket
treatment costs, missed work, and travel costs for ap-
pointments (Figure 3B), alosetron was the preferred
treatment strategy. Absent access to alosetron, eluxado-
line was the preferred treatment strategy below a WTP
threshold of $30,000/QALY-gained, whereas low FOD-
MAP diet was the preferred treatment strategy above
this WTP threshold. For individuals not appropriate for
treatment with eluxadoline, TCA was the preferred
treatment strategy below a WTP threshold of $30,000/
QALY-gained, whereas low FODMAP was preferred
above this threshold.



Table 1. Comparative Cost-Benefit of Low FODMAP Diet, CBT, and Drug Interventions Supported by Moderate to Strong Quality of Evidence

Strategy Total cost ($/y)
Total effectiveness
(QALY-gained) Incremental cost ($)

Incremental
effectiveness (QALY) ICER ($/QALY-gain)

Societal perspective

TCA $3014.04 0.747 — — Reference

Low FODMAP $3953.32 0.755 $939.28 0.008 $121,067.12/QALY-gained

CBT $4469.35 0.756 $516.02 0.001 $811,591.30/QALY-gained

Alosetron $17,576.95 0.758 $13,107.60 0.002 $6,290,826.13/QALY-gained

No treatment $6930.17 0.730 — — Dominated by all treatments except alosetron

Rifaximin $8870.45 0.749 — — Dominated by low FODMAP and CBT

Eluxadoline $13,462.55 0.747 — — Dominated by low FODMAP and CBT

Insurer perspective

TCA $964.07 0.747 — — Reference

Low FODMAP $1242.62 0.755 $278.55 0.008 $35,902.94/QALY-gained

CBT $1808.95 0.756 $566.33 0.001 $890,709.41/QALY-gained

Alosetron $15,708.92 0.758 $13,899.97 0.002 $6,671,115.74/QALY-gained

No treatment $2141.05 0.730 — — Dominated by all treatments except alosetron

Rifaximin $6144.53 0.749 — — Dominated by low FODMAP and CBT

Eluxadoline $11,567.00 0.747 — — Dominated by low FODMAP and CBT

Patient perspective

Alosetron $1868.03 0.758 — — Reference

TCA $2049.97 0.747 — — Dominated by alosetron

Low FODMAP $2730.29 0.755 — — Dominated by alosetron

CBT $2734.14 0.756 — — Dominated by alosetron

No treatment $4789.13 0.730 — — Dominated by alosetron

Rifaximin $2725.92 0.749 — — Dominated by alosetron

Eluxadoline $1896.02 0.747 — — Dominated by alosetron

NOTE. QALYs-gained per year are rounded to the nearest thousandth in this table. Costs and ICERs are rounded to the nearest $0.01 in this table. ICER are rounded based on actual underlying values.
CBT, cognitive behavioral therapy; ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life year; TCA, tricyclic antidepressant.
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Figure 2. Cost-effectiveness plan showing the costs and QALYs of different treatments for IBS-D. (A) From an insurer
perspective, TCA, low FODMAP, and CBT are low-cost options (bottom right), whereas prescription drugs represent higher-
cost options. (B) In contrast, eluxadoline, TCA, and alosetron are lower cost from a patient perspective. Low FODMAP and
CBT are higher cost from a patient perspective because of low FODMAP food costs and need for repeated CBT appointments.
Health gains were similar on all IBS-D treatments (0.73–0.76 QALY-gained over 1 year).
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Interventions Supported by Low/Very Low
Quality-of-Evidence

Six interventions were assessed: (1) anticholinergic
antispasmodics, (2) peppermint oil, (3) loperamide, (4)
probiotics, (5) low FODMAP, and (6) CBT
(Supplementary Figures 1–8). Considering the small size
of underlying clinical trials, peppermint oil seemed more
cost-effective than anticholinergic antispasmodics,
loperamide, or probiotics from a patient perspective
(Supplementary Figure 4). Peppermint oil was the least
expensive treatment, followed by loperamide then anti-
cholinergic antispasmodics followed by probiotics. Low
FODMAP and CBT were more expensive than these
treatment options (Supplementary Table 3).
Assessing Individual Determinants of Treatment
Preferences by Insurers and Patients

In sensitivity analysis from an insurer perspective,
preference toward off-label, dietary, and behavioral in-
terventions was largely driven by prescription drug costs
(Supplementary Figures 9–18). Particular to rifaximin,
we assumed a 4-month retreatment interval based on
TARGET 3 enrollment data; varying the retreatment in-
terval between 10 weeks and 1 year did not significantly
affect preference toward rifaximin at August 2020
average wholesale prices from an insurer perspective.
Comparative health outcomes among IBS-D treatments
did not significantly affect insurer treatment preferences
in cost-benefit analysis.

From a patient perspective, preference toward pre-
scription drugs was largely driven by a reduction in
missed work because of effective prescription drug
management (and loss of wages), weighed against
increased costs of low FODMAP food or increased travel
costs/childcare costs/missed work-days to attend CBT
sessions or dietician follow-up appointments. In some
cases, assumptions on comparative treatment outcomes
(ie, comparative responder and discontinuation rates or
the expected health gains with response to therapy
[disease severity]) could change treatment preferences
toward prescription drug treatments depending on a
patient’s WTP level to achieve health gains
(Supplementary Figures 19–28).
Discussion

We conducted the first cost-benefit analysis to
comparatively evaluate guideline-recommended IBS-D
interventions from a societal perspective, and from
insurer and patient perspectives relevant to general
clinical practice. The insurer perspective is important to
explore the rationale for insurance coverage decisions
and prior authorizations. The patient perspective is
critical to understand the importance of out-of-pocket
expenses (including standard but nonobvious expenses,
such as costs of food, travel costs to obtain health care,
missed work to obtain health care, missed wages because
of poorly controlled disease, and childcare costs to
attend appointments), noting that nonobvious but
measurable costs commonly drive treatment non-
adherence in practice and lead patients to defer treat-
ment for chronic health conditions, such as IBS.26-28

From an insurer perspective, TCA was the preferred
treatment at low WTP thresholds in cost-benefit analysis
and the preferred treatment in budget impact analysis,
compared with behavioral interventions and drug in-
terventions supported by at least a moderate level of
evidence. Low FODMAP and CBT were preferred



Figure 3. Cost-effective-
ness acceptability curve
showing the likelihood of
cost-effectiveness of
different treatments for
IBS-D. (A) From an insurer
perspective, TCA are
preferred at lower
willingness-to-pay thresh-
olds to achieve additional
health gains, whereas low
FODMAP is preferred at
higher willingness-to-pay
thresholds. (B) In contrast,
alosetron is preferred from
a patient perspective
regardless of willingness-
to-pay threshold.
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treatments at higher WTP thresholds in cost-benefit
analysis from an insurer perspective. Rifaximin, elux-
adoline, and alosetron were the most expensive treat-
ments and were the least preferred interventions at
current average wholesale prices. In contrast, from a
patient perspective, prescription drug treatment with
alosetron (or eluxadoline if alosetron was inappropriate)
were the preferred treatments at lower WTP thresholds
and in budget impact analysis. Low FODMAP was
preferred at higher WTP thresholds. Regardless of
perspective, low FODMAP and CBT had comparable costs
and effectiveness gains, with treatment preference
dependent on tradeoffs between cost of low FODMAP
food and number of required psychologist visits. Among
interventions with weak supporting evidence, pepper-
mint oil and loperamide were preferred treatment
options from a patient perspective on the basis of their
relatively low cost.

We identified significant differences between insurers
and patients as to which factors drive cost-effective
shared decision-making. From an insurer perspective,
treatment preferences were largely cost-driven rather
than outcome-driven in sensitivity analysis. However,
treatment preference are driven by more than direct
drug costs, but also costs associated with health care use
in IBS (explaining $964 in annual insurer costs to
manage IBS on a TCA strategy despite $0.14/pill for
amitriptyline). In contrast, other factors influence treat-
ment preference from a patient perspective: How much
does my IBS impact my ability to work? How effective is
the treatment going to be? How often do I have to visit
the doctor to complete treatment? Importantly, our
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analysis suggests that comparative out-of-pocket costs to
patients can vary significantly depending on their treat-
ment choice—up to $866 over 1 year in our base-case
analysis. Moreover, these patient-borne costs to
manage IBS from a patient perspective are high, and the
most effective treatment option only reduces annual to-
tal IBS-related out-of-pocket expenses to w$1850 from a
patient perspective. Our findings suggest that these
nonobvious costs are important in patient-centered
shared decision-making on appropriate IBS therapy and
that costs should be discussed with patients, noting that
cost discussions are underused in standard practice
focused on comparative health outcomes alone.27,29

A major criticism of any cost-benefit analysis: in
managing a nonlethal illness, would clinicians be willing
to consider treatments with a lower evidence base (eg,
neuromodulators, low FODMAP, and CBT) compared
with on-label prescription drugs with higher costs?
Although this question likely resonates with general
gastroenterologists, cost-benefit analysis cannot meth-
odologically account for this important question and ul-
timately cannot suggest that neuromodulators, low
FODMAP, or CBT are any more effective than prescrip-
tion drugs. Rather, this important question may be better
addressed in future pragmatic clinical trials. Including
neuromodulators, low FODMAP, and CBT in this analysis
at least provides insight into how patients and gastro-
enterologists might make rational treatment decisions.26

At the very least, our findings from insurer and patient
perspectives provide insight into how costs might influ-
ence shared decision-making process at point-of-care
and insurance coverage decisions in clinical practice.

Our results should be tailored to the needs of indi-
vidual patients. Decision analytic models assume by
design that all evaluated treatments are equally indi-
cated. However, this is rarely the case in practice for 2
reasons. First, head-to-head trials evaluating competing
treatments are lacking, and comparisons among clinical
trial data are limited by variations in enrollment and
study design. We addressed this limitation by defining
response using a binary global symptom relief or
adequate relief endpoint for at least 50% of the weeks in
each underlying trial (when available), and by evaluating
literature-derived ranges for each model input in sensi-
tivity analysis. Second, individuals may have relative
contraindications to specific treatments, which can
reduce treatment efficacy, such as high baseline trait
anxiety with CBT,30 or could place an individual at risk
for adverse events, such as patients with disordered
eating behaviors undergoing a low FODMAP strategy.31

Our study design was limited to a 1-year time hori-
zon, because long-term outcomes extending beyond 1
year are lacking in available clinical trial data. Addi-
tionally, IBS symptoms wax and wane significantly in
long-term cohort studies.22,32 Longer time horizons may
also require consideration of understudied treatment-
associated concerns raised in the literature, including
antibiotic resistance with repeated use of antibiotics33 or
effects on intestinal flora or micronutrient deficiencies
with long-term dietary interventions.34 In clinical prac-
tice, periodic monitoring of disease activity/symptom
relief, potential side effects, and treatment acceptability
is required to determine the ongoing clinical indication
for treatment and to make adjustments over time.

Despite the number of treatment options available for
IBS, efficacy in a clinical trial setting is not the same as
effectiveness in clinical practice. By addressing specific
cost-related barriers to treatment on a systems level,
effectiveness of IBS interventions in usual clinical prac-
tice might have a better opportunity to align with efficacy
found in clinical trials.
Supplementary Material

Note: To access the supplementary material accom-
panying this article, visit the online version of Clinical
Gastroenterology and Hepatology at www.cghjournal.org,
and at https://doi.org/10.1016/j.cgh.2020.09.043.
References

1. Sperber AD, Dumitrascu D, Fukudo S, et al. The global preva-

lence of IBS in adults remains elusive due to the heterogeneity
of studies: a Rome Foundation working team literature review.
Gut 2017;66:1075–1082.

2. Lovell RM, Ford AC. Global prevalence of and risk factors for
irritable bowel syndrome: a meta-analysis. Clin Gastroenterol
Hepatol 2012;10:712–721.

3. Buono JL, Mathur K, Averitt AJ, et al. Economic burden of irri-
table bowel syndrome with diarrhea: retrospective analysis of a
U.S. commercially insured population. J Manag Care Spec
Pharm 2017;23:453–460.

4. Peery AF, Crockett SD, Murphy CC, et al. Burden and cost of
gastrointestinal, liver, and pancreatic diseases in the United
States: update 2018. Gastroenterology 2019;156:254–272.

5. Ford AC, Moayyedi P, Chey WD, et al. American College of
Gastroenterology monograph on management of irritable bowel
syndrome. Am J Gastroenterol 2018;113:1–18.

6. Weinberg DS, Smalley W, Heidelbaugh JJ, et al. American
Gastroenterological Association Institute guideline on the
pharmacological management of irritable bowel syndrome.
Gastroenterology 2014;147:1146–1148.

7. Ford AC, Lacy BE, Harris LA, et al. Effect of antidepressants and
psychological therapies in irritable bowel syndrome: an updated
systematic review and meta-analysis. Am J Gastroenterol 2019;
114:21–39.

8. Ford AC, Talley NJ, Spiegel BMR, et al. Effect of fibre, anti-
spasmodics, and peppermint oil in the treatment of irritable
bowel syndrome: systematic review and meta-analysis. BMJ
2008;337:a2313–a2313.

9. Menees SB, Maneerattannaporn M, Kim HM, et al. The efficacy
and safety of rifaximin for the irritable bowel syndrome: a sys-
tematic review and meta-analysis. Am J Gastroenterol 2012;
107:28–35.

10. Dionne J, Ford AC, Yuan Y, et al. A systematic review and meta-
analysis evaluating the efficacy of a gluten-free diet and a low
FODMAPs diet in treating symptoms of irritable bowel syn-
drome. Am J Gastroenterol 2018;113:1290–1300.

http://www.cghjournal.org
https://doi.org/10.1016/j.cgh.2020.09.043
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref1
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref1
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref1
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref1
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref1
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref2
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref2
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref2
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref2
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref3
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref3
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref3
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref3
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref3
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref4
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref4
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref4
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref4
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref5
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref5
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref5
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref5
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref6
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref6
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref6
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref6
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref6
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref7
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref7
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref7
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref7
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref7
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref8
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref8
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref8
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref8
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref8
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref9
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref9
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref9
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref9
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref9
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref10
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref10
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref10
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref10
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref10


144 Shah et al Clinical Gastroenterology and Hepatology Vol. 20, No. 1
11. Shah E, Kim S, Chong K, et al. Evaluation of harm in the phar-
macotherapy of irritable bowel syndrome. Am J Med 2012;
125:381–393.

12. Campbell JP, Burton E, Wymer S, et al. Out-of-pocket cost is a
barrier to therapeutic drug monitoring in inflammatory bowel
disease. Dig Dis Sci 2017;62:3336–3343.

13. Kennedy J, Wood EG. Medication costs and adherence of
treatment before and after the Affordable Care Act: 1999–2015.
Am J Public Health 2016;106:1804–1807.

14. Dabora MC, Turaga N, Schulman KA. Financing and distribution
of pharmaceuticals in the United States. JAMA 2017;318:21.

15. Mehrotra A, Dean KM, Sinaiko AD, et al. Americans support
price shopping for health care, but few actually seek out price
information. Health Aff (Millwood) 2017;36:1392–1400.

16. Kesselheim AS, Avorn J, Sarpatwari A. The high cost of pre-
scription drugs in the United States: origins and prospects for
reform. JAMA 2016;316:858.

17. Shah ED, Chang L, Salwen-Deremer JK, et al. Contrasting clini-
cian and insurer perspectives to managing irritable bowel syn-
drome: multilevel modeling analysis. Am J Gastroenterol https://
doi.org/10.14309/ajg.0000000000000989. Epub ahead of print.

18. Neumann PJ, Cohen JT. Measuring the value of prescription
drugs. N Engl J Med 2015;373:2595–2597.

19. Bach PB, Pearson SD. Payer and policy maker steps to support
value-based pricing for drugs. JAMA 2015;314:2503.

20. Husereau D, Drummond M, Petrou S, et al. Consolidated Health
Economic Evaluation Reporting Standards (CHEERS) state-
ment. BMJ 2013;346:f1049–f1049.

21. Sanders GD, Neumann PJ, Basu A, et al. Recommendations for
conduct, methodological practices, and reporting of cost-
effectiveness analyses: second panel on cost-effectiveness in
health and medicine. JAMA 2016;316:1093–1103.

22. Spiegel B, Harris L, Lucak S, et al. Developing valid and reliable
health utilities in irritable bowel syndrome: results from the IBS
PROOF cohort. Am J Gastroenterol 2009;104:1984–1991.

23. Black CJ, Burr NE, Camilleri M, et al. Efficacy of pharmacolog-
ical therapies in patients with IBS with diarrhoea or mixed stool
pattern: systematic review and network meta-analysis. Gut
2019;69:74–82.

24. Cash BD, Lacy BE, Schoenfeld PS, et al. Safety of eluxadoline in
patients with irritable bowel syndrome with diarrhea. Am J
Gastroenterol 2017;112:365–374.

25. Briggs AH. Handling uncertainty in cost-effectiveness models.
Pharmacoeconomics 2000;17:479–500.

26. Shah ED, Siegel CA. Systems-based strategies to consider
treatment costs in clinical practice. Clin Gastroenterol Hepatol
2020;18:1010–1014.
27. Perez SL, Weissman A, Read S, et al. U.S. internists’ perspec-
tives on discussing cost of care with patients: structured in-
terviews and a survey. Ann Intern Med 2019;170:S39.

28. Gaines ME, Auleta AD, Berwick DM. Changing the game of
prior authorization: the patient perspective. JAMA 2020;
323:705.

29. Shah ED, Ballou SK. Health economic studies are important
for patients with irritable bowel syndrome and their gas-
troenterologists. Clin Gastroenterol Hepatol 2020:
S1542356520306819.

30. Lackner JM, JaccardJ. Factorsassociatedwithefficacyof cognitive
behavior therapy versus education for patients with irritable bowel
syndrome. Clin Gastroenterol Hepatol 2019;17:1500–1508.

31. Hill P, Muir JG, Gibson PR. Controversies and recent de-
velopments of the low-FODMAP Diet. Gastroenterol Hepatol
2017;13:36–45.

32. El-Serag HB, Pilgrim P, Schoenfeld P. Systemic review: natural
history of irritable bowel syndrome. Aliment Pharmacol Ther
2004;19:861–870.

33. Kothary V, Scherl EJ, Bosworth B, et al. Rifaximin resis-
tance in Escherichia coli associated with inflammatory
bowel disease correlates with prior rifaximin use, muta-
tions in rpoB, and activity of Phe-Arg- -naphthylamide-
inhibitable efflux pumps. Antimicrob Agents Chemother
2013;57:811–817.

34. Böhn L, Störsrud S, Liljebo T, et al. Diet low in FODMAPs re-
duces symptoms of irritable bowel syndrome as well as tradi-
tional dietary advice: a randomized controlled trial.
Gastroenterology 2015;149:1399–1407.

Reprint requests
Address requests for reprints to: Eric D. Shah, MD, MBA, Section of Gastro-
enterology and Hepatology, Dartmouth-Hitchcock Medical Center, One Med-
ical Center Drive, Lebanon, New Hampshire 03766. e-mail: eric.d.shah@
hitchcock.org; fax: (603) 727-7925.

Conflicts of interest
These authors disclose the following: Peter R. Gibson has served as consultant
or advisory board member for Atmo Biosciences, Allergan, Celgene, Janssen,
MSD, Pfizer, Takeda, and Anatara; his institution has received speaking hon-
oraria from Janssen, BMS, and Pfizer; and he has received research grants for
investigator-driven studies from MSD and A2 Milk Company. William D. Chey is
a consultant for Allergan, Biomerica, IM Health, Ironwood, Outpost, QOL
Medical, Ritter, Salix, and Urovant; and has research grants from Common-
wealth Diagnostics, Ironwood, QOL Medical, Salix, Urovant, Vibrant, and
Zespri. Monash University financially benefits from the sales of a digital
application, on-line educational course, and booklets on the FODMAP diet. The
other authors disclose no conflicts.

Funding
Dr. Shah is supported by the AGA Research Foundation’s 2019 AGA-Shire
Research Scholar Award in Functional GI and Motility Disorders.

http://refhub.elsevier.com/S1542-3565(20)31373-2/sref11
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref11
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref11
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref11
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref12
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref12
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref12
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref12
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref13
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref13
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref13
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref13
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref13
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref14
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref14
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref15
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref15
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref15
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref15
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref16
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref16
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref16
https://doi.org/10.14309/ajg.0000000000000989
https://doi.org/10.14309/ajg.0000000000000989
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref18
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref18
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref18
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref19
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref19
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref20
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref20
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref20
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref20
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref21
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref21
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref21
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref21
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref21
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref22
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref22
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref22
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref22
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref23
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref23
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref23
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref23
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref23
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref24
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref24
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref24
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref24
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref25
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref25
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref25
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref26
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref26
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref26
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref26
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref27
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref27
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref27
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref28
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref28
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref28
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref29
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref29
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref29
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref29
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref30
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref30
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref30
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref30
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref31
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref31
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref31
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref31
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref32
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref32
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref32
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref32
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref33
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref33
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref33
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref33
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref33
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref33
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref33
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref34
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref34
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref34
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref34
http://refhub.elsevier.com/S1542-3565(20)31373-2/sref34


January 2022 Cost-Benefit of IBS-D Interventions 144.e1
Supplementary Appendix

Model Assumptions Specific to Medical and
Prescription Drug Coverage

Models from the insurer and patient perspective were
developed under the assumption that a patient has a
Health Management Organization managed care plan
with a $0 copay and $0 annual premium, resulting in no
charge for prescription drugs or provider visits to the
patient (100% paid by the insurer). We did not analyze
the variety of employer-sponsored high-deductible
health plans and individual health plans available in the
health care marketplace,1 because higher cost-sharing by
the patient (ie, higher deductibles, copays, and out-of-
pocket maximums) would result in increasingly similar
insurer- and patient-perspective findings.

Cost-Effectiveness and Budget-Impact of
Drug/Supplement Interventions Supported by
Low/Very Low Quality of Evidence, Low
FODMAP, and CBT

Six interventions were assessed: (1) anticholinergic
antispasmodics, (2) peppermint oil, (3) loperamide, (4)
probiotics, (5) low FODMAP, and (6) CBT. Overall costs
and QALYs are reported for each intervention
(Supplementary Table 2). Each intervention was more
effective and less costly than no treatment from societal,
insurer, and patient perspectives.

From insurer and patient perspectives, peppermint
oil and loperamide were more effective and less expen-
sive than other treatments. Probiotics and anticholin-
ergic antispasmodics were the least effective. Low
FODMAP and CBT were the most expensive treatments
but were more effective than probiotics and anticholin-
ergic antispasmodics. Cost-effectiveness relationships
among therapies were largely similar between societal
and patient perspectives.

Budget impact analysis was performed from a patient
perspective. All interventions were less costly to the
patient than receiving no treatment. Peppermint oil was
the least expensive intervention ($1799.15/year).
Treatment with antispasmodics, loperamide, or pro-
biotics respectively incurred incremental costs of
$565.53, $635.64, and $1332.89 compared with
peppermint oil. Low FODMAP ($3230.31/year) and CBT
($3275.79/year) were the most costly interventions.

In probabilistic sensitivity analysis, peppermint oil
followed by loperamide were the most cost-effective
treatment interventions across willingness-to-pay levels
ranging from $0 to $150,000/QALY-gained from insurer
and patient perspectives.

These findings varied significantly in sensitivity
analysis on several model inputs, because of the weak
quality of supporting evidence for underlying treatments
(data not shown).
Comparison of Low FODMAP Diet and CBT

Low FODMAP and CBT had similar cost and health
gains from a patient perspective, considering trade-offs
between costs of low FODMAP food against the num-
ber of visits needed to complete CBT (influencing time
away from work and travel costs to appointments). From
an insurer perspective, CBT was more expensive because
of the costs of repeated CBT sessions compared with
fewer dietician appointments.
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Supplementary Figure 1. Cost effectiveness of low FODMAP, CBT, and drug/supplement interventions supported by
moderate to strong evidence from a societal perspective.

Supplementary Figure 2. Cost effectiveness of low FODMAP, CBT, and drug/supplement interventions supported by low/
very low evidence from a societal perspective.
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Supplementary Figure 3. Cost effectiveness of low FODMAP, CBT, and drug/supplement interventions supported by low/
very low evidence from an insurer perspective.

Supplementary Figure 4. Cost effectiveness of low FODMAP, CBT, and drug/supplement interventions supported by low/
very low evidence from a patient perspective.
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Supplementary Figure 5. Acceptability curves of low FODMAP, CBT, and drug/supplement interventions supported by low/
very low quality of evidence from an insurer perspective. The probability of each therapy being the most cost-effective
treatment strategy is represented along the vertical axis, based on the WTP per QALY gained. CE, cost effectiveness.

Supplementary Figure 6. Acceptability curves of low FODMAP, CBT, and drug/supplement interventions supported by low/
very low quality of evidence from a patient perspective. The probability of each therapy being the most cost-effective treatment
strategy is represented along the vertical axis, based on the WTP per QALY gained. CE, cost effectiveness.
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Supplementary Figure 8. Acceptability curves of low FODMAP and CBT from a patient perspective. The probability of each
therapy being the most cost-effective treatment strategy is represented along the vertical axis, based on the WTP per QALY
gained. Low FODMAP was preferred below a WTP of $70,000/QALY gained, whereas CBT was preferred above this threshold.
CE, cost effectiveness.

Supplementary Figure 7. Acceptability curves of low FODMAP and CBT from an insurer perspective. The probability of each
therapy being the most cost-effective treatment strategy is represented along the vertical axis, based on the WTP per QALY
gained. CE, cost effectiveness.
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Supplementary Figure 9.Multiple 1-way sensitivity analyses to assess the influence of the range of model inputs on cost-
effectiveness of rifaximin compared with eluxadoline from an insurer perspective. Results are presented as a tornado dia-
gram. ICER is presented on the x-axis for rifaximin referenced against eluxadoline, with each horizontal bar representing how
ICER changes throughout the expected range for each model input. Rifaximin dominated eluxadoline (ie, rifaximin was more
effective and less expensive) across the range of model inputs, unless the average wholesale price of eluxadoline was below
$10.52 per pill.
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Supplementary Figure 10.Multiple 1-way sensitivity analyses to assess the influence of the range of model inputs on cost-
effectiveness of rifaximin compared with TCA from an insurer perspective. Results are presented as a tornado diagram. ICER is
presented on the x-axis for rifaximin referenced against TCA, with each horizontal bar representing how ICER changes
throughout the expected range for each model input. Rifaximin remains more effective but more expensive across the range of
model inputs.
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Supplementary Figure 11.Multiple 1-way sensitivity analyses to assess the influence of the range of model inputs on cost-
effectiveness of rifaximin compared with low FODMAP from an insurer perspective. Results are presented as a tornado di-
agram. ICER is presented on the x-axis for rifaximin referenced against low FODMAP, with each horizontal bar representing
how ICER changes throughout the expected range for each model input. Low FODMAP remains more effective and less
expensive across the range of model inputs, unless the average wholesale price of rifaximin was below $4.09 per pill.
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Supplementary Figure 12.Multiple 1-way sensitivity analyses to assess the influence of the range of model inputs on cost-
effectiveness of rifaximin compared with CBT from an insurer perspective. Results are presented as a tornado diagram. ICER
is presented on the x-axis for rifaximin referenced against CBT, with each horizontal bar representing how ICER changes
throughout the expected range for each model input. CBT remains more effective and less expensive across the range of
model inputs, unless the average wholesale price of rifaximin was below $8.18 per pill.
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Supplementary Figure 13.Multiple 1-way sensitivity analyses to assess the influence of the range of model inputs on cost-
effectiveness of eluxadoline compared with TCA from an insurer perspective. Results are presented as a tornado diagram.
ICER is presented on the x-axis for eluxadoline referenced against TCA, with each horizontal bar representing how ICER
changes throughout the expected range for each model input. TCA remains more effective and less expensive across the
range of model inputs.
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Supplementary Figure 14.Multiple 1-way sensitivity analyses to assess the influence of the range of model inputs on cost-
effectiveness of eluxadoline compared with low FODMAP from an insurer perspective. Results are presented as a tornado
diagram. ICER is presented on the x-axis for eluxadoline referenced against low FODMAP, with each horizontal bar repre-
senting how ICER changes throughout the expected range for each model input. Low FODMAP remains more effective and
less expensive across the range of model inputs.
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Supplementary Figure 15.Multiple 1-way sensitivity analyses to assess the influence of the range of model inputs on cost-
effectiveness of eluxadoline compared with CBT from an insurer perspective. Results are presented as a tornado diagram.
ICER is presented on the x-axis for eluxadoline referenced against CBT, with each horizontal bar representing how ICER
changes throughout the expected range for each model input. CBT remains more effective and less expensive across the
range of model inputs, unless the average wholesale price of eluxadoline was below $5.26 per pill.
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Supplementary Figure 16.Multiple 1-way sensitivity analyses to assess the influence of the range of model inputs on cost-
effectiveness of low FODMAP compared with TCA from an insurer perspective. Results are presented as a tornado diagram.
ICER is presented on the x-axis for low FODMAP referenced against TCA, with each horizontal bar representing how ICER
changes throughout the expected range for each model input. Preference toward low FODMAP or TCA is highly dependent on
the willingness to pay threshold across the range of model inputs.
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Supplementary Figure 17.Multiple 1-way sensitivity analyses to assess the influence of the range of model inputs on cost-
effectiveness of CBT compared with TCA from an insurer perspective. Results are presented as a tornado diagram. ICER is
presented on the x-axis for CBT referenced against TCA, with each horizontal bar representing how ICER changes throughout
the expected range for each model input. Preference toward low FODMAP or TCA is highly dependent on the willingness to
pay threshold across the range of model inputs.
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Supplementary Figure 18.Multiple 1-way sensitivity analyses to assess the influence of the range of model inputs on cost-
effectiveness of CBT compared with low FODMAP from an insurer perspective. Results are presented as a tornado diagram.
ICER is presented on the x-axis for CBT referenced against low FODMAP, with each horizontal bar representing how ICER
changes throughout the expected range for each model input. CBT is more expensive but more effective than low FODMAP for
all model inputs, but CBT can be less expensive than low FODMAP by reducing the visits needed in the CBT protocol or in
patients with high annual health care costs because of uncontrolled IBS.
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Supplementary Figure 19.Multiple 1-way sensitivity analyses to assess the influence of the range of model inputs on cost-
effectiveness of rifaximin compared with eluxadoline from a patient perspective. Results are presented as a tornado diagram.
ICER is presented on the x-axis for rifaximin referenced against eluxadoline, with each horizontal bar representing how ICER
changes throughout the expected range for each model input. Rifaximin was preferred unless the mean daily wage
approached $0.
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Supplementary Figure 20.Multiple 1-way sensitivity analyses to assess the influence of the range of model inputs on cost-
effectiveness of rifaximin compared with TCA from a patient perspective. Results are presented as a tornado diagram. ICER is
presented on the x-axis for rifaximin referenced against TCA, with each horizontal bar representing how ICER changes
throughout the expected range for each model input. Rifaximin remains more effective but more expensive across the range of
model inputs, with the exception of mean wages. From a patient perspective, the cost of rifaximin and TCA are similar as
wages approach $0.
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Supplementary Figure 21.Multiple 1-way sensitivity analyses to assess the influence of the range of model inputs on cost-
effectiveness of low FODMAP compared with rifaximin from a patient perspective. Results are presented as a tornado dia-
gram. ICER is presented on the x-axis for low FODMAP referenced against rifaximin, with each horizontal bar representing how
ICER changes throughout the expected range for each model input. Several model inputs can significantly influence relative
cost of treatment depending on the willingness-to-pay threshold.
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Supplementary Figure 22.Multiple 1-way sensitivity analyses to assess the influence of the range of model inputs on cost-
effectiveness of CBT compared with rifaximin from a patient perspective. Results are presented as a tornado diagram. ICER is
presented on the x-axis for CBT referenced against rifaximin, with each horizontal bar representing how ICER changes
throughout the expected range for each model input. CBT is more effective but more expensive than rifaximin in base-case
analysis; however, several model inputs can significantly influence relative cost of treatment. Several model inputs can
significantly influence relative cost of treatment depending on the willingness-to-pay threshold.
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Supplementary Figure 23.Multiple 1-way sensitivity analyses to assess the influence of the range of model inputs on cost-
effectiveness of TCA compared with eluxadoline from a patient perspective. Results are presented as a tornado diagram. ICER
is presented on the x-axis for TCA referenced against eluxadoline, with each horizontal bar representing how ICER changes
throughout the expected range for each model input. TCA remains more effective but more expensive across the range of
most model inputs; however, TCA can become less expensive than eluxadoline among individuals with fewer work-days lost
to IBS and individuals with lower wages.
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Supplementary Figure 24.Multiple 1-way sensitivity analyses to assess the influence of the range of model inputs on cost-
effectiveness of low FODMAP compared with eluxadoline from a patient perspective. Results are presented as a tornado
diagram. ICER is presented on the x-axis for low FODMAP referenced against eluxadoline, with each horizontal bar repre-
senting how ICER changes throughout the expected range for each model input. Several model inputs can significantly in-
fluence relative cost of treatment depending on the willingness-to-pay threshold.
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Supplementary Figure 25.Multiple 1-way sensitivity analyses to assess the influence of the range of model inputs on cost-
effectiveness of CBT compared with eluxadoline from a patient perspective. Results are presented as a tornado diagram. ICER
is presented on the x-axis for CBT referenced against eluxadoline, with each horizontal bar representing how ICER changes
throughout the expected range for each model input. Several model inputs can significantly influence relative cost of treatment
depending on the willingness-to-pay threshold.
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Supplementary Figure 26.Multiple 1-way sensitivity analyses to assess the influence of the range of model inputs on cost-
effectiveness of low FODMAP compared with TCA from a patient perspective. Results are presented as a tornado diagram.
ICER is presented on the x-axis for low FODMAP referenced against TCA, with each horizontal bar representing how ICER
changes throughout the expected range for each model input. Several model inputs can significantly influence relative cost of
treatment depending on the willingness-to-pay threshold.
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Supplementary Figure 27.Multiple 1-way sensitivity analyses to assess the influence of the range of model inputs on cost-
effectiveness of CBT compared with TCA from a patient perspective. Results are presented as a tornado diagram. ICER is
presented on the x-axis for CBT referenced against TCA, with each horizontal bar representing how ICER changes throughout
the expected range for each model input. Several model inputs can significantly influence relative cost of treatment depending
on the willingness-to-pay threshold.
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Supplementary Figure 28.Multiple 1-way sensitivity analyses to assess the influence of the range of model inputs on cost-
effectiveness of CBT compared with low FODMAP from a patient perspective. Results are presented as a tornado diagram.
ICER is presented on the x-axis for CBT referenced against low FODMAP, with each horizontal bar representing how ICER
changes throughout the expected range for each model input. CBT is slightly more effective and more expensive than low
FODMAP in base-case analysis. CBT can be less expensive than low FODMAP among individuals with lower childcare costs,
lower transportation costs, fewer required CBT sessions, or higher expected low FODMAP food costs. CBT can also be less
expensive among individuals with more work-days lost to untreated IBS or lower wages. Wages and work-days lost have
opposite effects, because individuals with higher wages would favor low FODMAP due to the time away from work required to
complete CBT.
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