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ABSTRACT

Primary Study Objective: To evaluate the economic utility of a fecal biomarker panel structured to suggest
alternative, treatable diagnoses in patients with symptoms of irritable bowel syndrome (IBS) by quantifying,
comparing, and contrasting health service costs between tested and non-tested patients.

Study Design: Retrospective, matched cohort study comparing direct medical costs for IBS patients undergoing
fecal biomarker testing with those of matched control subjects.

Methods: We examined de-identified medical and pharmacy claims of a large American pharmacy benefit
manager to identify plan members who underwent panel testing, were eligible for covered benefits for at least
180 days prior to the test date, and had data available for 30, 90, and 365 days after that date. We used propensity
score matching to develop population-based control cohorts for each tested cohort, comprised of records with
[BS-related diagnoses but for which panel testing was not performed. Primary outcome measures were diagnostic
and medical services costs as determined from claims data.

Results: Two hundred nine records from tested subjects met inclusion criteria. The only significant baseline
differences between groups were laboratory costs, which were significantly higher in each tested cohort. At each
follow-up time point, total medical and gastrointestinal procedural costs were significantly higher in non-tested
cohorts. Within tested cohorts, costs declined significantly from baseline, while costs rose significantly in
non-tested control cohorts; these differences were also significant between groups at each time point.
Conclusions: Structured fecal biomarker panel testing was associated with significantly lower medical and

gastrointestinal procedural costs in this study of patients with IBS symptoms.

BACKGROUND

Irritable bowel syndrome (IBS), a functional gas-
trointestinal (GI) disorder with unknown and proba-
bly multiple causes, is highly prevalent and costly.
Ten to 20% of Americans suffer from IBS, with those
in their prime years of productivity and employment
being disproportionately affected.’3 The cumulative
financial impact of IBS is greater than that of many
other chronic illnesses, including asthma and
migraine, and comparable to that of hypertension and
congestive heart failure.4

The annual cost of IBS in the United States is
estimated to be more than US $20 billion.5 In 2005, a
study of one Fortune 100 company revealed that IBS
direct costs to the employer were 1.5 times higher in
affected employees ($6364) than those accrued by a
matched sample of controls ($4245).4° This resulted
in an estimated $1.9 million in costs borne by that
employer alone. Furthermore, 43% more claims per
beneficiary are filed with health payers on behalf of
IBS patients, a positive difference that climbs to 180%
for prescription claims.*7

The bulk of the direct cost burden of IBS is relat-
ed to excessive prescription of diagnostic procedures
that (1) are administered in an unstructured, serial
fashion over the course of many months or years and
(2) arise from the concerns of clinicians and patients

who wish to rule out every credible competing diag-
nosis.39 IBS patients undergo significantly more
diagnostic testing than matched controls, with odds
ratios for common and expensive studies such as
endoscopy and radiological imaging tests ranging
from 2.5 to 5.7.7 As many as 50% of patients being
evaluated for IBS will undergo colonoscopy*®; 25% of
all colonoscopies performed in the United States are
for evaluation of IBS symptoms.*®**

Despite such aggressive testing, the overwhelming
majority of these procedures show normal findings in
patients being assessed for IBS. Among the group of
diagnoses that are typically being considered during a
clinical evaluation, only maldigestion of lactose occurs
at a frequency greater than 5%. Additionally, organic
pathologic conditions, such as colorectal cancer and
inflammatory bowel disease (IBD), occur at levels of
less than 1%, and at equal or lower frequencies than
they do in the general population.*»*3 Even in patients
with “alarm features,” for whom more invasive testing
is currently recommended,5 organic disease was identi-
fied in only 3% of patients with suspected IBS in a
study of 575 subjects; 1% had gastrointestinal cancer,
1.2% had IBD, and 0.7% had malabsorption.™

By contrast, a growing body of evidence suggests
that, rather than being a single diagnostic entity, IBS
instead represents an “umbrella” diagnosis comprised
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of different, often treatable conditions."> Habba et al
demonstrated that 98% of patients had a final diagnosis
that differed from IBS, and 68% of studied patients had
treatable bile acid abnormalities or related conditions.*5
Furthermore, 98% of the latter group showed a favor-
able response to therapy, a figure vastly higher than
that generally accepted for symptomatic response in
IBS in general.’s

Others have shown a meaningful prevalence of
exocrine pancreatic insufficiency (6.1%) in subjects
who fulfilled concurrent Rome criteria for IBS, using
fecal pancreatic elastase levels as a diagnostic tool.*619

Similarly, fecal calprotectin levels have been dem-
onstrated to effectively differentiate IBS from IBD,?°23
and, when used as an alternative, noninvasive diagnos-
tic testing may reduce the demand for colonoscopies
and associated costs by as much as 50%, with the atten-
dant realization of substantial cost savings.?+

A computer-simulated economic analysis under-
taken by the National Health Service in the United
Kingdom showed that the use of fecal calprotectin was
less costly and more diagnostically discriminative than
routine blood tests—erythrocyte sedimentation rate
(ESR), C reactive protein (CRP), serological markers,
other neutrophil product markers, labeled white cell
tests, and Ma2-pyruvate kinase—that are currently
employed to categorize the inflammatory profiles of
IBD and IBS.?5 Use of calprotectin testing resulted in
fewer unnecessary endoscopies and an increase in the
number of patients who were correctly diagnosed.

Many other underlying and readily treatable
causes of IBS symptoms exist. These include celiac dis-
ease/gluten sensitivity, intestinal parasites and proto-
zoans, and intestinal dysbiosis.>!7 7922232628 Emerging
evidence suggests that there may exist a colonic micro-
biome pattern unique to IBS patients?93%; the advent of
16S ribosomal DNA polymerase chain reaction amplifi-
cation may allow rapid detection of such patterns

within the gut microbiome.3?33

We recently completed a retrospective review of
2256 records from patients who underwent simultane-
ous, parallel testing for a group of fecal biomarkers rele-
vant to disorders that may produce IBS symptomatology,
with treatable diagnoses suggested in 82.8% of cases.39

The combination of awareness of the multi-faceted
nature of IBS and availability of low-cost fecal biomark-
er testing means that clinicians now have the ability to
rapidly screen for, and in many cases identify specific,
treatable diagnoses that produce the symptom constel-
lation of IBS, while excluding dangerous conditions
(such as IBD) with acceptable diagnostic accuracy.

The accurate evaluation of a broad array of GI
functional biomarkers might also provide much-need-
ed comfort to patients and clinicians alike and support
implementation of symptom-based, psychosocially
sensitive interventions with greater confidence. With
concrete, objective laboratory information in hand that
excludes significant inflammatory pathophysiology
and guides a targeted treatment regimen leading to
quicker improvement in patient symptoms, clinicians
might be expected to order fewer expensive, invasive
tests in attempts to rule out potentially significant
alternative disease states. As a result, payers might in
turn realize substantial cost savings.

We hypothesized that a structured, parallel, fecal
biomarker panel would reduce total and Gl-related
diagnostic testing costs compared to the routine
approach to diagnosis and managing IBS.

To test this hypothesis, we designed a retrospec-
tive cohort study to compare healthcare utilization and
costs in patients whose clinicians made use of one such
fecal biomarker panel (Genova Diagnostics, Asheville,
North Carolina, http://www.gdx.net; detailed in Table
1), and matched controls, who received standard evalu-
ation for IBS. The study, part of a series of investigations
into the use of fecal biomarker testing in IBS, was

Table 1 Selected Components of the Fecal Biomarker Panel

Selected Biomarkers Description

Pancreatic elastase

Pancreatic elastase-1 (PE1) is a proteolytic enzyme secreted by the exocrine cells of the pancreas. Fecal

PE1 testing provides a convenient, noninvasive, and reliable method of evaluating exocrine pancreatic
function, well before steatorrhea occurs.819.4041

Calprotectin

Calprotectin is a 36 kDa protein highly expressed in neutrophils, where it comprises up to 60%

of the cytosol content. As a surrogate marker for intestinal neutrophil activity, fecal calprotectin
levels >50 microg/g are considered a reliable indicator of neutrophil-mediated inflammation in

the intestinal mucosa.4243

Eosinophil protein X (EPX)

EPX is a cationic protein found in eosinophils. Upon degranulation, these proteins are released,

mediating the eosinophilic immune response.*4-46

Clostridium difficile

Once thought to be associated nearly exclusively with exposure to antibiotics, bowel infection with

Clostridium difficile (C diff) is now recognized as being increasingly common in those without known
antibiotic exposure (as many as 45.7% of people with culture-proven C diff infection had no antibiotic

exposure in the past 90 days).4748

Parasitology exam (microscopy
and enzyme immunoassay)
post-infectious 1BS.4%:50

Gut microbiota

A variety of protozoan parasitic infestations can produce symptoms of chronic diarrhea, bloating, and
abdominal pain that can overlap with those of IBS; all of these organisms are also capable of causing

Beneficial flora controls potentially pathogenic organisms, influences nutrient production, removes

toxins from the gut and stimulates the intestinal immune system (GALT).28:51-53
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named IMMINENT (Improved Medical Management
of IBS Needs Enhancement by Novel Testing) in recog-
nition of the needs of clinicians to find better ways to
understand the biology of their patients who present
with symptoms consistent with IBS.

Performance characteristics of these biomarkers
for diagnoses that may present as IBS have been pub-
lished elsewhere for pancreatic elastase,5457 calprotec-
tin,58%° eosinophil protein X,°* Clostridium difficile,6>°3
parasitology exam,% with sensitivities and specificities
for such diagnoses ranging from 83% to 96% and speci-
ficities in the range of 82% to 96%. The precise relation-
ship of gut microbiota patterns to human health and
disease is not yet sufficiently clear to provide specific
performance characteristics.

METHODS
Objectives

The objective of the project was to evaluate the
utility of the fecal biomarker panel in a clinical setting
by quantifying, comparing, and contrasting health ser-
vice and pharmacy costs incurred by panel-tested and
—non-tested IBS patients.

Design

We chose a retrospective, matched cohort design
to compare the direct medical costs incurred by IBS
patients tested with the fecal biomarker panel with
those of matched control subjects.

Setting

We examined the medical and pharmacy claims of
a large American managed pharmacy benefit manager
patient database (Medco Health Solutions, now part of
Express Scripts, St Louis, Missouri).

Ethics Considerations

Because this study used only de-identified records
of claims data, no protected health information could
be linked to individual patients. Consent for use of
medical and pharmacy claims data for research pur-
poses was obtained by participating insurance carriers.
For these reasons, institutional review board approval
was not deemed necessary.

Patient Population
Case Cohorts

Medical and pharmacy claims of plan members
were searched to identify a cohort of patients who had
been tested with the fecal biomarker panel by Genova
Diagnostics, and who had one or more IBS-related diag-
noses (Table 2). Because of major administrative chang-
es at the participating institutions, actual percentage
breakdowns for each ICD-g code are not available. In a
related study of a similar population,39 ICD-9 codes 789
(abdominal pain), 564.1 (IBS), and 797.1 (diarrhea)
accounted for more than three-quarters of all records.

Records were eligible for inclusion in the study (1)
if the patient had been continuously eligible to receive

Table 2 Diagnostic Codes for IBS-related Diagnoses
ICD-9 Code  Diagnosis

564.0 Constipation, unspecified

564.01 Slow-transit constipation

564.1 Irritable Bowel Syndrome

564.9 Functional intestinal disorder, unspecified

579.9 Unspecified intestinal malabsorption

787.91 Diarrhea

789 Abdominal pain

789.06 Abdominal pain, epigastric

789.07 Abdominal pain, generalized

536.8 Dyspepsia and other specified disorders of function
of stomach

536.9 Unspecified functional disorder of stomach

558.9 Other and unspecified noninfectious gastroenteritis
and colitis

787.3 Flatulence, eructation, and gas pain

benefits for at least 180 days preceding and 30, 9o, or
365 days following the fecal biomarker panel test date
and (2) if each member’s sponsoring client had
approved the use of medical and pharmacy claims for
research purposes. For this study, all data were de-
identified prior to analysis, and no protected health
information was recorded.

This selection process resulted in identification of
three longitudinally nested cohorts (Table 3). The M30
cohort (209 patients) consisted of patients with records
available at 30 days after the fecal biomarker panel test
date; the Mgo (203 patients) consisted of members of
the M30 cohort for whom data were available at 9o days
after the test date; and the M365 (132 patients) consist-
ed of Mgo patients for whom data were available at 365
days after the test date.

Table 3 Summary of Selection Process

Records with fecal biomarker panel 37945
Records matched to Express Scripts database 6892
Records eligible for study? 1656
Records including pharmacy data 1112

Records with data for 30 days after index date (M30) 209
Records with data for 90 days after index date M90) 203
Records with data for 365 days after index date (M365) 132

a Benefit eligibility preceded test date by 180 days AND carrier permits use
of data for research purposes.

Control Cohorts

A population-based control cohort of patients with
IBS-related diagnoses (Table 2) was created for each
tested cohort. Each control cohort was created from a
randomly selected pre-match pool of non-tested mem-
bers who submitted a claim for one of the IBS-related
diagnoses during the 30 days before or after each tested
subject’s test date. Similar inclusion criteria were then
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applied. Following extraction of demographic and eligi-
bility data, along with baseline pharmacy and medical
utilization information, propensity score matching
was applied to the pre-match pool to derive non-tested
control cohorts equal in size to each tested cohort.
Propensity score matching is a multivariate statistical
technique that facilitates derivation of a control sample
whose constituents are, on average, equivalent to treat-
ed individuals with respect to relevant covariates.®s
Thus, control cohorts were comprised of plan members
whose age, gender, diagnostic code(s), and baseline
medical and pharmacy utilization were statistically
comparable to those of fecal biomarker panel-tested
individuals. In order to optimize comparability
between tested and control cohorts, a separate control
cohort was generated for each tested cohort (ie, the
control cohorts were not nested).
Definition of Index Date

In order to define a cut-point between baseline and
follow-up periods, the index date was determined as the
first date of service after the fecal biomarker panel test
date for members of the tested cohort. For control cohort
members (whose inclusion required a claim for one of
the included ICD-9 codes within 30 days before or after
the tested member’s test date), the index date was the
same as that of their panel-tested matched members.

Intervention
The study intervention was the use of the fecal
biomarker panel in the case cohort.

Main Outcomes Measures

The primary outcome measures for this study
were average net paid medical services and diagnostic
costs during the baseline and follow-up periods (before
and after the index date), as determined from claims
data. The secondary outcome measures were average
net paid pharmacy costs. To establish comparability
with the 18o-day baseline period, costs for the 365-day
follow-up period were divided by two for both case and
control cohorts.

Data Extraction
Following the creation of tested and control
cohorts, medical and pharmacy claims data were
extracted from the information warehouse, cleaned,
reformatted, and subjected to statistical analysis. In the
present context, “total medical spending” was defined
as the aggregate spending for all current procedural
terminology (CPT)—coded tests and procedures, includ-
ing costs of the fecal biomarker panel in tested subjects.
“Total medical spending” was further broken
down into the following categories:

e “Total costs for GI procedures” represented the aggre-
gate spending for 125 Gl-related CPT-coded tests and
procedures (eg, upper/lower GI endoscopies/cholan-
giopancreatographies [ERCPJ; complete list of codes
available as a supplemental table online).

Outpatient visit costs
Office visit costs
Laboratory costs
Pharmacy costs
Inpatient costs
Statistical Analysis

All descriptive and inferential statistical analyses
were conducted using “R 2.8” (R Development Core
Team, 2013, Informer Technologies, Inc).%® Continuous
variables were analyzed using the Wilcoxon rank-sum
test, and categorical variables were analyzed using a
chi-squared test of independence. A two-sided P value
(alpha) of .05 was used to gauge the statistical signifi-
cance of all results.

RESULTS
Patient Populations

A total of 209 fecal biomarker panel-tested subjects
who met the study’s criteria for inclusion at 30 days fol-
lowing the index date (M30 cohort) were identified. Of
those, 203 met criteria for inclusion in the go-day (M9o)
cohort, and 132 of those met criteria for inclusion in the
365-day (M365) cohort (Table 3). An equal-sized and
statistically comparable non-tested control group was
developed for each case cohort by matching for age,
gender, diagnosis code, and baseline medical and phar-
macy utilization characteristics, as described above.

Baseline Characteristics

Baseline characteristics of the study populations
are shown in Table 4. No differences were found
between the tested and non-tested groups for age or
gender. Similarly, analysis of the use of 30 medications
commonly prescribed for IBS patients, of 41 common
diagnosis codes, and of 14 common CPT codes revealed
no significant differences (P values .1261 to 1.0000). A
table of these medications, diagnoses, and CPT codes is
available in the online supplemental materials.

In the 30 days prior to the index date, average total
medical costs were significantly higher in the tested
cohort. Baseline laboratory costs were significantly high-
er at all three time intervals in all tested cohorts. No sig-
nificant differences were found between the tested and
non-tested cohorts for other baseline medical costs
incurred for the 30, 90, or 180 days preceding testing.

Medical Costs

Table 5 shows the comparison of costs following
the index date for the three cohorts. Total Medical
Costs were significantly higher at each time period fol-
lowing the index date for the non-tested control
cohorts. Within the tested cohorts, total medical costs
declined significantly from baseline, while costs rose
significantly in the non-tested control cohorts; these
differences were significant between groups at each
time point as well.

Average total GI-procedure costs were significant-
ly higher in the non-tested control cohorts at all three
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Table 4 Baseline Characteristics and Average Costs Prior to Index Date

Baseline Characteristic Cohort Tested Control P value

Age (y) M30 52.7 51.7 4022
M90 5293 5327 .8755
M365P 53.05 5349 .7716

Gender (% male) M30 13.4 13.4  1.0000
M90 12.81 13.30 .8829
M365P 12.88 12.12 .8524

Total medical costs (USD) M30 546.77 369.95 .01992
M90 106537 882.71 .2510
M365P 182259 1473.57 .5401

Total Gl procedure M30 22.15 4157 4227
costs, including Gl
imaging studies (USD) Ms0 76.80 4197 9833

M365P 98.16 7738 4410

Total pharmacy costs (USD)  M30 511.72 203.84 4725
M90  2520.83 604.82 .9800
M365° 4793.94 1263.96 .9176

Outpatient visit costs (USD) M30 82.63 9430 4399
M90 180.11 178.42 .0616
M365°  360.14 437.54 .2894

Office visit costs (USD)® M30 266.40 110.88  .5408
M90 537.80 357.21 .6262
M365  736.26 522.63 3774

Laboratory costs (USD) M30 121.19 18.12  .0000?
M90 163.86 4446  .00002
M365P 22099  62.24  .00012

Baseline characteristics of tested cohorts and control subjects, as well as

baseline costs determined for the indicated periods (30, 90, and 365 days)

prior to the index date. Significant differences (P < 0.05) occurred only in

total medical costs for the M30 cohort and for laboratory costs, which were

consistently higher for tested cohorts compared with controls.

2 p<.05.

b Baseline data for the M365 cohort represent data for the 180-day
eligibility period.

¢ Outpatient costs included outpatient hospital, ambulatory care, and same
day surgical center costs.

d Office costs included physician office and in-home care costs.

Abbreviations: Gl, gastrointestinal; USD, US dollars.

time intervals. The change in spending from baseline
was significant between groups at each time point.

Average total outpatient visit costs were signifi-
cantly lower at all time points in the fecal biomarker
panel-tested cohorts compared with the non-tested
groups. The change from baseline was significant
between groups only at the 30-day observation.

Average office visit costs were significantly lower
in the fecal biomarker panel-tested group only at the
go-day observation, while the change in office visit
costs from baseline was significantly less between the
groups at 30 and 9o days.

Average total laboratory testing costs did not differ
significantly between groups at any of the three time
points, but at 30 and 9o days, the non-tested cohorts
showed a smaller increase in cost changes from base-

line, while at 365 days, the panel-tested cohort costs
had declined significantly more than those recorded for
the non-tested group (Table s).

Average total pharmacy costs did not significantly
differ between the tested and non-tested cohorts at any
of the time periods. Similarly, the groups did not sig-
nificantly differ with respect to inpatient costs at any
time point.

STUDY LIMITATIONS

This study has the limitations associated with ret-
rospective analyses. There is the possibility of selection
bias in that the decision to use the CDSA 2.0 test was
made by the treating physician in a non-random fash-
ion, albeit before the study data were collected. It is
possible that these physicians may represent more
integrative practices than is typical of the physician
community in general, potentially influencing habits
regarding other testing and resource utilization.
Similarly, while the creation of the matched cohorts
was undertaken using rigorous and well-established
techniques, it is impossible to say with certainty that
the tested and control cohorts were identical in all
respects other than the assignment of the intervention.
Because of these constraints, no conclusions regarding
causality may be drawn.

However, we believe that the findings presented
here represent important preliminary stages in under-
standing the impact of fecal biomarker testing on cost
and resource utilization in the large population of
patients with symptoms potentially representing IBS.
These findings should be viewed as hypothesis-generat-
ing and should be further explored in prospective,
appropriately controlled studies.

DISCUSSION

The growing recognition that IBS symptoms
arise, not as the result of a single diagnosis (of exclu-
sion or otherwise), but rather as manifestations of a
sizable group of underlying treatable organic condi-
tions,’> creates an imperative to rapidly and inexpen-
sively establish or exclude such diagnoses. This is
especially important in light of the substantial costs
and low diagnostic yields associated with existing,
invasive testing that is often performed in serial fash-
ion and aimed at excluding dangerous GI conditions
that occur with extremely low frequency in patients
manifesting IBS symptoms.7 -4

The expansion of fecal biomarker testing offers an
opportunity to take a structured, parallel approach to
lower-cost, less invasive diagnostic maneuvers that
may lower the cost of diagnosing and treating IBS, a
disease whose aggregate healthcare expenditures rival
those of other chronic, debilitating conditions.

In a companion publication, we report an analy-
sis of 2256 patients who underwent evaluation for IBS,
of which 82.8% had results suggesting a treatable GI
diagnosis.39 These findings reflect those of previous
studies of individual clinical entities capable of pro-
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_ Table 5 Average Medical Costs After Index Date by Cohort

30

Post-testing Change From Baseline
Cohort Tested (USD) Control (USD) P value Tested (USD) Control (USD) P (between groups)
Total Medical Costs
M30 323.70 821.62 .00002 -106.42 451.67 .00002
M90 720.01 1249.68 .00222 -228.10 366.97 .00792
M365P 1433.42 1799.92 .04782 -272.59 326.35 .00432
Gl Procedure Costs, Including Gl Imaging Studies
M30 23.97 153.34 .00002 1.82 111.77 .0006a
M90 51.22 206.65 .00012 -25.58 164.68 .0014a
M365P 55.44 160.48 .00082 —42.72 83.10 .00082
Outpatient Visit Costs
M30 485.25 1309.82 .01422 402.63 1215.52 .01492
M90 431.79 517.95 .04482 251.69 339.53 .206
M365P 83.88 236.44 .01702 -276.27 -201.10 .8450
Office Visit Costs
M30 960.12 1373.69 .0587 693.72 1262.81 .00802
M90 762.07 1042.84 .04452 224.27 685.64 .02962
M365P° 226.87 234.10 1064 -536.39 -288.53 .5403
Laboratory Costs
M30 263.25 95.77 .2651 115.05 77.64 .01112
M90 215.45 78.44 .3016 51.59 33.98 .00422
M365P° 66.77 43.05 .3625 -154.22 -21.19 .00012

2 Indicates statistical significance at P<.05.

b Costs shown for 365-day cohorts have been divided by 2 for comparison with baseline data, which were collected over 180 days.

ducing symptoms of IBS in patients meeting concur-
rent Rome criteria.’5-23-67

The present retrospective study demonstrates the
potential economic utility of a systems biology—based
fecal biomarker panel in the evaluation and manage-
ment of patients presenting with symptoms consistent
with IBS. Average total medical and GI procedure costs
were significantly lower in panel-tested cohorts at each
post-testing time point compared with those in the
non-tested control cohorts. Similarly, the amount of
cost reduction from baseline was significantly greater
at each time point for the tested cohorts. Average out-
patient visit costs were also significantly lower in the
tested cohorts compared with non-tested controls.

The apparent impact of the fecal biomarker panel
on laboratory costs is potentially instructive. Average
total medical costs were moderately, though signifi-
cantly, higher in the tested group at 30 days prior to the
index date compared with non-tested subjects. This
appears to reflect the fact that the cost of the fecal bio-
marker panel itself is included in the 30-day baseline
for the tested, but obviously not for the non-tested,
cohorts. Indeed, average laboratory costs at all three
baseline time intervals were moderately but signifi-
cantly higher in the tested compared with the non-
tested cohorts, each of which includes the one-time
cost of the fecal biomarker panel.

That one-time increase in cost is sharply offset,
however, by the net savings realized in the average total
medical costs in the tested cohort compared with non-
tested controls. For example, at the 30-day time point,

average total medical costs fell by $106 in the tested
group, while rising by $452 in the non-tested group,
representing a total net average monthly savings of
$558. Additional savings were realized at the go-day
time point, with a drop of $228 in the tested group and
an increase of $367 in the non-tested group, for a total
net average 3-month savings of $595. The savings at 1
year may be estimated by doubling the figures in Table
5 for the M365 group because the actual total costs for
the 1 year of follow-up were divided by 2 for statistical
comparison with the 18o-day baseline data collection
period. This calculation produces an average annual
per-member savings of $1198, achieved by reducing
costs by $546 in the tested group, while total costs rose
by $652 in the non-tested group.

Thus, on a per-member-per-month (PMPM) basis,
cost savings range from an estimated $100 (using the
365-day figure divided by 12) to an estimated $558
(using only the 30-day figure).

These projections support the conclusions of a
2010 British National Health Service study, which dem-
onstrated an incremental cost savings of £13,464 in a
computer-simulated cohort of 1000 patients for whom
fecal calprotectin was compared with erythrocyte ESR
and CRP in blood as indicators of inflammation that
determined the need for further workup, especially
endoscopy, in discriminating between IBS and IBD.*5

Others have demonstrated the value of seeking or
excluding other individual causes of IBS symptomatol-
ogy, such as bile acid malabsorption, pancreatic exo-
crine insufficiency, celiac disease/gluten intolerance,
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intestinal dysbiosis, and parasite infestations.5>?¢28 To
our knowledge, however, the current study is the first
in which the cost-effectiveness of a parallel, multiple-
component fecal biomarker panel has been systemati-
cally evaluated.’®> 746870 This small initial investiga-
tion supports our hypothesis that a structured, parallel,
fecal biomarker panel was associated with significantly
lower total medical and diagnostic costs compared to a
standard approach to managing IBS.

That stated, the study was not a randomized, con-
trolled clinical trial, so conclusions regarding causality
cannot be made. Nonetheless, we believe that these
findings represent an important first step in establish-
ing the value of parallel testing with a fecal biomarker
panel in the IBS arena. Further prospective, randomized
clinical studies with well-defined quantitative and
qualitative outcomes measures appear justified.

From this preliminary, retrospective study we con-
clude that the use of a fecal biomarker panel was associ-
ated with significantly reduced total and GI procedure-
related medical costs of this sample of subjects undergo-
ing evaluation for IBS. Further studies, using a random-
ized, controlled clinical trial approach, are warranted.

REFERENCES

. Spiegel B, Harris L, Lucak S, et al. Developing valid and reliable health utili-
ties in irritable bowel syndrome: results from the IBS PROOF Cohort. Am |
Gastroenterol. 2000;104(8):1984-91.

. Meadows LM, Lackner S, Belic M. Irritable bowel syndrome. An exploration
of the patient perspective. Clin Nurs Res. 1997;6(2):156-70.

. DiBonaventura M, Sun SX, Bolge SC, Wagner |S, Mody R. Health-related qual-

ity of life, work productivity and health care resource use associated with

constipation predominant irritable bowel syndrome. Curr Med Res Opin.
2011;27(11):2213-22.

Cash B, Sullivan S, Barghout V. Total costs of IBS: employer and managed

care perspective. Am | Manag Care. 2005;11(1 Suppl):S7-16.

. Brandt L], Chey WD, Foxx-Orenstein AE, et al. An evidence-based position
statement on the management of irritable bowel syndrome. Am |
Gastroenterol. 2009;104 Suppl 1:S1-35.

. Leong SA, Barghout V, Birnbaum HG, et al. The economic consequences of
irritable bowel syndrome: a US employer perspective. Arch Intern Med.
2003;163(8):929-35.

. Ladabaum U, Boyd E, Zhao WX, et al. Diagnosis, comorbidities, and manage-
ment of irritable bowel syndrome in patients in a large health maintenance
organization. Clin Gastroenterol Hepatol. 2012;10(1):37-45.

. Drossman DA. The functional gastrointestinal disorders and the Rome III
process. Gastroenterology. 2006;130(5):1377-90.

. Hakanson C, Sahlberg-Blom E, Ternestedt BM, Nyhlin H. Learning about
oneself through others: experiences of a group-based patient education
programme about irritable bowel syndrome. Scand | Caring Sci.
2012;26(4):738-46.

10. Chey WD, Nojkov B, Rubenstein JH, Dobhan RR, Greenson JK, Cash BD. The
yield of colonoscopy in patients with non-constipated irritable bowel syn-
drome: results from a prospective, controlled US trial. Am | Gastroenterol.
2010;105(4):859-65.

. Furman DL, Cash BD. The role of diagnostic testing in irritable bowel syn-
drome. Gastroenterol Clin North Am. 2011;40(1):105-19.

. Cash BD, Chey WD. Diagnosis of irritable bowel syndrome. Gastroenterol
Clin North Am. 2005;34(2):205-20, vi.

. Spiegel BM, Farid M, Esrailian E, Talley ], Chang L. Is irritable bowel syn-
drome a diagnosis of exclusion?: a survey of primary care providers, gastro-
enterologists, and IBS experts. Am | Gastroenterol. 2010;105(4):848-58.

. Whitehead WE, Palsson OS, Feld AD, et al. Utility of red flag symptom exclu-
sions in the diagnosis of irritable bowel syndrome. Aliment Pharmacol Ther.
2006;24(1):137-46.

15. Habba SF. Diarrhea Predominant Irritable Bowel Syndrome (IBS-D): fact or
fiction. Med Hypotheses. 2011;76(1):97-9.

. Leeds JS, Hopper AD, Sidhu R, et al. Some patients with irritable bowel syn-
drome may have exocrine pancreatic insufficiency. Clin Gastroenterol
Hepatol. 2010;8(5):433-8.

17. Naruse S, Ishiguro H, Ko SB, et al. Fecal pancreatic elastase: a reproducible

-

N

w

>

wi

o

~

=)

N

—
-

-
Y

—
w

=
~

—
o

23

I

19.

20.

2

~

2

N

2

w

24.

2

v

o

2

2

~

o0

2,

2

©

™1

3

N

3

3

w

34.

3

vl

o

3

3

~

38.

39-

40.

™

4

~

4

4

w

marker for severe exocrine pancreatic insufficiency. ] Gastroenterol.
2006;41(9):901-8.

. Symersky T, van der Zon A, Biemond I, Masclee AA. Faecal elastase-I: helpful

in analysing steatorrhoea? Neth ] Med. 2004;62(8):286-9.

‘Walkowiak J, Lisowska A, Przyslawski ], Grzymislawski M, Krawczynski M,
Herzig KH. Faecal elastase-1 test is superior to faecal lipase test in the assess-
ment of exocrine pancreatic function in cystic fibrosis. Acta Paediatr.
2004;93(8):1042-5.

van Rheenen PF, Van de Vijver E, Fidler V. Faecal calprotectin for screening of
patients with suspected inflammatory bowel disease: diagnostic meta-analy-
sis. BMJ. 2010;341:¢3369.

. Kok L, Elias SG, Witteman BJ, et al. Diagnostic accuracy of point-of-care fecal

calprotectin and immunochemical occult blood tests for diagnosis of organ-
ic bowel disease in primary care: the Cost-Effectiveness of a Decision Rule for
Abdominal Complaints in Primary Care (CEDAR) study. Clin Chem.
2012;58(6):989-98.

. Schoepfer AM, Trummler M, Seeholzer P, Seibold-Schmid B, Seibold F.

Discriminating IBD from IBS: comparison of the test performance of fecal
markers, blood leukocytes, CRP, and IBD antibodies. Inflamm Bowel Dis.
2008;14(1):32-9.

. Abraham BP, Kane S. Fecal markers: calprotectin and lactoferrin.

Gastroenterol Clin North Am. 2012;41(2):483-95.

Mindemark M, Larsson A. Ruling out IBD: estimation of the possible eco-
nomic effects of pre-endoscopic screening with F-calprotectin. Clin
Biochem. 2012;45(7-8):552-5.

. National Health Service (UK). Evidence review: Value of calprotectin in

screening out irritable bowel syndrome. In: Centre for Evidence-based
Purchasing; NHS Purchasing and Supply Agency, ed2oro.

. Cash BD, Rubenstein JH, Young PE, et al. The prevalence of celiac disease

among patients with nonconstipated irritable bowel syndrome is similar to
controls. Gastroenterology. 2011;141(4):1187-93.

. Salonen A, de Vos WM, Palva A. Gastrointestinal microbiota in irritable

bowel syndrome: present state and perspectives. Microbiology. 2010;156(Pt
11):3205-15.

. Carroll IM, Ringel-Kulka T, Siddle JP, Ringel Y. Alterations in composition

and diversity of the intestinal microbiota in patients with diarrhea-pre-
dominant irritable bowel syndrome. Neurogastroenterol Motil.
2012;24(6):521-30, €248.

. Jeffery IB, Quigley EM, Ohman L, Simren M, O'Toole PW. The microbiota

link to irritable bowel syndrome: an emerging story. Gut Microbes.
2012;3(6):572-6.

. Saulnier DM, Ringel Y, Heyman MB, et al. The intestinal microbiome, probi-

otics and prebiotics in neurogastroenterology. Gut Microbes. 2013;4(1):17-27.

. Rigsbee L, Agans R, Shankar V, et al. Quantitative profiling of gut microbiota

of children with diarrhea-predominant irritable bowel syndrome. Am |
Gastroenterol. 2012;107(11):1740-51.

. Chen CC, Chang CJ, Lin TY, Lai MW, Chao HC, Kong MS. Usefulness of fecal

lactoferrin in predicting and monitoring the clinical severity of infectious
diarrhea. World journal of gastroenterology: W]G. 2011;17(37):4218-24.

. Furet JP, Kong LC, Tap J, et al. Differential adaptation of human gut microbio-

ta to bariatric surgery-induced weight loss: links with metabolic and low-
grade inflammation markers. Diabetes. 2010;59(12):3049-57.

Malinen E, Krogius-Kurikka L, Lyra A, et al. Association of symptoms with
gastrointestinal microbiota in irritable bowel syndrome. World |
Gastroenterol. 2010;16(36):4532-40.

. Mondot S, Kang S, Furet JP, et al. Highlighting new phylogenetic specifici-

ties of Crohn’s disease microbiota. Inflammatory bowel diseases.
2011;17(1):185-92.

. Pagnini C, Corleto VD, Mangoni ML, et al. Alteration of local microflora and

alpha-defensins hyper-production in colonic adenoma mucosa. Journal of
clinical gastroenterology. 2011;45(7):602-10.

. Rigsbee L, Agans R, Shankar V, et al. Quantitative profiling of gut microbiota

of children with diarrhea-predominant irritable bowel syndrome. Am |
Gastroenterol. 2012;107(11):1740-51.

van Zanten GC, Knudsen A, Roytio H, et al. The effect of selected synbiotics
on microbial composition and short-chain Fatty Acid production in a model
system of the human colon. PloS ONE. 2012;7(10):e47212.

Goepp |, Fowler E, McBride T, Landis D. Frequency of Abnormal Fecal
Biomarkers in Irritable Bowel Syndrome [In Preparation]. Asheville, NC:
Genova Diagnostics, Inc; 2013.

Ayling RM. New faecal tests in gastroenterology. Ann Clin Biochem.
2012;49(Pt 1):44-54.

. de Oliveira CG, Affonso Fonseca FL, Stackunas Salotto N, et al. Validation of

fecal elastase-1 determination using immunoenzymatic assay in HIV-
infected patients. ] Clin Lab Anal. 2008;22(4):286-290.

. Krzesiek E, Iwanczak B. [Assessment of fecal calprotectin concentration as

inflammatory marker in inflammatory bowel diseases in children—prelimi-
nary report]. Polski merkuriusz lekarski : organ Polskiego Towarzystwa
Lekarskiego. 2010;29(172):241-6.

. De Vos M, Dewit O, D’Haens G, et al. Fast and sharp decrease in calprotectin

Original Research

www.gahmj.com e May 2014 e VVolume 3, Number 3

31



44.

4

v

4

4

~

4

4

[e}

5

-

5

N

5

5

w

5

>

5

vl

=

5

5

~

5

5

6

o
=)

N

6

6

w

6

£

6

vl

61
6

~

6

6

7

o

o0

©°

o0

°

©

o

o0

©

o©

GLOBAL ADVANCES IN HEALTH AND MEDICINE

predicts remission by infliximab in anti-TNF naive patients with ulcerative
colitis. ] Crohns Colitis. 2012;6(5):557-62.

Saitoh O, Kojima K, Sugi K, et al. Fecal eosinophil granule-derived proteins
reflect disease activity in inflammatory bowel disease. Am | Gastroenterol.
1999;94(12):3513-20.

. van Odijk J, Peterson CG, Ahlstedt S, et al. Measurements of eosinophil acti-

vation before and after food challenges in adults with food hypersensitivity.
Int Arch Allergy Immunol. 2006;140(4):334-41.

‘Wagner M, Peterson CG, Stolt I, et al. Fecal eosinophil cationic protein as a
marker of active disease and treatment outcome in collagenous colitis: a
pilot study. Scand ] Gastroenterol. 2011;46(7-8):849-54.

. Clayton EM, Rea MC, Shanahan F, et al. Carriage of Clostridium difficile

in outpatients with irritable bowel syndrome. ] Med Microbiol.
2012;61(Pt 9):1290-4.

Dial S, Kezouh A, Dascal A, Barkun A, Suissa S. Patterns of antibiotic use and
risk of hospital admission because of Clostridium difficile infection. CMA].
2008;179(8):767-72.

Jimenez-Gonzalez DE, Martinez-Flores WA, Reyes-Gordillo |, et al.
Blastocystis infection is associated with irritable bowel syndrome in a
Mexican patient population. Parasitol Res. 2012;110(3):1269-75.

. Grazioli B, Matera G, Laratta C, et al. Giardia lamblia infection in patients

with irritable bowel syndrome and dyspepsia: a prospective study. World |
Gastroenterol. 2006;12(12):1941-4.

. Chassard C, Dapoigny M, Scott KP, et al. Functional dysbiosis within the gut

microbiota of patients with constipated-irritable bowel syndrome. Aliment
Pharmacol Ther. 2012;35(7):828-38.

. Crouzet L, Gaultier E, De’Homme C, et al. The hypersensitivity to colonic

distension of IBS patients can be transferred to rats through their fecal
microbiota. Neurogastroenterol Motil. 2013;25(4):e272-82.

. Maccaferri S, Candela M, Turroni S, et al. IBS-associated phylogenetic unbal-

ances of the intestinal microbiota are not reverted by probiotic supplemen-
tation. Gut Microbes. 2012;3(5):406-13.

. Loser C, Mollgaard A, Folsch UR. Faecal elastase 1: a novel, highly sensitive,

and specific tubeless pancreatic function test. Gut. 1996;39(4):580-6.

. Gullo L, Ventrucci M, Tomassetti P, Migliori M, Pezzilli R. Fecal elastase 1

determination in chronic pancreatitis. Dig Dis Sci. 1999;44(1):210-3.

. Walkowiak J, Cichy WK, Herzig KH. Comparison of fecal elastase-1 determi-

nation with the secretin-cholecystokinin test in patients with cystic fibrosis.
Scandinavian journal of gastroenterology. 1999;34(2):202-7.

. Stein ], Jung M, Sziegoleit A, Zeuzem S, Caspary WF, Lembcke B.

Immunoreactive elastase I: clinical evaluation of a new noninvasive test of
pancreatic function. Clin Chem. 1996;42(2):222-6.

Costa F, Mumolo MG, Bellini M, et al. Role of faecal calprotectin as non-inva-
sive marker of intestinal inflammation. Dig Liver Dis. 2003;35(9):642-7.
Otten CM, Kok L, Witteman BJ, et al. Diagnostic performance of rapid tests
for detection of fecal calprotectin and lactoferrin and their ability to discrim-
inate inflammatory from irritable bowel syndrome. Clin Chem Lab Med.
2008;46(9):1275-80.

van Rheenen PF, Van d, V, Fidler V. Faecal calprotectin for screening of
patients with suspected inflammatory bowel disease: diagnostic meta-analy-
sis. BMJ (Clinical research ed.) 2010;341:c3369.

. Peterson CG, Sangfelt P, Wagner M, Hansson T, Lettesjo H, Carlson M. Fecal

levels of leukocyte markers reflect disease activity in patients with ulcer-
ative colitis. Scand | Clin Lab Invest. 2007;67(8):810-20.

. Alcala L, Sanchez-Cambronero L, Catalan MP, et al. Comparison of three

commercial methods for rapid detection of Clostridium difficile toxins A
and B from fecal specimens. Journal of clinical microbiology.
2008;46(11):3833-5.

. Mohan SS, McDermott BP, Parchuri S, Cunha BA. Lack of value of repeat stool

testing for Clostridium difficile toxin. Am ] Med. 2006;119(4):356.€357-8.

. Swierczewski B, Odundo E, Ndonye |, Kirera R, Odhiambo C, Oaks E.

Comparison of the Triage Micro Parasite Panel and Microscopy for the
Detection of Entamoeba histolytica/Entamoeba dispar, Giardia lamblia, and
Cryptosporidium parvum in Stool Samples Collected in Kenya. ] Trop Med.
2012(2012):564721.

. Rosenbaum Pr, Rubin Db. The central role of the propensity score in observa-

tional studies for causal effects. Biometrika. 1983;70(1):41-55.
Hornik K. The R FAQ. 2013; http://CRAN.R-project.org/doc/FAQ/R-FAQ.html.

. Lettesjo H, Hansson T, Peterson C, et al. Detection of inflammatory markers

in stools from patients with irritable bowel syndrome and collagenous coli-
tis. Scand ] Gastroenterol. 2006;41(1):54-9.

Barrett JS, Canale KE, Gearry RB, Irving PM, Gibson PR. Probiotic effects on
intestinal fermentation patterns in patients with irritable bowel syndrome.
‘World ] Gastroenterol. 2008;14(32):5020-4.

Parkes GC, Sanderson JD, Whelan K. Treating irritable bowel syndrome with
probiotics: the evidence. Proc Nutr Soc. 2010;69(2):187-94.

Schiffrin EJ, Parlesak A, Bode C, et al. Probiotic yogurt in the elderly with
intestinal bacterial overgrowth: endotoxaemia and innate immune func-
tions. Br ] Nutr. 2009;101(7):961-6.

INSTITUTE OF HEARTMATH’

Connecting Hearts and Minds

HeartMath’s mission
is to facilitate

a fundamental shift

in health, well-being

and consciousness.

Serving communities, social service
agencies, family and education
organizations, other nonprofit entities
and health care professionals.

The core of the HeartMath system
is a set of scientifically validated
tools and techniques that can help
people of all ages renew energy,
gain greater mental and emotional
balance and build resilience.

Institute of HeartMath's free
downloads library: PDFs, videos and
audio programs containing valuable

information and research.

N7

www.heartmath.org

Institute of HeartMath
14700 West Park Avenue, Boulder Creek
Cadlifornia 95006 « 831-338-8500

32 Volume 3, Number 3 ¢ May 2014 ¢ www.gahmj.com

Original Research




