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CLINICAL REVIEW

Inﬂammatory Bowel Disease-Attributable
Costs and Cost-effective Strategies in the
United States: A Review
K.T. Park, MD, and Dorsey Bass, MD

Abstract: The United States spends more for healthcare than
any other country in the world. With the rising prevalence of both
Crohn’s disease and ulcerative colitis, inﬂammatory bowel disease
(IBD) represents the leading chronic gastrointestinal disease with
increasing healthcare expenditures in the US. IBD costs have
shifted from inpatient to outpatient care since the introduction of
biologic therapies as the standard of care. Gastroenterologists
need to be aware of the national cost burden of IBD and clinical
practices that optimize cost-efﬁciency. This investigation offers a
systematic review of the economics of IBD and evidence-based
strategies for cost-effective management.
(Inﬂamm Bowel Dis 2011;17:1603–1609)
Key Words: healthcare cost, inﬂammatory bowel disease, cost
effectiveness analysis

I

nﬂammatory bowel disease (IBD) is a chronic disorder
with a usual relapsing and remitting course. A recent epidemiological investigation estimates that nearly 4 million
persons worldwide are affected with either ulcerative colitis
(UC) or Crohn’s disease (CD), and 1.4 million of these
cases occur in the United States.1 In US children the prevalences of CD and UC are 43 and 28 per 100,000, respectively, and in US adults the prevalences of CD and UC are
201 and 238 per 100,000, respectively.2 The incidence of
IBD in minorities, especially among Asian Americans,
seems to be increasing over the last two decades.3 An observational case-controlled study by Longobardi et al4 reported
that patients with less than 5 years IBD diagnosis compared
to non-IBD controls have increased emergency room visits
(odds ratio [OR] ¼ 2.41; 95% conﬁdence interval [CI] ¼
1.49–3.88) and hospitalizations and surgical interventions
Received for publication August 9, 2010; Accepted August 14, 2010.
From the Pediatric Gastroenterology, Hepatology, and Nutrition, Lucile
Packard Children’s Hospital, Stanford University Medical Center, Stanford,
California.
Reprints: K.T. Park, MD, 750 Welch Road, Suite 116, Palo Alto, CA
94304 (e-mail: ktpark@stanford.edu)
C 2010 Crohn’s & Colitis Foundation of America, Inc.
Copyright V
DOI 10.1002/ibd.21488
Published online 5 November 2010 in Wiley Online Library
(wileyonlinelibrary.com).

Inﬂamm Bowel Dis  Volume 17, Number 7, July 2011

(OR ¼ 2.34; 95% CI ¼ 1.09–4.19). IBD, therefore, represents a disease with an important economic impact on the
healthcare system and the economy as a whole.
The main objective of this review is to provide a critical summary of recent literature on the topic of optimal
management strategies and associated direct costs of IBD
in the US. Although this article will focus mainly on investigations undertaken in the US, some studies from other
countries are discussed for comparison purposes.
A MEDLINE search was conducted using the terms ulcerative colitis, Crohn’s disease, inﬂammatory bowel disease, inﬂiximab, healthcare cost, cost-effectiveness, costbeneﬁt, and cost-utility to ﬁnd pertinent research articles
published after 1995. Letters, editorials, and commentaries
were excluded from the analysis, but a few references were
included for discussion purposes. Approximately 600 original articles were reviewed for this summary, which discusses
hospitalization costs, diagnostic tests, mesalamine and sulfasalazine, immunomodulators, biologics, surgical treatment,
cost of nonadherence, and cost of opportunity loss.

OVERVIEW
Healthcare costs in the US are higher than any other
country. Yu et al5 showed in a recent systematic review
that the cost of CD is more expensive in the US than in
other Western countries. For patients with CD living in the
US, direct medical costs were estimated to be $18,022–
18,932 per patient per year compared to approximately
$4,000–10,000 (converted from euros to dollars). Gibson
et al6 analyzed MarketScan databases from 1999–2005 to
measure the cost burden of CD and UC. Commercially
insured CD and UC patients in the US had annual medical
expenditures of $18,963 and $15,020, respectively—signiﬁcantly more than the $5,000 estimated for the patients in
the matched comparison group of similar patients living
outside the US. It is not known whether these increased
expenditures result in better outcomes.
Kappelman et al7 measured the direct costs of IBD in
children and adults during 2003 and 2004 by analyzing insurance claims from 87 different health plans in 33 states.
The estimated mean annual cost was $8,265 for CD and
$5,066 for UC. The discrepancy between this study and the
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previous two studies is perhaps due to the reporting of
actual reimbursements instead of charges to the insurer.
This study also revealed that costs for patients under 20
years of age were higher than those for adults over 20
years of age, suggesting that focusing on effective management of IBD in pediatric patients could yield signiﬁcant
cost-efﬁcient beneﬁts. Also, more than one-third of the
total IBD-related costs were attributable to inpatient management of disease, suggesting that reducing hospitalization
through optimal maintenance of remission would decrease
the overall cost-burden. A more recent study in 2010 by
Kappelman et al8 conﬁrmed that healthcare utilization was
disproportionately increased in younger IBD patients.

COST OF HOSPITALIZATION
Effective maintenance of IBD remission is directly
linked to lower rates of hospitalization. Evidence points to
inpatient costs as an important factor in increasing total costs
of IBD. A multinational European and Israeli study showed
that the majority of IBD-related healthcare expenditures
were to inpatient medical and surgical management.9 A Canadian study showed that medical inpatient costs for CD and
UC were similar, but surgical costs were more for UC than
for CD.10 In an American study by Hillson et al,11 a retrospective cost-analysis of medical claims showed that patients
with severe UC, as compared to patients with mild or moderate UC, had more than twice the total cost burden ($26,875
versus $12,154 and $12,731, P < 0.005) and more than
quadruple the inpatient cost burden ($13,516 versus $3235
and $2244). A retrospective analysis by Bickston et al12 of
three age groups (<18 years, 18–64 years, >64 years) using
the PharMetrics database compared UC patients to an IBDfree group that was matched for age and gender. This study
showed that the mean annual inpatient costs for a UC patient
were $5,771 versus $966 for a non-UC patient (P < 0.001).
Of the three age groups, pediatric-adolescent patients with
UC (<18 years) had the highest mean annual all-cause total
healthcare costs at $23,113. Adults incurred less costs, ranging from $12,693 to $15,811 per year.
The cost of hospitalization for CD was characterized
by Cohen et al13 using a US single-center database review
of hospitalized CD patients. The average total cost of hospitalization was $35,378 with mean surgical and medical
hospitalization charges of $46,353 and $20,744, respectively. Mean surgical and medical hospital reimbursements
were $28,946 and $12,666, respectively. Silverstein et al14
created a Markov model that showed that the larger proportion of total charges in CD was attributable to surgical
care. These two studies, reported over a decade ago, did
not take into consideration the impact of biologics on the
medical options for CD.
Cohen et al15 more recently analyzed the effects of
ﬁstulizing disease on CD costs using the PharMetrics data-
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base. Among the total 13,454 CD patients identiﬁed over a
5-year span, 771 (5.7%) patients had ﬁstula formation in
the year following diagnosis. The total median cost per
patient was greater than $4,000 more for the patients who
developed ﬁstulas ($10,868 versus $6,268). The cost differential was mainly due to hospitalization and surgery.

DIAGNOSTIC TESTS
The cost-effectiveness of many diagnostic and
screening tests for IBD is unknown, e.g., magnetic resonance enterography (MRE). Levesque et al16 modeled the
comparison of computed tomographic enterography (CTE)
versus small-bowel follow-through (SBFT) for patients
with moderate to high pretest probability of small bowel
CD. Of note, the lifetime radiation risk with CTE and
SBFT was not modeled in this analysis. The resulting
incremental cost-effectiveness ratio (ICER) was less than
$54,000 per quality-adjusted life-years (QALYs) gained
when CTE was chosen over SBFT. The addition of wireless capsule endoscopy (WCE) after an ileocolonoscopy
and negative SBFT or CTE resulted in an ICER
>$500,000 per QALY. The use of MRE in evaluating the
small bowel in CD is more expensive but eliminates the
risk of ionizing radiation from CTE and SBFT. Future
standard of practice for diagnostic evaluation of CD may
depend on the relative diagnostic accuracy, safety, and
cost-effectiveness of MRE. WCE has been proposed as a
cost-effective modality when used as a single diagnostic
test. Goldfarb et al17 used a decision tree model to show
cost-savings of $291 from the payer’s perspective in choosing WCE over SBFT and colonoscopy in the initial workup
of CD. Although WCE is less invasive and does not have a
potentially serious anesthesia risk, WCE cannot provide tissue diagnosis via biopsy, which is often necessary for a deﬁnitive diagnosis of IBD. Using WCE as a sole diagnostic
test may also increase risk of capsule retention and subsequent surgery.
The cost-effectiveness of various intervals of colonoscopic screening for colorectal cancer (CRC) in chronic
UC (with or without 5-aminosalicylates [5-ASA] chemoprevention for dysplasia) has been investigated, although
without a clear consensus.18,19 Rubenstein et al20 reported
that the ideal colonoscopic screening interval for CRC in
UC patients treated with 5-ASA is every 3 years. This every-3-year strategy resulted in an ICER of $63,387 per
QALY, which is less than the assumed willingness-to-pay
threshold of $100,000 per QALY. In comparison, an annual
colonoscopic surveillance strategy would cost nearly $1
million per QALY. For a patient not receiving 5-ASA therapy, the model revealed that annual surveillance was the
ideal strategy, costing $69,100 per QALY.
Diagnostic approaches to pouchitis, a potentially
chronic condition with signiﬁcant impact on quality of life
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to UC patients after subtotal colectomy and ileal pouch–
anal anastomosis (IPAA), have been evaluated. Commonly
used clinical strategies include either treatment with antibiotics based on symptomatology alone or pouch endoscopy
with or without biopsies prior to antibiotic treatment. Shen
et al21 analyzed a decision tree with six competing strategies. Although an empiric trial of metronidazole had the
lowest cost among the six strategies, pouch endoscopy
without biopsies had only an additional $50 cost. Pouch endoscopy without biopsy was the preferred strategy, based
on more timely diagnosis and avoidance of unnecessary antibiotic therapy, as well as cost beneﬁts. Parsi et al22
reported that obtaining fecal lactoferrin prior to diagnosing
pouchitis may be a cost-effective strategy, resulting in a
31% reduction in antibiotic use with a marginal decrease in
effectiveness.

5-ASA COMPOUNDS
IBD treatment with 5-ASA compounds, used primarily for mild to moderate colonic and rectal disease, is generally more affordable than immunomodulator or biologic
therapies. According to a popular online pharmacy,23 for
an average adult, enteric-coated sulfasalazine (500 mg four
times daily) costs $50 per month and mesalamine (2.4 g/
day) costs approximately $300 per month. Lialda costs
approximately $700/month. Because these medications are
prescribed for very long-term use, clinicians should take
the cost differential into consideration when treating UC
patients with mild to moderate disease.
Sulfasalazine is generally as effective as and more
affordable than other ASA compounds. Nikfar et al24 performed a meta-analysis on 20 randomized, placebo-controlled clinical trials comparing the efﬁcacy and tolerability
of sulfasalazine with mesalamine. They found that sulfasalazine did not signiﬁcantly increase the relative risk (RR)
for any adverse events compared to mesalamine (RR 0.76,
95% CI 0.54–1.07, P ¼ 0.11). The investigators also
reported a nonsigniﬁcant RR of 1.04 (95% CI of 0.89–
1.21, P ¼ 0.63) for overall improvement, indicating similar
efﬁcacy for sulfasalazine and mesalamine.
Mackowiak et al25 demonstrated through a decision
analysis that oral mesalamine failure led to an average cost
of $11,500 per patient during the ﬁrst 6 months after therapy. Comparing various 5-ASA compounds, balsalazide
capsules produced 16% lower total costs and 32%
improved outcomes (days without symptoms or steroids).
A study from the United Kingdom by Buckland and
Bodger26 performed a cost-utility analysis of the standard
dose of mesalamine (2.4 g/day) versus high-dose mesalamine (4.8 g/day) in UC patients with moderately active
disease. After a 12-week trial, results suggested that highdose mesalamine was cost-effective, increasing QALYs by
0.0016.

IBD Costs in the US

5-ASA use in CD, on the other hand, has been shown
repeatedly to be ineffective in maintaining CD remission,
as conﬁrmed in a recent Cochrane review by Akobeng and
Gardener.27 A cost-saving practice is to discontinue 5-ASA
use as a maintenance drug for CD.

IMMUNOMODULATORS
There is no recent analysis evaluating the direct costeffectiveness or utility of azathioprine (AZA), methotrexate, or 6-mercaptopurine (6MP).
Patients treated with immunomodulators need close
monitoring of serious immunosuppressive and/or hepatotoxic side effects. Thiopurine methyltransferase (TPMT)
screening prior to starting immunomodulators is important
to prevent potentially life-threatening adverse reactions and
is current practice in many clinical settings. Thiopurine
metabolite monitoring may also enhance effective use of
these agents, but has yet to be established as standard of
care.
Recently, Dubinsky et al28 performed a decision analysis showing the cost-effectiveness of TPMT screening and
thiopurine metabolite monitoring to more quickly reach
therapeutic levels of erythrocyte 6-thioguanine nucleotide
and to maintain longer steroid-free response (>2 months).
After a 1-year time horizon, the most expensive strategy
($7,142) was no TPMT screening or thiopurine metabolite
monitoring, while the least costly alternative ($3,861) was
TPMT screening alone.
An alternative to metabolite monitoring may be the
monitoring of red blood cell mean corpuscular volume
(MCV) and white blood cell count (WBC), since macrocytosis is a side effect of immunomodulator therapy. A recent
retrospective study by Waljee et al29 used machine learning
to predict immunologic response in patients on immunomodulators. The investigators found that an MCV/WBC ratio
of 12 or greater correlates to a 0.67 probability of clinical
response to immunomodulators, whereas thiopurine metabolite levels predicted a 0.62 probability of clinical
response. As the current manufacturer list price for thiopurine metabolite levels is $270 per panel versus $40 for complete blood count with differential, using MCV/WBC ratios
to monitor clinical response to immunomodulator therapy
is a potentially cost-saving practice.

BIOLOGICS
Biologics, e.g., inﬂiximab and adalimumab, are
monoclonal antibodies that bind tumor necrosis factor
alpha (TNF-a). These treatments are the most expensive
medical therapies available for IBD. For an adult, average
wholesale price of inﬂiximab typically ranges from $2,000
to $4,000 per infusion ($800 for 100 mg vial),30 depending
on the patient’s weight. The average wholesale price of
adalimumab is $2,000 per month ($1,000 for 40 mg vial),
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depending on maintenance dosing frequency. Ollendorf and
Lidsky31 evaluated insurance claims from PharmMetrics
for inﬂiximab from 2000 to 2003 and reported that the
mean hospital charges and paid amounts per infusion were
$4,441 and $2,793, respectively. The average administration cost to a commercial insurer was $2,800.
Evidence points to clear efﬁcacy of inﬂiximab in
IBD,32,33 although its cost-effectiveness has yet to be conclusively proven in the US. The cost of inﬂiximab to society has been investigated and discussed by experts from
different countries.34–37 One single-center cost-analysis
from Spain by Saro et al38 compared resource utilization
before and after initiation of inﬂiximab in CD patients.
Although the cost for hospitalization was reduced from
62.4% to 6.4% of total costs, the overall cost of CD management more than doubled. Two recent studies from the
United Kingdom evaluated the cost-effectiveness of inﬂiximab therapy in CD and UC. Lindsay et al39 analyzed a
Markov model of hypothetical 60 kg adult CD patients
treated with inﬂiximab (5 mg/kg) every 8 weeks. Inﬂiximab was cost-effective for both active luminal and ﬁstulizing disease. Sensitivity analysis revealed patient body
weight as an important factor in affecting cost-effectiveness. Tsai et al40 analyzed a Markov model of hypothetical
73 kg adult UC patients over a 10 year horizon receiving
inﬂiximab (5 mg/kg) every 8 weeks for maintenance of
remission. Inﬂiximab was cost-effective for adult patients
with moderate to severe UC. Sensitivity analysis revealed
body weight and time horizon to be important factors
affecting cost-effectiveness.
An American study by Arseneau et al41 reported the
incremental beneﬁt of inﬂiximab using a Markov model for
treating CD perianal ﬁstulae over a 1-year period. Compared to the base case scenario of 6MP and metronidazole,
the three other alternative strategies using various inﬂiximab frequencies yielded only minimal increase in effectiveness with an incremental cost-utility range of $355,450
to $377,000 per QALY. Sensitivity analysis showed that
decreasing the inﬂiximab cost to $304 per infusion reduced
the cost-utility to $54,050 per QALY. Also in the US, a
pediatric retrospective chart review by Condino et al42
raises the possibility of reducing inﬂiximab administration
costs through a home infusion program. Among the 10
patients who received 59 home infusions with a dose range
of 7.5–10 mg/kg, cost savings amounted to $1,335 per 100
mg inﬂiximab. No serious adverse reactions were reported,
and patient satisfaction was 9 out of 10 (10 ¼ most
satisﬁed).
Adalimumab is efﬁcacious in CD, and with its subcutaneous route of delivery there is no need for monitored intravenous administration and its associated costs.43 Recent
studies have compared the cost and utility associated with
adalimumab versus inﬂiximab. One retrospective analysis
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raised the question of the cost-effectiveness of inﬂiximab
over the long-term since the majority (77%) of CD patients
lost response after a 2-year period.44 However, a more
recent prospective investigation of 614 patients with CD
and a median follow-up of 55 months reported sustained
response of inﬂiximab in 63.4% of the cohort.45 It is not
entirely known how quickly patients lose response on adalimumab therapy, although it is generally thought that a
more sustained response is possible since adalimumab is
not a chimeric antibody like inﬂiximab and thus touted to
be less antigenic.
Kaplan et al46 determined that, in CD patients who
no longer respond to inﬂiximab 5 mg/kg, increasing the
dose to 10 mg/kg is a costly decision with minimal gains
in efﬁcacy. Switching to adalimumab may be a preferred
strategy since the inﬂiximab dose escalation strategy produced an ICER of $332,032 per QALY, gaining only 0.03
QALYs (0.79 from 0.76). Of note, sensitivity analysis
showed that reducing the cost of inﬂiximab by one-third
produced an ICER of $80,000 per QALY.
Yu et al47 compared maintenance regimens of inﬂiximab (5 mg/kg every 8 weeks) and adalimumab (40 mg every other week). A decision analytic model found that adalimumab-treated patients, compared to inﬂiximab-treated
patients, had 34%–40% lower hospital admission, longer
remission periods (47.2% versus 37.1%), and lower overall
costs (cost savings of $4,852) after a 56-week period.

SURGICAL TREATMENT
Most recent cost-analyses evaluating surgical interventions in IBD focus on colectomy and subsequent creation of an IPAA in UC patients. Results from the NORMAL survey48 indicate that UC patients have an average
of eight self-deﬁned ﬂares per year. Furthermore, the majority (62%) of patients report difﬁculty leading a normal
life, while half (49%) of the patients report difﬁculty taking
medications as prescribed every day. These ﬁndings
strengthen the argument that earlier referral for curative
colectomy may be of therapeutic beneﬁt in patients with
UC. Additional support was provided in a study by Ngyuen
et al,49 who created a Markov model to simulate a cohort
of UC patients with newly diagnosed low-grade dysplasia.
Immediate colectomy dominated all three of the enhanced
surveillance strategies (repeated colonoscopy at 3, 6, and
12 months), yielding higher QALYs (20.1 versus 19.9
years) and lower costs ($75,900 versus $83,900). Sensitivity analysis was robust to various model parameters.
Subsequent IPAA is currently the standard of care for
most UC patients after colectomy. Creation of a pouch
forms a pseudo-rectum and eliminates the need for a permanent ostomy. This series of surgeries has become
‘‘modiﬁed’’ as a two-stage, instead of three-stage, procedure. Swenson et al50 showed that the modiﬁed IPAA is
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effective and cost-saving. Compared to the three-stage
operation, the modiﬁed IPAA had equivalent clinical outcomes, measured by the number of bowel movements,
fecal incontinence, and use of hypomotility medications.
Total hospital costs for the modiﬁed group and the threestage group were $27,270 and $38,184, respectively.
Holubar et al51 demonstrated the economic beneﬁt of
UC patients undergoing total proctocolectomy in UC
patients. Among the two groups, the mean cost of surgery/recovery period was $50,530 for IPAA (n ¼ 45) and $39,309
for total proctocolectomy with Brooke ileostomy (n ¼ 15).
These patients incurred less cost after the curative procedure
than before the surgery, with cost reductions for the 2 years
after recovery of $9,296 in the IPAA group and $12,529 in
the total proctocolectomy with Brooke ileostomy group.

COST OF NONADHERENCE
Two studies published during the last 2 years investigated the societal cost of nonadherence to 5-ASA therapy in
UC patients. Higgins et al52 conducted a systematic review
of literature and unpublished randomized control trials evaluating the association of nonadherence to 5-ASA therapy
with incidence of UC ﬂares and healthcare costs. Those
patients who were 5-ASA-adherent had 12.5% less comorbidity-adjusted annual cost of care than did nonadherent
patients. The relative risk for UC ﬂare in nonadherent versus
adherent patients was 3.65 to inﬁnity. Kane and Shaya53 built
a generalized linear model to associate nonadherence with
higher medical costs. Data from the Maryland CareFirst
BlueCross BlueShield program were analyzed using multivariate regression analysis. Nonadherence with 5-ASA was
signiﬁcantly associated (P < 0.01) with 2-fold increase in
inpatient cost (22.8% versus 11.7%) and in increased utilization of outpatient services and ofﬁce visits.

COST OF OPPORTUNITY LOSS
While our review has focused on the reporting the
direct costs of IBD in the US, we should not overlook the
indirect costs attributable to IBD, which remains difﬁcult to
analyze. One potentially quantiﬁable measure of indirect
cost is work-related opportunity loss. It is estimated that the
overall paid-employment burden of IBD in the US in 1998/
1999 was more than $3.6 billion ($5,228 per person).54 Discounted at a 3% rate to 2009 dollars, this represents an annual cost of $5.5 billion. Of note, clinical remission of CD is
positively associated with increased probability of employment and improved mental and emotional well-being.55,56

CONCLUSIONS
IBD in the US represents two increasingly prevalent
chronic diseases with considerable impact on healthcare
expenditures. This review highlights key investigations that
inform clinicians and policy makers of important factors

IBD Costs in the US

and strategies to consider for optimization of resources in
managing IBD.
Speciﬁcally, our review shows that clinicians should
also be especially mindful when 1) ordering expensive diagnostic tests; 2) choosing lifetime maintenance medications;
3) escalating inﬂiximab dosing for patients with loss of initial response; 4) considering beneﬁts of earlier surgical referral for refractory UC; and 5) educating patients about the importance of adherence to therapy as it relates to clinical
outcomes and costs. We have also summarized the importance of maximizing resource allocation during the ﬁrst few
years after IBD diagnosis, since this improves overall health
outcomes and cost-effectiveness. Effective pediatric IBD
management should be cost-saving in the long term since
this population represents a longer duration of chronic disease and utilizes disproportionally more resources.
In the past, efﬁcacious and cost-effective outpatient
care of IBD patients resulted in fewer inpatient hospitalization, which drove total IBD costs. However, Kappelman et
al7 showed that while the advent of biologics has improved
the quality of life for patients by decreasing hospitalization
rates, the overall cost of IBD in the US remains relatively
unchanged as outpatient costs have increased proportionally
to the decrease in inpatient costs.
Future cost-effectiveness analyses are needed to consider the efﬁcacy of biologics in the context of rising drug
and administration costs in the US. Policies aimed at costcontainment for biologics may be necessary. Inﬂiximab and
adalimumab therapies have yet to be proven cost-effective
in the US. In addition, it is not entirely clear which strategies are more efﬁcacious and cost-effective in escalating
or de-escalating (i.e., bottom-up or top-down) medical
therapies for moderate to severe IBD.
Lastly, our review indicates that clinicians need to
ﬁnd a consensus which better deﬁnes medical therapy failure in IBD, especially UC. Outlining evidence-based protocols for surgical referral of IBD patients with medically refractory disease may improve patient quality of life and
enhance cost-savings for both the individual and society.
Further outcomes research indicating comparable long-term
results with improving surgical techniques (e.g., colectomy
with IPAA) would help to facilitate the transition from
medical to surgical management of UC.
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