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Summary
Background: Knowledge of the cost of illness of inflammatory bowel disease (IBD) is 
essential for health policy makers worldwide.
Aim: To assess the cost of illness of IBD from the societal perspective taking into ac-
count time trends and geographical differences.
Methods: A systematic review of all population- based studies on cost of illness of IBD 
published in Embase, Medline, Web of Science and Google Scholar. Methodology of 
included studies was assessed and costs were adjusted to 2018 US dollars.
Results: Study methodologies differed considerably, with large differences in per-
spective, valuation method and population. For prevalent Crohn's disease (CD) 
cases in the last ten years annual healthcare costs were in Asia $4417 (range $1230- 
$31 161); Europe $12 439 ($7694- $15 807) and North America $17 495 ($14 454- 
$20 535). For ulcerative colitis (UC), these were $1606 ($309- $14 572), $7224 
($3228- $9779) and $13 559 ($13 559- $13 559). The main cost driver was medication, 
the cost of which increased considerably between 1985 and 2018, while outpatient 
and inpatient costs remained stable. IBD had a negative impact on work productivity. 
Annual costs of absenteeism for CD and UC were in Asia (with presenteeism) $5638 
($5638- $5638) and $4828 ($4828- $4828); Europe $2660 ($641- $5277) and $2394 
($651- $5992); North America $752 ($307- $1303) and $1443 ($85- $2350).
Conclusion: IBD societal cost of illness is increasing, driven by growing costs of medi-
cation, and varies considerably between continents. While biologic therapy was ex-
pected to decrease inpatient costs by reducing hospitalisations and surgery, these 
costs have not declined.
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1  | INTRODUC TION

Biologics and small molecules are increasingly used and are potent 
agents for the treatment of inflammatory bowel disease (IBD).1- 5 As 
shown in randomised clinical trials, these drugs are efficacious in 
inducing clinical remission, improving work productivity,6,7 and re-
ducing hospitalisation and surgery rates.8,9 They are expensive how-
ever, potentially costing over $10 000 per treatment year depending 
on country and access to biosimilars,10 and could increase the cost 
burden on the already strained healthcare systems worldwide.11,12

Two systematic reviews were published on the costs of Crohn's 
disease (CD) and ulcerative colitis (UC) in Europe and North America 
in 2008 and 2010 respectively.13,14 Since then, many new treat-
ment modalities have become available, and numerous studies on 
the costs of IBD have been published. Reviews on the indirect costs 
of IBD and costs for the paediatric population have been published 
since,15- 19 but no comprehensive review on the cost of illness of IBD 
has been carried out.

With the increasing incidence and prevalence of IBD outside the 
Western world,20 knowledge on the economic burden and cost driv-
ers is essential for health policymakers worldwide. This requires a 
systematic assessment from a societal perspective, which includes 
the costs of healthcare, patients own financial contribution and 
work impairment, such as absenteeism and presenteeism.21

We aimed to estimate the global economic impact of IBD and 
therefore conducted this systematic review of the cost of illness of 
IBD from a societal perspective and determined cost drivers over 
a 30- year time period (1985- 2018) in different geographical areas.

2  | MATERIAL S AND METHODS

2.1 | Protocol and registration

This systematic review was conducted according to the Preferred 
Reporting Items for Systematic Reviews and Meta- Analyses 
(PRISMA) statement.22 The review protocol was prospectively regis-
tered in PROSPERO under CRD42020158567.23

2.2 | Eligibility criteria

Eligible for inclusion in the systematic review were observational 
studies published in peer- reviewed journals on healthcare, produc-
tivity or patients costs of patients with CD, UC, IBD- unclassified/
indeterminate (IBD- U), or a combination of these diseases. Studies 
on interventions and those reporting costs only for a subset of pa-
tients defined by phenotype or treatment were excluded, as they 
do not give a representative estimate of the cost- of- illness of IBD. 
According to the PRISMA statement, the eligibility criteria were pub-
lished beforehand.23 During the conduct of the systematic review, 
the protocol was changed because a systematic review on cost of ill-
ness in children was published during the conduct of this systematic 

review.19 After the change, only studies on an adult population 
and studies on a combined population of both adults and children 
were eligible. Studies reporting costs for a population younger than 
18 years of age were excluded. Studies in other languages than 
English were excluded, as were all conference abstracts and posters. 
No limit on publication date was applied.

2.3 | Search and information sources

A systematic search to find relevant articles was performed in co-
operation with an information specialist of the medical library in 
four databases: Embase, Medline (Ovid), Web of Science and Google 
Scholar. For Google Scholar, it was decided a priori to only include 
the first 200 results to limit the proportion of articles that are not for-
mally published in journals.24 A single search string query was used 
to search the databases for reproducibility and adaptability (see File 
S1). For retrieval in Google Scholar, the programme Publish or Perish 
(version 7.19) was used. During the search, the queries were refined 
to only retrieve articles in English and to exclude animal studies and 
conference abstracts. The search was performed on 28 August 2019 
and updated on 20 January 2020 and on 11 June 2020. This could 
affect the retrieved references as the amount or relevance rank-
ing can differ due to either added or redacted index terms or due 
to a changed relevance ranking (as seen with Google Scholar). The 
retrieved studies were crosschecked with the reference lists of the 
prior published reviews to search for missing studies.13- 15,17,18

2.4 | Study selection

Two independent reviewers (RvL and EV) reviewed all studies found 
in the initial search on title and abstract. Subsequently, the studies 
that met all eligibility criteria were independently screened on full 
text by the two reviewers. In case of disagreement, the article was 
discussed until consensus was reached. These articles are marked 
with an asterisk in the results.

2.5 | Data collection and items

The two aforementioned reviewers separately collected the data 
from the included studies using a case report form developed for this 
review. In case of disagreement, inconsistencies were corrected by 
jointly returning to the article in question. For each study, the follow-
ing data were collected: cost sectors, cost components, method of 
quantifying resource use, method of valuating costs and results with 
a measure of spread (e.g., mean and standard deviation). Metadata 
were collected on general study aspects (title, authors, year of pub-
lication), disease population, perspective, currency and period and 
country of data collection.

If the perspective from which resource use and valuation was 
not made explicit by the study, it was determined from the study 
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methodology. When the currency year was not stated, the final year 
of follow- up was used. When cost data were collected for a period 
longer than a year and reported as a single estimate, we treated this 
estimate as representative for the middle of the period when graph-
ing the data.

2.6 | Bias

The main risk of bias lies at the level of individual studies be-
cause of the widely different methods used in these studies.18 
Methodology and risk of bias were assessed by two reviewers 
(RvL and EV) independently using the tool published by Larg and 
Moss.25

2.7 | Synthesis of results

Where cost data were not available per patient, the per patient cost 
was calculated from the total costs and patient numbers. To compare 
results, all costs were converted to 2018 United States (US) dollars 
using the gross domestic product (GDP) deflator (preferred measure 
to adjust for inflation from the societal perspective)26 and purchas-
ing power parity (PPP) as defined by the World Bank.27 Where World 
Bank estimates were not available, GDP deflator and PPP as defined 
by the Organisation for Economic Co- operation and Development 
(OECD) were used.28,29 For Taiwan and Hong Kong, the GDP defla-
tor published by their respective office for national statistics was 
used.30,31 For Taiwan, PPP as defined by the International Monetary 
Fund was used.31

Because of heterogeneity between studies, no formal meta- 
analysis was attempted, but descriptive summaries are given. All 
costs are reported as annual costs per patient per year. Where pos-
sible, healthcare costs were divided into three different categories: 
inpatient included the cost of hospital admissions and surgery; out-
patient included the cost of physician or emergency room visits, out-
patient diagnostics and outpatient surgery; and medication included 
costs for biologic and non- biologic therapy. Work productivity costs 
were categorised as absenteeism (sick leave), presenteeism (reduced 
efficiency at work), early retirement or disability, unpaid time loss or 
caregiver productivity loss.

Studies that distinguished between CD and UC cohorts are re-
ported under the respective disease category while studies that ag-
gregated CD and UC patients are reported under IBD.

To assess changes in cost components over time (1985- 2018), 
only studies that reported means for all three components (inpa-
tient, outpatient and medication) were included. If multiple stud-
ies reported a distribution of cost components for a given year, 
the average distribution of the studies was used. To determine the 
present- day annual healthcare costs of prevalent IBD patients, all 
studies reporting on the mean CD or UC attributable healthcare 
costs from 2010 onward were used. The proportion of biologic 
users per study was compared with healthcare costs for all studies 

reporting mean healthcare costs and the proportion of patients on 
biologics. To compare productivity costs with healthcare costs, only 
studies that estimated mean healthcare costs and any category of 
mean productivity costs were included.

3  | RESULTS

3.1 | Study selection

The systematic search identified 7566 studies, of which 2729 were 
removed because of duplication. The remaining 4837 studies were 
screened on title and abstract and 4730 excluded. After full- text 
screening, 64 of the remaining 107 studies were included in the sys-
tematic review.32- 95 No missed studies were found in the reference 
lists of the other systematic reviews. For the study selection pro-
cess and reasons for exclusion, see the PRISMA flowchart (Figure 1). 
Cohen's kappa for inclusion of a study was 0.88. The reduced kappa 
can be explained by one of the reviewers' learning curve. After com-
paring the decisions made by both reviewers, there was no disagree-
ment on which studies should be included in the study.

3.2 | Study characteristics

An overview of the study populations is presented in Table S1. A 
detailed overview of the study characteristics, methodologies, re-
sults and the summaries that each study contributed to can be found 
in File S2. Of the 64 studies, seven were performed in Asia, 29 in 
Europe, 26 in North America (United States and Canada) and two 
in Oceania. Most studies (54) used a prevalence- based approach. 
Of these, five studies applied a top- down costing method and the 
others a bottom- up approach. All 11 incidence- based studies used 
a bottom- up costing method. One study reported costs for both a 
prevalent as well an incident cohort.70 Only three studies reported 
on the costs of IBD- U (File S2).42,47,92

The studies covered a time period of more than 30 years (1985- 
2018).82,91 Study timeframes differed considerably. Some studies 
were cross- sectional with a 1- week recall period to determine costs, 
while others were longitudinal with a time period of up to 10 years. 
For most incidence- based studies, costs in the first year after diag-
nosis could be calculated. Three incidence- based studies reported 
the annual costs over a 10- year period.67,71,77

The perspectives from which resource use and valuation were 
determined varied. Twenty studies used the third- party payer per-
spective, using insurance charges or payments as costs. The em-
ployer perspective, focusing on the value of productivity foregone 
because of IBD, was used in seven studies. The healthcare system 
perspective, determining the impact of IBD on healthcare costs, 
was used in 15 studies. In addition, four studies took the govern-
ment perspective, examining healthcare costs from the perspective 
of a government- funded healthcare system and productivity costs. 
Seventeen studies adopted a societal perspective, estimating all 
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costs no matter who incurred them. The perspective of one study 
remained unclear.40

IBD- attributable costs were determined by 55 studies. This 
was done by either matching a control group, adjusting for differ-
ences between IBD-  and non- IBD cases in a regression analysis, 
or counting IBD- attributable resource use. Nine studies reported 
all healthcare costs incurred by IBD patients.32,44,46,47,50,53,56,68,82 
The methods to determine and value resource use and productivity 
losses differed considerably. Five studies reported median costs per 
patient, and one study reported mean healthcare costs but median 
productivity costs.35,44,47,59,68

3.3 | Healthcare costs

The reported healthcare costs varied considerably between stud-
ies and geographical regions. The annual mean healthcare costs for 
prevalent and incident cases of IBD, CD and UC are summarised in 
Table 1. Changes in mean annual healthcare costs and component 
costs over the 30- year time period for total IBD, CD and UC are 
presented in Figures 2- 4.

The means of the reported mean annual healthcare costs for 
prevalent cases of IBD, CD and UC were between $1051 and $3755 
in Asia; $5938 and $10 484 in Europe; and $8053 and $13 212 in 
North America. No studies from Oceania reported mean healthcare 
costs, but median healthcare costs were estimated to be between 
$3700 and $11 340 (File S2). Annual mean healthcare costs per 

prevalent case of IBD, CD and UC seem to be increasing in Asia, 
Europe and North America. Longitudinal studies from Europe and 
Asia show that this increase is mostly driven by an increase in med-
ication costs.65,81

Over the 30- year period, cost drivers have shifted from inpa-
tient to medication costs for IBD in general, CD and UC (Figure 5A- 
C and Figures S1- S3). This cost trend is primarily attributable to an 
increase in medication costs, while inpatient and outpatient costs 
were relatively stable during the same time period. This was seen 
in Europe and North America, as no studies from Asia or Oceania 
were eligible for this analysis. For the comparison between pro-
portion of biologic users and mean healthcare costs per study, see 
Figures S4- S6.

The mean present- day IBD- attributable healthcare costs dif-
fered considerably between geographical areas (Table 2). In most 
cases, the primary cost driver was found to be medication, except 
for North America, where outpatient costs were the main cost 
driver.

Longitudinal data to assess changes in total and component costs 
for incident cases were not available for different time periods. Most 
studies reported annual healthcare costs for incident cases in the 
time period 2008- 2012,42,47,70,71,73,76,92,93,95 and other incidence- 
based studies reported healthcare costs in the first ten years after 
diagnosis.67,77

Mean annual IBD- attributable costs of incident CD and UC 
cases in the first year after diagnosis were assessed in seven stud-
ies (Table 3).42,70,73,76,92,93,95 Three of these studies were conducted 
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in Europe,42,92,93 of which two reported on different timeframes for 
the same patient population.42,92 Costs reported in the more com-
prehensive of the two studies were used.92 Cost drivers differed 
per study but were mostly either inpatient or outpatient costs. 
Medication was the main cost driver for the study in Australia.

Costs for incident cases were found to be between $700 
(+35%) and $1000 (+55%) higher than for prevalent cases.70 
This was mostly because of the higher costs for diagnostics and 
surgery for the incident cases, notwithstanding a lower cost for 
biologic therapy for incident CD cases. Costs for incident cases 
peaked in the first year after diagnosis, and then quickly declined 
and stabilised after two years, driven by a decrease in hospitalisa-
tion, surgical and investigation costs. However, the cost decline 
is partially offset by increased costs for biologics each year after 
diagnosis.70,71,73,77,92,93

3.4 | Productivity costs

The annual mean productivity costs for prevalent and incident cases of 
IBD, CD and UC are summarised in Table 4. The comparison between 
healthcare costs and productivity costs can be found in Figures S7- S9. 
Less than half of the studies (n = 25) reported on productivity costs 
and those studies mainly focused on absenteeism. Presenteeism was 
measured in most studies63,64,74,75,89,90,94 with the Work Productivity 
and Activity Impairment (WPAI) questionnaire, and one study58 de-
veloped their own survey to measure presenteeism. The productivity 
costs and components reported in the studies varied considerably. All 
studies used the human capital approach either implicitly or explicitly.

Costs were found to be highest in North America ($20 074), 
mostly driven by presenteeism.90 Only one study reported on ab-
senteeism and presenteeism in Asia, and no studies were done in 

Disease Asia Europe North America Oceania

IBD (prevalent)

Healthcare costs

N 7 6 12 0

Mean $3333 $5938 $13 212 — 

Min- Max $587- $18 355 $1035- $7894 $2016- $25 373 — 

IBD (incident)

Healthcare costs

N 2 3 0 1

Mean $6254 $4952 — $6484

Min- Max $1779- $10 728 $3152- $5870 — $6484- $6484

CD (prevalent)

Healthcare costs

N 17 19 13 0

Mean $3755 $10 484 $11 725 — 

Min- Max $1230- $31,161 $5005- $15 807 $2343- $21 107 — 

CD (incident)

Healthcare costs

N 2 5 0 1

Mean $8692 $8281 — $7663

Min- Max $3047- $14 336 $4293- $12 631 — $7663- $7663

UC (prevalent)

Healthcare costs

N 28 17 11 0

Mean $1051 $6529 $8053 — 

Min- Max $281- $14 572 $2863- $9779 $917- $13 559 — 

UC (prevalent)

Healthcare Costs

N 2 5 1 1

Mean $4428 $4979 $14 598 $4692

Min- Max $1138- $7718 $2568- $6567 $14 598- $14 598 $4692- $4692

Abbreviations: — , no studies done; CD, Crohn's disease; IBD, inflammatory bowel disease; N, 
number of observations; UC, ulcerative colitis.

TA B L E  1   Mean (range) annual 
healthcare costs per prevalent case for 
IBD, CD and UC in 2018 US dollars per 
continent
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Oceania.89 Studies in Europe estimated a broader range of produc-
tivity costs, also reporting on early retirement or disability, loss of 
unpaid time and caregiver absenteeism. Annual costs of unpaid time 
loss in Europe for CD patients were estimated to be $3390 (range 
$866- $5914). Annual caregiver productivity costs were estimated 
for both CD and UC patients in Europe and were respectively $468 
($98- $837) and $83 ($83- $83).

3.5 | Patient costs

A large range of IBD- attributable patient costs were reported, in-
cluding diet, equipment, informational material, hygiene articles, al-
ternative therapy, household support, patient activities, insurance 
deductible and over- the- counter (OTC) drug use. Only eight studies 
(all in Europe) reported on patient costs with mean annual costs of 
$582 for CD ($81- $1927) and $497 ($181- $1341) for UC.

4  | DISCUSSION

4.1 | Healthcare costs

Societal cost of illness of IBD appears to be increasing worldwide, 
with the highest costs in North America and the lowest costs in Asia. 

This increase seems to be mainly caused by increasing medication 
costs while inpatient and outpatient costs remained stable. While 
there are considerable differences in total costs per patient per geo-
graphical region, the increasing trend over time can be seen in all 
geographical regions.

Costs in Asia are reported to be considerably lower than those 
in Europe and North America. It is unclear whether this is caused by 
relatively lower uptake of biologics, as most studies in Asia did not 
report the proportion of patients on biologic therapy. The only study 
from Asia that looked at cost drivers was done in Korea and attributed 
these costs to biologics, as these costs rapidly increased over time 
and accounted for 48.8% and 68.8% of the total costs for UC and CD 
respectively in 2015.65 Higher costs were reported in the Iran study 
compared to all other studies reviewed.91 A possible explanation is 
the current economic instability in Iran, leading to biased estimates 
compared to other countries. Costs were not reported in the local cur-
rency and component costs added up to more than 200% of the total 
reported costs. The drivers of these high costs are unclear.

In Europe, cost trends were highest in Switzerland,81 while in the 
Netherlands and Serbia the annual cost per patient was considerably 
lower.68,87,88 This difference is most likely driven by differing uptake 
of biologic therapy with the proportion of patients on biologic ther-
apy being the highest in Switzerland.

Healthcare costs reported in North America fluctuated widely, 
partly because of within- region differences in study methods. While 

F I G U R E  2   Mean annual healthcare costs per prevalent inflammatory bowel disease case in 2018 US dollars. Lines indicate longitudinal 
studies. Numbers indicate corresponding reference
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some studies used the Medical Expenditure Panel Survey (MEPS) 
to determine costs, most studies used health insurance databases, 
which contain only insured patients and thus might not adequately 
reflect the entire IBD population. Moreover, the case- finding method 
used in the insurance- based studies skews the patient population 
towards higher disease severity. As patients were identified using 
ICD- 9 or ICD- 10 claim codes for IBD with a claim- free pre- index pe-
riod of 6- 12 months, only patients who used healthcare during the 
study period were identified, and those in remission were excluded.

The cost of biologics is also reflected in the present- day mean 
IBD- attributable healthcare costs, particularly in Europe, where 
medication costs were by far the most important cost driver. Most 
observations came from studies in the Netherlands and Switzerland, 
skewing the outcomes towards more affluent European countries. 
Studies in Asia showed a similar but less pronounced trend towards 
medication as the most important cost driver, but this analysis was 
hampered by a considerable number of studies not reporting all 
component costs. Present- day costs for North America are derived 
from insurance- based studies, which explain the relatively high costs 
because they were not representative for the population as a whole.

Few data were available on incident costs of IBD, CD and UC 
and differences in study methods, time periods and geographical 
areas hinder comparisons. Costs per patient in the first year after 
diagnosis were driven mostly by admissions, surgery and outpatient 
diagnostics, and decreased in subsequent years.

The increasing economic burden of biologic therapy is not an 
IBD- specific problem. A recent systematic review on the cost of ill-
ness of rheumatoid arthritis also reported a shift in cost drivers from 
inpatient to medication costs.96 Direct comparison of annual costs 
per patient between diseases is hampered by the heterogeneity in 
included studies in both reviews, leading to broad ranges of costs.

Increasing use and costs for biologic therapy are probably driven by 
acceptance of a treat- to- target approach that has shown to improve out-
comes.97,98 The question remains however whether such an approach is 
also cost- effective, as incremental cost- effectiveness ratios of biologic 
therapy often exceeded $100 000 per quality- adjusted life year.99

The introduction of biologic therapy was expected to improve 
disease control and reduce hospitalisations and surgery and con-
sequently reduce inpatient costs.8,9 Earlier reports claimed that 
healthcare costs did not increase, but cost components shifted from 
inpatient to medication.87 Our systematic review shows that while 
medication costs have increased, inpatient costs do not seem to be 
declining. These findings are in line with earlier studies that found little 
to no association between biologic use and hospitalisation or surgery 
rates at population level.100- 102 The discrepancy between randomised 
controlled trials and real- world evidence is cause for concern, as the 
market share of biologic agents is increasing,5 and the real- world ef-
fect on healthcare use is doubtful. Future initiatives need to focus on 
increasing value by optimising the use of biologics in daily practice and 
consequently improve effectiveness and reduce costs.

F I G U R E  3   Mean annual healthcare costs per prevalent Crohn's disease case in 2018 US dollars. Lines indicate longitudinal studies. 
Numbers indicate corresponding reference
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4.2 | Productivity costs

Productivity costs are a key IBD cost burden, with absenteeism 
and presenteeism being a substantial proportion of the total costs. 
Productivity losses can exceed healthcare costs when factors such 
as early retirement, disability and unpaid time loss are taken into ac-
count. Only a few studies assessed productivity costs and most of 
these studies only reported on absenteeism. Because few data are 
available, time trends in productivity costs and consequently the 
effect of the introduction of biologics on productivity costs could 
not be assessed. The high societal burden of productivity costs and 
uncertainty around these estimates call for research on IBD- related 
productivity costs, especially presenteeism, early retirement, and 
unpaid time loss.

The impact of IBD on societal productivity costs might be 
lower than indicated in the studies included in this systematic re-
view. While all studies used the human capital approach to value 
productivity losses, there is a debate on whether the friction cost 
method should be used to determine productivity costs from the 
societal perspective.103- 105 The human capital approach incorpo-
rates all productivity lost due to a disease over a patient's lifetime, 
while the friction cost method only counts the losses during the 
time period required to replace an incapacitated worker. The friction 
cost method leads to lower estimates because costs for long- term 
disability are restricted to the friction cost period.106 This was also 

seen in rheumatoid arthritis, where cost- effectiveness of biologic 
agents was related to the valuation method used.107 For IBD, little is 
known about the effect of biologic therapy on productivity costs.99 
As healthcare costs have only been increasing, cost- effectiveness of 
biologics for IBD treatment might depend on their effect on produc-
tivity costs. Because considerable value can be gained by reducing 
productivity costs, the effects of biologic therapy on productivity 
should be further investigated.

4.3 | Patient costs

Patient costs from the societal perspective are relatively low 
compared to healthcare and productivity costs but might place a 
significant burden on patients. Because cost items are measured dif-
ferently, a wide range of estimates are reported in the studies. Only 
eight studies in Europe estimated patient costs and contained little 
information on cost drivers, time trends or geographical differences.

4.4 | Limitations

This systematic review gives a detailed overview of the societal cost 
of illness of IBD. The review included studies in countries world-
wide and did not focus on Western countries.13,14 However, some 

F I G U R E  4   Mean annual healthcare costs per prevalent ulcerative colitis case in 2018 US dollars. Lines indicate longitudinal studies. 
Numbers indicate corresponding reference
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F I G U R E  5   Distribution of healthcare cost components in proportions per prevalent (A) inflammatory bowel disease, (B) Crohn's disease 
and (C) ulcerative colitis cases in 2018 US dollars
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limitations hamper the interpretability of results. For instance, 
geographic, socio- economic and political characteristics can affect 
costs. Differences in currency and purchasing power were resolved 
using the GDP deflator and PPP. However, considerable differences 
in healthcare systems, disease phenotype and other characteristics 
between countries and periods could have affected cost of illness 
comparisons.

There were considerable differences in populations and data 
sources in the studies. Even though the aim was to assess cost of ill-
ness of an IBD patient in clinical practice, some studies used different 

segments of the population. Moreover, how IBD cases were identi-
fied may have led to biased estimates. For instance, North American 
insurance- based studies often identified cases using insurance 
claims with ICD- 9- CM codes for CD or UC with a 6- month pre- index 
period free of these codes.37,45,52,56,57,62 This method captures only 
active periods of treatment and can skew the estimates to a popula-
tion with higher disease severity.

Not all studies included the same cost components, and valua-
tion methods differed considerably. For example, North American 
studies often reported insurance claims as costs, possibly leading 

Disease Asia Europe North America

CD

Healthcare costs

N 13 10 2

Mean $4417 $12 439 $17 495

Min- Max $1230- $31 161 $7694- $15 807 $14 454- $20 535

Inpatient

N 5 10 2

Mean $639 $2487 $4350

Min- Max $623- $664 $1575- $3503 $3339- $5360

Outpatient

N 0 10 2

Mean — $890 $6754

Min- Max — $403- $1112 $4496- $9013

Medication

N 7 10 2

Mean $1777 $9048 $5796

Min- Max $1342- $2468 $3788- $12 013 $5016- $6577

UC

Healthcare costs

N 13 9 1

Mean $1606 $7224 $13 559

Min- Max $309- $14 572 $3228- $9779 $13 559- $13 559

Inpatient

N 5 9 1

Mean $187 $1236 $3874

Min- Max $171- $200 $524- $1956 $3874- $3874

Outpatient

N 0 9 1

Mean — $746 $5307

Min- Max — $499- $868 $5307- $5307

Medication

N 7 9 1

Mean $268 $5238 $3643

Min- Max $102- $483 $1936- $7041 $3643- $3643

Note:: Costs do not sum as not all included studies reported all cost components separately.
Abbreviations: — , no studies done; CD, Crohn's disease; IBD, inflammatory bowel disease; N, 
number of observations; UC, ulcerative colitis.

TA B L E  2   Mean (range) annual 
IBD- attributable healthcare costs and 
component cost per prevalent case for CD 
and UC in 2018 US dollars per continent 
for the period 2010- 2018
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to higher estimates.36,37,45,48,52,56,57,62,84,95 As most studies only re-
ported costs and not resource use, it was not possible to determine 
if a difference in resource use explained cost differences or whether 
this was due to differing prices per resource. We aimed to reduce 
heterogeneity by stratifying studies based on disease and geograph-
ical area. These results should however be interpreted with cau-
tion because considerable differences in study methods remained. 
Further stratification on methodology, country or perspective would 
have led to non- informative groups, as only one or two studies per 
group would have remained. Currency and purchasing power trans-
formed estimates per study can be found in File S2 for more detailed 
insights.

As most studies only reported a mean and little other data on 
the distribution of their cost data, it was not possible to determine 
whether changes in costs were due to changes in the overall patient 
population or whether this was due to a (high- cost) subpopulation 
of the patients.

4.5 | Future

Most studies included in this systematic review reported costs from 
before 2015. The treatment landscape for IBD is changing rapidly, 
and new biologics and small molecules have been approved in the 
last few years. These might further increase costs as they are still 
covered under patent. Conversely, for both infliximab and adali-
mumab, biosimilars have been approved. These might play an impor-
tant role in constraining costs in the future, generating comparable 
outcomes at lower costs.109,110 As only a few studies reported on 
costs after 2015, it was not possible to evaluate what the effect was 
of new biologics and biosimilars on healthcare costs.

To validate the findings of this review and to gain a better insight 
in the cost of illness of IBD, future cost- of- illness studies should be 
either international or longitudinal, but preferably both. Because 
single- country studies are often conducted according to national 
guidelines, this makes comparisons between studies difficult. 

International studies can standardise perspective, resource use 
quantification, and valuation and inform on salient differences be-
tween countries and continents. Cross- sectional studies often differ 
in methodology through the years, impeding comparisons over time.

Currently, the number of international and longitudinal studies is 
lacking. No such studies on costs of prevalent IBD cases were found, 
and there were three reports from two European cohorts42,77,108 on 
costs of incident cases. The other longitudinal studies34,44,53,65,66,81 
in this review did report information on changes in costs over time of 
prevalent cases but were limited by their focus on a single country.

5  | CONCLUSION

This comprehensive systematic review shows that the healthcare 
costs of IBD seem to be increasing on all continents, most likely 
driven by an increasing use of expensive medication. The decrease 
in inpatient costs that was expected with the introduction of biologic 
therapy was not seen in this review. To contain the rapidly growing 
costs, future initiatives should aim at optimising the use of biologic 
therapy in daily practice. Moreover, this review indicates that pro-
ductivity costs possibly exceed healthcare costs and are a key soci-
etal cost driver for IBD. Because the cost- effectiveness of biologic 
therapy might mainly rely on the effect it has on work impairment, 
further research on this relationship is required. Lastly, longitudinal 
and international cost- of- illness studies on IBD are essential to vali-
date these findings and clarify the global cost burden of IBD.
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TA B L E  4   Mean (range) productivity costs for IBD, CD and UC in 2018 US dollars per continent

Continent IBD CD CD (incident) UC UC (incident)

Asia

Absenteeism + Presenteeism

N 1 1 0 1 0

Mean $4677 $5638 — $4828 — 

Min- Max $4677- $4677 $5638- $5638 — $4828- $4828 — 

Europe

Absenteeism + Presenteeism

N 2 3 0 3 0

Mean $7124 $6485 — $6414 — 

Min- Max $4795- $9452 $4342- $10 243 — $2925- $11 619 — 

Absenteeism

N 3 6 1 7 1

Mean $1338 $2660 $1956 $2394 $1677

Min- Max $698- $2276 $641- $5277 $1956- $1956 $651- $5992 $1677- $1677

Presenteeism

N 2 2 0 3 0

Mean $5636 $3324 — $3828 — 

Min- Max $4097- $7175 $2420- $4228 — $1944- $5627 — 

Early retirement + Disability

N 2 3 1 2 1

Mean $1757 $6661 $5686 $4478 $3561

Min- Max $1160- $2354 $2508- $14 665 $5686- $5686 $2126- $6830 $3561- $3561

North America

Absenteeism + Presenteeism

N 1 0 0 0 0

Mean $20 074 — — — — 

Min- Max $20 074- $20 074 — — — — 

Absenteeism

N 3 3 0 3 1

Mean $2074 $752 — $1443 $2266

Min- Max $916- $4310 $307- $1303 — $85- $2350 $2266- $2266

Presenteeism

N 1 0 0 0 0

Mean $15 764 — — — — 

Min- Max $15 764- $15 764 — — — — 

Abbreviations: — , no studies done; CD, Crohn's disease; IBD, inflammatory bowel disease; N, number of observations; UC, ulcerative colitis.
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