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Introduction

Inflammatory bowel disease (IBD) comprises two
chronic intestinal disorders: Crohn’s disease
(CD) and ulcerative colitis (UC).! IBD affects
more than 5million people worldwide and pre-
sents a variable clinical course, alternating peri-
ods of remission and flares.>3 The reported
annual hospitalization rate approaches 20%, and
around 50% of patients require surgery within
10years of diagnosis.*7 Current therapeutic
approaches to IBD are made up of relatively
expensive biological treatments, although most
patients have mild to moderate disease and do
not receive these drugs.8°

Recently Burisch ez al. published a cost commis-
sion document where the direct and indirect costs
of IBD were described. Before the introduction of
biological treatments, most direct costs were
associated with IBD-related hospitalization and
surgery. However, since the emergence of these
therapies 20years ago direct costs of IBD man-
agement have shifted, the biological treatments
being the predominant driver of direct health-
care costs in high-income countries.!?

In 2020, Park ez al.!! reported the annual cost of
IBD-patients in USA to be over three times higher
than in matched non-IBD patients ($22,987 wver-
sus $6956). Major drivers of costs were hospitali-
zation (40%), emergency room visits (18%), and
pharmacotherapy (12%).1! In 2003-2004,
Kappelman er al.!? reported mean annual costs of
$8265 and $5066 for CD and UC, respectively.

The Catalan Health Service (CatSalut) created
the Catalan Health Surveillance System (CHSS)
database in 2011. This population-based health
register contains data on the entire population of
Catalonia, a region with more than 7,500,000
inhabitants in 2020. Previous studies by our
group using this database recorded a high preva-
lence and incidence of IBD!? and a fall in the
rates of hospitalization in recent years; this latter
finding was negatively correlated with the increase
in the use of biological treatments.!4 Despite this
recent data, population-based estimated costs of
IBD are still sparse.

The aim of the present study was to report the
expenditure on patients with IBD in 2020.
Secondary objectives were to evaluate the soci-
odemographic and clinical characteristics and

utilization of healthcare services among patients
with IBD, and to compare them with the data
from patients without IBD.

Methods

Study design, participants, and database

A retrospective analysis of an administrative data-
base including all patients registered in the CHSS
during 2020 was performed. IBD patients were
identified, and classified according to the
International Classification of Diseases, 10th
revision, Clinical Modification codes (ICD-
10-CM codes). The ICD-10-CM codes used are
shown in Supplemental Table 1. A case was con-
sidered valid only if there was also a IBD treat-
ment registered. The anatomical therapeutic
chemical (ATC) codes used for drugs are shown
in Supplemental Table 2. Patients without IBD
included the entire population that did not meet
the previously described criteria. Groups were
matched through indirect standardization,
adjusted for age, sex, and income level.

Sociodemographic and clinical data were obtained
from the CHSS database which, since 2011, has
recorded detailed information on the utilization
of healthcare resources by the entire population
of Catalonia (7,727,029 inhabitants in 2019).
The concept of healthcare utilization, which has
been analyzed in previous publications in other
areas,!>-17 covers multiple settings, including pri-
mary care, acute and intermediate care hospitals,
mental health centers, outpatient clinics, and
emergency services. The CHSS database con-
tains comprehensive diagnostic information
according to the ICD-9-CM and ICD-10-CM
classification. This database also records informa-
tion regarding pharmacological dispensing and
pharmacy expenses, both outpatient pharmacy
and more specific and expensive treatments from
hospital pharmacy. Cost of each treatment were
according CatSalut registries, and it also included
invoices, from outpatient clinics, non-urgent
medical transportation, outpatient rehabilitation,
home oxygen therapy, dialysis, and orthopedic
services. No data about private healthcare could
be recorded, because private centers use differ-
ent codes for patient identification; however, we
expect this to be a lower percentage, because as
IBD is a chronic disease and both pharmaco-
logical and non-pharmacological treatments are
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relatively expensive, most patients require finan-
cial support from the public system at some stage
of the disease.

Variables

New cases of IBD were defined as patients resid-
ing in Catalonia who were diagnosed with IBD
for the first time during 2020. Prevalent cases
were defined as the total number of patients with
IBD, residing in Catalonia and alive on 31
December 2020, and also in relation to the total
Catalan population. Reference population for the
calculation of incidence and prevalence rates was
the population of Catalonia provided by the
IDESCAT!® and expressed per 100,000
inhabitants.

The sociodemographic variables considered in
this study were age, sex, and income level, classi-
fied as high (annual income >100,000€), inter-
mediate (18,000-100,000€), low (<18,000€),
and very low (receiving welfare support from the
government).!® Clinical variables were diagnoses
(or comorbidities), as they appear in the CHSS
database according to standard clinical practice,
and coded according to ICD-10-CM. The multi-
morbidity burden was stratified based on the
Adjusted Morbidity Groups (Spanish acronym
GMA), which considers the type of disease (acute
or chronic), the number of systems affected, and
complexity of each disease.20-22 The GMA allows
the classification of the entire population into
four strata based on their associated morbidity
risk. These strata are (a) baseline risk (healthy
stage), with a GMA score up to the 50th percen-
tile of the total population; (b) low risk, with a
GMA score between the 50th and 80th percen-
tiles; (c) moderate risk, with a GMA score
between the 80th and 95th percentiles; and (d)
high risk, with a GMA score above the 95th per-
centile.?324 Variables associated with the utiliza-
tion of healthcare services were: the number of:
visits to primary healthcare centers; outpatient
visits; emergency service admissions; acute care
hospital admissions; intermediate care hospital
admissions; admissions to psychiatric centers,
drugs according to the different chemical and
therapeutic (ATC) classification groups, and
medication units dispensed by IBD and non-IBD
patients. Health expenditure was calculated
according to the standard costs of each service
provided by the Department of Health of the

Catalan government for each year.?> Expenditures
were estimated for the overall IBD population
and also separately for CD and UC populations.

As 2020 was the year of the COVID-19 pan-
demic, we performed a sensitivity analysis by
studying the same variables for 2019 to determine
whether the pandemic had significantly altered
the distribution of expenditure.

Statistical analysis

Categorical variables were described as frequen-
cies and percentages and quantitative variables as
means and standard deviations (SD) and/or
medians and interquartile ranges (Q1-Q3).
Incidence and prevalence rates were expressed
per 100,000 inhabitants. Categorical variables
were compared using Pearson’s Chi-squared test
with Yate’s continuity correction. The statistical
significance threshold was set at a two-sided alpha
value of 0.05.

The prevalence of comorbidities and the utiliza-
tion of healthcare services and the associated
expenditure were compared in the populations
of patients with and without this pathology (IBD
and non-IBD) through indirect standardization,
adjusted for age, sex, and income level.
Comorbidities and healthcare services utiliza-
tion were compared using the rate ratio by
median-unbiased estimation (mid-p), and
healthcare services expenditure was compared
using the Mann-Whitney U test. All analyses
were performed using the R statistical package
(version 4.2.0; R Core Team; Vienna, Austria).

Ethical issues

The research used retrospective anonymized data
from the CHSS database. No personal data were
used, and all the patient data were encrypted so
that no personal identifications were retrievable
or traceable to the original source from the data-
base. This study was conducted in accordance
with the Ethical Principles for Medical Research
Involving Human Subjects of the Helsinki
Declaration?® and the local Personal Data
Protection Law (LOPD 03/2018). The results are
presented in accordance with the STrengthening
the Reporting of OBservational studies in
Epidemiology (STROBE) and REporting of
studies Conducted using Observational Routinely
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collected health Data (RECORD) guidelines for
observational studies,?”-2% and studies using rou-
tinely collected health data were also considered.

Results

Analysis of the CHSS database identified 34,823
patients diagnosed with IBD. The prevalence of
IBD per 100,000 inhabitants in 2020 was 511.01
(204.62 for CD and 317.7 for UC). There were
2558 new diagnoses (739 CD and 1538 UQC),
with an incidence per 100,000 inhabitants of 37.5
(10.8 for CD and 22.6 for UC).

The prevalence of comorbidities was higher in
IBD than in non-IBD patients. Relative figures
for certain comorbidities were: 14.5% versus
10.4% for cancer, 13.4% versus 6.2% for arthritis,
11.6% wersus 7% for chronic obstructive pulmo-
nary disease, and 11.1% versus 7% for asthma.

According to the GMA stratification, multimor-
bidity in IBD patients was twice that recorded in
non-IBD patients. Moderate and high multimor-
bidity risk strata were 33% and 16%, respectively,
for IBD, 20% and 7% for non-IBD, and 15% and
5% for the general population.

Baseline characteristics for age, sex, comorbidi-
ties, and multimorbidity of our population are
shown in Table 1, Supplemental Table 3, and
Supplemental Figures 1-3.

Economic impact

In 2020, patients with IBD had a global health-
care expenditure of 164M#€, more than three
times higher than the figure for the non-IBD
group (49M¢€) (Table 2); which suggests that an
expenditure of 115ME€ can be attributed to IBD.
The highest health cost was pharmacy (total
101M¢€; 55M¢€ CD and 46 M€ UC) followed by
hospitalization (total 24M€; 9M€ CD and
15M€ UCQC), outpatient care (total 16 M€; 8M€
CD and 8M€ UC), primary health care (total
10M#€; 4M€ CD and 6M€ UC), and emergency
room visits (total 6M€; 2M€ CD and 4M€ UC)
(Table 2).

As regards cost per patient, the average annual
expenditure was 4212€ for IBD and 1258€ for
non-IBD; thus, a per capita expenditure of 2954€
was attributable to IBD.

Most of the expenditure corresponded to phar-
macy, which accounted for 61.5% of the total,
followed by hospitalization and outpatient clinic
visits (14.7% and 9.8%, respectively: see Table 2
and Figure 1 for details). The annual per capita
cost in 2020 for UC was 3360€ and for CD
5699€. The average per capita expenditure for
pharmacy was 2590€ (CD 3903€, UC 1838¢€),
followed at some distance by hospitalization
(620€; CD 670€, UC 592€). Variables with lower
costs were outpatient care, primary health care,
and emergency room care.

Use of health resources

Hospitalization rates in patients with IBD were
twice those of the general population (rates per
100 patients of 23.3 versus 11.8; p<<0.05) and of
those in intermediate care hospitals (2.4 versus
1.4; p<0.05). Regarding mental health hospi-
talization, the use of resources was similar in
patients with and without IBD (0.3 versus 0.2
and 0.3, respectively; p <0.05). See Figure 2 for
details.

Sensitivity analysis

In 2019 the prevalence of IBD per 100,000
inhabitants was 471.5 (172.9 for CD and 298.5
for UC). Patients with IBD had a global health-
care expenditure of 167M€, more than three
times the rate in the non-IBD group (51M€).
This means that an expenditure of 116M€ is
attributable to IBD. The figures for 2020 were
similar. The highest health cost corresponded to
pharmacy (95M€), followed by hospitalization
(27M#€), outpatient care (19M€), primary health
care (12M€), and emergency room care (7M¢€).
The data for the 2years were similar except for a
moderate rise in the cost of hospitalization in
20109.

The average annual expenditure cost per patient
was 4500€ for IBD and 1400€ for non-IBD,
which means that an expenditure of 3000€ per
patient was attributable to IBD. This cost also
differed between the forms of the disease, at
3553€ for UC and 6021€ for CD. Pharmacy
was the variable with the highest per capita cost
(total 2562€; CD 3888€, UC 1740€), followed
by hospitalization (total 715.5€; CD 795€, UC
669€). Variables with lower costs were outpa-
tient care, primary health care, and emergency
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Table 1. Detailed age, sex, comorbidities, and GMA stratification of IBD, CD, and UC in Catalonia in 2020.

Variables IBD (n=38,954) CD (n=14,192) UC (n=24,762) P
Sex <0.001

Men 19,411 (49.8%) 6846 (48.2%) 12,565 (50.7%)

Women 19,543 (50.2%) 7346 (51.8%) 12,197 (49.3%)
Age 53.8(18.3) 49.5(18.4) 56.3(17.8) <0.001
Age group <0.001

<15 535 (1.37%) 323 (2.28%) 212 (0.86%)

15-44 11,949 (30.7%) 5534 (39.0%) 6415 (25.9%)

45-64 15,190 (39.0%) 5291 (37.3%]) 9899 (40.0%)

65-74 5465 (14.0%) 1546 (10.9%) 3919 (15.8%)

75-84 3814 (9.79%) 1024 (7.22%) 2790 (11.3%)

>84 2001 (5.14%) 474 (3.34%) 1527 (6.17%)
Morbidity index 13.7 (12.4) 13.5(11.7) 13.9(12.8) 0.013
Risk groups <0.001

Baseline risk 4271 (11.0%) 1246 (8.78%) 3025 (12.2%)

Low risk 15,336 (39.4%) 5730 (40.4%) 9606 (38.8%)

Moderate risk 13,294 (34.1%) 5192 (36.6%) 8102 (32.7%)

High risk 6053 (15.5%) 2024 (14.3%) 4029 (16.3%)
Comorbidities
Neoplasia 5651 (14.5%) 1820 (12.8%) 3831 (15.5%) <0.001
Arthritis 5207 (13.4%) 2198 (15.5%) 3009 (12.2%) <0.001
Diabetes 4917 (12.6%) 1495 (10.5%) 3422 (13.8%) <0.001
COPD 4520 (11.6%) 1502 (10.6%) 3018 (12.2%) <0.001
Asthma 4334 (11.1%) 1715 (12.1%) 2619 (10.6%) <0.001
Ischemic HD 2668 (6.85%) 802 (5.65%) 1866 (7.54%) <0.001
Heart failure 2534 (6.51%) 805 (5.67%) 1729 (6.98%) <0.001
Stroke 2485 (6.38%) 774 (5.45%) 1711 (6.91%) <0.001
Complex chronic 1832 (4.70%) 578 (4.07%) 1254 (5.06%) <0.001
Alcohol 1201 (3.08%) 487 (3.43%) 714 (2.88%) 0.003
Dementia 1065 (2.73%) 267 (1.88%) 798 (3.22%) <0.001
Major depression 1028 (2.64%) 368 (2.59%) 660 (2.67%) 0.692
Obsessive compulsive 520 (1.33%) 220 (1.55%) 300 (1.21%) 0.006
Psychosis 483 (1.24%) 176 (1.24%) 307 (1.24%) 1.000
Cirrhosis 436 (1.12%) 159 (1.12%) 277 (1.12%) 1.000

CD, Crohn’s disease; COPD, Chronic obstructive pulmonar disease; GMA, Adjusted Morbidity Groups; HD, heart disease;
IBD, inflammatory bowel disease; UC, ulcerative colitis.
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Figure 1. Healthcare expenditure distribution of IBD; CD and UC in 2020.
CD, Crohn’s disease; IBD, inflammatory bowel disease; UC, ulcerative colitis.

room expenses (see Supplemental Table 4 and
Supplemental Figures 4 and 5 for details).

Discussion

The present study shows that healthcare
expenditure is markedly higher in IBD patients
than in their non-IBD counterparts. The aver-
age expenditure per patient was approximately
3.4 times higher than in the non-IBD population,

representing around 4200€ per patient and year.
Pharmacological treatment accounted for more
than 60% of the costs. Although patients with
IBD presented a moderately higher risk of mor-
tality and more comorbidities than the non-IBD
population, comorbidities do not seem to have a
major impact on costs.

High healthcare resources use and costs in IBD
have also been observed in other countries. In the
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United States in 2014, Metha?° estimated direct
and indirect costs ranging between 14.6B$ and
31.6B$. In a longitudinal retrospective cohort of
52,782 IBD patients attended privately or with
Medicare insurance between 2007 and 2016,
Park ez al. found the annual cost of IBD patients
in United States to be more than three times
higher than those of matched non-IBD patients
($22,987 versus $6956: separate data for CD and
UC were not provided). Costs were higher in
both pediatric and elderly IBD populations than

in the middle age group. Moreover, the cost in
the first year after diagnosis was very high
(>$25,000). The major drivers of costs were hos-
pitalization (40%), emergency room visits (18%),
and pharmacotherapy (12%).!1 In a study of 9056
CD and 10,364 UC patients performed in 2003—
2004, Kappelman ez al.!2 reported mean annual
costs of $8265 and $5066 for CD and UC,
respectively. The major driver of cost was hospi-
talization. The per capita cost in our study —
4200€ per patient — was markedly lower than in
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these US studies just mentioned, probably due to
the notable differences in the characteristics of
the health systems in the two study sites.!!

Studies elsewhere in Europe have reported similar
expenditures to ours. In the Epi-IBD group study,
which includes 20 European countries plus Israel,
the mean cost of IBD patient per year was 2609€
(8058€ for CD and 2088€ for UC). Interestingly,
higher costs were observed during the first 5 years.30
The Danish study by Lo er al. followed 513 IBD
patients from 2003 to 2015. Although the study
does not provide a direct estimation of cost per
patient in the whole group, the data provided for
the different subgroups of patients ranged from
4300€ to 6200€ for CD and from 2200€ to 4000€
per patient and year, figures within the range of the
data observed in our study.3!

van Linschoten er al.32 compared the cost of IBD
between continents, reporting considerable varia-
tions. In Asian countries, for example, the costs
are generally lower. In South Korea, Kim ez al.?3
found that the healthcare costs of IBD rose from
23M$ during 2010 to 50M$ during 2014, with a
cost per patient of 572§ for IBD (300% for UC
and 1197$% for CD); in India, Kamat er al3*
reported an annual cost of 778% for UC and 950%
for CD.

Whereas previous work has attributed the highest
proportion of expenditure to hospitalization!!-12,35
our data suggest that there is currently a shift in
IBD-related costs. For instance, the introduc-
tion of biologics has increased the pharmaco-
logical cost, which is currently the highest
expense. By contrast, hospitalization shows a
clear decrease. Our results are in line with the
Costs Of Inflammatory bowel disease in the
Netherlands (COIN study), which found that
healthcare costs are mainly due to medication
and that anti-TNFa therapy is the most expen-
sive, while hospitalization and surgery accounted
for only a small part of the costs.3® An interesting
unanswered question is whether the total cost has
evolved, that is, whether it has risen, fallen, or
remained stable.

Indirect costs, such as time lost from work and
decreased productivity, could not be estimated in
our study due to the characteristics of the data-
base and the source of the data. Although impor-
tant, these factors have been evaluated only in a
few studies.3” In this regard, employees with IBD

have been reported to be 2.5 times more likely to
receive short-term disability benefits.38:3% In other
studies, by contrast, the differences in indirect
costs between CD, UC, and the non-IBD popu-
lation were non-significant.3!

Regarding comorbidities in IBD, the recent
review by Argollo ez al.4 reported an increase in
the risk of comorbidities in IBD, including cardi-
ovascular disease, neuropsychological disorders,
and metabolic syndrome. Our data are similar,
with cardiac diseases, neoplasia, arthritis, and
chronic obstructive pulmonary disease being the
most frequent comorbidities.

This study has certain limitations. First, the CHSS
database includes only patients who use the public
health system. This means that, conceivably, some
patients with mild disease might not have been
recorded. The public system is used by more than
80% of the population of Catalonia; its rate of use
is, however, much higher, since the remaining
20% of non-users include healthy individuals who
do not use the system but have access to it in case
of need. Furthermore, as IBD is a chronic disease
and pharmacological treatments are relatively
expensive, few private insurance policies cover
expensive biologic treatments and most patients
requiring biological drugs are controlled in the
public system. Thus, the dispensing of biologicals
is almost 100% public.

Further limitations include the fact that this study
underestimates the real healthcare expenditures of
this disease, as we were unable to estimate indirect
costs. In addition, data for 2020 may be biased by
the COVID-19 pandemics, although the sensitiv-
ity analysis comparing the data with those of 2019
showed a similar total expenditure and distribu-
tion of costs. Moreover, probably only a portion of
differences in expenditures between IBD patients
and controls are due to the IBD itself; as men-
tioned, IBD patients have more comorbidities and
may have extra-intestinal manifestations, which
may also increase the patients’ expenses. Another
limitation is that it is not possible to exactly deter-
mine the cost of outpatient medications for the
social security system because in Catalonia there
is a co-payment for these medications and the
payment percentage by the patients changes
according their socioeconomic status.

As noted above, the evolution of total cost over
time and the impact of new therapies should be
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further analyzed in future studies. This study
evaluates only 1year and it would be interesting
to assess the trends in healthcare expenditure
over a longer period. Few data are available on
this issue, but the study by Click ez al.#! showed
that total health care expenditure in the United
States nearly doubled between 1998 and 2015. It
might be of interest to compare the absolute cost
of pharmacotherapy across countries and the pro-
portion that drugs represent inside the total cost
per patient. Costs of healthcare vary substantially
depending on gross domestic product, but phar-
maceutical companies try to keep prices consist-
ent across countries. Thus, the burden that drugs
may represent as compared to the overall costs of
healthcare in low-income countries may divert
investment from other forms of healthcare, lead-
ing to inequities in the use of resources and in
access to effective treatments.

Furthermore, our data provide an accurate esti-
mation of the direct cost of IBD. Taking into
account data on cost estimation and the probable
increases in the incidence and prevalence of IBD
and in the use of biological drugs shown in previ-
ous studies,!?14 our data may be very useful for
planning IBD care in the years to come.

In conclusion, per capita healthcare expenditure
in IBD patients in 2020 in Catalonia was approxi-
mately 3.4 times higher than in the non-IBD pop-
ulation. IBD patients also presented a higher
prevalence of comorbidities (1.5-2 higher) and
greater use of healthcare resources than the popu-
lation without IBD.
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