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Hospitalization Rates for Inflammatory Bowel Disease Are 
Decreasing Over Time: A Population-based Cohort Study
Michael J. Buie, MSc,*,† Stephanie Coward, PhD,*,†,  ,  
Abdel-Aziz Shaheen, MBBCh, MPH,*,† Jayna Holroyd-Leduc, MD,*,† Lindsay Hracs, PhD,*,† 
Christopher Ma, MD, MPH,*,‡,  Remo Panaccione, MD,†,‡ Eric I. Benchimol,§,¶,||,**,†† ,  
Charles N. Bernstein,‡‡ Alain Bitton,§§ Anthony R. Otley,¶¶ Jennifer L. Jones,||||,  ,  
Sanjay K. Murthy,***,†††,‡‡‡,§§§ M. Ellen Kuenzig,§,¶ Juan-Nicolás Peña-Sánchez,¶¶¶ ,  
Laura E. Targownik,|||||| Harminder Singh, MD, MPH,****,††††,  Antonio Avina-Zubieta,‡‡‡‡ and ,  
Gilaad G. Kaplan, MD, MPH,*,†,  on behalf of the Canadian Gastro-Intestinal Epidemiology 
Consortium (CanGIEC)
From the *Department of Medicine, University of Calgary, Calgary, Alberta, Canada
†Department of Community Health Sciences, University of Calgary, Calgary, Alberta, Canada
‡Division of Gastroenterology and Hepatology, Department of Medicine, University of Calgary, Calgary, Alberta, Canada
§SickKids Inflammatory Bowel Disease Centre, Division of Gastroenterology, Hepatology and Nutrition, The Hospital for Sick Children, Toronto, 
Ontario, Canada
¶Child Health Evaluative Sciences, SickKids Research Institute, Toronto, Ontario, Canada
||Institute of Health Policy, Management and Evaluation, University of Toronto, Toronto, Ontario, Canada
**Institute for Clinical Evaluative Sciences, Toronto, Ontario, Canada
††Department of Paediatrics, University of Toronto, Toronto, Ontario, Canada
‡‡Department of Medicine, and the University of Manitoba IBD Clinical and Research Centre, Max Rady College of Medicine, Rady Faculty of 
Health Sciences, University of Manitoba, Winnipeg, Manitoba, Canada
§§Division of Gastroenterology and Hepatology, McGill University and McGill University Health Centre, Montreal, Quebec, Canada
¶¶Department of Pediatrics, Faculty of Medicine, Dalhousie University, Halifax, Nova Scotia, Canada
||||Division of Digestive Care & Endoscopy, Department of Medicine, Dalhousie University, Halifax, NS, Canada
***Department of Medicine, University of Ottawa, Ottawa, Ontario, Canada
†††Division of Gastroenterology, The Ottawa Hospital IBD Centre, Ottawa, Ontario, Canada
‡‡‡Clinical Epidemiology Program, Ottawa Hospital Research Institute, Ottawa, Ontario, Canada
§§§School of Epidemiology and Public Health, University of Ottawa, Ottawa, Ontario, Canada
¶¶¶Department of Community Health and Epidemiology, College of Medicine, University of Saskatchewan, Saskatoon, Saskatchewan, Canada
||||||Zane Cohen Centre for Digestive Diseases, Mount Sinai Health, Toronto, Ontario, Canada
****Departments of Medicine and Community Health Sciences, University of Manitoba, Max Rady College of Medicine, Rady Faculty of Health 
Sciences, University of Manitoba, Winnipeg, Manitoba, Canada
††††Research Institute, CancerCare, Winnipeg, Manitoba, Canada
‡‡‡‡Division of Rheumatology, Department of Medicine, University of British Columbia, Vancouver, British Columbia, Canada
Address correspondence to: Gilaad Kaplan, MD, MPH, FRCPC, Teaching Research and Wellness Building, 3D03-18, 3280 Hospital Dr. NW, Calgary, Alberta, 
T2N 4Z6, Canada, ggkaplan@ucalgary.ca, 403-592-5089

Background: Recent advances in the management of inflammatory bowel disease (IBD) striving for new treatment targets may have decreased 
rates of hospitalization for flares. We compared all-cause, IBD-related, and non-IBD-related hospitalizations while accounting for the rising prev-
alence of IBD.
Methods: Population-based, administrative health care databases identified all individuals living with IBD in Alberta between fiscal year 2002 
and 2018. Hospitalization rates (all-cause, IBD-related, and non-IBD-related) were calculated using the prevalent Alberta IBD population. 
Hospitalizations were stratified by disease type, age, sex, and metropolitan status. Data were age and sex standardized to the 2019 Canadian 
population. Log-linear models calculated Average Annual Percentage Change (AAPC) in hospitalization rates with associated 95% confidence 
intervals (CIs).
Results: From 2002-2003 to 2018-2019, all-cause hospitalization rates decreased from 36.57 to 16.72 per 100 IBD patients (AAPC, −4.18%; 95% 
CI, −4.69 to −3.66). Inflammatory bowel disease–related hospitalization rate decreased from 26.44 to 9.24 per 100 IBD patients (AAPC, −5.54%; 
95% CI, −6.19 to −4.88). Non-IBD-related hospitalization rate decreased from 10.13 to 7.48 per 100 IBD patients (AAPC, −1.82%; 95% CI, −2.14 
to −1.49). Those over 80 years old had the greatest all-cause and non-IBD-related hospitalization rates. Temporal trends showing decreasing hos-
pitalization rates were observed across age, sex, IBD type, and metropolitan status.
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Conclusions: Hospitalization rates are decreasing for all-cause, IBD-related, and non-IBD-related hospitalizations. Over the past 20 years, the 
care of IBD has transitioned from hospital-based care to ambulatory-centric IBD management.

Lay Summary 
Hospitalization rates per 100 IBD patients are decreasing. However, when using the general population as the denominator, the interpretation 
of temporal trends changes because the prevalence of IBD has risen faster than the general population’s growth rate.
Keywords: inflammatory bowel disease, Crohn’s disease, ulcerative colitis, hospitalization rates, epidemiology

Introduction
Inflammatory bowel disease (IBD) and its subtypes Crohn’s 
disease (CD) and ulcerative colitis (UC) are incurable chronic 
diseases with low mortality, and the majority of new diagnoses 
are made in adolescence and early adulthood.1 The number of 
people living with IBD is increasing over time. The prevalence 
of IBD in Canada increased from 0.51% in 2008 to 0.7% in 
2018 and is expected to increase to 1% by 2030.2 Moreover, 
those 65 years or older with IBD are the fastest growing prev-
alent group due to long-standing disease, as well as new IBD 
diagnoses.3

Admissions to hospital due to an IBD flare may be decreasing 
due to the advent of new therapeutic options.4,5 However, a 
systematic review and meta-analysis of hospitalizations rates 
among those with IBD from 2000 to 2018 indicated that 
hospitalization rates were stable for persons hospitalized 
for IBD-related causes and increasing for non-IBD-related 
admissions.4 Comorbid conditions that occur more frequently 
in the aging IBD population may ultimately increase the oc-
currence of all-cause hospitalizations.3

In a systematic review,4 the vast majority of population-
based studies assessed IBD hospitalization rates using the 
general population as the denominator, which may have 
influenced the interpretation of temporal trends because the 
number of people living with IBD has risen faster than the 
overall population. Accurately assessing historical temporal 
trends of hospitalization rates and investigating non-IBD-
related admissions are essential for predicting the care needs 
associated with IBD and provide valuable information to 
shape health care policy and clinical practice to meet future 
demands.

Therefore, the aim of this study was to define temporal 
trends of IBD hospitalization rates among the prevalent IBD 

population of Alberta, Canada, between fiscal year [FY] 2002 
and 2018. Moreover, we describe hospitalization rates among 
individuals living with IBD per number of people in the prev-
alent population and per number of people in the general 
population to assess the potential for misinterpretation of 
temporal trends.

Methods
Data Sources
Population-based administrative health care databases cov-
ering 99% of the Alberta population (4.3 million people in 
fiscal year [FY] 2018-2019) was used to identify the prev-
alent population of people with IBD from fiscal year 2002-
2003 to 2018-2019 (April 1 to March 31).6,7 The databases 
used include the Discharge Abstract Database (DAD), 
National Ambulatory Care Reporting System (NACRS)/
Alberta ambulatory care reporting system (AACRS), prac-
titioner claims, and the Provincial Registry. Discharge 
Abstract Database includes data from acute care facilities 
(ie, hospitals) on acute inpatient admissions such as patient 
demographics, date of admission, procedures performed, 
diagnoses, and discharge or transfer to another institution. 
The AACRS/NACRS includes day procedures (colonoscopy), 
same-day surgery, and emergency department visits. prac-
titioner claims include patient interactions with physicians 
including specialists such as gastroenterologists. The provin-
cial registry provides the location of the individual in 1 of 
the 5 health zones and other patient demographics (eg, age 
and sex). Statistics Canada provides age and sex population 
estimates of Canada and Alberta.8 Alberta Health Services 
Analytics has data available from April 1, 2002, onwards. 
The data included in the analysis spans from April 1, 2002, 
to March 31, 2019.

Study Population
The Alberta IBD Surveillance Cohort is a previously validated 
population-based cohort of prevalent IBD patients living 
in Alberta between fiscal year 2002-2003 to 2018-2019.9 
Individuals with IBD were identified using admissions/
claims from DAD, AACRS/NACRS, and practitioner claims. 
These databases use diagnostic codes from the International 
Classification of Diseases, ninth (ICD-9) or tenth (ICD-10) 
editions. Coding algorithms to identify patients with CD 
(ICD-9 555.x, ICD-10 K50.x) or UC (ICD-9 556.x, ICD-
10 K51.x) were used and have previously been validated in 
Alberta to maximize specificity and the positive predictive 
value.10 Individuals with IBD were identified if they had 2 
hospitalizations from DAD, four claims from practitioner 
claims, or 2 medical contacts from AACRS/NACRS within 2 
years. The algorithm has a sensitivity of 78.0%, a specificity 
of 99.8%, a PPV of 97.2%, and a negative predictive value of 
98.0%.10 The provincial registry identifies when an individual is 

Key Messages

What is already known?

Advances in clinical management of inflammatory bowel 
disease over the past decade have transitioned care from 
the inpatient to outpatient setting.

What is new here?

We contrast methodological differences in assessing tem-
poral trends in hospitalization rates.

How can this study help patient care?

Understanding temporal trends in hospitalization rates is 
necessary for understanding the future needs and rising 
costs of IBD on health care systems.
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registered or removed from the Alberta Health Care Insurance 
Plan (AHCIP). It was used to ensure that individuals were only 
included in the annual prevalent cohort as long as they were 
registered in the AHCIP and therefore assumed to be a resident 
of AB. Furthermore, CD, UC, and IBD-unclassified (IBD-U) 
diagnoses are differentiated by the validated algorithm using 
the following scoring system: −1 for any CD diagnostic code, 
and +1 for a UC diagnostic code.10 Those with the assigned 
number of points equal to or between −2 and +2 were defined 
as IBD-U.10 Those defined as IBD-U have an accurate diagnosis 
of IBD but the scoring algorithm is unable to differentiate be-
tween CD and UC. This scoring system has a specificity >99% 
for both CD and UC, and a sensitivity of 93.5% for CD and 
86.3% for UC.10 The cohort created by the validated algorithm 
was used to analyze the prevalence of IBD.

Data Collection
The electronic patient records for all individuals with IBD 
in the Alberta IBD Surveillance Cohort was queried for IBD 
subtype, clinic attendance, hospital admission(s), and demo-
graphic data. Data were analyzed annually with patient age 
calculated as (year of analysis) − (year of birth).

Outcomes
IBD hospitalizations were identified using admission records 
in the DAD. All admissions for all individuals with a con-
firmed diagnosis of IBD from April 1, 2002 to March 31, 
2019 were obtained. An individual with IBD admitted to 
hospital for at least 24 hours for any reason were captured 
as a hospitalization. Individuals sent to and returned from 
another facility in a single day for testing or a procedure, 
transferred from one hospital to another, and/or discharged 
home and re-admitted within 24 hours were counted as a 
single episode of hospitalization; this way, patients with mul-
tiple hospitalizations to treat the same health issue are not 
counted as independent events, which would inflate the hos-
pitalization rate. Hospitalizations spanning less than 24 hours 
were excluded from our analysis to remove elective day-case 
attendance (eg, biologic infusion, endoscopy).

All-cause hospitalizations were defined as all admissions to 
hospital, regardless of the indication. All cause hospitalizations 
were then stratified into 2 mutually exclusive groups: (1) 
IBD-related hospitalizations that include all admissions in 
which an IBD diagnostic code (CD: ICD-9 555.x, ICD-10 
K50.x; UC: ICD-9 556.x, ICD-10 K51.x) or an IBD-related 
symptom, complication, or extraintestinal manifestation 
was the most responsible, comorbid, or transfer diagnosis 
(Supplementary Table 1, page 1); and (2) non-IBD-related 
hospitalizations that were admissions not due directly to 
IBD or a complication or comorbidity of IBD. Coding algo-
rithm for IBD-related hospitalizations were conducted via 
consensus by the Canadian Gastro-Intestinal Epidemiology 
Consortium (CanGIEC).11–14 The frequency of diagnostic 
codes not captured by our IBD-related definition labelled 
as a most responsible diagnosis were tabulated across 5 age 
groups (≤17, 18-39, 40-59, 60-79, and ≥ 80 years) to confirm 
that these admissions were not IBD-related.

Stratification Variables
Inflammatory bowel disease hospitalization rates were further 
stratified by disease subtype, age group, sex, and metropolitan 

status. Disease subtype (CD, UC, and IBD-U) annual hospi-
talization rates were calculated using the appropriate prev-
alent IBD subtype population as the denominator. Age was 
based on the age at hospitalization and stratified by the fol-
lowing age groups: younger than 18 years, 18 to 39 years, 
40 to 59, 60 to 79, and older than 80 years. Sex was strati-
fied by classification of either male or female. Metropolitan 
vs nonmetropolitan was defined based on the provincial 
registry; which reports based on the health zones of Alberta 
(Calgary, Edmonton, Central, North, and South).15 Those 
in the Calgary or Edmonton health zones were defined as 
living in a metropolitan city, whereas those in the Central, 
North, and South health zones were defined as living in a 
nonmetropolitan region.

Data Analysis
We used 2 denominators to calculate hospitalization rates: (1) 
yearly number of prevalent IBD, CD, and UC cases in Alberta 
during the matching fiscal year (April 1 to March 31); and (2) 
the general population reported by Statistics Canada used to 
calculate annual hospitalization rates.6 The latter was chosen 
because a majority of prior hospitalization rate studies in IBD 
were published using the general population as the denomi-
nator, and thus reporting our data likewise allows compar-
ison of our results to other regions. Crude hospitalization 
rates using the prevalent IBD population were reported as 
number of cases per 100 persons with IBD, and rates using 
the general population denominator were reported as number 
of hospitalizations per 100,000 persons. The former provides 
a more accurate representation of burden because only those 
with IBD at risk of hospitalization are included in the de-
nominator. Crude rates were age- and sex-standardized to the 
2018 general Canadian population using the 5 age groups 
previously described to maximize comparability to other 
Canadian studies.

Data and methods were reported according to the 
Strengthening the Reporting of Observational studies in 
Epidemiology (STROBE) statement.16 In our primary anal-
ysis, we analyzed the annual all-cause, IBD-related, and 
non-IBD-related hospitalization rates per 100 persons using 
the prevalence of the Alberta IBD population as the denom-
inator and stratified by disease subtype, age, sex, and metro-
politan status. Secondarily, we described the yearly all-cause, 
IBD-related, and non-IBD-related hospitalization rates per 
100,000 person-years using the general population of Alberta 
as the denominator and stratified by disease type, age, sex, 
and metropolitan status.

Temporal analysis was performed in Stata v16 (College 
Station, TX) using log linear models; Poisson regression, or neg-
ative binomial regression if the data displayed overdispersion. 
Our regression model was used to calculate Average Annual 
Percentage Change (AAPC) and associated 95% confidence 
intervals (CIs) of all-cause, IBD-related, and non-IBD-related 
hospitalization rates for each disease subtype, age group, 
sex, and metropolitan status—with both denominators. The 
AAPCs were calculated as 100% × [1 - 100eβ] with 95% CI, 
whereby both CIs are <0 are significantly decreasing, cross 
zero stable, and >0 significantly increasing. The AAPCs for a 
given stratification variable were assessed for effect measure 
modification by independently treating a covariate (ie, disease 
type, age group, sex, metropolitan status) as an interaction 
term in the generalized linear model. A 1- and 3-year washout 

http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izad020#supplementary-data
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period was performed to see if trends differed; this is reported 
in Supplementary Table 2 and 3. Data visualization was done 
using Rstudio version 4.0.3, with the ggplot217 package.

Ethics approval was obtained from the Conjoint Research 
Ethics Board at the University of Calgary (REB21-0398).

Results
The 37,413 identified patients with IBD accounted for 75,388 
all-cause IBD hospitalizations from FY 2002-2003 to 2018-
2019 (44,284 among those with CD; 22,860, UC; and 8,244, 
IBD-U). Of all the all-cause IBD hospitalizations, 43,954 
were categorized as being IBD-related (27,791 among those 
with CD; 12,825, UC; and 3,338, IBD-U), and 31,434 were 
categorized as being non-IBD-related (16,493 among those 
with CD; 10,035, UC; and 4,906, IBD-unclassified).

All-cause Hospitalizations
When the prevalent IBD population was used as the de-
nominator, age- and sex-standardized all-cause hospitaliza-
tion rates decreased from 36.57 (95% CI, 35.37-37.77) to 
16.72 (95% CI, 16.28-17.17) hospitalizations per 100 IBD 
patients (AAPC, −4.18%; 95% CI, −4.69 to −3.66; Table 1; 
Supplementary Table 4, page 7). In contrast, the age- and sex-
standardized all-cause IBD hospitalization rate increased from 
110.65 (95% CI, 106.96-114.33) to 142.18 (95% CI, 138.61-
145.74) hospitalizations per 100,000 total Alberta popula-
tion from 2002 to 2018 (AAPC, 1.56%; 95% CI, 1.32-1.80; 
Table 1, Supplementary Table 4, Page 7). The disease-specific 
age- and sex-standardized all-cause IBD hospitalization rates 
decreased from 40.44 (95% CI, 38.80-42.08) to 18.41 (95% 
CI, 17.74-19.08) CD hospitalizations per 100 CD patients 
(AAPC = −4.06%; 95% CI, −4.56 to −3.66) and from 30.83 
(95% CI, 28.91-32.76) to 15.56 (95% CI, 14.87-16.26) UC 
hospitalizations per 100 UC patients (AAPC = −3.66%; 95% 
CI, −4.38 to −2.93; Supplementary Table 5, page 8; Table 1).

IBD-related Hospitalizations
The age- and sex-standardized IBD-related hospitalization rate 
decreased from 26.44 (95% CI, 25.42-27.46) to 9.24 (95% 
CI, 8.91-9.57) hospitalizations per 100 IBD patients (AAPC = 
−5.54%; 95% CI, −6.19 to −4.88) and decreased from 77.08 
(95% CI, 74.01-80.16) to 69.15 (95% CI, 66.67-71.64) 
hospitalizations per 100,000 persons (AAPC = −0.27%; 95% 
CI, −0.53 to −0.01; Supplementary Table 6, page 9; Table 1). 
The disease-specific age- and sex-standardized IBD-related 
hospitalization rates decreased from 29.32 (95% CI, 27.93-
30.72) to 10.59 (95% CI, 10.09-11.10) CD hospitalizations 
per 100 CD patients (AAPC = −5.07%; 95% CI, −5.69 to 
−4.44) and from 23.45 (95% CI, 21.77-25.13) to 8.86 (95% 
CI, 8.33-9.38) UC hospitalizations per 100 UC patients 
(AAPC = −5.37%; 95% CI, −6.28 to −4.46; Supplementary 
Table 7, page 10; Table 1).

Non-IBD-related Hospitalizations
The age- and sex-standardized non-IBD-related hospitaliza-
tion rate decreased from 10.13 (95% CI, 9.49, 10.76) to 7.48 
(95% CI, 7.18-7.78) hospitalizations per 100 IBD patients 
(AAPC = −1.82%; 95% CI, −2.14 to −1.49) and increased from 
33.56 (95% CI, 31.53-35.59) to 73.02 (95% CI, 70.47-75.58) 
hospitalizations per 100,000 Albertans (AAPC = 4.15%;  

95% CI, 3.48-4.81; Supplementary Table 8, page 11;  
Table 1). The disease-specific age- and sex-standardized 
non-IBD-related hospitalization rates decreased from 11.12 
(95% CI, 10.26-11.98) to 7.82 (95% CI, 7.38-8.25) CD 
hospitalizations per 100 CD patients (AAPC = −2.16%; 
95% CI, −2.71 to −1.60) and from 7.38 (95% CI, 6.44-
8.32) to 6.70 (95% CI, 6.25-7.16) UC hospitalizations per 
100 UC patients (AAPC = −0.50%; 95% CI, −1.05 to −0.06; 
Supplementary Table 9, page 12; Table 1). Trends in non-IBD-
related UC and CD hospitalization rates were significantly 
different (P < .001).

Age-stratified Hospitalization Rates
Age-stratified hospitalization rates using the prevalent IBD 
population as the denominator are displayed for all-cause, 
IBD-related, and non-IBD-related diagnoses in Figures 1, 2, 
and 3, respectively. Those aged 80+ had the greatest all-cause 
and non-IBD-related hospitalization rates among all age 
groups and years (Figures 1 and 3), while those aged <18 and 
80+ had the greatest IBD-related hospitalization rates (Figure 
2). The AAPC in all-cause hospitalization rate per 100 IBD 
patients in those aged <18 (AAPC = −5.46%; 95% CI, −6.67 
to −4.23) were decreasing at a greater rate than those aged 
40–59 (AAPC = −3.41%; 95% CI, −3.84 to −2.97), 60–79 
(AAPC = −3.33%; 95% CI, −3.82 to −2.84) and those aged 
80+ (AAPC = −2.77%; 95% CI, −3.61 to −1.92) [Table 1, 
Figure 1]. Similarly, the AAPC in IBD-related hospitalizations 
per 100 IBD patients in those aged <18 (AAPC = −6.02%; 
95% CI, −7.19 to −4.85) was decreasing at a greater rate than 
those aged 60–79 (AAPC = −4.53%; 95% CI, −5.36 to −3.69) 
[Table 1, Figure 2]. Trends in non-IBD-related hospitalization 
rates were not statistically different among age groups.

Sex-stratified Hospitalization Rates
Females (AAPC = −4.07%; 95% CI, −4.63 to −3.50) and 
males (AAPC = −4.28%; 95% CI, −4.84 to −3.72) had 
comparable (p=0.60) and significantly decreasing trends in 
all-cause hospitalization rates using the prevalent IBD pop-
ulation as the denominator. [Table 1, Supplementary Figure 
1, page 15]. Trends in IBD-related hospitalization rates per 
100 IBD patients were decreasing for both males (AAPC = 
−5.36; 95% CI, −6.06 to −4.65) and females (AAPC = −5.70; 
95% CI, −6.45 to −4.95) and were not significantly different. 
[Table 1; Supplementary Figure 2, page 16]. Trends in non-
IBD-related hospitalization rates per 100 IBD patients were 
decreasing as well for both males (AAPC = −2.12; 95% CI, 
−2.57 to −1.67) and females (AAPC = −1.58; 95% CI, −1.99 
to −1.16) and were not significantly different (Supplementary 
Figure 3, page 17). Notably, non-IBD-related hospitaliza-
tion rates among females were greater than males across all 
years (Supplementary Figure 3, page 17). When comparing 
metropolitan hospitalization rates to nonmetropolitan hospi-
talization rates, nonmetropolitan hospitalization rates were 
decreasing at a greater rate across all hospitalization types  
(P < .001), but metropolitan hospitalization rates were greater 
across all years (Table 1; Supplementary Figures 4, 5, and 6, 
pages 18, 19, and 20).

Discussion
Trends in hospitalization rates for people living with IBD 
vary based on the methodology used. When using the IBD 
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prevalent population as the denominator, hospitalization rates 
in Alberta decreased over time for all-cause hospitalizations, as 
well as for admission related and unrelated to IBD. However, 

when using the Alberta general population as the denom-
inator, trends in hospitalization rates were decreasing at a 
slower rate, stable, or even increasing. These hospitalization 

Figure 1. Age- and sex-standardized all-cause IBD hospitalization rates per 100 IBD patients stratified by age groups and disease type. The scale on the 
left refers to the summative bar graphs representing the distribution of disease type; the scale on the right refers to the line graphs representing the 
hospitalization rates by age group.

Figure 2. Age- and sex-standardized IBD-related diagnosis IBD hospitalization rates per 100 IBD patients stratified by age groups and disease type. 
The scale on the left refers to the summative bar graphs representing the distribution of disease type; the scale on the right refers to the line graphs 
representing the hospitalization rates by age group.
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rates differ because the IBD prevalent population in Alberta 
increased over 3-fold from 2002 to 2018, whereas the 
general population only increased 1.4-fold during the same 
period. Consequently, these differing denominators alter the 
interpretations of IBD hospitalization trends. This finding is 
important, as a previous systematic review identified that the 
vast majority of prior publications reported IBD hospitaliza-
tion rates relative to the general population.4 Future studies 
on hospitalization trends should use the prevalent IBD pop-
ulation and the general population as the denominator to ac-
curately represent the burden and trends in hospitalization 
for IBD because both methodologies offer different insights 
into trends.

At the beginning of the 21st century, the implementa-
tion of biologics and other advances in medical therapy had 
decreased the risk of hospitalization and surgery for patients 
living with IBD.5 For example, anti-TNF therapies were 
introduced in the early 2000s in Canada, which has been as-
sociated with decreasing surgical rates for IBD in Alberta.18,19 
Our systematic review reported that hospitalization rates are 
primarily stable or decreasing in the Western world.4 In 2022, 
Lyons et al published a study investigating annual IBD hospi-
talization rates from 2010 to 2019 in Scotland.20 They found 
that IBD-related admissions decreased from 39.4 to 25.5 per 
100,000 population (AAPC = −3%; 95% CI, −4.5 to −2.1).20 
These results are comparable; primary-cause IBD hospital-
ization rates in Alberta decreased from 38.18 to 21.81 per 
100,000 from 2002 to 2018 (AAPC = −3.01%; 95% CI, 
−3.38 to −2.64). Even with the inclusion of data before 2010, 
trends in hospitalization rates in Alberta are comparable.

Lyons et al also reported IBD-related admissions per 
100 IBD patients. They found that IBD-related admissions 
decreased from 6.22 to 3.26 hospitalizations per 100 IBD 

patients from 2010 to 2018.20 These rates are similar to rates 
in Alberta; primary-cause IBD hospitalization rates decreased 
from 5.19 to 4.02 per 100 IBD patients from 2010 to 2018. 
Similarly, a study from Portugal showed hospitalization rates 
increased by 2% per year from 2000 to 2015 when using the 
general population as the denominator; however, rates were 
decreasing when corrected for the rising prevalence of IBD.21 
Our data, in conjunction with the studies from Scotland and 
Portugal, highlight the importance of correcting for the rising 
prevalence of IBD when calculating hospitalization rates 
and trends. Therefore, studies that report both primary- and 
all-cause hospitalization rates using the IBD prevalent pop-
ulation as the denominator will provide a more accurate rep-
resentation of burden on the patient and health care system.

The decreasing rates of hospitalization for IBD may be 
explained by several factors. The last 2 decades have seen 
the introduction of several advanced therapies with novel 
mechanisms of action.22 The introduction of these therapies 
has been accompanied by changes in management strategies 
that include earlier introduction of advanced therapies 
based on risk stratification, treat-to-target, and monitoring 
strategies.5,23–26 These advancements include risk stratifica-
tion, allowing for earlier introduction of advanced therapies; 
proactive clinical management algorithms to monitor disease 
activity; and therapeutic drug monitoring allowing for con-
tinued concentration-based dosing.23–26 The net effect of these 
medical advances shifted IBD management from the hospital 
to the outpatient setting.27

The definition of hospitalization is important to differ-
entiate the type of hospitalization being studied. All-cause 
hospitalizations include flaring patients and those with 
IBD but hospitalized for alternate reasons (eg, acute pan-
creatitis). In contrast, IBD-related hospitalizations focus on 

Figure 3. Age- and sex-standardized non-IBD-related diagnosis IBD hospitalization rates per 100 IBD patients stratified by age groups and disease type. 
The scale on the left refers to the summative bar graphs representing the distribution of disease type; the scale on the right refers to the line graphs 
representing the hospitalization rates by age group.
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hospitalizations directly attributed to a flare of IBD or a 
symptom (eg, high ostomy output), complication (eg, intra-
abdominal abscess), or comorbidity (eg, extraintestinal man-
ifestation) associated with IBD. IBD-related hospitalization 
rates reflect disease burden due to disease activity or compli-
cation of IBD, whereas all-cause hospitalizations report the 
overall burden of IBD to the health care system. Prior studies 
on hospitalization rates for IBD have used mixed definitions 
such as only including hospitalizations where IBD is the 
most responsible diagnosis or where IBD is in any diagnostic 
coding position regardless of whether the admission was at-
tributable to IBD. Future hospitalization studies should use 
strict and comparable definitions (eg IBD-related and/or all-
cause) based on the research questions posed.

Those aged 80 years or older had the highest all-cause and 
non-IBD-related hospitalization rate from 2002 to 2018, 
whereas those younger than 18 years had the highest or second 
highest IBD-related hospitalization rate. Inflammatory bowel 
disease is commonly first diagnosed in younger individuals, 
and disease severity is often the greatest in the years fol-
lowing the diagnosis, as medical management is modified to 
induce and maintain remission.28 In contrast, all-cause hos-
pitalization rates are greater among older adults because 
age-related comorbidities (eg, cardiovascular disease, cancer) 
driving admissions directly or contributing to the complexity 
of an IBD flare. Hospitalizations for seniors with IBD may 
increase the burden of IBD management, as those 65 years 
or older with IBD are the fastest growing prevalent group 
in Canada due to aging from long-standing disease and new 
IBD diagnoses in seniors.3 Therefore, health care systems 
must be prepared to shape health care policies to meet future 
demands, which are different between age cohorts.

Sex-based differences also exist in IBD. For example, fe-
male sex is more commonly associated with hospitalization 
for fractures among individuals living with IBD.29 In con-
trast, 1-year hospital readmission is significantly associated 
with being male, and being male is significantly associated 
with risk of colectomy.30,31 However, sex-based differences in 
trends were not observed in Alberta IBD hospitalization rates.

The precision of our estimates are high, and the risk of 
selection bias is mitigated because administrative data 
encompasses >99% of the Alberta population. Therefore, 
if other populations (ie, other Canadian provinces) share 
similar environmental exposures, determinants (ie, access 
to health care), or population distributions, our results may 
be generalizable.32 However, important limitations must be 
addressed. As with all studies using routinely collected ad-
ministrative health data, there are several limitations. First, 
administrative data are at risk of misclassification of the 
diagnosis of IBD.33 To mitigate this risk, we implemented a 
previously validated coding algorithm that minimizes false 
positives contained in the prevalent cohort.10 Furthermore, 
the definition of IBD-U has no clinical relevance but is a 
methodological artefact relating to the scoring algorithm 
used to distinguish CD from UC and, thus, is an overesti-
mation of and clinically different than a clinical diagnosis 
of IBD-U.10 Additionally, outpatient management may 
differ for individuals with easy access to health care (eg, 
living in a metropolitan city with greater availability of 
gastroenterologists). However, hospitalization trends were 
not significantly different for those in metropolitan and 
nonmetropolitan zones, suggesting equitable care across the 

geographic regions of Alberta. Furthermore, all-cause hos-
pitalization rates in the IBD population were not compared 
with all-cause hospitalizations in the general Alberta popu-
lation. Decreasing trends of all-cause hospitalizations in the 
IBD population may reflect a general shift away from hos-
pital care in the Alberta population. For example, outpatient 
management of venous thromboembolism has increased in 
the last decade.34 If a similar shift in IBD care practice were 
to be observed, trends in IBD hospitalization rates may re-
flect general trends in the health care setting.

This population-based administrative data cohort study 
provides annual IBD hospitalization rates in Alberta, Canada. 
All-cause, IBD-related, and non-IBD-related hospitalization 
rates are decreasing regardless of age, sex, or metropolitan 
status. However, when assessing the same IBD hospitalization 
rates but using the general population as the denominator, the 
interpretation of temporal trends changes because the preva-
lence of IBD has risen faster than the general population rates. 
Future studies should assess outcome-defined hospitalization 
rates using the IBD prevalent population and the general pop-
ulation as the denominator to better represent the burden and 
trends in hospitalization rates for those with IBD.

Supplementary Data
Supplementary data is available at Inflammatory Bowel 
Diseases online.
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