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Abstract

Background:  Modern, specialised care for children with inflammatory bowel disease [IBD] may 
have resulted in changes in health services use. We report trends over time in health services 
utilisation and surgery for children with IBD and children without IBD.
Methods:  Children aged <18 years, diagnosed with IBD between 1994 and 2013 [n = 5518] and 
followed until 2015 in Ontario, Canada, were identified from health administrative data and 
matched to children without IBD on age, sex, rural/urban household, and income [n  = 26,677]. 
We report the annual percentage change [APC] with 95% confidence intervals [CI] in the rate of 
outpatient visits, emergency department [ED] visits, and hospitalisations, using negative binomial 
regression for events within 5  years from the diagnosis/index date. We used Cox proportional 
hazards regression models to report APC in hazards of intestinal resection [Crohn’s disease; CD] 
and colectomy [ulcerative colitis; UC].
Results:  IBD-specific hospitalisation rates decreased by 2.5% [95% CI 1.8–3.2%] annually, and all-
cause hospitalisation rates in children without IBD decreased by 4.3% [95% CI 3.5–5.1%] annually. 
Intestinal resection risk in CD decreased by 6.0% [95% CI 4.6–7.3%] annually and colectomy risk in 
UC decreased by 3.0% [95% CI 0.7–5.2%] annually. In contrast, IBD-specific outpatient visit rates 
increased after 2005 by 4.0% [95% CI 3.1–4.9%] annually. Similar trends in outpatient visits were 
not observed in children without IBD.
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Conclusions:  Hospitalisations and surgeries decreased over time while outpatient visits increased 
after 2005. Decreasing hospitalisations were mirrored in children without IBD, likely resulting from 
a combination of changes in disease management and health system factors.

Key Words: Inflammatory bowel disease; Crohn’s disease; ulcerative colitis; paediatrics; health services research; routinely col-
lected health data; health administrative data

1.   Introduction

Childhood-onset inflammatory bowel disease [IBD] presents unique 
challenges including delayed growth, increased school absenteeism, 
and impaired psychosocial well-being.1–6 The direct costs of care for 
children and adolescents with IBD are considerable and include the 
costs of medication, hospitalisations, surgeries, outpatient visits, and 
emergency department visits.7 Furthermore, the incidence of childhood-
onset IBD, including Crohn’s disease [CD] and ulcerative colitis [UC], 
is rising globally.8 Because mortality from IBD is low, children with IBD 
live with their disease for longer than those with adult-onset disease 
and therefore will likely require more care over the course of their lives, 
resulting in greater overall costs to the health care system over their 
lifespan compared with individuals diagnosed at older ages.9,10

Current disease management strategies aim to minimise inflam-
mation and decrease complications. The numerous changes in the 
care of paediatric IBD patients include increased specialist care,11 
the widespread use of biologic therapies, and improvements in diag-
nostic capabilities. The impact of these improvements on health 
care use among children with IBD is poorly defined but of great 
importance. A previous study comparing children diagnosed before 
and after the introduction of biologics found that the likelihood of 
being admitted to hospital increased in children with IBD in Ontario, 
Canada, but the frequency of hospitalisations remained stable.12 
Further, the frequency of outpatient visit rates remained stable in 
those diagnosed between 1994 and 2004,12 but temporal trends in 
emergency department [ED] visits have not been well documented.13 
A  systematic review reported decreasing surgery rates among IBD 
patients over the past half-century.14 Decreasing rates of intestinal 
resection among children with CD have also been reported, whereas 
rates of colectomy in children with UC were stable in Ontario12 but 
decreased in other Canadian provinces.15,16

As the prevalence of IBD among children continues to rise,8,17,18 
the care of these children will place an increasingly heavy burden 
on health care systems, and an understanding of time trends in how 
these children use health services is needed for health care decision 
makers to effectively plan for the oncoming health services needs in 
paediatric IBD. We assessed the temporal trends of health services 
use and surgeries among children with IBD in Ontario, Canada’s 
most populous province.

2.   Methods

This study was approved by the Children’s Hospital of Eastern 
Ontario [CHEO] Research Ethics Board.

2.1.   Data sources
We used population-level health administrative datasets hosted 
at ICES. Health administrative data are routinely collected by the 
Province of Ontario’s Ministry of Health [MOH] and Ministry of 
Long-Term Care [MLTC] in the process of administering the uni-
versal publicly funded health care system, providing a wealth of 

information on health services use. ICES is a not-for-profit research 
institute that holds Ontario health data and other population data, 
in compliance with legal and privacy requirements. Data include in-
formation on demographics, outpatient visits, hospitalisations, out-
patient procedures [e.g., colonoscopy], and ED visits. Patients are 
deterministically linked across databases using an encrypted unique 
identifier, enabling longitudinal tracking of patients over time and 
cross-sectional tracking of patients across databases.

Office-based outpatient visit records were acquired from the 
Ontario Health Insurance Plan [OHIP] physician claims database. 
OHIP is the publicly funded universal provincial health care plan 
provided to all legal Ontario residents [>99% of the population]. 
The OHIP database collects fee-for-service and shadow billing re-
cords from physicians and nurse practitioners, and therefore pro-
vides an accurate representation of health services use. Physician 
billings for medical procedures [e.g., colonoscopy] are also included 
in the OHIP physician claims database. The ICES Emergency Claims 
database [ERCLAIM] includes physician billings for patients seen 
in the ED and is derived from the OHIP physician claims data. For 
OHIP and ERCLAIM data, one diagnostic code is assigned per pa-
tient visit, using an abbreviated 3-digit version of the International 
Classification of Disease, 9th Revision [ICD-9] coding system.19

Data on hospitalisations and surgeries were obtained from the 
Canadian Institute for Health Information Discharge Abstract 
Database [CIHI-DAD], which collects data abstracted from pa-
tients’ medical charts at discharge by professional, certified med-
ical coders. This database includes up to 25 diagnostic codes 
and 20 intervention codes related to the hospitalisation. Medical 
diagnoses are coded using the International Classification of 
Disease [ICD], 9th Revision [ICD-9] system before April 1, 
2002, and the ICD 10th revision [ICD-10] system thereafter.19 
The reason for admission [most responsible or contributing], 
comorbidity, and any additional diagnoses made while in hos-
pital are also captured within the data. Interventions are coded 
using the Canadian Classification of Diagnostic, Therapeutic, 
and Surgical Procedures [CCP] before April 1, 2002, and the 
Canadian Classification of Health Interventions [CCI] thereafter, 
and include any diagnostic or therapeutic interventions that oc-
curred during the hospitalisation, such as endoscopic procedures 
and surgeries.

Children with IBD were identified from the Ontario Crohn’s 
and Colitis Cohort [OCCC], which is a database of all children in 
Ontario with IBD, derived from health administrative data using 
age-stratified algorithms based on health services use.17,20

Sociodemographic data were derived from the Registered Persons 
Database [RPDB], which includes date of birth, sex, postal code, and 
eligibility for OHIP [updated bi-monthly].

2.2.   Study design and setting
We conducted: [1] a population-based retrospective cohort study 
using health administrative data hosted at ICES, to determine 
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changes in rates of IBD-specific and IBD-related hospitalisations, ED 
visits, outpatient visits, and hazard of surgery over time in children 
newly diagnosed with IBD between April 1, 1994, and March 31, 
2013, (fiscal years [FY] 1994 to 2012) in Ontario, Canada; and [2] 
a population-based retrospective matched cohort study to compare 
all-cause health services [hospitalisations, ED visits, and outpatient 
visits] use between children newly diagnosed with IBD and children 
without IBD over the same time period in Ontario, Canada.

We identified all children aged from 6 months to <18 years and 
diagnosed with IBD, from the OCCC. The OCCC identified chil-
dren with IBD using a validated two-step algorithm.17 Children who 
underwent endoscopic evaluation [sigmoidoscopy or colonoscopy] 
were considered to have IBD if they also had four physician con-
tacts or two hospitalisations with an associated diagnostic code for 
IBD [CD: ICD-9 555.x, ICD-10 K50.x; UC: ICD-9 556.x, ICD-10 
K51.x] within 3  years. Children who did not undergo endoscopy 
were classified as having IBD if they had seven outpatient physician 
contacts or three hospitalisations with associated IBD diagnosis 
codes within 3 years. Date of diagnosis was assigned as the date of 
the first health care contact with an IBD diagnostic code. The algo-
rithm17 identified IBD in Ontario children with the following diag-
nostic accuracies: sensitivity 89.6–91.1%, specificity 99.5–100%, 
positive predictive value [PPV] 59.2–76.0%, and negative predictive 
value [NPV] 99.9–100%. The validated algorithm further differenti-
ated CD and UC based on the last five of seven outpatient visits, with 
diagnostic accuracies of: sensitivity 95.1%, specificity 86.0%, PPV 
92.0%, and NPV 91.2%.17 When the algorithm could not identify 
the IBD subtype [CD or UC], the patient was assigned a category of 
IBD type unclassifiable [IBD-U]. This does not reflect the Montreal 
classification system of IBD type unclassified, but instead reflects the 
inability to classify the patient as having CD or UC based on ad-
ministrative data codes. To distinguish incident from prevalent cases, 
patients required a 3-year look-back period in which they had no 
health care contacts with an IBD diagnostic code.17 Children born 
after April 1, 1991, with continuous OHIP eligibility from birth, did 
not require a look-back period because their full health administra-
tive data were available for analysis.

Children with IBD and aged from 6  months to <18  years at 
diagnosis were matched to up to five children without IBD from 
the general population registry [RPDB] on the date of the IBD diag-
nosis, based on age, sex, rural/urban household, and mean neigh-
bourhood income quintile at the time of IBD diagnosis. Children 
without IBD were required to be eligible for OHIP for at least as 
long as their matched IBD patient. A  total of 6.9% of children 
with IBD did not have five matched children without IBD, and 23 
[0.4%] children with IBD were unmatched to any children without 
IBD. Children with IBD who matched to at least one child without 
IBD were included in all analyses, whereas children with IBD who 
had no matches to children without IBD were included in the ana-
lyses of IBD patients only [i.e., for IBD-specific and IBD-related 
health services use] but excluded from the analyses comparing 
children with and without IBD [i.e., all-cause health services use 
outcomes].

Children were followed from their date of diagnosis to either [a] 
death, [b] end of follow up [March 1, 2016], [c] migration out of 
Ontario, or [d] end of OHIP eligibility. OHIP eligibility is not age- or 
income-based and ends when patients are no longer Canadian citi-
zens or hold immigration status, or are Ontario residents and phys-
ically live in Ontario for 153 days in a 12-month period. Children 
diagnosed after FY 2012 could not be included because a 3-year 
look-forward period was required for the algorithm to accurately 

identify an IBD diagnosis in children,17 and data were only available 
until March 31, 2016, at the time of study.

Children with and without IBD were excluded from the sample 
if they were missing information on date of birth, sex, and postal 
codes [Supplementary Figure 1, available as Supplementary data 
at ECCO-JCC online]. Patients who lived in the South East Local 
Health Integration Network [Kingston, Ontario region] at any 
point during OHIP eligibility were excluded because OHIP shadow-
billings were inconsistently collected during the study period in this 
region. Shadow billings are physician tariff submissions used to 
track services provided by physicians who are compensated using an 
alternative funding plan [i.e., salaried]. Just as fee-for-service phys-
icians submit tariffs and are paid according to the code submitted, 
salaried physicians submit the same fee codes but are not compen-
sated for the service. Both types of billings are processed and filed 
for their accounting purposes and can be subsequently used to track 
health services use.

2.3.   Exposure
The exposure was the year of IBD diagnosis [FY 1994–2012]. The 
non-IBD controls [children without IBD] were assigned an index 
date corresponding to the date their matched IBD patient was diag-
nosed with IBD.

2.4.   Outcomes
The outcomes analysed are summarised in Table 1. For the first part 
of our study, we described the number of each type of encounter per 
person per year [i.e., rates] of IBD-specific and IBD-related hospital-
isations, ED visits, and outpatient visits among IBD patients only. We 
also described the hazard of surgery as intestinal resection [in CD 
patients]21 or colectomy [in UC patients]22 using previously valid-
ated codes to identify surgeries [Supplementary Material 1, available 
as Supplementary data at ECCO-JCC online]. Only health services 
and surgeries occurring on or after the diagnosis or index date were 
included. IBD-specific visits were those with an associated diagnosis 
code of IBD [ICD-9: 555, 556; ICD-10: K50, K51]. IBD-related visits 
included visits with IBD-specific diagnoses, in addition to those with 
diagnoses of signs, symptoms, and extra-intestinal manifestations 
of IBD [Supplementary Material 2, available as Supplementary 
data at ECCO-JCC online].12,13,23 In the analyses evaluating hospi-
talisation admissions for IBD-specific or IBD-related diagnoses, the 
hospitalisation encounter was only included if: the IBD-specific or 
IBD-related diagnosis code was the most responsible for the hospi-
talisation, or the first, second, or third transfer between hospitalisa-
tions, or services within the same hospital; or if it was a contributing 
diagnosis, such as if the diagnosis was a pre-admit or post-admit 
comorbidity.

In the second part of our study, we compared rates of all-cause 
health services use, including hospitalisations, ED visits, and out-
patient visits separately, between children with and without IBD as 
a control analysis. These were encounters for any reason [i.e., had 
any diagnostic code].

We included only hospitalisations with a length of stay ≥48 h 
because hospitalisations for <48 h may have represented a hospital-
isation for the sole purpose of facilitating bowel preparation for col-
onoscopy or to facilitate rapid access to biologic medication in these 
children, and not hospitalisation for disease activity and manage-
ment. In addition, we counted only one hospitalisation per episode 
of care, and therefore a transfer between hospitals was considered a 
single hospitalisation.

http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjab095#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjab095#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjab095#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjab095#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjab095#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjab095#supplementary-data
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Only one ED visit was counted when a child had multiple ED 
visit claims on a given day. Likewise, only one outpatient visit was 
counted when a child had multiple outpatient visit claims on a given 
day. Only office-based outpatient visits were included. Outpatient 
visits with an associated infusion, telephone, or tele-medicine code 
were excluded [<2.2% of outpatient visits] to ensure only true out-
patient encounters were counted and that trends were not influenced 
by encounters solely for the purposes of administering an infusion or 
due to the increased availability of tele-medicine.

2.5.   Statistical analysis
We reported the characteristics of children included in the study as 
means with standard deviations [SD], medians with interquartile 
range [IQR], or proportions, where appropriate. We determined the 
associations between year of diagnosis and health services use using 
multivariate maximum-likelihood regression models for counts of 
hospitalisations, ED visits, and outpatient visits using Poisson, or 
negative binomial regression and time to first intestinal resection and 
colectomy using Cox proportional hazards regression. We used these 
models to: [a] determine trends over time of surgeries and health 
services use for IBD-specific and IBD-related reasons in children with 
IBD overall [including IBD-U] and stratified by disease type [CD and 
UC, excluding IBD-U]; and [b] compare the trends in all-cause health 
services use in IBD children to matched children without IBD, who 
served as the reference population. A summary of the statistical ana-
lyses conducted in children with IBD and comparing children with 
and without IBD is provided in Table 1. Patients were followed for 
5 years from the date of diagnosis or index in all models. We also 
censored patients at 1-year of follow-up from date of diagnosis or 
index in Poisson/negative binomial regression models, but patients 
were not censored at 1 year for surgical outcomes in Cox propor-
tional hazards regression models.

Since most Poisson regression models were over-dispersed 
[Pearson χ2 statistic >1.5],24 negative binomial regression models 
were used instead. Follow-up time was accounted for by setting 
the offset equal to the natural log of the follow-up. The unstruc-
tured covariance structure was used to account for correlation 
within matched sets [i.e., children with and without IBD] in general 
estimating equation models for only the analyses of all-cause health 
services use [hospitalisations, ED visits, and outpatient visits]. The 
Cox proportional hazard assumption was assessed by visual inspec-
tion of plots and hypothesis testing using time-varying covariates; 
ties were handled using the exact method because we expected a 
relatively large number of ties. Patients were censored for either in-
complete follow-up or end of study period in Cox proportional haz-
ards regression models.

Fiscal year of diagnosis, or index, was modelled as a linear con-
tinuous variable, except when the data suggested an inflection point 
in the preliminary plots [Supplementary Figures 2 and 3, available 
as Supplementary data at ECCO-JCC online]. We assessed tem-
poral trend linearity using two methods. The first was a hypothesis 
test [Kolmogorov-type supremum test of the cumulative martin-
gale residuals at α  = 5%] in Cox proportional hazards regression 
models. We also generated plots to visually assess if the association 
between fiscal year and the outcomes was linear [i.e., increased 
or decreased consistently over time]. When plots appeared to de-
viate from linearity, we identified any statistically significant inflec-
tion points [α = 5%] using Joinpoint Regression Program, Version 
4.6.0.0  – April 2018 [Statistical Methodology and Applications 
Branch, Surveillance Research Program, National Cancer Institute]. 
Preliminary plots of outpatient visit counts per person per year were Ta
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the only plots suggesting that changes over time were non-linear [i.e., 
that there were inflection points]. These inflection points mostly oc-
curred around 2005 in children with IBD, which was a notable time 
in the changes to care in paediatric IBD patients because it was when 
the first paediatric clinical trial of infliximab was published,25 and 
Health Canada subsequently approved infliximab for use in chil-
dren. Therefore, we restricted analyses of outpatient visit rates to 
splines with a knot at 2005 and reported APC in outpatient visit 
rates in children diagnosed with IBD in or before 2005 and after 
2005 separately. That is, time was modelled as a linear exposure 
with a split at 2005, allowing for different rates of change before 
and after this point. For all other outcomes, time was modelled as a 
linear exposure.

For all models [Table 1], effect estimates [incidence rate ratios 
or hazard ratios] were considered statistically significant if their 
95% confidence intervals did not cross the null value of one. The 
results from the models are reported as the average APC, which is 
the change in the outcomes for every 1-year increase in diagnosis [or 
index] date and was calculated by subtracting 1 from the exponenti-
ated beta-coefficient [eβ − 1].

Independent variables with potential confounding effects on the 
association between the exposure and outcome were chosen a priori 
due to their known associations with IBD17,18,26,27 or health services 
use.13,23,28 These variables were: age [dichotomous; <10 and ≥10],29 
sex [male versus female], rural/urban residence [urban versus rural, 
according to the Canadian Census definition], and mean neighbour-
hood income quintile [a validated proxy for household income]30 at 
the date of IBD diagnosis or index date. In the analyses evaluating 
IBD-specific and IBD-related events in IBD patients [as well as CD 
and UC subgroups], these confounding variables were included as 
covariates in each regression model. In the analyses comparing trends 
in overall health services use between children with and without IBD, 
the confounding variables were not included since the two popu-
lations had been matched on those variables. However, a variable 

indicating whether the patient had an IBD diagnosis [present versus 
absent] was included as an additional independent predictor in the 
analyses of all-cause health services use in children with and without 
IBD. To determine if the trends between children with and without 
IBD were different from each other, we included an interaction term 
in the model [tested at α = 5%] between the fiscal year of diagnosis 
[or index date in children without IBD] and IBD diagnosis [present 
or absent].

Effect measure modification between predictors and covariates 
was assessed at a 5% significance level using interaction terms. 
Inconsistent statistically significant effect measure modification 
terms within and across outcomes and models were determined to 
be a result of random chance due to the large number of analyses 
conducted. Effect measure modification terms that were consist-
ently statistically significant within or across outcomes and models 
were investigated by plotting average annual event rates against time 
and were determined to have been driven by small cells. As a result, 
no additional effect measure modification terms were included in 
the models.

All statistical analyses were conducted using SAS Enterprise 
Guide version 7.1 [SAS Institute, Cary, NC, USA].

3.   Results

3.1.   Descriptive statistics
Our cohort included 5518 children with IBD matched to 26  677 
children without IBD [Table 2; Supplementary Figure 1]. Of in-
cluded IBD patients, the mean [SD] age at diagnosis was 13.1 [3.6] 
years, 3122 [56.6%] were male, 58.2% had CD, 35.3% had UC, 
and 6.5% had IBD-U. The median length [Q1, Q3] of follow-up 
was 10.1 [6.5, 15.3] years for children with IBD and 10.4 [6.6, 15.7] 
years for children without IBD. Health services use rates are reported 
in Supplementary Figure 2, and survival curves of risk of surgery 
based on year of diagnosis are reported in Supplementary Figure 3.

Table 2.  Characteristics of children with and without IBD included in the study

Characteristics IBD [n = 5518] Non-IBD [n = 26 677]a

Sex Females 2396 [43.4%] 11,573 [43.4%]
Males 3122 [56.6%] 15,104 [56.6%]

Age at IBD diagnosis or index dateb [years] Mean [SD] 13.1 [3.6] 13.1 [3.6]
Median [Q1, Q3] 14.0 [11.0, 16.0] 14.0 [11.0, 16.0]

Diagnosis CD 3212 [58.2%] N/A
UC 1945 [35.3%] N/A
IBD-U 361 [6.5%] N/A

Rural residence at diagnosis Urban 4929 [89.3%] 24,630 [92.3%]
Rural 583 [10.6%] 2041 [7.7%]
Missing 6 [0.1%] 6 [0.02%]

Neighbourhood income quintile at diagnosis First [lowest] 714 [12.9%] 3412 [12.8%]
Second 928 [16.8%] 4467 [16.7%]
Third 1092 [19.8%] 5256 [19.7%]
Fourth 1285 [23.3%] 6275 [23.5%]
Fifth [highest] 1487 [27.0%] 7258 [27.2%]
Unknown 12 [0.2%] 9 [0.03%]

Length of follow-up [years] Mean [SD] 11.0 [5.4] 11.3 [5.4]
Median [Q1, Q3] 10.1 [6.5, 15.3] 10.4 [6.6, 15.7]
Minimum 0.4 2.1
Maximum 22.0 22.0

CD, Crohn’s disease; IBD, inflammatory bowel disease; IBD-U, IBD type unclassifiable; N/A, not applicable; Q1, first quartile; Q3, third quartile; SD, standard 
deviation; UC, ulcerative colitis.a6.9% of children with IBD were matched to fewer than five controls.

bDate of diagnosis in IBD patients, and the same date in matched non-IBD patients.
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3.2.   Hospitalisation rates
The rate of hospitalisations significantly declined for both IBD-
specific [APC -2.5%, 95% CI -3.2 to -1.8%] and IBD-related 
[APC -1.7%, 95% CI -2.4 to -1.0%] admissions in IBD patients 
[Figure 1]. Similar decreases were observed in children with CD 
[Supplementary Figure 4, available as Supplementary data at 
ECCO-JCC online]. In children with UC, the rate of hospitalisa-
tions for IBD-specific reasons did not decrease significantly [APC 
-1.1%, 95% CI -0.25 to +0.003%], but the rate of IBD-related 
hospitalisations decreased [APC -1.4%, 95% CI -2.8 to -0.0004%] 
[Supplementary Figure 4].

The rate of all-cause hospitalisations decreased by 2.6% [95% 
CI -3.3 to -1.8%] per year in children with IBD and by 4.3% [95% 
CI -5.4 to -3.3%] per year in children without IBD. Compared with 
children with IBD, children without IBD experienced a larger magni-
tude of decrease in rates of hospitalisations [p = 0.01].

Time trends in hospitalisation rates within 1 year of diagnosis 
generally followed trends similar to the rates within 5 years of diag-
nosis and are provided in Supplementary Material 3, available as 
Supplementary data at ECCO-JCC online.

3.3.   Emergency department visit rates
In children with IBD, IBD-specific ED visit rates did not change 
over time [APC +0.2%, 95% CI -0.7 to 1.2%], but IBD-related 
ED visit rates increased by 1.5% [95% CI +0.7 to +2.3%] per year 
[Figure 1]. These trends were similarly observed in CD and UC sub-
groups [Supplementary Figure 4].

Rates of all-cause ED visits increased among IBD patients by 
1.0% [95% CI +0.1 to +1.9%] per year. In children without IBD, the 
rate of all-cause ED visits remained unchanged [APC -0.2%, 95% CI 
-0.6 to +0.2%]. The differences in the rates between children with 
and without IBD were statistically significant [p = 0.01].

Time trends in ED visit rates within 1 year of diagnosis generally 
followed trends similar to the rates within 5 years of diagnosis and 
are provided in Supplementary Material 3.

3.4.   Outpatient visit rates
Outpatient visit rates were found to differ before and after a 2005 
diagnosis date and are reported separately before and after this in-
flection point. In children diagnosed with IBD in 2005 or earlier, 
rates of IBD-specific outpatient visit rates did not significantly 
change [APC +0.6%, 95% CI -0.04 to +1.2%], but IBD-related out-
patient visits decreased by 0.9% [95% CI -1.5 to -0.3%] per year 
[Figure 1]. Similar trends were also generally observed in children 
with CD [Supplementary Figure 4]. Children diagnosed with UC in 
2005 or earlier had increasing rates of IBD-specific outpatient visits 
[APC +1.1%, 95% CI +0.1 to +2.1%]; the rate of IBD-related out-
patient visits remained unchanged [APC -0.7%, 95% CI -1.7 to 
+0.3%] [Supplementary Figure 4].

Among children diagnosed with IBD after 2005, IBD-specific 
outpatient visit rates increased by 4.0% [95% CI +3.1 to +4.9%] per 
year. IBD-related visits increased by 2.8% [95% CI +1.9 to +3.7%] 
per year. Similar trends were observed in children with CD and UC 
[Supplementary Figure 4].

In children with a diagnosis or index date in or before 2005, the 
frequency of all-cause outpatient visits within 5 years decreased for 
both children with [APC -0.7%, 95% CI -1.3 to -0.1%] and without 
[APC -1.6%, 95% CI -1.9 to -1.2%] IBD. The difference in these 
rates between children with and without IBD was statistically sig-
nificant [p = 0.03].

In children diagnosed with IBD after 2005, there was an annual 
increase of 2.1% [95% CI +1.2 to +3.0%] in the rates of all-cause 
outpatient visits. The frequency of all-cause outpatient visits among 
children without IBD with an index date after 2005 decreased by 
0.7% [95% CI -1.4 to -0.0002%] per year. The time trends in the 
frequency of outpatient visits were statistically different between 
children with and without IBD [p <0.0001].

Time trends in outpatient visit rates within 1 year of diagnosis 
generally followed trends similar to the rates within 5 years of diag-
nosis and are provided in Supplementary Material 3.

3.5.   Surgery risk
The hazard of first intestinal resection within 5 years of diagnosis 
in CD patients decreased by 6.0% [95% CI -7.3 to -4.6%] per year. 
The hazard of colectomy within 5 years of diagnosis in UC patients 
decreased by 3.0% [95% CI -5.2 to -0.7%] per year.

4.   Discussion

There have been significant changes in the management of paediatric 
IBD over the past three decades, and we observed changing trends in 
health services use in children with IBD living in Ontario, Canada. 
Although the incidence of IBD has increased in Ontario children,17,18 
hospitalisations became less frequent with each passing year in Ontario 
among children newly diagnosed with IBD between fiscal years 1994 
to 2012. During this same period, decreases in the frequency of hospi-
talisations were more pronounced among children without IBD than 
among children with IBD, suggesting health care system changes may 
have contributed significantly to the trends in hospitalisation rates 
among IBD patients. Surgeries also decreased in children with IBD 
in this time frame. However, stable rates of IBD-specific ED visits, 
but increasing IBD-related ED visits, were observed in contrast to 
decreasing all-cause ED visits in children without IBD. Furthermore 
beyond 2005, which corresponds to the time of marketplace 
introduction of biologics to treat children with IBD in Ontario, 
the frequency of outpatient visits increased in children with IBD but 
decreased in the same time frame in children without IBD. These 
results imply that the management of paediatric IBD has shifted 
from in-patient hospital care towards greater ambulatory care.

Our findings of decreasing surgeries and hospitalisations are 
consistent with most previous studies reporting decreasing trends 
in these same outcomes among Canadian children and adults with 
IBD.31–33 Another study found no changes or increasing need for 
surgery and hospitalisation over time but did not follow patients 
beyond the approval of infliximab for paediatric IBD and likely 
missed more recent trends.12 Decreasing hospitalisations have also 
been reported among all Ontario children,34 children and adults 
with other chronic diseases,35–40 and for medical events requiring 
acute care.41–43 Internationally, hospitalisations have increased in 
children with IBD,44–46 though these studies typically reported ab-
solute values or were cross-sectional, and therefore may have been 
unable to distinguish trends in health services from trends in disease 
incidence.

Data on trends in ED visits among children and adults with IBD 
are sparse. A  Canadian study previously reported decreasing ED 
visits among children and adults with IBD.32 This study included 
prevalent IBD cases, whereas we limited our analysis to incident 
cases; longer disease duration is associated with decreased rates of 
ED use.47 Internationally, increases in ED visits have been observed 
among children and adults with IBD.48–50 However, studies either 
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report absolute numbers of visits49 or are cross-sectional in na-
ture,48,50 where patients could not be followed after visiting the ED. 
Therefore, trends in ED visits seen in these studies may reflect either 
true changes in health services use or changes in disease prevalence. 

In children with other chronic diseases, ED visit use has either de-
creased51,52 or remained stable.53

Our analysis identified different trends in the frequency of out-
patient visits before and after 2005. This coincides with the Health 
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Figure 1.  Forest plots of the annual percentage change [95% confidence intervals] in rates of health services for a 1-year increase in year of diagnosis/index 
in children with and without inflammatory bowel disease. The difference in all-cause rates between children with and without IBD were statistically significant 
[p <0.05] for hospitalisations, emergency department visits, and outpatient visits both before and after 2005. APC, average annual percentage change; 95% CI, 
95% confidence interval; IBD, inflammatory bowel disease.
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Canada approval of infliximab for paediatric CD in 2005.25 The 
increasing trends in outpatient visits in children with IBD have not 
been observed in children with other chronic diseases53–55 or among 
the overall population of children.56

The trends in health services use and surgery are inter-related. 
Decreases in hospitalisations and surgery among children with IBD 
likely arose from a combination of improving IBD care [e.g., through 
increased use of biologic therapies and adoption of a treat-to-target 
approach25 requiring closer monitoring by specialised paediatric 
gastroenterologists] and health system factors [e.g., decreased 
funding/capacity for hospital admissions]. Insufficient specialist 
care in outpatient settings has been associated with higher ED visit 
use in Ontario patients with IBD,47,57 whereas early use of specialist 
gastroenterology care reduces the risk of surgery.58 If increases in the 
prevalence of IBD among Ontario children are outpacing growth in 
the availability of paediatric gastroenterologists, lack of access to 
specialist care may drive growth in ED use.

The need for surgery is less influenced by patient and health 
system factors that influence health services use and, therefore, 
may better reflect improvement in the quality of IBD care and dis-
ease control. For example, despite associations between biologic 
therapy and decreased IBD surgeries,14,59–62 an Ontario study found 
that the introduction of anti-tumour necrosis factor therapy did 
not lower health services use or surgeries among adults with IBD 
beyond what was expected based on trends in these outcomes be-
fore its introduction.33 A  systematic review additionally reported 
decreasing surgery rates long before biologic therapy was a treat-
ment option for IBD.14 Thus, trends in health services use are 
multifaceted, and the observed decreases in surgeries and hospital-
isations may result from multiple or a combination of factors, such 
as the increasing outpatient visit and IBD-related ED visits rates 
observed in the present study.

The strengths of the present study include its large sample size 
and the use of population-based data comprising all children in 
Ontario with IBD, to reduce selection bias. Another strength is the 
inclusion of a matched reference cohort of children without IBD, 
selected at random from the population, to determine overall sys-
temic changes in health services use at the time of the study. By com-
paring trends in children with and without IBD, we distinguished 
between trends specific to the care of IBD and trends universal to all 
Ontario children.

There are limitations to this study. We did not look for direct 
associations between IBD care and time trends in health services 
use. Ontario health administrative data do not include informa-
tion on clinical characteristics [e.g., disease phenotype or severity] 
or medications for individuals <65 years. As a result, we could not 
draw conclusions on the reasons these trends were observed, and 
our results may have been biased due to unmeasured confounding. 
In the absence of better indicators we used mean neighbourhood 
income quintile as a proxy for household income, and although it 
was validated in Ontario to reflect individual household income, we 
acknowledge it may not be a precise measure of individual house-
hold income. In addition, we excluded patients who ever had OHIP 
eligibility in LHIN [South East] 10, primarily comprising people 
who lived in Kingston, Ontario, who may have differed in demo-
graphic make-up compared with the rest of Ontario. However, we 
expected some level of demographic heterogeneity across LHINs. 
Furthermore, LHIN 10 residents could not be included because of 
inconsistencies in shadow billings in this region at the time of the 
study, which would have resulted in false event counts for residents 
of LHIN 10.

We did not conduct analyses stratified by factors previously as-
sociated with health services use in paediatric IBD [e.g., age and 
sex].13,28 However, we did not identify any clinically significant effect 
measure modification associated with these factors. As with studies 
conducted using routinely collected health administrative data, our 
study may have been subject to misclassification bias. To mitigate 
this risk, we used previously validated algorithms demonstrated to 
have high degrees of accuracy in identifying children with IBD and 
classifying IBD sub-type.17 The codes for surgery were validated in 
adults outside Ontario in the same hospitalisation database used 
in our study.21,22 However, the accuracy of these codes is uncertain 
among children in Ontario. Further, the codes used to identify IBD-
related visits and hospitalisations were not validated. However, a 
panel of IBD experts chose and agreed upon these codes, and they 
have been used in previous studies.12,13,28 We continued to follow 
patients into adulthood, but did not evaluate the impact of tran-
sition from paediatric care to adult care [typically around the 18th 
birthday in Ontario]. Differences in paediatric and adult care may 
affect how patients use the health care system and may have led to 
differences in health services use in a way we were not able to cap-
ture in this study.

Although we were able to compare all-cause health services use 
between children with and without IBD, we were unable to com-
pare surgical outcomes between these two populations. A non-IBD 
tracer surgery must be one that is not affected by having IBD or in-
creased in IBD patients [e.g., appendectomy], and should have suffi-
cient frequency in both children with and those without IBD to draw 
meaningful comparisons. We attempted to compare the frequency of 
orthopaedic surgery as a tracer event, but the frequency of events in 
IBD patients was insufficient to draw meaningful conclusions [data 
not shown]. However, IBD surgeries are performed only when there 
is a need [i.e., medical treatment has failed or complications arise], 
and changes in surgery rates should therefore reflect changes in IBD 
care, and not in the overall health system.

Although changing trends were commonly observed in children 
with CD and the overall IBD population, these trends were some-
times diminished or not replicated in children with UC. There are 
fewer children in Ontario with UC, and we may have been under-
powered to detect significant trends. Alternatively, newer therapies 
[biologics] may not work as well in children with UC, or their use 
may not have been optimal in UC patients at the time of the study 
[e.g., less use of high-dose, rapid induction with infliximab in acute 
severe UC patients].63 Furthermore, since the biologics were ap-
proved later for use in children with UC, trends of decreasing health 
services use may not yet be apparent. Future studies assessing differ-
ences in the impact of biologics on health services use in UC com-
pared with CD are needed.

In summary, we report decreasing hospitalisations and surgeries 
but increasing ED and outpatient visits in a population-based co-
hort of children with IBD. As the prevalence of paediatric-onset IBD 
continues to grow, IBD will place an increasing burden on health 
systems. Thus, it is important for health care management and policy 
makers to understand the evolving care needs of this population, 
ensuring patients receive best possible care and outcomes—with the 
goal of reducing the need for expensive hospitalisations and sur-
geries. Future studies identifying reasons for these observed trends 
are needed for continued improvement in care.
The data from this study are held securely in coded form at ICES. Data-sharing 
agreements prohibit ICES from making the dataset publicly available, but ac-
cess may be granted to those who meet pre-specified criteria for confidential 
access, available at [www.ices.on.ca/DAS]. The full dataset creation plan and 
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underlying analytical code are available from the authors upon request, under-
standing that the programs may rely upon coding templates or macros that are 
unique to ICES.
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