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Abstract

Background and Aims:  Incidence of paediatric inflammatory bowel disease [IBD] in Canada is 
among the highest worldwide, and age of onset may be decreasing. In a multicentre nationwide 
inception cohort study, we examined variation in phenotype of IBD throughout the paediatric age 
spectrum.
Methods:  Children aged ≥2 years [y] and <17y [A1 age at diagnosis], with new onset IBD, were 
systematically evaluated at sites of the Canadian Children IBD Network. Prospectively recorded 
phenotypic data were compared between age groups.
Results:  Among 1092 children (70% Caucasian; 64% Crohn’s disease [CD], 36% ulcerative colitis/
inflammatory bowel disease unclassified [UC/IBD-U]; median age 13 y, interquartile range [IQR] 
11–15 y), 210 [19%] were diagnosed before the age of age 10 y [Paris A1a] and 43 [4%] before 
age 6 y (very-early-onset [VEO-IBD]). CD was less common in younger children [42%, 56%, 66%, 
respectively, of VEO-IBD, A1a; A1b]. Colon-only IBD [UC/IBDU or CD-colon] was present in 81% of 
VEO-IBD and 65% of A1a; ileal disease increased progressively, reaching plateau at age 10 y. CD 
location was ileocolonic [L3] in 53% overall. Ileitis [L1] increased with age [6% of VEO-IBD; 13% of 
A1a; 21% of A1b], as did stricturing/penetrating CD [4% of A1a; 11% of A1b]. At all ages UC was 
extensive [E3/E4] in >85%, and disease activity moderate to severe according to Physician’s Global 
Assessment [PGA] and weighted Paediatric Crohn’s Disease Activity Index/Paediatric Ulcerative 
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Colitis Activity Index [wPCDAI/PUCAI] in >70%. Heights were modestly reduced in CD [mean height 
z score -0.30 ± 1.23], but normal in UC/IBD-U.
Conclusions:  Paris classification of age at diagnosis is supported by age-related increases in ileal 
disease until age 10 years. Other phenotypic features, including severity, are similar across all 
ages. Linear growth is less impaired in CD than in historical cohorts, reflecting earlier diagnosis.
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1.  Introduction

Inflammatory bowel disease [IBD] has become a global disease, and 
the incidence and prevalence of both paediatric- and adult-onset IBD 
in Canada remain among the highest worldwide.1 Incidence reached 
9.68/105 (95% confidence interval [CI], 9.11–10.25] children under 
age 16  years in Canada in 2010, second only to Norway in this 
age group.2,3 International population-based studies suggest that 
the incidence may have stabilised among adults in Western coun-
tries, but Canadian data indicate a continued increase in children,4 
suggesting that age of onset is decreasing. The Canadian Children 
Inflammatory Bowel Disease Network, a joint partnership of the 
Canadian Institutes of Health Research [CIHR] and the Childhood 
Intestinal and Liver Disorders [Ch.I.L.D.] Foundation was estab-
lished to address the high burden of paediatric-onset IBD in Canada.

Distinct phenotypic features observed in children with Crohn’s 
disease [CD] and ulcerative colitis [UC] are recognizsd by the Paris 
modification of the Montreal classification of IBD.5 Children diag-
nosed at age <2 years were deliberately excluded from the Paris clas-
sification, in recognition of infantile-onset chronic IBD being more 
likely due to one of many monogenic disorders of immune regula-
tion, now increasingly identified.5 Whereas the Montreal designation 
of IBD diagnosis before age 17 years as A1 was arbitrary, the Paris 
division of A1 disease into A1a [diagnosis <10 years] and A1b [diag-
nosis ≥10 and <17 years] was based on variation in spectrum of IBD 
localisation with age, specifically the relative rarity of any ileal dis-
ease before age 10 years.

The predominance of colon-only IBD, including UC, colonic CD, 
and IBD-unclassified [IBD-U], among children diagnosed before 
age 10  years is well recognized,6 but variations with age in other 
phenotypic features have seldom been rigorously and prospect-
ively evaluated. Moreover the term ‘very-early-onset-IBD’ [VEO-
IBD], usually implying diagnosis before age 6 years, has come into 
common usage without convincing evidence that these very young 
patients, [excluding those manifesting IBD as infants] have any dis-
tinct phenotypic features. We undertook to examine the variation in 
IBD type, location, behaviour, and severity across the entire paedi-
atric age spectrum after infancy in a Canada-wide multicentre pro-
spectively accrued inception cohort study of new-onset IBD.

2.  Methods

2.1.  Setting and participants
Children and adolescents from age 2 up to 17 years, with new-onset 
IBD, were prospectively recruited into an inception cohort study at 
12 participating academic paediatric IBD centres across Canada, 
where care is provided until transition to adult gastroenterologists 
at age 18  years. Comprehensive baseline and longitudinal pheno-
typic and demographic data, including ethnicity and family history 
of IBD, were recorded using standardised case report forms [CRFs], 
anonymised and entered into a central database registry (Research 

Electronic Data Capture [REDCap] database), hosted at SickKids 
Hospital, Toronto, Canada. REDCap is a secure, web-based ap-
plication designed to support data capture for research studies.7 
Clinical site directors, all paediatric gastroenterologists with a clin-
ical focus in IBD, were responsible for approving diagnostic label of 
type of IBD as CD or UC using conventional clinical, endoscopic, 
and histological criteria. The designation IBD-U is applied in the set-
ting of colonic IBD with feature[s] suggestive of both UC and CD, 
anticipating that a clearer impression of CD or UC may be veri-
fied over time. A  ‘Diagnostic Features’ case report form based on 
consensus guidance from the North American Society for Pediatric 
Gastroenterology, Hepatology, and Nutrition [NASPGHAN]8 was 
designed to specifically capture atypical features [e.g. relative rectal 
sparing, caecal patch] that need not deter from a diagnosis of UC, 
and features highly suggestive of CD. Training in application of UC 
versus CD versus IBD-U labels based on NASPGHAN working 
group guidelines8 was provided in the context of network meetings 
and teleconferences, before study initiation and subsequently.

2.2.  Study design
This was a cross-sectional study which included all inception co-
hort patients diagnosed between April 1, 2014 and December 31, 
2017. All data were prospectively recorded. Patients were categor-
ised according to age at diagnosis in accordance with Paris classifi-
cation: A1a [diagnosis before age 10 years], and A1b [diagnosis at 
age ≥10 years and <17 years]. Baseline phenotypic characteristics, 
including IBD type, location, and clinical and endoscopic severity, 
were compared between the two groups. Children diagnosed before 
age 6 years, arbitrarily defined as VEO-IBD, were additionally com-
pared with older A1a patients.

2.3.  Description of IBD phenotype
Disease phenotype at diagnosis was categorised according to the 
Paris classification, basing location on macroscopic findings observed 
via colonoscopy, upper endoscopy, and magnetic resonance imaging 
of the small bowel.5 Patients classified as IBD-U were combined with 
UC patients for analyses unless, in follow-up, CD was the preferred 
diagnostic label. As per Paris classification, macroscopic Crohn’s dis-
ease confined to the distal one-third of the ileum ±  limited caecal 
involvement is defined as L1; isolated colitis as L2; and ileocolonic 
disease as L3. Additional or isolated upper gastrointestinal tract 
involvement is designated L4a when proximal to the ligament of 
Treitz and L4b if distal to the ligament of Treitz but proximal to 
the distal one-third of the ileum. Perianal fistulising disease [p] de-
notes the presence of fistula[s] and/or abscesses. Disease behaviour 
is classified as: B1 inflammatory [non-stricturing, non-penetrating]; 
B2 stricturing; B3 internal penetrating; or B2B3 if both stricturing 
and internal penetrating complications co-exist. Disease extent in 
UC/IBD-U is designated as: E1 when limited macroscopically to the 
rectum [proctitis]; E2 for visible colonic inflammation extending no 
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further than the splenic flexure; E3 for disease extending past the 
splenic flexure but not past the hepatic flexure; and E4 for colitis 
extending past the hepatic flexure.

Disease activity at baseline was assessed using the weighted 
Paediatric Crohn’s Disease Activity Index [wPCDAI]9,10 for CD pa-
tients or Paediatric Ulcerative Colitis Activity Index [PUCAI]11 for 
UC/IBD-U patients. Physician Global Assessment [PGA] of disease 
activity at time of diagnosis was recorded as mild, moderate, or se-
vere. Endoscopic findings were recorded at the local site using the 
Mayo endoscopic score12 for UC/IBD-U and Simplified Endoscopic 
Severity Score for CD [SES-CD].13 Training in application of endo-
scopic measures was repeatedly provided at Network investigator 
meetings. Histological features including presence of granuloma[s] 
in mucosal biopsies, routinely taken from multiple sites throughout 
the colon, terminal ileum, and upper gastrointestinal tract, and as re-
ported by the local site paediatric pathologists, were noted. Heights 
and other anthropometric measures at presentation were converted 
to age- and gender-adjusted standard deviation scores [z-scores] 
using Centers for Disease Control reference data.14

2.4.  Statistical analyses
Normally distributed continuous variables were described as means 
and standard deviations [  ±  SD], and non-normally distributed 
continuous variables as medians and interquartile ranges [IQR]. 
Categorical variables were expressed as frequency and proportions. 
Continuous variables were compared with analysis of variance 
[ANOVA] or the Kruskal-Wallis test, independent sample Student’s 
t test, or Mann-Whitney test, as appropriate. Categorical variables 
were compared with the Pearson chi square test or Fisher’s exact test, 
where cell counts were less than 5. Statistical significance was de-
fined as two-tailed p-value <0.05. All analyses were performed using 
IBM® SPSS® Statistics Version 24 [Armonk, NY:IBM Corp.].

Ethical considerations: the study protocol was approved by the 
research ethics boards of each participating institution. Children and 
their parents or legal guardians provided informed assent and con-
sent for enrolment.

3.  Results

Between April 2014 and December 2017, 1092 Canadian children 
[57%] male, median age 13  years [y] [IQR 11–15 y] with new-
onset IBD were enrolled and had baseline data uploaded into the 

network REDCAP database before data lock. A total of 210 [19%] 
were diagnosed before age 10 years [A1a], and only 43 [4%] under 
age 6  years [VEO-IBD]. The cumulative number of patients with 
newly diagnosed IBD is graphed according to age at diagnosis in 
Figure 1. Seventy three percent of the pan-Canadian cohort was of 
Caucasian ethnicity; South Asians [12.6%] constituted the second 
most prevalent ethnic group, followed by East Asians [2.0%] and 
Blacks [2.0%]. A total of 164 [15%] of all children reported having 
a first-degree relative [parent and/or sibling] affected with IBD.

In the overall cohort, IBD type was initially classified as CD in 
687 [62%], UC in 316 [30%], and IBD-U in 89 [8%]. Of those ini-
tially designated IBD-U, 39 [44%] were considered within the first 
year of follow-up to have UC, 39 [44%] still retained the IBD-U 
label, and 11 [12%] were classified as having CD. The initial pro-
visional label of IBD-U was applied more commonly among the 
younger children [13% among all A1a; 7% among A1b children; 
p = 0.001]. Among all children with new-onset IBD, the propor-
tion with CD increased with age at presentation [56% of A1a vs 
66% of A1b; p = 0.002; 43% of VEO-IBD vs 59% among those 
>6 y but <10 y; p  =  0.002]. Disease localised to the colon only 
[i.e. UC/IBD-U or isolated colonic CD] was more prevalent among 
children diagnosed before age 10 years versus later in childhood 
or adolescence [67% vs 51%, respectively; p < 0.001], and 81% 
of children diagnosed before age 6 years had colon-only IBD. As 
shown in Figure 2, there was a progressive increase with age in the 
percentage of children with any ileal disease present at diagnosis 
until age 10  years, after which the percentage remained stable. 
Colon-only disease [UC/IBD-U or colonic CD] also predominated 
in South Asians when compared with Caucasians [65% vs 35%, 
respectively; p  =  0.009], whereas CD overall was less common 
in South Asians versus Caucasians [49% vs 64%. Respectively; 
p = 0.004].

Symptoms present at diagnosis are summarised in Table 1. 
Symptoms differed significantly between CD and UC/IBD-U 
but, within these, IBD types were similar between age groups 
[Supplementary Table 1a, available as Supplementary data at 
ECCO-JCC online]. Eleven [12%] of the children initially labelled as 
IBD-U, but considered in follow-up to have CD, were included in the 
CD cohort. The duration of symptoms before diagnosis was longer 
in those with CD compared with those with UC/IBD-U [4.7 months, 
IQR 2.2–10.6 months, vs 2.9 months, IQR: 1.3–6.5 months, respect-
ively; p <0.001].
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Figure 1.  Cumulative number of patients with newly diagnosed inflammatory bowel disease [IBD] in the cohort is graphed according to age at diagnosis. Rate 
of rise in numbers increases after age 10 years, and more sharply for Crohn’s disease.
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3.1.  Phenotypic features of new-onset paediatric 
Crohn’s disease
Among the 698 children and adolescents with new-onset CD [59% 
male, median age 13 years, IQR 11–15 years], 17% were diagnosed 
before age 10 years [A1a] and only 2.6% before age 6 years [VEO-
IBD]. The phenotypic features of CD and initial treatment in the 

paediatric cohort overall, and among patients categorised by age at 
diagnosis, are summarised in Table 2. The predominance of males 
versus females in paediatric CD was consistent across all ages. The 
majority of paediatric CD patients had moderately to severely ac-
tive disease at presentation, as judged by both PGA and wPCDAI. 
Disease activity was judged to be mild in only one-quarter of 

Table 1.  Symptoms at time of presentation in Canadian children and adolescents with new-onset inflammatory bowel disease [IBD]. 
Comparisons are made between children determined to have Crohn’s disease and those with ulcerative colitis or IBD-unclassified.

Percentage of patients with symptom  
present at time of diagnosis

Crohn’s disease [n = 698] Ulcerative colitis/inflammatory bowel  
disease unclassified [n = 394]

p-value

Abdominal pain 88% [a major symptom in 51%] 81% [a major symptom in 32%] 0.17
0.002

Non-bloody diarrhoea 30% 5% <0.001
Bloody diarrhoea 40% [a major symptom in 18%] 87% [a major symptom in 60%] <0.001

<0.001
Linear growth impairment 22% 3% <0.001
Any weight loss 71% 62% 0.004
Perianal lesion[s] [skin tags/fissures/fistula[s]/ 
abscess[es]

27% 2% <0.001

Extra-intestinal manifestation[s]  
[joint inflammation/skin lesions]

15% 1.2% <0.001

Oral ulcers 29% 9% <0.001
Fevers 28% 11% <0.001
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Figure 2.  Among paediatric patients with newly diagnosed inflammatory bowel disease [IBD], isolated colonic disease [including ulcerative colitis, Crohn’s 
colitis, and IBD-unclassified] predominates in the youngest children. Presence of ileal involvement in Crohn’s disease becomes progressively more common 
with increasing age at diagnosis, reaching the frequency observed in older children and adolescents by age 10 years.
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children, regardless of age. The median wPCDAI in the overall co-
hort was 55 [IQR 35–75], with no significant differences across the 
age spectrum. Moderate to severe endoscopic activity [SES-CD >7] 
at diagnostic ileocolonoscopy was evident in 78% overall.

Ileocolonic [L3] disease was the predominant localisation of 
CD among A1b and A1a patients. As is evident in Table 2, isolated 
colonic CD [L2] was more common in younger versus older chil-
dren, and conversely disease confined to the distal ileum +/- caecum 
more common in older children. Of the CD cohort, 27% had prox-
imal small bowel involvement [L4b, i.e. macroscopic disease prox-
imal to the distal third of ileum] identified by magnetic resonance 
enterography [MRE], but in only 8 [1.2%] was it present without 
terminal ileal and/or colonic disease. L4b disease was more common 
in children with any distal ileal involvement [L1 or L3 CD], than in 
those with Crohn’s colitis [L2] [30% vs 9%; p <0.001]. Among the 
96% of children evaluated by upper gastrointestinal [GI] endoscopy, 

macroscopic involvement characterised by at least small ulcers was 
present in the stomach in 31% of children, in the duodenum in 24%, 
and in the oesophagus in 12.5%.

As shown in Table 2, CD was inflammatory [non-stricturing/non-
penetrating] [B1] at presentation in 87% of the cohort. Complicated 
disease [stricturing or penetrating] was more common in children 
with isolated ileal [L1] compared with ileocolonic [L3] and colonic 
only [L2] CD [23% vs 12.6% vs 5% respectively; p <0.001], and 
hence less common in younger children. Perianal fistulising CD was 
present in overall 16% [n = 106], nine of whom had isolated perianal 
disease without macroscopic luminal disease; 44 [48%] of 106 had 
multiple perianal fistulas. We found no association between perianal 
disease and complicated luminal disease behaviour at diagnosis, nor 
with disease location [L1:12%, L2:15%, L3:18%; p = 0.38].

Granulomas were present in pre-treatment ileocolonic and/or 
upper gastrointestinal mucosal biopsies in 51% of all children with 

Table 2.  Demographic and phenotypic features at time of diagnosis with paediatric-onset Crohn’s disease. Comparisons are made between 
younger [A1a] and older [A1b] children as defined by Paris classification and between those with arbitrarily designated very-early-onset 
IBD [VEO-IBD] and others in A1a cohort.

Overall 
cohort A1 
[2 to <17y] 
[n = 698]

A1a <10y 
[n = 117]

A1b [10 
to <17y] 
[n = 581]

p-value 
[A1a vs 
A1b]

VEO-IBD 
[<6y] [n = 19]

>6 to <10y 
[n = 98]

p-value 
[<6y vs 
6-10y]

Age in yearsa 12.9 [10.9, 
14.8]

8.4 [7.1, 9.2] 13.7 [11.9, 
15.1]

<0.001 4.9 [3.8, 5.3] 8.8 [7.7, 9.3] <0.001

Gender [% male] 59% 61% 59% 0.60 58% 61% 0.79
Disease activity as presentation
 wPCDAIa 55 [35,75] 50 [30,72] 55 [35,75] 0.43 53 [36,67] 50 [30,73] 0.75
 PGA mild 26% 33% 24% 0.61 28% 34% 0.24
 PGA moderate 44% 44% 44% 61% 41%
 PGA severe 30% 23% 32% 11% 25%
Disease location
  L1 20% 12%* 21% 0.002 6% 13% 0.25
  L2 23% 36%* 20% 53% 33%
  L3 57% 52% 56% 41% 54%
  Any L4ab/L4bb 27% 33% 26% 0.18 Unknownc 33% -
 Perianal fistulising disease 16% 12% 17% 0.08 6% 13% 0.69
Disease behaviour       
 Inflammatory [B1] 87% 96% 85% 0.001 94% 97% 0.58
 Stricturing [B2] 9% 3% 11% 6% 2%
 Penetrating [B3] 1% 0% 3% 0% 1%
 Stricturing and penetrating 
[B2B3]

3% 1% 1% 0% 0%

Endoscopic severityd

 Mild [SES-CD 3–6] 22% 24% 21% 0.75 23% 24% 0.48
 Moderate [SES-CD 7–15] 35% 33% 36% 46% 30%
 Severe [SES-CD ≥ 16] 43% 43% 43% 31% 46%
Linear growth at presentation
 Height z score [mean ±  SD] -0.3 ± 1.23 -0.04 ± 1.03 -0.28 ± 1.27 0.32 -0.15 ± 0.87 -0.44 ± 1.05 0.27
Initial induction therapy 
 EEN 35% 30% 36% 0.27 21% 32% 0.36
 Corticosteroids 31% 37% 30% 0.14 42% 35% 0.60
 Anti-TNFα 13% 9% 14% 0.06 5% 9% 0.58
 5-ASA/SASP 10% 14% 9% 0.12 26% 12% 0.05
 Other 11% 10% 11% 0.89 6% 12% 0.43

wPCDAI, Weighted Paediatric Crohn’s Disease Activity Index; PGA, Physician’s Global Assessment; SES-CD, Simplified Endoscopic Severity Score for CD; SD, 
standard deviation; EEN, exclusive enteral nutrition; anti-TNFα, anti-tumour necrosis factor alpha; 5-ASA/SASP,5-aminosalicylic acid or sulphasalazine; MRE, 
magnetic resonance enterography..

aValues are presented as median [interquartile range].
b11% of CD cohort did not undergo MRE; small bowel disease proximal to distal ileum [L4b] therefore not evaluated.
cMRE not performed among any children aged <6 years.
dSES-CD data missing in 4%.
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CD. The prevalence of granulomatous inflammation was similar 
across all age categories. Mucosal granulomas were found in 60 
[62%] of 106 patients with perianal disease compared with 50% of 
those without; p = 0.03.

Mean height z-score for all children newly diagnosed with CD 
was -0.30  ±  1.23 [95% confidence interval of the point estimate 
-0.39 to -0.20], reduced compared with age- and gender-matched 
standard populations. There were no differences in mean height 
z-scores across the age spectrum, nor between mean height z-scores 
of males and females in the cohort, -0.28 ± 1.30 and -0.33 ± 1.13, 
respectively; p = 0.65.

3.2.  Phenotypic features of new-onset paediatric 
ulcerative colitis and IBD-U
Among the 392 children and adolescents with new-onset UC or 
IBD-U [52% male, median age 13 years, IQR 10–15 years], 24% 
were diagnosed before age 10  years [A1a], and 6% before age 
6 years. The phenotypic features of UC/IBD-U and its initial treat-
ment in the paediatric cohort overall, and among patients categor-
ised by age at diagnosis, are summarised in Table 3. Colitis was 
consistently extensive [E3/E4] across all ages. Upper endoscopy 
was performed in 86% of the UC/IBD-U cohort. Macroscopic gas-
tric involvement characterised by at least small ulcers was observed 
in only 6%, but any macroscopic gastritis was reported in 25%, 
and histological gastritis in overall 58%. Small ulcers in the duo-
denum were noted in 4%, any duodenal macroscopic inflammation 
in 8%, and histological duodenitis in overall 27%. Small oesopha-
geal ulcers were reported in 1.2%, any macroscopic inflammation in 
3.6%, and histological oesophagitis in overall 4.8%. As evident in  
Table 3, the spectrum of clinical disease activity judged by PUCAI 

and PGA was similar among younger and older patients, but endo-
scopic appearance of colitis assessed by Mayo score was more often 
severe in older patients. In keeping with the prevalence of moderate 
or severe disease at presentation in the paediatric UC/IBD-U cohort 
overall, first therapy was with corticosteroids in 62% and with oral 
5-amonisalicylates [ASA] or sulphasalazine in 34%, without sig-
nificant variation by age category. Patients initially labelled IBD-U, 
however, had overall milder colitis than those confidently considered 
to have UC from the outset [see Supplementary Table 2, available 
as Supplementary data at ECCO-JCC online]. Heights measured 
among the UC/IBD-U cohort at presentation were comparable to 
age- and gender-matched standard populations. Mean height z-score 
at diagnosis of the UC/IBD-U cohort overall was 0.11 ± 1.14, [95% 
confidence interval of the estimate -0.01 to +0.22], comparable to 
age- and gender-matched healthy peers.

4.  Discussion

In this contemporary multicentre prospective inception cohort, we 
have rigorously characterised the phenotypic variation of IBD across 
the paediatric age spectrum in a country where incidence is among 
the highest worldwide. Although not a population-based study, 
Canadian practice patterns are such that paediatric IBD care is pro-
vided predominantly by paediatric gastroenterologists at academic 
centres, who initially evaluate and then subsequently manage the 
breadth of paediatric UC and CD, rather than acting solely as ter-
tiary referral centres.

A spectrum of disease severity at first presentation was seen in 
our cohort overall, and across the range of paediatric ages. ‘Mild’ 
paediatric CD and UC are, unfortunately, relatively uncommon, 

Table 3.  Demographic and phenotypic features at time of diagnosis with paediatric ulcerative colitis/inflammatory bowel disease unclassi-
fied [IBD-U]. Comparisons are made between younger [A1a] and older [A1b] children as defined by Paris classification and between those 
with arbitrarily designated very-early-onset IBD [VEO-IBD] and others in A1a cohort.

Overall cohort 
A1 [2–<17 years] 
[n = 394]

A1a 
<10 years 
[n = 93]

A1b [10–
<17 years] 
[n = 301]

p-value 
A1a vs 
A1b

VEO-IBD 
[<6 years] 
[n = 24]

>6–<10 years 
[n = 69]

p-value 
[<6 vs 
6–10 years]

Age in years, median [IQR] 13 [10, 15] 7.6 [5.9, 8.7] 14 [12, 16] <0.001 4.4 [3.3, 5.4] 8.2 [7.0, 8.9] <0.001
Gender [% male] 52% 48% 54% 0.33 63% 44% 0.11
Extent
  E1 7% 4% 7% 0.45 0% 5% 0.45
  E2 6% 7% 6% 4% 8%
  E3/E4 87% 89% 87% 96% 87%
Disease activity at presentation
  PUCAI 50 [35, 65] 50 [40,65] 50 [35, 70] 0.53 45 [40, 60] 50 [40, 60] 0.97
  PGA mild 24% 30% 23% 0.39 26% 30% 0.69
  PGA moderate 42% 40% 42% 48% 38%
  PGA severe 34% 30% 35% 26% 32%
Mayo endoscopic score
  1 [mild] 14% 18% 12% 0.02 10% 19% 0.01
  2 [moderate] 41% 52% 39% 80% 42%
  3 [severe] 45% 30% 49% 10% 39%
Linear growth at presentation
Height z score [mean ± SD] 0.11 ± 1.14 -0.14 ± 1.09 0.19 ± 1.15 0.02 -0.06 ± 1.26 -0.20 ± 1.04 0.67
Initial induction therapy 
  Corticosteroids 61% 61% 62% 0.70 58% 62% 0.64
  5-ASA/SASP 34% 35% 34% 0.95 42% 32% 0.46
  Anti-TNFα 3% 2% 3% 0.79 0% 3% 0.40
  Other 2% 2% 2% 0.85 0% 3% 0.55

PUCAI, Paediatric Ulcerative Colitis Activity Index; PGA, Physician’s Global Assessment; SD, standard deviation; anti-TNFα, anti-tumour necrosis factor alpha; 
5-ASA/SASP,5-aminosalicylic acid or sulphasalazine.
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but do occur. The percentages of children with mild, moderate, and 
severe UC at diagnosis [respectively 24%, 42%, 34%] are similar 
to those recently reported in the UC PROTECT study [24%, 48%, 
29%], involving 428 prospectively enrolled children and adolescents 
recruited at 27 sites in the USA and Canada.15

The median ages at diagnosis of CD and UC/IBD-U in our co-
hort indicate that paediatric CD, particularly, still develops predom-
inantly in pre-adolescent or adolescent patients. Our study, like the 
Paris classification, excluded patients less than 2 years of age, rec-
ognising that severe infantile-onset chronic IBD, rather than being 
complex CD or UC, is more likely a monogenic disorder of immune 
regulation, now increasingly identified by targeted gene or whole 
exome sequencing combined with functional studies.16

The predominance of colon-only IBD of any type [UC or isolated 
colonic CD or IBD-U] in younger children, which was the justifica-
tion for the Paris designation of A1a versus A1b, is confirmed by 
our data. The younger the child at diagnosis, the rarer the presence 
of ileal involvement, but in our study from age 10 years onward, the 
proportion of newly diagnosed patients with isolated colonic disease 
appears not to drop further. The EUROKIDS registry6 and a North 
American multicentre registry17 made similar observations com-
paring children diagnosed before age 10 years with older children, 
but variation in prevalence of colon-only disease across the entire 
spectrum of A1a IBD was not specifically examined.

The proportion of newly diagnosed paediatric IBD patients with 
CD increases steadily with age. The predominance of CD versus UC 
in this inception cohort overall has been observed in most paediatric 
studies. Population-based Canadian health administrative data from 
1999 to 2010 reported the incidence of paediatric CD to be 6.5/105 
compared with 2.4/105 for paediatric UC.4 Prevalence was estimated 
to be 25.5/105 and 10.7/105 children for CD and UC, respectively. 
A paediatric population-based study in France reported a mean in-
cidence of 3.2/105 for CD and 1.1/105 for UC.18 Incidences of CD 
and UC were, respectively, 4.72/105 and 2.32/105 in a 2007–2009 
Hungarian paediatric inception cohort.19 The predominance of CD 
in paediatric IBD stands in contrast to adult epidemiological data.1,19

Other features known to distinguish paediatric- from adult-onset 
IBD were re-affirmed across the spectrum of ages in this pan-Canadian 
paediatric inception cohort. The male predominance in paediatric CD 
observed in this study, as with the French EPIMAD study male to 
female ratio of 1.2,18 is in contrast to the greater prevalence of fe-
males among adults with CD.20,21 CD occurring in children, like UC, 
is often cited as also being more extensive compared with adult-onset 
CD, but observations are biased by differing diagnostic practices. 
Upper endoscopy is routinely performed in paediatric patients with 
suspected CD evaluated by paediatric gastroenterologists.22 This is less 
often the case in adult practice, which means co-existent upper tract 
involvement may more often be unrecognised. Of note, we have re-
ported percentages of patients with upper tract ulceration, whereas 
often proximal macroscopic involvement has been less precisely de-
fined. Ileocolonic [L3] disease was the predominant type of CD in 
our cohort overall, consistent with the 53–63% reported in numerous 
paediatric studies.6,23–26 Corresponding percentages in adult cohorts 
are often lower, but the large French EPIMAD registry reported up 
to 58% ileocolonic disease in adults, excluding those diagnosed after 
age 65 years, where phenotype, like that in our youngest children, is 
characteristically isolated colonic CD.27

The explanation for the rarity with which ileitis is diagnosed in 
younger children is unknown, but may relate to diagnostic delay 
and/or to true variation with age in susceptibility to development 
of chronic small intestinal inflammation.28,29 In comparison with 

colitis, symptoms of isolated ileitis are more subtle, often limited to 
abdominal cramps without significant diarrhoea or haematochezia, 
and may therefore come to attention later.29 However, the number 
of Peyer’s patches, formations of lymphoid follicles occurring in the 
distal ileum and linked to the development of chronic ileal inflamma-
tion, increases during childhood and reaches a peak in adolescence 
before involution, correlating with the age-related occurrence of ileal 
CD.30–32

Extensive colonic involvement [E3/E4], as herein observed in 
paediatric UC/IBD-U across the paediatric age spectrum, is recog-
nised consistently as a characteristic of childhood-onset colitis.19 
Extensive colitis and the rarity of ileal inflammation in younger 
children with CD combine to make differentiation of type of IBD 
challenging. This is evidenced by the greater prevalence of ‘IBD-U’ 
labelling among the younger patients of our cohort. Moreover, in 
comparison with patients classified as UC from the outset, those con-
sidered initially as IBD-U had milder colitis both clinically and endo-
scopically, as has been previously noted.33 The endoscopic patchiness 
of very mild colitis may lead to uncertainty of type of IBD. Certainly, 
provisional labelling as IBD-U may avoid inappropriate treatment 
in situations where E3/E4 UC and colonic CD respond differently. 
How often CD confined initially to the colon extends with age to the 
ileum has not been well studied in large cohorts, but extension has 
been suggested to occur more often in children than in adults.19,34

Terminal ileitis [L1], as originally described by Crohn,35 was rela-
tively common in Canadian A1b patients. In contrast, L1 disease 
was much less common even in older children in a previously well-
characterised Scottish paediatric cohort, perhaps in part reflecting the 
rarity in Scotland of CD-associated polymorphisms in the NOD2/
CARD15 gene.19,24,36,37 NOD2/CARD15 is strongly associated with 
ileal CD,38,39 but the prevalence of the polymorphisms conferring sus-
ceptibility varies worldwide.37 Isolated L4b disease was rarely observed 
in our cohort, consistent with the Belgian and EUROkids registries, 
where 2–4% of patients were diagnosed with isolated L4b disease.6,25 
Among paediatric patients of any age with distal ileal or ileocolonic CD, 
we identified co-existent proximal ileal and/or jejunal disease [L4b] by 
MRE in close to one-third. Mode of small bowel imaging will signifi-
cantly alter the perceived prevalence of CD in the proximal small bowel, 
MRE being superior to traditional oral contrast radiography, but video 
capsule endoscopy being still more sensitive for mucosal disease.

Although inflammatory disease behaviour [B1] predominated at 
diagnosis in this paediatric CD cohort, stricturing and/or penetrating 
disease was more common in those with isolated ileal disease com-
pared with both ileocolonic and colonic Crohn’s disease. This obser-
vation provides an explanation for the greater proportion of older 
children [A1b] with complicated disease, a finding consistent with 
numerous paediatric studies.40,41 Unlike the EUROkids registry,6 we 
did not find an association with B2/B3 disease and the occurrence of 
perianal disease. There was an increase in the prevalence of perianal 
fistulising disease with age at diagnosis, in keeping with observa-
tions made by the Improve Care Now Network, a multicentre paedi-
atric IBD quality improvement collaborative.40 Our observation of 
more frequent mucosal granulomas in children with perianal disease 
merits further investigation.42 Crohn’s-like colonic IBD with granu-
lomatous inflammation and perianal disease are common in pa-
tients with chronic granulomatous disease [CGD], where mutations 
in NADPH pathway genes cause defective innate immunity and 
impaired intracellular killing of phagocytosed microorganisms.43 
Polymorphisms in other NADPH oxidase pathway genes, distinct 
from those associated with CGD, have also been identified as IBD 
susceptibility genes.44
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Historically, impairment of linear growth before diagnosis and 
even before development of overt intestinal symptoms was common 
in CD, but very rarely observed in UC.45 Height z-scores of Canadian 
children presenting with UC/IBD-U in our cohort were comparable 
to healthy peers. In contrast, across all age categories, the mean 
height z-scores in our CD cohort were below those expected for age- 
and gender-matched healthy children. It is encouraging, however, 
that children newly diagnosed with CD in Canada currently are less 
stunted compared with previously. For example, pre-pubertal CD 
patients diagnosed in the Greater Toronto Area of Canada during 
the time period 1980–1986 had a mean height z-score of -1.1 ± 1.3.46 
The lesser degree of linear growth delay currently observed nation-
ally in our cohort is likely attributable to greater awareness among 
primary care physicians and therefore shorter duration of symptoms 
before referral for diagnostic investigations.29

In this cohort of children with IBD, the percentage with South 
Asian ethnicity was higher than the 4% in the entire Canadian 
paediatric population; this over-representation in our cohort sug-
gests increased susceptibility to the development of IBD.47 Indeed, 
linking Ontario provincial health administrative data with Canadian 
immigration data, Benchimol et al. found incidence of IBD among 
Canadian-born children of immigrants from South Asia to reach a 
level equivalent to that of Caucasian children, whereas Canadian-
born children in other immigrant families, such as those of East Asian 
ethnicity, retained a lower likelihood of developing IBD.47,48 Very 
early life in the Canadian environment presumably increases the risk 
of IBD development in genetically susceptible South Asian children.

This inception cohort study portrays the clinical spectrum of 
IBD across the full paediatric age range in a country with high inci-
dence. The strengths of the study are its prospective and comprehen-
sive data collection at centres where young patients are thoroughly 
and systematically evaluated. Canadian practice patterns mean that 
paediatric gastroenterologists affiliated with the Network’s academic 
institutions are indeed responsible for the breadth of paediatric IBD. 
Nevertheless, it is a limitation that the cohort cannot be considered 
truly population-based. Particularly in the older paediatric age 
range, patients may be referred directly to adult gastroenterologists.

The Canadian Children IBD network was established with the 
dual goals of facilitating research to explain the increases in what 
were once rare paediatric disorders and optimising outcomes of all 
affected children. Monogenic mimickers of complex IBD are being 
identified in paediatric patients with phenotypes at the extremes ei-
ther of age of onset and/or disease severity, but leading to confusion 
as to which children warrant gene sequencing. ‘VEO-IBD’ is often 
wrongly construed to equate with monogenic IBD. We have dem-
onstrated that CD and UC are clinically heterogeneous across all 
paediatric ages. Defining clinical heterogeneity and understanding its 
biological basis are required to advance precision medicine for IBD. 
To this end, pre-treatment biospecimens, including serum, DNA, 
stool, and biopsies, have been collected from this carefully character-
ised inception cohort. Our observations confirm the greater preva-
lence of colon-only IBD, the relative rarity of ileal CD, and therefore 
the presence of less stricturing and penetrating CD in younger chil-
dren, but a similar spectrum of clinical disease severity and less se-
vere endoscopic disease compared with older children.
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