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Abstract

Background: Paediatric data on the association between diagnostic delay and inflammatory bowel
disease [IBD] complications are lacking. We aimed to determine the effect of diagnostic delay on
stricturing/fistulising complications, surgery, and growth impairment in a large paediatric cohort,
and to identify predictors of diagnostic delay.

Methods: We conducted a national, prospective, multicentre IBD inception cohort study including
1399 children. Diagnostic delay was defined as time from symptom onset to diagnosis >75th
percentile. Multivariable proportional hazards [PH] regression was used to examine the association
between diagnostic delay and stricturing/fistulising complications and surgery, and multivariable
linear regression to examine the association between diagnostic delay and growth. Predictors of
diagnostic delay were identified using Cox PH regression.

Results: Overall (64% Crohn’s disease [CD]; 36% ulcerative colitis/IBD unclassified [UC/IBD-U];
57% male]), median time to diagnosis was 4.2 (interquartile range [IQR] 2.0-9.2) months. For
the overall cohort, diagnostic delay was >9.2 months; in CD, >10.8 months and in UC/IBD-U,
>6.6 months. In CD, diagnostic delay was associated with a 2.5-fold higher rate of strictures/internal
fistulae (hazard ratio [HR] 2.53, 95% confidence interval [Cl] 1.41-4.56). Every additional month
of diagnostic delay was associated with a decrease in height-for-age z-score of 0.013 standard
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deviations [95% Cl 0.005-0.021]. Associations persisted after adjusting for disease location and
therapy. No independent association was observed between diagnostic delay and surgery in CD
or UC/IBD-U. Diagnostic delay was more common in CD, particularly small bowel CD. Abdominal
pain, including isolated abdominal pain in CD, was associated with diagnostic delay.

Conclusions: Diagnostic delay represents a risk factor for stricturing/internal fistulising

complications and growth impairment in paediatric CD.

Podcast: This article has an associated podcast which can be accessed at https://academic.oup.com/ecco-jcc/pages/podcast

Key Words: Inflammatory bowel disease [IBD]; fistula; stricture

1. Introduction

Canada has one of the highest rates of inflammatory bowel disease
[IBD] in the world.! It is projected that by the year 2030, the prevalence
of IBD in Canada will approach 1% [981 per 100 000].> About a fifth
of IBD cases have their onset in the paediatric age range,’ and children
are the patient subgroup predicted to experience the largest annual per-
centage increase in IBD prevalence over the coming decade.” As these
patients will live with IBD for their full lives, optimising their man-
agement and outcomes has critical implications for individual quality
of life and health care costs. Furthermore, it has been shown that the
period preceding IBD diagnosis is associated with increased societal
costs,* providing additional incentive to expedite IBD diagnosis.

In adults, several studies support an association between diag-
nostic delay and an increased risk of disease complications, particu-
larly in Crohn’s disease [CD]. Such complications include stenosis,
internal fistulae, and surgery.*” However, paediatric data on the topic
of diagnostic delay, and particularly its association with disease com-
plications, remain sparse. In a recent study using data from the Swiss
IBD Cohort Study, children with diagnostic delay were not at increased
risk of stricturing or fistulising complications or surgical resection over
time. This was in contrast to the adults in this cohort.® The reasons
for the discrepancy between this paediatric population and the adult
literature are unclear; they may relate to differences in sample size,
follow-up duration, or the way in which diagnostic delay was defined.

Given the importance of diagnostic delay as a potentially ac-
tionable factor for optimising paediatric IBD outcomes, we aimed
to characterise time to diagnosis and its predictors in a large, pro-
spective, national, paediatric IBD inception cohort and to examine
the relationship between diagnostic delay and clinically important
outcomes, including stricturing and fistulising complications,
growth, and surgery.

2. Materials and Methods

2.1. Study design and participants

The Canadian Children IBD Network [CIDsCaNN], a joint partner-
ship with the Canadian Institutes of Health Research [CIHR] and the
CH.L.L.D. Foundation, maintains a prospective, national, paediatric
IBD inception cohort study. Children <17 years of age, newly diag-
nosed with IBD at participating paediatric academic centres across
Canada, are enrolled at time of diagnosis and followed until the current
date or transition to adult care [at 18 years of age]. Data are collected
prospectively at each clinic visit using standardised case report forms
and are entered into a research electronic data capture [REDCap]
database, with central oversight provided by the data coordinating
centre. Standard diagnostic work-up at participating centres includes
upper endoscopy and ileocolonoscopy, as well as small bowel imaging
with magnetic resonance enterography [MRE] in CD. Disease loca-
tion is defined according to the paediatric Paris modification of the

Montreal classification.'® At the baseline visit, data are systematically
collected about presenting symptoms and signs with corresponding
dates of onset. Patients and families are specifically questioned by
treating physicians during interview about the date patients were ‘last
well’, which is recorded. Children enrolled between January 2014 and
January 2019 were included in this analysis.

2.2. Variables and outcomes

The following baseline factors were extracted for analysis: date
of symptom onset [date ‘last well’], date of IBD diagnosis [diag-
nostic ileocolonoscopy], IBD type, age at diagnosis, sex, presenting
gastrointestinal and extraintestinal symptoms and signs [outlined in
Tables 1 and 2], disease location and behaviour, height for age z-scores
[HAZ], weight for age z-scores [WAZ], clinical (weighted Paediatric
CD Activity Index [WPCDAI] in CD, Paediatric UC Activity Index
[PUCAI] in UC) and, endoscopic activity (Simple Endoscopic Score-CD
[SES-CD] in CD, Mayo endoscopic sub-score in UC), serum markers
(C-reactive protein [CRP], erythrocyte sedimentation rate [ESR], al-
bumin), initial induction and maintenance therapy, and family history
of IBD [first-degree relative]. Dates of subsequent clinical outcomes of
interest, namely surgery and stricturing and/or internal fistulising com-
plications in CD, were extracted as well. As previously described, clin-
ical site directors, all paediatric gastroenterologists with a clinical focus
in IBD, were responsible for approving IBD diagnostic labels as CD
or UC as per standard clinical, endoscopic, and histological criteria.
In CIDsCaNN, the designation of IBD-U [with the option to specify
whether favouring CD or UC] is applied in the setting of colonic IBD
with features suggestive of both UC and CD, anticipating that a clearer
impression of CD or UC may be verified over time.

Time to diagnosis was defined as the interval between symptom
onset [date ‘last well’] and diagnostic ileocolonoscopy. A prolonged
time to diagnosis [‘diagnostic delay’] was defined as a time to diag-
nosis greater than the 75th percentile, as has been done previously
[for subgroup analyses, the CD- and UC/IBD-U specific definitions
of diagnostic delay were used].>'>!3 For the primary analyses, pa-
tients with IBD-U favouring CD were grouped with CD, and patients
with IBD-U favouring UC and IBD-U were grouped with UC. In
addition, we undertook analyses specific to the IBD-U population
[including IBD-U, IBD-U favouring UC, and IBD-U favouring CD],
presented in Supplementary materials, available as Supplementary
data at ECCO-JCC online.

2.3. Statistical analysis

Continuous variables were summarised as medians with interquartile
range [IQR] and categorical variables as frequencies with propor-
tions. Patient and disease characteristics were compared between pa-
tients with and without diagnostic delay [separately for CD and UC],
using the Mann-Whitney U test for continuous variables and the chi
square test for categorical variables [or Fisher’s exact test where less
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Table 1. Patient and disease characteristics at diagnosis, overall and by diagnostic delay status [<75th percentile vs >75th percentile], CD
subgroup.

N [%] or median [IQR] Overall With diagnostic delay? Without diagnostic delay p-value
[N = 898] [N = 224] [N = 674]

Patient demographics

Male 540 [60%] 132 [59%] 408 [61%)] 0.67

Age at diagnosis [years] 12.9 [10.8-14.8] 13.2[10.9-14.8] 12.8 [10.7-14.8] 0.48

Family history of IBD 149 [17%)] 36 [16%] 113 [17%)] 0.81

Presenting symptoms and signs

Stool type 0.019

Formed, non-bloody 169 [20%] 53 [26%)] 116 [18%]

Non-bloody diarrhoea 261 [30%] 59 [28%)] 202 [31%]

Formed, bloody 88 [10%] 26 [13%] 2 [9%]

Bloody diarrhoea 346 [40% 69 [33%] 277 [42%]

Abdominal pain 752 [87%] 177 [86%] 575 [88%] 0.45

Isolated abdominal pain 140 [16%)] 46 [22%] 4 [14%] 0.007

Perianal symptoms 242 [28%] 55127%)] 187 [29%] 0.60

Isolated perianal symptoms 57 [7%] 15 [7%] 2 [6%] 0.67

Fever 211 [26%] 25 [13%] 186 [30%] <0.001

Vomiting 176 [22%] 30 [15%] 146 [24%] 0.011

Skin manifestations 80 [10%] 19 [10%] 1[10%] 0.89

Oral ulcers 219 [27%)] 47 [24%] 172 [28%] 0.24

Arthritis 40 [5%] 12 [6%] 8 [5%] 0.40

Anaemia 485 [60%)] 109 [55%] 376 [61%] 0.13

Iron deficiency 396 [49%] 104 [53%] 292 [48%] 0.21

Extraluminal manifestations at presentation [as per physician assessment]

Perianal disease 131 [16%] 35 [17%)] 6 [16%] 0.69

Any extraintestinal manifestations 122 [15%] 29 [14%] 3 [15%] 0.72

Skin involvement 36 [4%] 8 [4%] 8 [4%] 0.69

Joint involvement 66 [8%] 17 [8%] 9 [8%] 0.88

Anthropometrics at presentation

Height for age z-score -0.14 [-0.93-0.59] -0.31 [-1.20-0.41] -0.09 [-0.75-0.65] 0.002

Weight for age z-score -0.63 [-1.50-0.30] -0.76 [-1.75-0.36] -0.57 [-1.43-0.30] 0.08

Reported linear growth impairment 171 [21%] 70 [36%] 101 [16%] <0.001

Reported weight loss 589 [73%] 121 [61%] 468 [76%] <0.001

Biochemistry at presentation

CRP [x upper limit of normal] 3.0 [1.2-6.6] 2.2 [1.0-4.7] 3.2 [1.2-7.1] 0.03

ESR [mm/h] 36 [20-52] 27 [15-44] 38 [22-56] <0.001

Albumin [g/L] 35 [30-39] 36 [33-40] 34 [29-39] <0.001

Disease characteristics at presentation

wPCDAI 55 [35-75] 42 [25-62] 58 [38-78] <0.001

Physician global assessment <0.001

None 23 [3%] 9 [4%] 4 [2%]

Mild 219 [25%) 76 [34%)] 143 [22%]

Moderate 411 [46%] 99 [45%] 312 [47%]

Severe 233 [26%] 37 [17%] 196 [29%]

Location [Paris classification] 0.027°

No L1-L3 macroscopic involvement 31 [4%] 10 [5%] 1[3%]

L1 158 [18%] 53125%] 105 [17%]

L2 229 [27%] 55 [26%] 174 [27%)]

L3 432 [51%) 95 [44%] 337 [53%)]

L4 516 [65%] 130 [64%] 386 [66%] 0.74¢

Isolated small bowel disease [L1 = L4 or L4] 191 [22%] 64 [29%)] 127 [20%] 0.002

Small bowel disease [=colonic] 620 [73%] 157 [74%)] 463 [72%] 0.72

[L1, L3 or L4b]
Disease behaviour

B1 [inflammatory] 803 [91%] 199 [89%] 604 [92%]

B2 [stricturing] 58 [7%] 16 [7%] 42 [6%]

B3 [internal fistulising] 7 10.8%] 412%] 310.5%]

B2B3 13 [1%] 42%] 9 [1%]

B2 and/or B3 78 [9%] 24 [11%)] 54 (8 %] 0.21
Simple endoscopic score-CD [SES-CD] 15 [9-21] 13 [6.5-19] 16 [9-23] <0.001
Medical therapy

Induction

5ASA/sulphasalazine 89 [10%] 16 [7%] 73 [11%)] 0.12
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Table 1. Continued

N [%] or median [IQR] Overall With diagnostic delay® Without diagnostic delay p-value
[N = 898] [N = 224] [N = 674]

Systemic steroids 276 [31%] 54 [24%] 222 [33%] 0.016
Exclusive enteral nutrition 324 [36%] 102 [46%] 222 [33%] <0.001
Anti-TNF 146 [16%] 31 [14%] 115 [17%] 0.28
Methotrexate 20 [2%] 6[3%] 14 [2%] 0.60
Antibiotics 22 [2%] 7 [3%] 15 [2%] 0.44
Rectal therapy alone 1[0.1%] 0 11[0.2%] 1.0
Dietary modifications 3[0.3%] 2 [1%] 11[0.2%] 0.15
Surgery 2[0.2%] 0 2[0.3%] 1.0
None 13 [1%] 42%] 9 [1%)] 0.75

IBD, inflammatory bowel disease; CD, Crohn’s disease; IQR, interquartile range; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; wPCDAI,

weighted Paediatric Crohn’s Disease Activity Index; SES-CD, Simple Endoscopic Score; 5-ASA, 5-aminosalicylate; TNF, tumour necrosis factor.

“Time to diagnosis >75th percentile in CD subgroup [10.8 months].
"Overall comparison of all categories.
‘Comparison of L4.

than five cell counts were expected]. The association between diag-
nostic delay and the development of stricturing/internal fistulising
complications following diagnosis [in CD| and surgery [in CD and
UC] was examined using univariate and multivariable [MVA] Cox
proportional hazards [PH] regression [with date of diagnosis set as
time zero]. The analysis of stricturing/fistulising complications was
restricted to patients without complications [ie, with an inflammatory
phenotype] at diagnosis. The association between time to diagnosis
and HAZ at presentation was examined using univariate and MVA
linear regression. Finally, IBD-related presenting symptoms and signs
were tested for their relationship with time to diagnosis [in an at-
tempt to identify predictors of diagnostic delay] using univariate and
MVA Cox PH regression. In all cases, the variables included in MVA
models were selected a priori based on clinical relevance. Results
were expressed as unadjusted and adjusted hazard ratios [HRs] or
beta coefficients, as appropriate, with 95% confidence intervals [CI].
Given the importance of disease location as a potential confounder,
in addition to MVA analyses, sensitivity analyses restricted to patients
with small bowel involvement were performed for the outcomes of
stricturing/fistulising disease and growth.

Statistical significance was defined as a p-value <0.05. All statis-
tical analyses were performed using SAS University Edition [version
3.4, SAS Institute, Cary, NC].

2.4. Ethics

The study was approved by the institutional ethics review board at
each participating centre. Informed consent was obtained from all
individual participants included in the cohort and their parents/legal
guardians.

3. Results

Between January 2014 and January 2019, 1399 children were en-
rolled in the inception cohort and included in the analysis. Diagnostic
labels included 881 [63%] CD, 435 [31%] UC, and 83 [6%] IBD-U
[including 17 IBD-U favouring CD and 39 IBD-U favouring UC].
As outlined above, for subsequent analyses, UC and IBD-U were
grouped together [N = 501], except for IBD-U favouring CD, which
was grouped with CD [N = 898]. The median age at IBD diagnosis
was 13.0 [10.7-15.0] years. The median follow-up duration was 2.7
[IQR 1.7-3.6] years; follow-up duration was similar in patients with
and without diagnostic delay.

3.1. Baseline patient and disease characteristics

The median time from symptom onset to diagnosis for the overall
cohort was 4.2 [2.0-9.2] months, with 19% of patients diagnosed
more than 1 year after symptom onset. The median time to diag-
nosis was significantly longer in CD [4.9, IQR 2.3-10.8, months]
than UC/IBD-U [3.1, IQR 1.5-6.6, months] [p <0.001]. The dis-
tribution of times to diagnosis for CD and UC/IBD-U is shown in
Supplementary Figure 1, available as Supplementary data at ECCO-
JCC online; 23% of CD patients were diagnosed more than 1 year
after symptom onset, compared with 12% of UC/IBD-U patients
[p <0.001]. Even after adjusting for patient age, sex, colonic involve-
ment, and clinical activity at presentation, CD remained independ-
ently associated with a slower rate of diagnosis, compared with UC/
IBD-U [HR 0.72,95% CI 0.64-0.81, Supplementary Table 1, avail-
able as Supplementary data at ECCO-JCC online]. The median time
to diagnosis in the 83 children with an IBD-U label was 4 [IQR
1.8-9.4] months, intermediate between CD and UC.

Differences in presenting symptoms and signs, disease char-
acteristics, and therapy between patients with and without diag-
nostic delay are highlighted in Tables 1 and 2, for CD and UC/
IBD-U, respectively. In both groups, bloody diarrhoea and more
active disease, clinically [based on wPCDAI and PUCAI] and
endoscopically, were associated with a faster diagnosis; in UC/
IBD-U, patients with PUCAI >65 at presentation [severe colitis]
had a shorter time to diagnosis [median 2, IQR 1-4.5, months]
than those with PUCAI < 65 [median 4, IQR 2-7.6, months]
[p <0.001]. In CD, isolated abdominal pain [without intestinal
symptoms] was associated with a slower diagnosis. Disease lo-
cation differed according to diagnostic delay status, with more
isolated small bowel disease [in CD] and more limited, left-sided
disease [in UC/IBD-U] in the diagnostic delay group. In both
groups, no association was observed between diagnostic delay
and any of age, sex, family history of IBD, or extraintestinal skin/
joint/eye symptoms.

At presentation, there was no difference in the proportion of
CD patients with complicated luminal disease [strictures or in-
ternal fistulae] between patients with and without diagnostic delay.
In CD [but not UC], HAZ was lower at presentation in patients
with delayed diagnosis; CD patients with linear growth impairment
were more likely to have small bowel involvement [80% vs 73%,
p = 0.044] and distal small bowel disease [L4b] specifically [26% vs
17%, p = 0.011].
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Table 2. Patient and disease characteristics at diagnosis, overall and by diagnostic delay status [<75th percentile vs. >75™ percentile], UC/

IBD-U subgroup.

N [%] or median [IQR] Overall With diagnostic delay® Without diagnostic delay p-value
[N = 501] [N = 124] [N = 377]

Patient demographics

Male 253 [50%] 64 [52%] 189 [50% 0.77

Age at diagnosis [years] 13.2[10.4-15.5] 13.4 [11.2-15.6] 13.1[10.0-15.4] 0.28

Family history of IBD 81 [16%] 18 [15%] 63 [17%] 0.56

Presenting symptoms and signs

Stool type <0.001

Formed, non-bloody 4 [1%] 2 [2%] 210.5%]

Non-bloody diarrhoea 25 [5%] 12 [10%] 3[3.5%]

Formed, bloody 42 [8%] 21 [17%] 1[6%]

Bloody diarrhoea 427 [86%] 89 [72%] 338 [90%]

Abdominal pain 409 [82%] 99 [80%] 310 [83%] 0.44

Isolated abdominal pain 4 [1%)] 2 [2%] 210.5%] 0.26

Fever 1[3%] 4[4%] 7 [12%] 0.027

Vomiting 3[18%] 15 [15%)] 8 [18%] 0.50

Skin manifestations 4 [3%] 515%] 9 [3%] 0.33

Oral ulcers 0[10%] 12 [12%)] 28 [9%] 0.33

Arthritis 7 [2%] 4 [4%] 3[1%] 0.057

Anaemia 245 [59%] 56 [57%] 189 [60%] 0.66

Iron deficiency 220 [53%] 61[62%] 159 [50% 0.041

Extraluminal manifestations at presentation [as per physician assessment]

Any extraintestinal manifestation 42 [9%] 13 [12%] 29 [8%] 0.27

Skin involvement 410.9%] 0 4 [1%] 0.58

Joint involvement 0[2%] 4 [4%] 6[2%] 0.26

Anthropometrics at presentation

Height for age z-score 0.17 [-0.54-0.84] 0.09 [-0.67-0.96] 0.19 [-0.50-0.82] 0.56

Weight for age z-score 0. 00 [-0.79-0.73] 0.15 [-0.77-0.77] -0. 04 [-0.79-0.72] 0.50

Reported linear growth impairment 514%] 515%] 01[3%] 0.36

Reported weight loss 267 [64%] 45 [46%] 222 [70%] <0.001

Biochemistry at presentation

CRP [x upper limit of normal] 0.7 [0.2-1.6] 0.6 [0.2-1.2] 0.7 [0.2-1.9] 0.11

ESR [mm/h] 25 [12-42] 18 [10-32] 26 [14-44] 0.008

Albumin [g/L] 38 [33-42] 41 [35-44] 37 [32-41] <0.001

Disease characteristics at presentation

PUCAI 50 [35-65] 40 [25-55] 55 [40-70] <0.001

Physician global assessment <0.001

None 7 [4%] 6 [5%] 1[3%]

Mild 111 [23%] 41 [34%) 70 [19%)]

Moderate 198 [40%] 48 [40%] 150 [41%]

Severe 163 [33%] 26 [21%] 137 [37%]

Location [Paris classification] 0.071°

No macroscopic involvement 0[2%] 4 [4%] 6 [2%]

E1 [proctitis] 2 [9%] 15 [13%] 27 [7%]

E2 [distal to splenic flexure] 30 [6%] 10 [9%] 20 [5%]

E3 [distal to hepatic flexure] 8 [12%)] 15 [13%] 43 [12%)]

E4 [proximal to hepatic flexure] 339 [71%] 69 [61%)] 270 [74%] 0.009¢

Extensive [E3-E4] 397 [83%] 84 [74%] 313 [86%] 0.006¢

Mayo endoscopic subscore 2 [2-3] 2 [1-3] 2 [2-3] 0.018

Medical therapy

Induction

5ASA/sulphasalazine 172 [35%] 61 [49%)] 111 [30%] <0.001

Systemic steroids 300 [60%] 50 [40%] 250 [67%] <0.001

Anti-TNF 7 [1%] 3 [2%] 4 [1%] 0.37

Rectal therapy alone 14 [3%] 8 [6%] 6 [2%] 0.009

None 4 [1%] 2 [2%] 2[0.5%] 1.0

IBD, inflammatory bowel disease; CD, Crohn’s disease; IQR, interquartile range; UC/IBDU, ulcerative colitis, inflammatory bowel disease unclassified; PUCAI,

Paediatric Ulcerative Colitis Activity Index; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; 5-ASA, 5-aminosalicylate; TNF, tumour necrosis factor.

“Time to diagnosis >75th percentile in UC/IBD-U subgroup [6.6 months].

*Overall comparison of all categories.
‘Comparison of E4.
dComparison of E3-E4.
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Product-limit survival estimates
with number of subjects at risk
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Figure 1. Kaplan-Meier curve illustrating time to stricturing/internal fistulising complications in Crohn’s disease [CD] patients with inflammatory disease at

presentation by diagnostic delay status [log rank p = 0.001].

Table 3. Association between diagnostic delay and development of stricturing and/or internal fistulising complications among CD patients

with inflammatory disease at presentation.

Factors Unadjusted hazard ratio® [95% CI] p-value Adjusted hazard ratio [95% CI] p-value
Diagnostic delay® 2.53 [1.41-4.56] 0.002 2.28 [1.25-4.14] 0.007
Male 0.59[0.33-1.06] 0.087 0.58 [0.32-1.06] 0.077
Age at diagnosis [years] 1.11 [0.99-1.24] 0.076 1.07 [0.94-1.20] 0.29
Small bowel involvement® 4.45[1.59-12.5] 0.004 4.07 [1.44-11.5] 0.008
Upfront anti-TNF use? 0.26 [0.06-1.10] 0.067 0.30 [0.07-1.25] 0.098

CD, Crohn’s disease; HR, hazard ratio; CI, confidence interval; TNFE, tumour necrosis factor.

“HR >1 indicates faster time to diagnosis; HR <1 indicates slower time to diagnosis.

"Time to diagnosis >75th percentile in CD subgroup [10.8 months].
‘L1, L3 or L4b.
d4As first therapy.

Initial therapy differed by diagnostic delay status, with more ex-
clusive enteral nutrition [EEN] in CD patients with, and more cor-
ticosteroids in CD patients without, a delayed diagnosis. EEN was
more frequent in CD patients with small bowel involvement [44%
vs 17%, p <0.001] but the association between diagnostic delay and
EEN persisted in an analysis restricted to patients with small bowel
disease. In UC/IBD-U, diagnostic delay was associated with more
S-aminosalicylic acid [5-ASA] use, whereas patients diagnosed more
rapidly were more likely to receive corticosteroids and anti-tumour
necrosis factor alpha [anti-TNFa].

Baseline patient and disease characteristics are summarised spe-
cifically for the IBD-U group in Supplementary Table 1.

3.2. Diagnostic delay in paediatric CD is associated
with a higher rate of stricturing/internal fistulising
complications over time

Of the 803 CD patients with inflammatory disease at presentation,
45 [5.6%] developed stricturing or internal fistulising complications

over time; this included 10% [20/199] of patients with diagnostic
delay compared with 4.1% [25/604] of patients without diagnostic
delay [p = 0.001]. Among those who developed such complications,
the median time to complication was 13 [7-25] months. All CD pa-
tients considered, by the end of follow-up, 20% of patients with
diagnostic delay and 12% of those without delay had stricturing/
internal fistulising complications [p = 0.003].

Figure 1 illustrates the faster rate of progression to stricturing/
internal fistulising complications in CD patients with vs without
diagnostic delay [log rank p = 0.001]. Even after adjusting for
small bowel involvement and early anti-TNF use, diagnostic delay
remained significantly associated with a more than 2-fold higher
rate of stricturing/internal fistulising complications over time [HR
2.28,95% CI 1.25-4.14] [Table 3]. Notably, small bowel involve-
ment was also independently associated with an increased risk of
stricturing/fistulising complications [HR 4.07, 95% CI 1.44-11.5].
Early anti-TNF use was associated with a numerically lower rate
of complications, but this was not statistically significant. A sensi-
tivity analysis restricted to patients with small bowel disease also
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Table 4. Association between time to diagnosis and linear growth [HAZ at presentation] in CD patients.
Factors Unadjusted beta coefficient p-value Adjusted beta coefficient p-value
[95% CI] [95% CI]
Symptom duration [months] -0.013 [-0.021, -0.005] 0.001 -0.013 [-0.022,-0.005] 0.001
Male -0.075 [-0.237, 0.087] 0.36 -0.058 [-0.223-0.108] 0.50
Age at diagnosis [years] 0.018 [-0.008-0.044] 0.16 0.020 [-0.007-0.048] 0.14
Small bowel involvement® 0.0009 [-0.182-0.184] 0.99 -0.017 [-0.201-0.167] 0.86
HAZ, height for age z-score; CD, Crohn’s disease.
a1, L3 or L4b.
Table 5. Association between diagnostic delay and surgery in CD patients.
Factors Unadjusted hazard ratio [95% CI]* p-value Adjusted hazard ratio [95% CI] p-value
Diagnostic delay® 1.01 [0.60-1.70] 0.97 0.93 [0.55-1.59] 0.80
Male 0.92 [0.59-1.46] 0.74 0.90 [0.57-1.44] 0.67
Age at diagnosis [years] 1.04 [0.96-1.12] 0.38 1.02 [0.94-1.11] 0.55
Distal ileal = caecal [L1] 1.74 [1.05-2.88] 0.032 1.71[1.03-2.86] 0.040
Upfront anti-TNF use? 1.35[0.77-2.38] 0.30 1.37[0.77-2.42] 0.28

CD, Crohn’s disease; TNF, tumour necrosis factor; CI, confidence nterval; HR, hazard ratio.

“HR >1 indicates faster time to diagnosis; HR <1 indicates slower time to diagnosis.

"Time to diagnosis >75th percentile in CD subgroup [10.8 months].
“As first therapy.

yielded significant findings for diagnostic delay [HR 2.00, 95% CI
1.06-3.78] [Supplementary Table 2, available as Supplementary data
at ECCO-JCC online].

3.3. Diagnostic delay in paediatric CD is associated
with linear growth impairment at presentation

Table 4 shows the results of univariate and MVA linear regression
examining the association between time to diagnosis and HAZ at
presentation. After adjusting for patient demographics [age, sex]
and small bowel involvement, a longer time to diagnosis remained
significantly associated with lower HAZ [beta coefficient -0.013,
95% CI -0.022 to -0.005]. In other words, for every additional
month of symptoms before diagnosis, HAZ decreased by 0.013
standard deviations. This association was preserved in a sensitivity
analysis restricted to CD patients with small bowel involvement
[Supplementary Table 3, available as Supplementary data at ECCO-
JCC online].

3.4. Diagnostic delay is not associated with an
increased risk of surgery in paediatric CD or UC/

IBD-U

By the end of follow-up, 107 patients [7.1% overall] underwent sur-
gery (76 CD [8.5% of the total CD cohort] and 31 UC/IBD-U [6.2%
of the total UC/IBD-U cohort]). In CD, surgery occurred in the same
proportion of patients with and without diagnostic delay [8%]. In
UC/IBD-U, surgery was in fact more common in patients without
diagnostic delay [7% compared with 2%, p = 0.048]. However, in
adjusted analyses controlling for patient age, sex, and disease loca-
tion [L1 vs other for CD, and pancolitis vs less extensive disease for
UC/BD-U], diagnostic delay was not independently associated with
risk of surgery over time in either CD [HR 0.93, 95% CI 0.55-1.59]
or UC/IBD-U [HR 0.41, 95% CI 0.12-1.34] [Tables 5 and 6, re-
spectively]. This was also the case in an analysis restricted to CD pa-
tients with inflammatory disease at presentation and in a UC/IBD-U
sensitivity analysis excluding patients presenting with severe colitis

[PUCAI 265]. In CD, L1 location was independently associated
with an increased risk of surgery [HR 1.71, 95% CI 1.03-2.86]. As
shown in Supplementary Table 5, available as Supplementary data
at ECCO-JCC online, diagnostic delay was not associated with an
increased risk of surgery in the IBD-U group either.

3.5. Predictors of time to diagnosis in

paediatric IBD

Last, we sought to identify predictors of time to diagnosis known
at presentation [ie, before diagnostic endoscopy]. This analysis
was therefore undertaken for the entire IBD cohort as a whole.
Variables were selected for inclusion in the MVA model based on
clinical relevance. As shown in Supplementary Table 4, available
as Supplementary data at ECCO-JCC online, abdominal pain,
iron deficiency, and linear growth impairment were independently
associated with a longer time to diagnosis, and bloody diarrhoea,
vomiting, and constitutional symptoms, such as fever and weight
loss, were associated with a shorter time to diagnosis. More severe
clinical activity was also associated with a shorter time to diagnosis.

Of note, these associations remained significant when IBD type was
added to the model.

4. Discussion

This is the largest study to date to examine the association between
diagnostic delay and disease complications in paediatric IBD and
the first paediatric study, to our knowledge, to report that diag-
nostic delay is independently associated with an increased risk of
stricturing/internal fistulising complications over time in CD. We
also observed an independent association between diagnostic delay
and lower height in CD. We found no independent link, however,
between diagnostic delay and risk of surgery in either CD or UC/
IBD-U. In addition, we identified several patient and disease factors
associated with diagnostic delay. CD was associated with a longer
time to diagnosis than UC/IBD-U. In the CD subgroup, those with
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Table 6. Association between diagnostic delay and surgery in UC/IBD-U patients.

Factors® Unadjusted hazard ratio [95% CIJ p-value Adjusted hazard ratio [95% CI] p-value
Diagnostic delay® 0.35[0.11-1.16] 0.085 0.41[0.12-1.34] 0.14
Male 1.70 [0.81-3.55] 0.16 1.70 [0.81-3.55] 0.16
Age at diagnosis [years] 1.01[0.91-1.12] 0.85 1.02 [0.92-1.12] 0.78
Pancolitis [E4] 2.26 [0.87-5.90] 0.094 2.14[0.82-5.58] 0.12

UC/ABDU, ulcerative colitis/inflammatory boweldisease unclassified; TNF, tumour necrosis factor; CI, confidence nterval; HR, hazard ratio.

*Anti-tumour necrosis factor-alpha [anti-TNF] use not included in model as virtually all UC/IBD-U patients who underwent surgery were first treated with

anti-TNF [positioning anti-TNF use in the causal pathway].
"Time to diagnosis >75th percentile in UC/IBD-U subgroup [6.6 months].

‘HR >1 indicates faster time to diagnosis; HR <1 indicates slower time to diagnosis.

isolated small bowel disease were particularly at risk; in the UC/
IBD-U subgroup, those with less extensive disease more often had
diagnostic delay. Factors reflecting more severe disease activity,
clinically, endoscopically, or biochemically, were associated with a
shorter time to diagnosis. Among factors known at time of pres-
entation, abdominal pain and linear growth impairment were asso-
ciated with diagnostic delay, whereas intestinal and extraintestinal
symptoms, such as bloody diarrhoea, fever, and weight loss, were
associated with a faster diagnosis. This is likely due to their prompt
recognition as worrisome by patients, caregivers, and referring
physicians. Abdominal pain, particularly in isolation, is a relatively
common and non-specific symptom, which may be attributed to
functional aetiologies or organic entities besides IBD. This highlights
the need for greater education about the possibility of new-onset
IBD presenting in this subtle manner in children and the utility of
objective biomarkers like faecal calprotectin in this setting. In an
earlier study, we demonstrated that the biggest contributor to time to
diagnosis is the interval between symptom onset and time of referral
to a paediatric gastroenterologist.'* This suggests that educational
interventions are best targeted at primary care physicians, including
family doctors and general paediatricians.

Table 7 summarises adult and paediatric studies on diagnostic
delay in IBD published over the past 20 years. As illustrated, nu-
merous adult studies support an association between diagnostic
delay and IBD complications, particularly bowel stenosis, internal

59131521 a5 well as perianal fistulising

fistulae, and surgical resection,
disease,® biologic use,?*? and impaired quality of life."” Conversely,
paediatric data on the relationship between diagnostic delay and
IBD complications are scant. Our findings are congruent with the
adult literature; in our cohort, paediatric CD patients with diag-
nostic delay experienced stricturing/internal fistulising complica-
tions subsequent to diagnosis more than twice as often as children
without diagnostic delay. Importantly, this association persisted
after accounting for small bowel involvement and anti-TNF use. The
Swiss IBD Cohort Study also recently investigated this association in
a paediatric population. In examining 387 paediatric CD patients,
Schoepfer et al. found that children with diagnostic delay were less
likely to have disease complications at diagnosis, and no significant
association was observed between diagnostic delay and the risk of
complications over time.® In contrast, we purposefully restricted
our analysis to patients with inflammatory CD at presentation, to
examine the influence of diagnostic delay on the subsequent risk of
developing complications [rather than the effect of complications on
presenting symptoms]. This factor, as well as our larger sample size,
might account for our differing findings.

As in the Swiss IBD Cohort Study, we found no association be-
tween diagnostic delay and surgery in CD. The apparent disconnect

between the increased risk of stricturing/internal fistulising compli-
cations, but not surgery, in CD patients with diagnostic delay may
relate to the potentially prolonged interval between radiographic/
clinical diagnosis of stricturing/fistulising complications and sur-
gical intervention, as well as our relatively short follow-up duration.
However, this discordance might also relate to the early use of ef-
fective biologic agents. More generally, the frequently early use of
biologics for paediatric IBD in the current era may also account for
the fact that paediatric studies, thus far, have not supported an in-
creased risk of surgery with diagnostic delay in CD, as has been the
case in the adult literature. We did not find that diagnostic delay
was associated with an increased risk of colectomy in UC/IBD-U ei-
ther; in fact, in univariate analyses, colectomy was more frequent in
patients without diagnostic delay. This may reflect the predilection
of this group for more anatomically extensive and severe disease,
as shown in Table 2. These findings are in keeping with those of a
retrospective paediatric UC study, in which median time to diagnosis
was shorter in patients who underwent colectomy compared with
those who did not.?

In keeping with a number of earlier paediatric studies,'*4?’
we confirmed the association between diagnostic delay and linear
growth impairment in paediatric CD. Notably, we showed that this
association was not merely the result of the confounding effect of
disease location; the association between diagnostic delay and lower
HAZ was preserved in adjusted and sensitivity analyses controlling
for small bowel involvement.

Table 7 summarises time to diagnosis in CD and UC in adult and
paediatric studies; this illustrates that our findings are generally in
keeping with previous paediatric studies, and that time to diagnosis
tends to be longer in adults than in children. In addition, it demon-
strates that CD, especially small bowel CD, is consistently associated
with a longer time to diagnosis than UC, in both adults”%!520:21.28.29
and children.!1424252730 We also found CD and isolated small bowel
disease to be associated with diagnostic delay. This may well relate
to the less frequent occurrence of overt intestinal symptoms, such
as bloody diarrhoea, in the setting of small bowel CD. As shown
in Table 7, the association between age and diagnostic delay has
been conflicting in adult studies, but several paediatric studies have
suggested that younger children are at increased risk of diagnostic
delay.'>?%2731 The absence of this finding in our cohort may reflect
the decreasing age of IBD onset in Canada and thus greater aware-
ness of IBD even in the youngest of children. In keeping with our
findings, previous paediatric studies have suggested that symptoms
other than diarrhoea are associated with diagnostic delay, whereas
haematochezia is protective against diagnostic delay.> A small
number of studies have also reported an association between peri-
anal symptoms/disease and diagnostic delay.'”* Although we
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observed a significant relationship between perianal symptoms [as
per patient report| in univariate analyses, this was not maintained
in MVA and was not observed in the CD cohort separately. Perianal
symptoms may therefore simply be associated with diagnostic delay
because they function as a marker of CD.

Our study has numerous strengths. Chief among them are
its large size, prospective nature, and standardised data collec-
tion methods. We also used several methods to address potential
confounders, including disease location and medication use. There
are some limitations as well, including the fact that the study is not
truly population-based, as it includes children followed at tertiary
paediatric centres. However, in Canada, it is conventional for paedi-
atric IBD to be managed by paediatric gastroenterologists, the ma-
jority of whom practise at academic centres. It will also be important
to undertake studies with longer follow-up duration, to determine
whether the associations noted persist in the longer term. Although
attempts were made in CIDsCaNN to enrol all consecutive paedi-
atric IBD diagnoses over the study period, a small subset declined
participation or were not captured, which may introduce selection
bias; it is, however, reassuring that the full spectrum of disease se-
verity was seen in both the CD and UC/IBD-U cohorts [as reflected
in Tables 1 and 2]. An additional limitation is unavailability of data
on parental social factors [education, income, etc.] and compliance
with medical recommendations, both of which may be confounders
[ie, may be associated with diagnostic delay and adverse outcomes].
We cannot rule this possibility out but, in a previous, smaller study,
we found no association between family income [derived by linking
postal codes to Canadian census data] and diagnostic delay.'* Last,
ascertainment of true symptom onset is challenging and subject to
possible recall bias. In this study, physicians prospectively questioned
patients and parents, at first consultation, about timing of symptom
onset. The prospective nature does not exclude the possibility of re-
call bias, but it helps to mitigate against it.

In summary, a substantial fraction of children newly diag-
nosed with IBD in Canada continue to experience prolonged de-
lays between symptom onset and diagnosis. Diagnostic delay is an
important modifiable factor in the management of IBD as it is as-
sociated with impaired patient outcomes, including delays in treat-
ment initiation and an increased risk of stricturing/internal fistulising
complications and linear growth impairment in paediatric CD.
Interventions directed at minimising diagnostic delay, such as edu-
cation about presenting symptoms and signs and improved access to
care, are warranted.
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