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Lay Summary 
Crohn's disease (CD) is an inflammatory bowel disease that is characterized by its relapsing-remitting course. The goals of 
treatment are to eliminate symptoms, maintain remission and improve quality of life. Up to 25% of CD patients are first diagnosed 
during childhood and adolescence, where early treatment decisions may have a significant impact on growth, development, and 
risk of remission/complications. While treatment with corticosteroids is effective in inducing clinical remission for active CD, 
steroids do not induce intestinal mucosal healing (MH), which has recently emerged as an important therapeutic endpoint due 
to improved long term outcomes. In contrast, exclusive enteral nutrition (EEN) promotes MH in pediatric-onset CD, without the 
side effects associated with steroids. However, EEN is currently not widely used as first-line treatment for pediatric-onset CD 
across North America. The goal of this study is to determine whether certain disease features at time of diagnosis are associated 
with improved/worsened long-term outcomes with respect to either EEN or corticosteroids as first-line treatment in pediatric-
onset CD. This will be achieved through a longitudinal retrospective study of adults with pediatric-onset CD by establishing a 
database describing the initial disease features, treatment approach and outcomes. Outcome measures such as disease 
activity, complications, and surgery will be correlated with factors at time of diagnosis such as severity, location of disease, 
laboratory values, age, gender and choice of treatment (EEN or steroids). This study will provide critical information regarding 
the long-term impact of early treatment decisions that may help guide clinicians’ approach to managing pediatric-onset CD. 
 
Objectives 
Hypothesis: Early treatment approaches that promote mucosal healing such as exclusive enteral nutrition (EEN), in contrast to 
traditional glucocorticoid treatment, is associated with improved long term outcomes into adulthood in pediatric-onset CD 
patients. 
Major aims 

1) Determine whether outcome measures such as disease activity, complications, and surgery in adulthood can be 
correlated with choice of treatment (either EEN or glucocorticoids) within the first 2 years of diagnosis for patients 
diagnosed before the age of 17 

2) Determine whether outcomes with EEN treatment are associated with factors at time of diagnosis such as severity and 
location of disease (eg. involvement of the ileum), laboratory values, age, and gender 

 
Significance 

In spite of growing concerns about the safety profile of glucocorticoids, according to recent surveys only 36% of 
Canadian and 4% of American gastroenterologists employ EEN as a first-line therapy for pediatric CD (1, 2). In light of the 
importance of balancing treatment-associated risks with maximum effectiveness and attention to patient-reported outcomes, it 
is timely to address why EEN is not used more widely across North America (1, 3). The use of EEN appears to be influenced 
by the extent to which physicians are exposed to its use both in their training and in their current practice setting (2, 4). To 
validate and encourage more widespread use of EEN in North America, further evidence is required to demonstrate its efficacy 
in treating CD patients in a North American population.   

EEN is routinely used for the treatment of pediatric patients with CD at the IWK Health Centre. This preliminary work 
using a propensity score-matched cohort of pediatric CD patients treated with EEN versus steroids at the IWK has shown that 
EEN is superior to steroids in terms of induction of remission and early choice for EEN promotes long-term steroid avoidance in 
over 65% of children after 3 years (Figure 1, 2). However, there is currently no regional, national or international data 
available to determine whether choice in EEN versus corticosteroids as a first-line treatment in childhood/adolescence 
results in significant differences in long-term outcomes into adulthood. This project will evaluate the long-term impact of 
early treatment choices in pediatric-onset CD patients, by establishing a dedicated research database spanning pediatric and 
adult gastroenterology care of CD in Nova Scotia.  
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Background 

Crohn's disease (CD) and ulcerative colitis (UC)-collectively termed inflammatory bowel disease (IBD)-are chronic 
inflammatory disorders of the gastrointestinal tract, afflicting approximately 230,000 Canadians (5). Incidence rates of IBD in 
Canada, particularly Nova Scotia, are among the highest reported worldwide (6, 7). Though the precise etiology is unclear, IBD 
is thought to arise from a combination of microbial and environmental factors on the background of complex genetic 
susceptibility.  The cause behind the high incidence of IBD in Nova Scotia and Canada is unknown but may be related to the 
prevalence of ‘Western’ diets and a population with strong ethnic ties to Northern Europe/the British Isles (8, 9), which are also 
regions of high IBD incidence (10). 

IBD is associated with significant disability and morbidity, with disability being more prevalent in CD than UC (11). CD 
can affect any part of the gastrointestinal tract but most commonly occurs in the ileum and colon, causing transmural and 
damaging inflammation.  Indeed, the natural history of CD is characterized by progression to complicated disease, defined as 
stricturing or penetrating behavior (e.g. fistulas, stenoses, abcesses) that frequently requires surgery (12). While advances in 
CD treatment have reduced mortality considerably, residual morbidity and burden on health care resources can be considerable. 
A survey conducted in Canadian CD patients found that within an average of 18 years disease duration, 84% had been 
hospitalized and 65% had undergone surgery, with the majority of hospitalizations occurring within 2 years of diagnosis (13).  
Even in the absence of a complicated disease course, ongoing inflammatory activity and disease perception by the patient (i.e. 
depression and anxiety resulting from inability to control disease) are major factors driving disability in CD (14).   

While CD most often presents in the third decade of life, up to 25% of patients are first diagnosed during childhood or 
adolescence.  Like adults, children and adolescents are prone to the same diverse array of disease complications but have the 
added challenges of growth retardation and delayed puberty (15). The young age of onset affects patient lives during a time of 
relative opportunity and productivity and therefore disease has a major impact on education, psychosocial development, and 
future employment (16). 
 
Clinical management of CD 

CD is a lifelong relapsing-remitting condition that is neither medically or surgically curable (17). Primary treatment aims 
are to induce and maintain long-term remission of symptoms to minimize both disease- and therapy related complications. 
However, clinical remission based on symptom improvement alone is not sufficient to avert progressive and complicated courses 
of CD; a large portion of asymptomatic patients have been shown to exhibit active mucosal inflammation. Therefore, in recent 
years, mucosal healing (MH) has emerged as an important therapeutic endpoint.  When achieved within the first year post-
diagnosis, MH is associated with less frequent clinical relapses, fewer hospitalizations, and reduced risk of surgical resections 
and fistulizing disease (18, 19, 20).  Therefore, it is important for clinicians to introduce the most effective therapy to 
control inflammatory activity in a timely manner to avoid prolonged inflammation and/or irreversible tissue damage.     
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Current therapy for CD is classically dual phase: the initial phase quickly controls active disease symptoms to induce 
remission and the second ongoing phase maintains remission. For maintenance therapy, immunosuppressive agents are a 
mainstay whereas biologics (anti-tumor necrosis factor (TNF) antibodies) are generally reserved for severe or treatment-
refractory cases as a final option before surgery. For many years, corticosteroids have formed the basis of induction therapy for 
active CD (21).  While steroids commonly achieve an immediate clinical response, they do not induce MH and are associated 
with adverse side effects that limit their period of use.  Common side effects include weight gain, acne, moon face, hypertension, 
mood disturbance (22, 23) and long-term health consequences including growth retardation, decreased bone density, cognitive 
impairment, obesity, diabetes, and depression (24, 25). Steroid use in CD is also consistently associated with increased risk of 
serious infection (26, 27), which is an important clinical challenge in both adult and pediatric patients (27-29).     

Clinicians, patients and their families alike embark on steroid-based induction therapy with a view to early 
discontinuation.  However, many CD patients relapse upon the tapering or discontinuation of steroids: studies in adult 
populations indicate that the rate of steroid dependence is 28-38%, with rates in the pediatric population being similarly high or 
higher, if anti-TNF therapy is not used (28, 29). Achieving steroid-free maintenance of remission has become an accepted 
treatment goal in pediatric CD, due to its multitude of beneficial effects on growth, bone health and avoiding infectious adverse 
events, particularly in combination with other immunosuppressive agents (28, 27, 30). Clearly choosing an alternative to steroids 
as induction therapy would be a logical approach to avoid steroid-dependence.   
 
Exclusive enteral nutrition (EEN) in CD management  

While the majority of CD therapies involve some degree of immune suppression, the notable exception is exclusive 
enteral nutrition (EEN), wherein all normal dietary intake is replaced by a liquid formula diet. EEN has been shown to be 
effective for inducing remission as first-line treatment and for the treatment of subsequent flares, even in patients who 
have lost response to anti-TNF therapy (31-34). Recently, the GROWTH CD study, a prospective, outcome-based study in 
newly diagnosed untreated pediatric patients with CD, conducted in Europe and Israel, showed that in mild-to moderate CD, 
EEN was superior to steroids both when considering remission. EEN is currently recommended by the pediatric committee of 
the European Crohn’s & Colitis Organization (ECCO), the European Society of Pediatric Gastroenterology, Hepatology and 
Nutrition (ESPGHAN) as a first choice agent to induce remission in pediatric CD.  EEN has also been shown to be superior to 
steroids in achieving mucosal healing, with comparable rates of clinical remission in pediatric studies, while being notably free 
from important side-effects (31, 34, 36, 37). EEN is now also commonly used in Japan and Australasia. 

The mechanism of action behind the therapeutic efficacy of EEN in treating active CD is unknown. Proposed 
mechanisms include nutritional status, ‘bowel rest’, reduced dietary antigens, a direct immunomodulatory effect via alterations 
in fat content and reduced gastrointestinal microbial activity (39-44). Interestingly, while EEN is currently considered mainly for 
mild-to-moderate pediatric CD, the effectiveness of EEN was first described in adult patients with severe disease (3, 45-47). In 
both adult and pediatric CD patients, quality-of-life using EEN improves even before mucosal healing is obtained (48-50). In 
view of safety concerns of combination immunosuppressive therapy and because of increasing patient interest in dietary therapy, 
EEN is now regaining momentum as a treatment option in adult CD (51-57). 
 
Methodologies 
This is a longitudinal retrospective study performed at two institutions.  Health record information will be aggregated from medical 
charts maintained within Gastroenterology clinics at the IWK Health Centre and Capital District Health Authority (CDHA) Victoria 
General hospital using the CASPER database. 

Study population: The study population will include current adult CD patients at CDHA who were diagnosed with CD 
before the age of 17 (pediatric-onset) and were followed through specialist care at the IWK GI clinic: the focus of this RIM project 
will be on the 140 patients (70 EEN vs 70 steroid-treated) selected for the propensity-matched cohort study as shown in Fig 1 
& 2. Given the large number of patients involved and the minimal risk posed by the study, a waiver of consent has been granted 
by the participating institutions.   

Inclusion criteria:  Patients diagnosed at or under age 17 that received either: 1) a 12-week regimen of EEN to induce 
remission, which may or may not have continued once in clinical remission, with overnight supplementary feeds for maintenance 
of CD, or 2) corticosteroids as the sole therapy for the induction of remission at diagnosis and were not under any dietary 
restrictions.   

Exclusion criteria: Patients with monogenic causes of IBD, identified immunodeficiencies or syndromes and patients 
who required surgery at the time of diagnosis or within 1 month after diagnosis.  
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Database design and quality control: This study will expand the established database containing information on patient 
characteristics, disease phenotype, and treatment approaches from pediatric-onset CD patients, starting at the time of diagnosis, 
with further phenotypic data into adulthood. This database uses REDCap (Research Electronic Data Capture), a secure web-
based electronic data capture (EDC) application designed exclusively to support data capture for research studies. REDCap 
provides: 1) an intuitive interface for data entry (with data validation); 2) 128 bit encryption between the data entry client and the 
server; 3) audit trails for tracking data manipulation and export procedures; 4) automated export procedures for seamless data 
downloads to common statistical packages (SPSS, SAS, Stata, R); 5) procedures for importing data from external sources; and 
6) advanced features, such as branching logic and calculated fields.  REDCap is developed and maintained by a team at 
Vanderbilt University and licensed free of charge by the IWK Health Centre. The application and data are housed on secure 
servers located in the IWK Health Centre. Users are provided with role-based, password protected access to the system via 
internet connection. All web based information transmission is encrypted.   

Data collection: Using health records from the IWK and CDHA, retrospective chart reviews will be performed for each 
patient at six-month intervals from the date of diagnosis to the present. Ethical approval has been obtained to access personal 
health information for this study at both centres. Given the large number of patients eligible and the minimal risk posed to 
participants, a waiver of consent has been approved by both IWK and CDHA ethical review boards. 
 
Patient variables and/or predictive factors:  

 Severity of disease (determined by age-appropriate Crohn’s disease activity index score) 

 Location and behavior of disease (defined by standard Crohn’s disease classification systems) 

 Laboratory values (e.g. ESR, CRP, hematocrit, albumin, fecal calprotectin)  

 Age at diagnosis: very early-onset (<10 years), early-onset (10-17 years)  

 Gender  

 Family history 

 Treatment choices   
 
Outcomes of interest include:  

 Disease activity in relation to treatment  

 Escalation in therapy because of continued disease activity  

 Changes in disease location/behavior  

 Treatment-related complications  

 Complicated disease course resulting in hospitalization and/or surgical intervention   

 Fulfillment of growth potential   
 
Plans for Data Analysis 

We will use standard methods of categorical data analysis (chi-square and exact tests) and methods for analyzing 
continuously distributed variables (analysis of variance, t-tests, and non-parametric analogues) to evaluate relationships 
between potential predictive factors and outcomes.   

First, univariate relationships of factors to outcome will be assessed using analysis of variance, t-tests, and the non-
parametric analogues when appropriate.  Predictors demonstrating a statistically significant association to outcome (at 5% level) 
and those deemed to be clinically relevant will be considered for inclusion in a stepwise multiple logistic regression model.  For 
resulting models that are determined to be statistically adequate, predicted probabilities of outcome will be calculated for 
subgroups of patients. 
 
Possible Results, Impact & Knowledge translation 

The knowledge acquired in the proposed study will generate high-quality long-term data that can be incorporated into 
evidence-based treatment decisions in CD care. This will have immediate and direct effects on patient care in CD treatment 
centres in Nova Scotia, as well as nationally and internationally. Long-term outcome studies in pediatric IBD are scarce and are 
invariably based on referral centre experience. Our propensity-score matched cohort has already given us evidence of short-to 
medium-term superiority of EEN over steroid therapy (Fig 1&2) in keeping with recent data from the European Growth-CD study 
(35). Due to the complete population-based nature of our cohort as well as the propensity-score matching, we will be able to 
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provide the first North-American propensity-matched very-long-term outcome data of induction therapy decisions in pediatric 
CD. 
 
Role(s) of student  

REDCap, a secure web-based electronic data capture (EDC) application has been set up for this project by a research 
associate in the division of pediatric gastroenterology. My role as a RIM student will be to build on the data transferred onto 
REDCap from the EEN vs. steroid treatment study of 140 patients (70 EEN vs 70 steroid-treated) selected for the propensity-
matched cohort study at the IWK. Patient data regarding long term CD outcomes (surgery, treatment complications, and disease 
activity) will be evaluated for these patients in their adult years using the Capital Health database. This chart review and data 
entry process will be done by myself and a research associate who will also be helping with data entry and building on the 
database beyond the this project. Once data entry for my study on EEN treatment and CD outcomes is complete I will be 
responsible for data analysis as described above. 
 
Research Activities Timeline 

This is a Path 1 (summer 2015) RIM project lasting 10 weeks beginning on June 1st 2015. As mentioned below ethics 
approval is now complete and so starting in June, I will begin with chart reviews of the selected CD patients and entry of relevant 
data into REDCap. For 140 patients this process will likely take 6-7 weeks.   

 Data collection, entry and chart reviews: June 1-July 17, 2015 

 A two-week vacation will likely be incorporated near the end of the data entry/chart review process. 
The remainder of the time will be dedicated to data analysis, further reading of the literature, and write-up of findings and 
conclusions. 

 Data analysis: July 20-August 21 2015  
(last day of full-time research prior to start of Med 2 classes: August 21) 

 Abstract write-up for presentation at a conference/meeting: August-September 2015 
 

Ethical Approval 
 

 TCPS2 certificate: On January 1st, 2015 I completed the course on Ethical Conduct for Research Involving Humans 
Course (TCPS 2: CORE) and obtained my certificate. 

 Research Ethics Board (REB) approval: This project has received REB approval from both the IWK and Capital 
Health 
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