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Glossary

Distributed Network Analysis: The study design used to overcome privacy regulations
restricting the sharing of individual-level data across studies or regions. Involves the
application of identical study design, methods, and shared code to each region (network)
then combined to obtain an overall estimate.

Heterogeneity: Variation between estimates that is not due to chance.

IBD-related: Diagnostic codes for inflammatory bowel disease, or any codes related to
the signs, symptoms, or extra-intestinal manifestations of the disease (see Appendix B).

IBD-specific: Diagnostic codes for inflammatory bowel disease (ICD-9: 555.x or 556.x;
ICD-10: K50.x or K51.x).

Individual-level analysis: Analysis performed using data collected on each individual unit
(in this study, each unit was represented by a patient).

Local Health Integration Network (LHIN): Administrative units involved in the delivery
of local health care in regions defined by the Ministry of Health and Long-Term Care
(MOHLTC), which were in effect for the duration of the study period.

LHIN-based analysis: In this study, the simulation of a distributed network analysis by
conducting analysis using individual-level data in each LHIN to produce a local effect
estimate, coupled with the meta-analysis of effect estimates from all LHINs to produce a
provincial estimate.

Meta-analysis: A statistical method of combining multiple effect estimates to derive an
overall summary effect estimate.

vii
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Abstract

Over the last couple of decades changes to pediatric inflammatory bowel disease (IBD)
care may have altered health services use among these children. I used a retrospective matched
cohort design and population-based health administrative data to first quantify trends in IBD
health services and surgical outcomes in Ontario IBD children diagnosed between 1994-2012. |
then used these results to validate the distributed network analysis method — a method being
increasingly used in Canadian multi-province studies where privacy regulations prevent sharing
of individual-level data across provincial borders - using Ontario’s Local Health Integration
Networks. | found (1) decreasing hospitalizations and surgical outcomes but increasing
outpatient visit rates, suggesting changing patterns of health care use in Ontario children with
IBD, and, (2) distributed network analyses is a satisfactory privacy-preserving alternative to
individual-level analysis under the conditions tested in my study, providing a tested analysis

method for researchers using multi-jurisdictional data.

Xi



Chapter 1. Introduction

1.1 Introduction to Inflammatory Bowel Disease

Inflammatory bowel disease (IBD) is a chronic, relapsing and remitting immune-
mediated disease mainly affecting the gastrointestinal tract. Its symptoms include abdominal
pain, diarrhea, nausea, vomiting, anemia, weight loss, fever, and fatigue. The severity of the
symptoms can limit participation in day-to-day tasks and, consequently, reduce quality of life.
The chronic nature of the disease imposes long-term stress on patients and a significant
economic burden on both the public health care system, patients and their caregivers.1 The
estimated direct costs (e.g., health service or pharmaceutical costs) of caring for IBD patients in
Canada in 2018 was $1.28 billion, with an additional $1.29 billion in indirect costs (e.g., absence
from work or alternative therapies).2-4 However, both direct and indirect costs are likely
underestimated due to few Canadian studies included in the analysis and limitations on the

availability of data.23

IBD consists of two major types: Crohn’s disease (CD) and ulcerative colitis (UC). In
both CD and UC, the disease course typically follows a pattern of active disease (flares) and
remission (no active inflammation). In 2013, 60% of the Manitoban IBD population was
estimated to be in remission, with the remainder experiencing mild, moderate, or severe disease
activity.s Patients with CD can have inflammation throughout the gastrointestinal tract. CD can
extend through all layers of the bowel wall, sometimes resulting in fistulae and abscesses. In

addition, patients with CD may develop fibrostenotic complications resulting from progressive



scar tissue and hypertrophic smooth muscle at affected areas of the intestinal lumen.es In contrast,
UC primarily affects the colon and the inflammation does not typically extend below the
mucosal surface of the intestine. Severe and serious complications of UC, such as bowel
perforation or toxic megacolon, may lead to death.7 Furthermore, active inflammation of the
colon, whether in CD or UC, increases the risk of colorectal cancer. Presently, there is no cure
for CD or UC, and treatments minimize inflammation, allowing a patient to enter remission.
When patients are non-responsive to medical therapy or develop complications, surgical

intervention may be required.s

1.2 Epidemiology of Inflammatory Bowel Disease

1.2.1 The Rising Prevalence and Incidence of Inflammatory Bowel Disease in Children Residing
in Canada

In 2018, the prevalence of IBD in Canada was estimated to be 0.7%; this corresponds to
approximately 270,000 Canadians, including 135,000 CD patients, 120,000 UC patients, and
15,000 patients with IBD type unclassified.s,9 The prevalence has been rising and is expected to
continue to increase to 403,000 Canadians by 2030 (national prevalence of 0.95%).49 In
Canadian children the prevalence of IBD is increasing.1o The prevalence of IBD among
Canadian children was 62 per 100,000 population in 2008 and is expected to rise 4.3% per year
to reach a national prevalence of 159 per 100,000 in 2030.10 Canada also has one of the highest
incidence of pediatric IBD in the world.11 While pediatric IBD incidence (<16 years) was stable
overall in Canada from 1999-2010, IBD incidence increased by 7.0% per year in children under

five years of age.12 In Ontario, the incidence of IBD has been rising in children under 10 years of



age.13 Specifically, IBD incidence increased 5.0% per year in Ontario children of six months to

four years of age and 7.6% per year in children of five to nine years of age.

1.2.2 The Impact of Inflammatory Bowel Disease in Children

The rising rates of IBD among children is particularly concerning because earlier disease
onset poses unique challenges for the child, the family, and society. This includes increased
direct costs of care,14 a greater burden on family,1s longer duration of care services required, and
a longer period of living with a lower quality of life. In addition to IBD affecting the education

and physical well-being of children, IBD also affects their mental health.16,17

A Manitoba study found that patients diagnosed with childhood-onset IBD had greater
odds of obtaining higher education degrees or diplomas, although this was highly dependent on
socioeconomic status and diagnosis of mental illness.1s Another study found children with IBD
achieved similar educational results to children without IBD.19 However, IBD children also face
academic struggles. These struggles include absences from school and difficulty in taking
examinations.2o Students with more severe IBD reported greater difficulty completing their
schoolworkz1 and may underperform compared to their non-1BD peers.19 Between IBD subtypes,

the academic achievements of children with UC did not match those of their peers with CD.22

Children may also exhibit growth delays or impairments as a result of nutritional
deficiencies, inflammation, or certain medications.23 In addition, the risk of colorectal cancer is
higher in children with IBD,24 and, compared to adults, children with IBD have a more pan-
enteric disease phenotype.2s This results in a greater disease burden and increased likelihood of

therapy with biologic medications.



Children with IBD are at a higher risk of depression and anxiety, which may be lowered
by treating underlying inflammation with anti-tumour necrosis factor (anti-TNF) therapies.26,27
At a time where self-esteem is particularly vulnerable, adolescents with IBD experience anxiety

stemming from their body image and lack of control over their health.zs

1.2.3 Risk Factors for Inflammatory Bowel Disease

The etiology of IBD remains largely unknown, but is believed to result from the complex
interaction between genetic factors, environmental exposures, the gut microbiome, and the
dysregulation of the immune system by these factors.29,30 However, challenges in identifying the
interactions arise due to differences in risk factors across subtypes of IBD. For example, smoking
is specifically associated with adult-onset ileal CD but quitting smoking increases the odds of
UC.31,32 Additionally, NOD?2 is associated with early-onset CD but not UC, and genetic risk

scores can differentiate between UC, colonic CD, and ileal CD.32-34

IBD has a genetic basis, as determined by multiple genome-wide association studies
(GWAS).35 There is a higher risk and adjusted odds of IBD in first-degree relatives of IBD
patients,ss,37 and a review article also found more cases of monozygotic twins concordant for CD
than discordant for the disease.3s In addition, GWAS implicate different genes in the risk of IBD
in specific ethnicities.ss Jewish people are more likely to be diagnosed with IBD; Canadian
Jewish people have 4 times greater odds of CD and 7.5 times greater odds of UC than non-
Jewish people.s7 While a review study suggested it is possible the lifestyle of Ashkenazi Jews
may pose as a risk factor for the development of IBD in this population,4 genetic mutations

specific to Ashkenazi Jews have been associated with CD.41,42 However, Ashkenazi Jews in



Israel have a lower incidence than Ashkenazi Jews from Western countries,40,43 which highlights

the importance of environmental factors.

The highest IBD incidence rates are found in developed countries in the Western world,
and IBD incidence increases as countries become more industrialized.s446 UC appears to emerge
faster than CD in developing countries, but eventually they reach equal rates.4s The
environmental influence on IBD has also been demonstrated in immigration studies. There was
an increased incidence of UC in South Asian people following immigration to the UK.47 In
Canada, immigrants had a lower incidence of IBD than non-immigrants (7.3 versus 23.9 cases
per 100,000 person years), but IBD was more common in those immigrating at younger ages
compared with those immigrating later in life.ss Ontario-born children of immigrants from some
regions (e.g., South Asia) had similar incidence rates to children of non-immigrants, while
children of immigrants from other regions (e.g., East Asia and Pacific, Latin America and

Caribbean) had lower incidence rates.49

Living in an urban environment during early childhood is associated with a higher
incidence of IBD.29 Rural residence in children under 10 years of age in particular was a
protective factor in the development of IBD, which suggests early-life environmental exposures
are important in the development of IBD.29 This is consistent with studies implicating a
multitude of early-life factors in IBD development, including antibioticsso and air pollution,s1
while regular contact with farm animals protects against IBD development.s2 Furthermore, while
socioeconomic status was not higher among IBD patients in Manitoba,ss IBD was found to be

more prevalent in white collar workers in Germany.s4

Sex differences have also been reported in children with IBD. In Canadian children

diagnosed with IBD between 2014-2017, there was a male predominance in CD, but the presence
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of UC was similar between the sexes.ss In Ontario specifically, there was a male predominance
in CD for children diagnosed before 15 years of age, and there was a female predominance in
UC.13 Both sex hormones and other factors may impact the development of IBD.se For example,
sex-based differences in IBD incidence appear to have increased over timess and vary across the
world. A systematic review of Western population-based cohorts found a lower incidence of CD
in females aged 10-14 years compared to males (incidence rate ratio [IRR]: 0.70, 95%
confidence interval [CI] 0.53 to 0.93),s6 but in the Asia-Pacific regions, CD incidence was higher
in males of both the 10-14 and 15-19 year age groups compared to females.s7 In UC children
residing in the Western cohort, female UC patients aged 5 to 9 years had a higher incidence
compared to males (IRR: 1.22, 95% CI 1.05 to 1.41).s6 In contrast, the incidence of UC in
children residing in the Asia-Pacific region was higher in males of the 15-19 year age group.s7
Furthermore, although males were found to have a higher hazard of growth failure (hazard ratio
[HR] of females versus males: 0.28, 95% CI 0.12 to 0.63), female children generally experienced
worse disease outcomes than males, suggesting a possibly heightened severity of disease in

females compared to males.ss

Environmental factors and genetics also influence the microbiome,se,60 which differs in
IBD patients compared to healthy populations.si-63 IBD patients were found to host lower
microbial diversity, increased pathobionts, and decreased commensal microbes compared to
healthy populations.ss-6s Microbial composition and abundance have also been associated with
disease severity,s6 and mucosal inflammation in IBD has been associated with decreases in
microbial diversity.es,67 Microbiome differences distinguish between IBD subtypes. For
example, the CD microbiome is less stable overtime compared to the UC microbiome, and CD

and UC patients can diverge on individual species abundance and/or diversity.s1,6368 Age



correlation studies of Bacteroidetes also show opposite associations in CD and UC children,
which is thought to be attributable to immunological differences between the two groups.ss Since
the human microbiome is influenced by a multitude of factors, including host genetics, lifestyle,
diet, and environment, or interactions between these factors, it is often difficult to discern the
causes of host dysbiosis. Studying environmental risk factors and the microbiome of children can
provide valuable insight into the etiology of IBD since children have not accumulated many life

years, and changes to microbiome are likely to result from early life exposures and genetics.

The environmental, gut microbial, and genetic factors can each interact with the host
immune system. For example, sun exposure triggers the natural synthesis of Vitamin D. Vitamin
D plays a role in the immune response, and a deficiency in serum levels of this vitamin was
associated with a greater hazard of IBD,70 suggesting the lack of sun exposure could be a
contributing factor to the pathogenesis of IBD by dysregulating the immune response. Immune
dysregulation in response to gut microbiota is also believed to contribute to the pathogenesis of
IBD by promoting abnormal inflammation.71 Mutual genetic mutations between IBD and other
autoimmune diseases have been identified, which suggests these disorders may have shared

pathogenesis via immune dysregulation from a common genetic basis.72

1.3 Health Services Utilization in Inflammatory Bowel Disease

1.3.1 Health Services Costs for Inflammatory Bowel Disease

The direct costs of IBD care in Canada are $1.28 billion per year and include the costs of

medication, hospitalizations, surgeries, and outpatient visits.2 Costs of care may not necessarily



reflect trends in health services use. For example, the in-hospital costs for UC have increased by
6% per year despite decreasing colectomy rates in Alberta.73 IBD patients are more likely to
incur health care expenses and to use health services compared to patients without IBD. For
example, in Manitoba, children with IBD had a median of 11 physician visits in the 6 months
before and after their diagnosis compared to 2 physician visits for children without IBD (rate
ratio: 3.48, 95% CI 3.28 to 3.68).74 This elevated use of outpatient physician services continues
beyond five years after diagnosis. The average direct cost of health services per person in
Manitoba are higher in IBD patients ($3896) than their non-IBD counterparts ($1826), with
higher costs for CD patients than UC patients, and higher costs for females with IBD compared
to males.7s Of the patients who were hospitalized, the average cost in 2005/2006 was relatively
similar between children with and without IBD ($13,495 versus $12,607), but a higher
percentage of IBD children were hospitalized compared to children without IBD (15% versus
7%).75 The differences in average direct costs per person between IBD and non-IBD patients was
greatest among children ($3842 versus $333), and hospital inpatient costs accounted for 47% of
the costs in IBD children but only 27% in children without IBD.7s Health care planners looking
to prepare for the current and future cost-effective delivery of care to IBD children would benefit

from understanding the trends in health services use and surgical outcomes in this population.

1.3.2 Predictors of Health Services Use in Patients with Inflammatory Bowel Disease

Multiple factors can influence patterns of health services use in IBD patients. Beyond
disease extent and severity, some of the most common factors include age, sex, social and

economic circumstances, and rural residence.



The age at which children are diagnosed influences their health services use.7s Children
diagnosed with IBD before 6 years of age had fewer outpatient visits, emergency department
(ED) visits, and hospitalizations than those diagnosed with IBD after 10 years of age.7s Older
children had a higher hazard of visiting the ED (HR: 1.06, 95% CI 1.04 to 1.08) and used the ED
more often within three years of diagnosis (IRR: 1.10, 95% CI 1.07 to 1.13) for IBD-related
reasons compared to children diagnosed at a younger age.77 Likewise, there is a higher hazard of
surgery in children diagnosed at a later age (HR: 1.07, 95% CI 1.04 to 1.10), and this association
was present in both CD and UC subgroups.77 In CD children, the hazard of intestinal resection
was lower in children diagnosed with IBD before the age of 6 compared to children diagnosed at
10 years of age or older (HR for males: 0.58, 95% CI 0.34 to 0.99; females: 0.35, 95% CI 0.16 to
0.78).76 In another study, the odds of surgery within three years of diagnosis was lower in CD
children under 10 years of age who were diagnosed in 2001-2004 compared to those diagnosed
in 1994-1997 (odds ratio [OR]: 0.67, 95% CI 0.48 to 0.93), but this difference was not observed
in children diagnosed at 10 years of age or older (OR: 1.22, 95% CI 0.76 t0 1.94).78 In UC
children, the colectomy hazard in children under 6 years of age compared to children 10 years of
age or older was lower in males (HR: 0.42, 95% C1 0.21 to 0.85), but not females (HR: 0.88,
95% CI 0.047 to 1.63).76 These higher surgical outcomes among children diagnosed at an older

age has been replicated in some studiesrg,so but not others.s1,82

Health service utilization and surgery needs differ depending on sex. Adult females had
lower rates of ED visits than males (IRR: 0.92, 95% CI 0.90 to 0.93).s3 In contrast, a US study
found higher odds of ED visits (OR: 1.1, 95% CI 1.1 to 1.2) and hospitalizations (OR: 1.3, 95%
Cl 1.3 to 1.4) in females compared to males.sa Other US studies found females have lower rates

of intestinal resection (IRR: 0.80, 95% CI 0.76 to 0.85) and colectomy (IRR: 0.84, 95% CI 0.76



to 0.94) compared with males.ss,g6 In international studies, one group found no sex differences in
the hazard of intestinal resection,s7 while another found more females underwent intestinal
resection within five years after diagnosis compared with males (64% versus 52%, p=0.03).ss In
Canada, females with CD (of any age) had lower odds of surgeries following hospital admission
compared to males (OR: 0.76, 95% CI 0.70 to 0.83), though this difference was not seen in UC
patients (OR: 0.93, 95% CI 0.82 to 1.05).s9 In contrast, a Quebec study found males had a higher
hazard of colectomy (HR: 1.47, 95% CI 1.26 to 1.72).90 In Manitoba, while UC males of any age
had a higher hazard of a colectomy within 90 days from diagnosis compared to females (HR:
2.63, 95% CI 1.58 to 4.36), the hazard for a colectomy greater than 90 days from diagnosis was
no different between sexes (HR: 1.22, 95% CI 0.97 to 1.53).91 In children, the findings have also
been conflicting. No differences in surgical rates were seen between sexes in Scottish studies, 92,93
and a US study found no difference in rates of intestinal resection between sexes in CD
children.79 In contrast, another US study found female children with CD had a 54% higher
hazard of surgery compared to males (HR: 1.54, 95% CI 1.08 to 2.19).s0 In Canadian children
with IBD, females generally used more health services than males. Specifically, female children
had more hospitalizations (IRR: 1.23, 95% CI 1.08 to 1.36) and ED visits for IBD-related
reasons (IRR: 1.33, 95% CI 1.16 to1.53) within three years of diagnosis compared with male

children.7z However, no sex differences were found in the surgery rates in Ontario children.7z

Socioeconomic status plays a role in IBD health services use. A multicentre study from
Paris found that, while both high and low income groups experience the same disease severity,
adults with low income status were more likely to be hospitalized (56% versus 40%, p=0.04) but
had lower odds of surgery (OR: 0.42, 95% CI 0.18 to 0.97).04 In Ontario, children living in

lower income neighbourhoods had more outpatient visits (IRR: 1.07, 95% CI 1.001 to 1.14) and
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hospitalizations (IRR: 1.21, 95% CI 1.08 to 1.36) for IBD-related reasons within 3 years of
diagnosis and a higher hazard of ED visits for IBD-related reasons within 10 years of diagnosis
(HR: 1.21, 95% CI 1.09 to 1.35) than those living in higher income neighbourhoods.77 Children
with CD diagnosed between 2000-2004 and living in low income neighbourhoods also had
higher odds of undergoing surgery within three years of diagnosis compared to children in high

income neighbourhoods (OR: 1.66, 95% CI 1.23 to 2.25).77

IBD health services use has been reported to differ across races. US studies have found
Caucasian CD patients visited primary care physicians (mean visits per year: 1.31 versus 0.21,
p<0.05) and gastroenterologists (mean visits per year: 3.2 versus 2.3, p<0.05)9s for care more
often than African Americans and had a higher incidence rate of intestinal resection surgery
compared to other CD minorities (IRR for African Americans versus Caucasians: 0.68, 95% CI
0.61 to 0.76; Hispanics versus Caucasians: 0.70, 95% CI 0.60 to 0.83; Asians/Pacific Islanders
versus Caucasians: 0.31, 95% CI1 0.16 to 0.59).es UC African American and Hispanic patients
had lower incidence rates of colectomies compared to Caucasian and non-Hispanic Caucasian
American patients, respectively (IRR for African Americans versus Caucasians: 0.46, 95% CI
0.35 to 0.60; Hispanics versus non-Hispanic Caucasians: 0.74, 95% CI 0.59 to 0.93).ss A reduced
need for surgery in South Asians was also reported in a UK study (p=0.003).96 In contrast,
another US study found non-Hispanic African Americans had higher hospitalization and surgery
to prevalence ratios (7.3% and 0.9%, respectively) compared to non-Hispanic Caucasian and
Hispanics (3.0% and 0.56%, and 2.7% and 0.32%, respectively).s7 Over time, bowel resection
rates in Caucasian and Hispanic CD patients decreased by almost half from 1998 to 2003, but not

in African Americans,ss and similar trends were observed in UC patient colectomies.ss
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Residence in an urbanized location also affects patterns of health services use in IBD
patients. In the US, UC patients admitted to urban hospitals had higher odds of colectomy
compared to those who were admitted to rural hospitals (OR: 2.2, 95% CI 1.5 to 3.2).ss Canadian
IBD patients living in a rural area at the time of diagnosis had similar rates of outpatient visits for
IBD-related reasons compared to those living in an urban area (IRR: 0.99, 95% CI 0.92 to 1.07),
but they had higher hospitalization rates (IRR: 1.27, 95% CI 1.04 to 1.56).98 This increased rate
of hospitalization among rural-dwellers was unique to CD patients.9s Patients living in rural areas
also visited the ED more often for IBD-related reasons (IRR: 1.33, 95% CI 1.25 to 1.40).98 While
individuals with CD living in rural Ontario had higher odds of repeat intestinal resection (OR:
1.55, 95% CI 1.16 to 2.08), this difference was not observed in Alberta and Manitoba.ss Repeat
intestinal resection has also been associated with rural residence at diagnosis in children (HR:
1.58, 95% CI 1.05 to 2.37),99 but the hazard of first surgery was no different between rural and
urban patients for both CD and UC patients (HR for CD: 0.98, 95% CI1 0.88 to 1.07; UC: 0.92,

95% Cl 0.78 to 1.06).s8

1.3.3 Temporal Trends of Health Service Use in Inflammatory Bowel Disease

Patients with IBD often visit outpatient clinics and emergency departments and may
require hospitalizations. On average, Canadian adults with IBD have approximately 4 1BD-
related outpatient visits per year.100 In the US, a cross-sectional study of adults with IBD found
outpatient visits for IBD reasons increased by 70% between 2005-2010, which then stabilized
until 2013 before decreasing by 20% until 2016.101 Canadian children with IBD had 3 to 4
outpatient visits per yearze and visited physician offices twice as often as their non-1BD peers

five years after their diagnosis.7s In a 2011 study, health services utilization rates in Ontario
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children with IBD were noted to be changing.7s Between 1992 to 2004, Ontario children had
declining numbers of primary care visits; areas with low primary care visit rates had higher ED
visit rates.102 However, outpatient visit rates among children with IBD have not changed in
Ontario when comparing those diagnosed in 2001-2004 with those diagnosed in 1994-1997 (IRR

for CD: 0.96, 95% CI1 0.92 to 1.01; UC: 0.99, 95% CI1 0.92 to 1.06).7s

Patients with IBD had higher odds of visiting the ED than those without IBD (OR, 1.66,
95% CI 1.54 to 1.78).103 Ontario adults with IBD, on average, visit the ED 0.28 to 0.34 times per
year for IBD-related reasons.100 Ontario children with IBD visit the ED on average 0.1 times per
year for IBD-specific reasons, and 0.2 to 0.3 times per year for IBD-related reasons.7s In children
residing in the US, ED visit rates increased in both children with IBD (24% increase from 2006
to 2010, p<0.01)104 and children with other diseases (11% increase from 2006 to 2011,
p<0.01).105s The number ED visits in the US for adults with IBD has also increased between 2006
and 2016.101 However, the increases described in the US studies may have been a result of either
true increases in ED visits or increasing prevalence of the disease because these studies were
cross-sectional in nature and could not follow patients after they left the ED. Time trends of ED

visit use in Canadian children with IBD are limited.

Adults with IBD are hospitalized on average 0.15 to 0.19 times per year for IBD-related
reasons.1o0o In the US, hospitalizations in adults with IBD increased from 79,939 (95% CI 74,093
to 85,785) in 2005 to 95,960 (95% CI 92,230 to 99,690) in 2016 (p<0.0001), though this study
was cross-sectional in nature and may reflect either true hospitalization rate trends or increasing
prevalence of IBD.101 In Ontario children, approximately 25-35% of children diagnosed with
IBD between 1994-2009 were hospitalized within one year of diagnosis.zs In the US, the

hospitalization rates in children with CD and UC increased by 3.8% (95% CI 3.0 to 4.5%) and
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4.5% (95% ClI 4.3 to 4.7%) per year, respectively, between 1997 and 2009.106 Ontario children
with IBD diagnosed in 2001-2004 were also found to have three times higher adjusted odds of
hospitalization compared to children diagnosed with IBD between 1994-1997 (OR for CD: 3.22,
95% CI 2.15t0 4.83; UC: 2.83, 95% CI 1.55 to 5.19).78 Over this same time frame, the frequency
of hospitalization did not change (IRR for CD: 0.97, 95% CI 0.90 to 1.05; UC: 0.95, 95% CI
0.85 to 1.06).78 Another Canadian study reported a decreased hazard of overnight hospitalization
among children diagnosed with IBD between 2002-2010 (post-biologic era) compared with
children diagnosed between 1987-2002 (pre-biologic era) (HR: 0.66, 95% CI 0.53 to 0.81).74
Consistently, studies have reported reduced health services use outcomes in patients with IBD
over time in recent years, 90,107,108 and the decreases have been associated with the introduction of
biological therapies into clinical practice.i09-112 However, the decrease may be coincidental
rather than caused by increasing biologic utilization. An Ontario study of adults with IBD found
that, while hospitalization and surgical rates for CD and UC were decreasing over time, the
trends did not decrease more rapidly after market approval of infliximab compared to the
predicted time trends projected from pre-infliximab years.113 The authors postulated that the lack
of association between infliximab market penetrance and time trends of health services
utilization may be due to improper use or underuse of infliximab. Aside from anti-TNF
biologics, newer biologic medications have been increasingly used in IBD care and other factors
have also changed in pediatric IBD care. For example, studies have also reported increased use

of specialist care over the years, which is associated with better outcomes in IBD patients.13,83,108

With the multiple expected changes to IBD care it is likely that health services utilization
patterns in Canadian IBD children have altered with time. It is probable that emergency

department visits and hospitalizations have decreased over the past two decades. Outpatient
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clinic visits may not have changed significantly because patients often require ongoing care from

their health care provider for monitoring.

1.3.4 Trends in Intestinal Resection and Colectomy among Patients with Inflammatory Bowel
Disease

When patients do not respond to medical therapies or develop complications from their
disease, surgery may be required. The 1-, 5-, and 10-year risks of intestinal resection in patients
with CD were 19.1%, 34.4%, and 49.0%.8 A systematic review reported a decreasing surgery
risk in IBD patients of all ages since the mid-20t century,s and is consistent with Canadian
studies on IBD surgical time trends.114,115 Compared to adults and the elderly, children with CD
have lower risks of intestinal resection.s74,77,116,117 The 1-, 5-, and 10- year risks of intestinal
resection in children with CD were 7.9%, 25.5%, and 35.6%, respectively.s In Canadian children
with CD, the 1-, 5-, and 10-year risks of intestinal resection were 8-9%, 21-23%, and 27-29%,
respectively.7477,116 An Ontario study reported a decrease in the three-year risk and odds of
intestinal resection in children with CD diagnosed in 2001-2004 (after infliximab came to
market) compared to those diagnosed in 1994-1997 (13.6% versus 18.8%, respectively, OR:
0.67, 95% C1 0.48 to 0.93).78 A similar decrease in the risk of intestinal resection was observed

in Manitoban children.74

The risk of colectomy in children with UC is higher than in adults,s,74,77,91,116 but temporal
trends remain unclear. The 1-, 5-, and 10-year risks of colectomy in UC patients were 4.4%,
10.1%, and 14.6%, respectively, and UC surgeries across all ages have been decreasing over
time.s Colectomies among Canadian adults with UC have become less common with

time.90,91,107,118 In children, the 1-, 5-, and 10-year risks of colectomy were 6.7%, 17.4%, and
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21.6%.8 The respective 1-, 5-, and 10-year risks of colectomy in Canadian children with UC
were 8-9%, 12-16%, and 15-21%.74,77,116 Decreasing rates of colectomy in children with UC
were reported in Manitoba (2002-2010 versus 1987-2001 diagnosis year p=0.05),74 but not

Ontario.7s

Decreases in surgical rates have been accompanied by increased access to
gastroenterologist care and an increased use of newer, more effective medical therapies,zs

making it unlikely to determine a single reason for temporal changes.

1.4 Use of Health Administrative Data in Inflammatory Bowel Disease Health
Services Research

Routinely collected health data is defined as data that is regularly collected for its primary
purpose, such as administrative purposes for economic and policy planning, but can subsequently
be used to fulfill other needs, such as research.119,120 Health administrative data is one type of
routinely-collected health data, comprised of data collected for the purposes of administering the
health care system. Examples of health administrative data include physician billing data,
hospitalization records, procedure records, and medication prescription data.119 The files
originate from medical records created by health care providers. The information from these
records are coded and submitted for their intended purposes, after which they can be used for
health care research. Data collected and analyzed from health service providers is therefore

considered “secondary” data analysis since research is not the primary role of these data.

Routinely collected health data may lack the level of detail of clinical data or of

prospectively collected research data, may be miscoded upon entry into the electronic health
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system, or may omit vital information required to reduce bias or adequately evaluate a
hypothesis. This data is also typically collected retrospectively, further giving rise to issues such
as inconsistent data capture and missing data. Therefore, validation of the data, including
algorithms to identify patients with a specific health state and codes identifying outcomes, is an

essential step to conducting such research.

Administrative data also comes with desirable qualities. Compared to primary data
collection, this method is both cost and time efficient since it is collected for other primary
purposes to begin with. It also allows for population-based studies, rather than a small sample of
the population, for a complete analysis, improved statistical power, and greater generalizability
of study findings. Population-level data is particularly useful in studying rare diseases or
outcomes, especially compared with primary data collection. In addition, administrative data is
better able to identify patients with less severe diseases than self-reporting,121 and reduces biases
originating from patients, such as reporting and recall bias. In this project, health administrative
data allowed the study of population-based health services use and the capture of patients with a

rare, chronic disease, which can range in severity over the disease course.

Canadian provinces have their own health administrative data, and researchers can access
these data for scientific studies in most provinces. In Ontario, ICES is a prescribed entity through
which researchers can access large amounts of routinely collected health and population data of
Ontario residents.122 Population-based data comes with many advantages for health research but
national studies are difficult because of privacy laws preventing researchers in one province from

sharing individual-level data with researchers in another provincial jurisdiction.
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1.5 Issues in Conducting Epidemiological Research Using Pooled versus Individual-
Level Data

1.5.1 Introduction to Distributed Network Analysis

Population-level health administrative data is available for research in most Canadian
provinces and presents an opportunity to evaluate the national picture of health and disease and
to compare health services utilization and care provision across Canada. However, provincial
privacy legislations prevent the sharing of individual-level health administrative data with
researchers outside of the province. This poses challenges for researchers interested in

conducting nation-wide studies of health-related research.

Distributed network analysis is a method that allows researchers to conduct a multi-
regional study without violating patient privacy.123124 This approach involves applying the same
study methodology and shared programming code to each database in each region, though the

code may need to be adapted to the data structure and variable names of each database.

Distributed networks have several positive qualities, making them an attractive
alternative to use when individual-level data cannot be shared between regions. By keeping the
analyses local, and performed by the people who are most familiar with their data structure, the
experts at each site will have a better understanding of the data, biases, and interpretations of the
results, and researchers are better able to capture differences in exposures, outcomes, populations
across regions in geographically large or diverse studies.123125 The distributed network approach
also prevents the need for the development and maintenance of a centralized data warehouse
system. 123,124 In addition, the sharing of code across regions and standardization of the study

design and analysis reduces methodological bias, and population-based observational
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epidemiology studies employing the distributed network approach benefit from reduced selection
bias.126 Finally, replication of the research is conducted in each region, which allows researchers

to examine the statistical consistency of the analyses between regions.i26

The distributed network analysis in Canada-wide studies provides provincial estimates of
effect size, which are then combined to generate national-level estimates. Canadian initiatives,
such as the Canadian Network for Observational Drug Studies (CNODES) and the Canadian
Gastro-Intestinal Epidemiology Consortium (CanGIEC), have used distributed network analysis
in multiple provinces and then used meta-analysis to produce an aggregate estimate. Meta-
analysis is a convenient method for improving power to detect statistically significant
effects.127,128 This is particularly useful in studies of rare outcomes or illnesses, or where one
would expect to find small effect estimates. Meta-analysis can also improve generalizability of
study findings since it can incorporate a larger and more diverse sample.126 Finally, since meta-
analysis requires only the effect estimate and its variance, it involves less data sharing and
preserves patient privacy better than sharing individual-level data.129 However, it can be less
time-efficient, especially if provincial analyses are inconsistent and need to be changed and re-
run, or if additional analyses are required.130 In addition, meta-analysis of separate multi-variable
regression models using Canadian health administrative data has not been demonstrated to
produce similar effect estimates as individual-level regression analysis under a variety of
conditions such as differing event rates, sample sizes, number of regions, regression model types,

and heterogeneity.
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1.5.2 Canadian Distributed Network Initiatives for Nation-Wide Research

CNODES, which is part of the Drug Safety and Effectiveness Network (DSEN) initiative
led by the collaboration of Health Canada and Canadian Institutes of Health Research (CIHR),
has used distributed network analysis in order to obtain answers relating to
pharmacoepidemiology in a timely manner while meeting privacy and legal standards.126
Pharmacoepidemiology studies require large sample sizes in order to observe small effect size
estimates or rare events, and population-based data across the country allows for increased power

to detect these estimates while giving insight on national trends.126

CanGIEC is a group of clinicians, researchers, and methodologists across the country
looking to improve IBD care and outcomes through health research. They previously utilized
distributed network strategies with meta-analysis to derive national estimates on the

epidemiology, risk factors, and health service use in Canadian patients with IBD.29,98

Apart from CNODES and CanGIEC, the validation of this method will provide a
valuable tool for other nation-wide initiatives, such as the Strategy for Patient Oriented Research
(SPOR) Canadian Data Platform and the Health Data Research Network (HDRN), looking to

improve pan-Canadian health research.

Studies supporting US distributed network initiatives have explored the validity of
distributed network analysis and subsequent methods of combining aggregate data.129,131-135
Other case studies suggest distributed network analysis reflects results from individual-level
analysis, 128,136,137 but the method has not been validated for Canadian population-based initiatives
under varying study conditions such as type of regression models, differing levels of

heterogeneity, and different event rates, sample sizes, or number of regions.
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1.5.3 Heterogeneity in Distributed Network Analysis

National estimates are more generalizable and can detect smaller associations due to
increased power. They can provide more information than analyzing a specific geographic area,
such as a single province. However, effect estimates can vary across regions, which may
highlight inherent differences between provinces not related to study design. Statistical
heterogeneity in pooled analyses is the excess variation between the individual study or regional
estimates that is not due to chance. Rather, it is due to specific characteristics that distinguish the
meta-analyzed data within studies or provinces from each other. High heterogeneity may
compromise the merit of a meta-analysis because the individual regions may be so different that
they cannot be adequately compared. It is, therefore, important to explore the impact of
heterogeneity on the accuracy of the meta-analysis. Applying the same method of analysis (i.e.,
adapting the same programming code) to each province should reduce heterogeneity due to
differences in study design. However, heterogeneity may also be influenced by a multitude of
factors, such as underlying differences in the study populations, sample sizes, event rate,
geographic variation, demographics, or other characteristics.13s For example, provinces will
likely have differing ethnic make-up and environmental exposures. In addition, the information
stored in these databases may be inconsistent across provinces. Each province regulates its own
health care resource allocation and services offered. These services may depend on political,
economic, and social determinants within each province. As a result, databases that store insured
claims can vary greatly depending on the services or medications each province is willing or able

to cover, or depending on the underlying coding of data.139

Meta-analyses are performed using either fixed or random effects models, each with its

own assumptions.140 Fixed effects meta-analysis models assume regions are estimating one true
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effect, and the differences between the individual regional estimates are due to within-region
error variance (sampling error). Random effects models assume that if the sample size was
infinitely large then the regional effects would create a distribution of true effects around a mean,
and the regional estimates represent a random sample from this distribution. The differences
between the individual regional estimates in random effects meta-analysis models are, therefore,
assumed to be due to both the within-region error variance and between-region variance (2, or
heterogeneity). In the presence of heterogeneity, researchers conducting meta-analysis will often
rely on random effects models to account for the variation in observed associations. Using
identical methodologies, as in distributed network analyses, reduces methodological
heterogeneity. In this scenario, fixed effect models may be justified.13s However, differences still
exist between provinces and their populations, which may lead to heterogeneity that is better
accommodated by random effects models.139 Therefore, there is a need to better understand the
validity of distributed network meta-analysis using both fixed and random effects models and the

impact of between-region heterogeneity on the validity of this approach.
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1.6 Study Rationales, Objectives, and Hypotheses

1.6.1 Aim1

1.6.1.1 Objective
My primary objective for this aim was to evaluate temporal trends in health service use
(hospitalizations, ED visits, and outpatient clinic visits) and surgical outcomes in Ontario

patients diagnosed with childhood-onset IBD between 1 April 1994 and 31 March 2013.

1.6.1.2 Rationale

Many changes to pediatric IBD care have occurred in Canada over the past two decades.
Understanding trends in health services use and surgical outcomes of the pediatric IBD
population is important to aid in informed policy-making decisions and future health services
planning. Furthermore, population-based health administrative data provides opportunities to
capture chronic disease patients with ranging disease severity and rare outcomes, which may be
otherwise difficult to identify. Since health administrative data are usually collected for billing
and recording purposes, they contain a wealth of health services use data that can be used to

assess temporal trends.

1.6.1.3 Hypothesis
Temporal trends in health services utilization and surgical rates have changed in
childhood-onset IBD patients diagnosed in Ontario between fiscal years 1994 and 2012.

Specifically, hospitalizations and surgeries may have decreased over time, with increased
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emphasis on outpatient management. These changes may be related to improvements in the
delivery of care to children with IBD, including, but not limited to, new medications and

increased access to specialist care for children with IBD.

1.6.2 Aim 2

1.6.2.1 Objective

My objective for this aim was to compare the results of individual-level analyses with
results from distributed network meta-analysis methods using the results from Objective 1. A
distributed network analysis was conducted for temporal trends on health services use in each of
the 14 Local Health Integration Networks (LHINS) (to simulate different jurisdictions), and the
results were meta-analyzed and compared to trends reported by the individual-level analyses. In
addition, I explored the impact of statistical factors (e.g., heterogeneity, event rate, statistical

approach) on the comparability of these methods.

1.6.2.2 Rationale

Ontario accounts for approximately 40% of the Canadian population.i41 The province can
be geographically stratified into 14 LHINs, which were the administrative units of funding and
planning for the health system in effect until 2019. With a large population and readily definable
sub-regions that act as their own administrative units within the province, data from multiple
Ontario LHINSs can be used to simulate multiple provinces in the distributed network analysis.
The validation of a distributed network analysis provides the scientific community with a

verified approach to using meta-analytic methods to obtain accurate estimates using aggregate
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data when individual-level data cannot be shared across geographic regions. My work also
provides insights on conditions where outcomes should or should not be meta-analyzed and if

fixed or random effects models should be used.

1.6.2.3 Hypothesis

Meta-analysis of pooled results from multivariable regression models in multiple regions
can accurately approximate the results of regression analysis using individual-level data.
Therefore, when individual-level data cannot be shared across regions for analysis, meta-analysis

of pooled estimates from a distributed network analysis is a satisfactory alternative.
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Chapter 2. Changing Trends of Health
Services Use and Surgeries in Ontario
Children with Inflammatory Bowel Disease:
A Population-based Cohort Study

2.1 Introduction

Inflammatory bowel disease (IBD) is a chronic relapsing and remitting disease primarily
affecting the gastrointestinal tract. The two most common types of IBD are Crohn’s disease (CD)
and ulcerative colitis (UC). While IBD is usually diagnosed in early adulthood, the incidence of
IBD is rising rapidly in children.7e Current IBD care aims to manage symptoms of the disease

because there is no present cure.

IBD costs the Canadian health care system an estimated $1.28 billion annually; this
includes the costs of medication, hospitalizations, surgeries, outpatient visits, and emergency
department visits.2 Because mortality from IBD is low, children with IBD live with their disease
for a long time and, therefore, will likely require more care over the course of their life, resulting
in greater costs to the health care system over their lifespan compared with individuals diagnosed
at older ages. In addition, IBD during childhood presents unique challenges including delayed

growth, increased school absenteeism, and impaired psychosocial wellbeing.19,23,26-28,116

Recent years have seen numerous changes in the care of pediatric IBD patients,
including, but not limited to, increased specialist care,100 the introduction and proliferation of

biologic therapies, and improved diagnostic capacities. The impact of these improvements on
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health care utilization among children with IBD remain uncertain. A previous study found that
the odds of hospitalization has increased in Ontario children with IBD but the frequency of
hospitalizations has remained stable.7s Further, temporal trends in emergency department (ED)
visits have not been well documentedzs and the frequency of outpatient visit rates remained
stable between 1994 and 2004.78 A systematic review and meta-analysis reported decreasing
surgical outcomes among IBD patients over the past half-century.s Decreasing rates of intestinal
resection among children with CD in Ontario have been reported, while rates of colectomy in

children with UC have been stable in Ontario7s but decreased in other Canadian provinces.o1,118

As the prevalence of IBD among Ontario children continues to rise,13 the care of these
children will place an increasingly heavy burden on the Ontario health care system. Updated
health services utilization trends are necessary for health care decision makers to understand the
current and future health care needs of IBD children and prepare cost-effective measures of
meeting these needs. Thus, | aimed to assess the temporal trends of health services utilization

and surgeries among Ontario children with IBD.
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2.2 Methods

The study was approved by the Children’s Hospital of Eastern Ontario (CHEO) Research

Ethics Board.

2.2.1 Study Design and Setting

| conducted a population-based retrospective matched cohort study using health
administrative data hosted at ICES to determine changes in hospitalizations, ED visits, outpatient
visits, and the need for surgery over time in children newly diagnosed with IBD between 1 April

1994 and 31 March 2013 in Ontario, Canada.

2.2.2 Data Sources

Health administrative data is routinely collected by the Province of Ontario’s Ministry of
Health and Long-Term Care (MOHLTC) in the process of administering the universal publicly
funded health care system, providing a wealth of information on health services use. ICES is a
not-for-profit research institute that holds Ontario health data, and other population data, in
compliance with legal and privacy requirements. Data include information on demographics,
outpatient visits, hospitalizations, outpatient procedures (e.g., colonoscopy), and ED visits.
Patients can be deterministically linked across databases using an encrypted unique identifier,
enabling longitudinal tracking of patients over time, and cross-sectional tracking of patients

across databases.
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Office-based outpatient visit records were acquired from the Ontario Health Insurance
Plan (OHIP) physician claims database. OHIP is the publicly funded universal provincial health
care plan provided to all legal Ontario residents (>99% of the population). The OHIP database
collects fee-for-service and shadow billing records from physicians and nurse practitioners, and,
therefore, provides an accurate representation of health services use. Physician billings for
medical procedures (e.g., colonoscopy) are also included in the OHIP physician claims database.
The ICES Emergency Claims database (ERCLAIM) includes physician billings for patients seen
in the ED and is derived from the OHIP physician claims data. For OHIP and ERCLAIM data,
one diagnosis is assigned per patient visit, using an abbreviated 3-digit version of the

International Classification of Disease, 9t Revision (ICD-9) coding system.

Data on hospitalizations and surgeries were obtained from the Canadian Institute for
Health Information Discharge Abstract Database (CIHI-DAD), which collects data abstracted
from patients’ medical charts at discharge by professional, certified medical coders. This
database includes up to 25 diagnostic codes and 20 intervention codes related to the
hospitalization. Medical diagnoses are coded using the International Classification of Disease, 9t
Revision (ICD-9) system prior to 1 April 2002 and the ICD-10 (ICD 10t revision) system
thereafter. Data additionally capture whether each diagnosis was the reason for admission (most
responsible or contributing), comorbidity, and any additional diagnoses made while in hospital.
Interventions are coded using the Canadian Classification of Diagnostic, Therapeutic, and
Surgical Procedures (CCP) prior to 1 April 2002 and the Canadian Classification of Health
Interventions (CCI) thereafter and include any diagnostic or therapeutic interventions that

occurred during the hospitalization, such as endoscopic procedures and surgeries.
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Sociodemographic data were derived from the Registered Persons Database (RPDB),

which includes date of birth, sex, postal code, and eligibility for OHIP (updated bi-monthly).

2.2.3 Study Participants

| identified all children from 6 months to <18 years of age at diagnosis with IBD from
Ontario health administrative data. All incident cases of pediatric-onset IBD in Ontario were
included from the Ontario Crohn’s and Colitis Cohort (OCCC). The OCCC was created from
health administrative data using a two-step validated algorithm.13 Children who underwent
endoscopic evaluation (sigmoidoscopy or colonoscopy) were considered to have IBD if they also
had four physician contacts or two hospitalizations with an associated diagnostic code for IBD
(CD: ICD-9 555.x, ICD-10 K50.x; UC: ICD-9 556.%, ICD-10 K51.x) within three years of the
first health care contact. Children who did not undergo endoscopic evaluation were classified as
having IBD if they had seven outpatient physician contacts or three hospitalizations with
associated IBD diagnosis codes. The date of the first health care contact with an IBD diagnostic

code was considered the date of diagnosis.

The algorithm identified IBD in Ontario children with the following diagnostic
accuracies: sensitivity 89.6-91.1%, specificity 99.5-100%, positive predictive value (PPV) 59.2-
76.0%, and negative predictive value (NPV) 99.9-100%. The validated algorithm further
differentiated CD and UC based on the last five of seven outpatient visits with diagnostic
accuracies of: sensitivity 95.1%, specificity 86.0%, PPV 92.0%, and NPV 91.2%.13 When the
algorithm could not identify the IBD subtype, the patient was assigned a diagnosis of IBD type
unclassifiable (IBD-U). To distinguish incident from prevalent cases, patients required a three-
year lookback period in which they had no contacts with IBD diagnostic codes.13
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Children with IBD were matched to five children without IBD based on age, sex,
rural/urban household, and mean neighbourhood income quintile at the time of IBD diagnosis.
Children without IBD were eligible for OHIP for at least as long as their matched IBD patient. A
total of 6.9% of children with IBD did not have five matched children without IBD, and 23
(0.4%) children with IBD were unmatched to any children without IBD. Children with IBD who
had no matches to children without IBD were excluded only from the analyses of all-cause
health services use outcomes (see section 2.2.5, below). Characteristics of the children with IBD

that could not be matched are described in Appendix A.

Children with and without IBD were excluded from the sample if they were missing
information on date of birth, sex, and postal codes. Residents of the South East LHIN were
excluded due to inconsistencies in OHIP shadow-billings. Children were followed from their
date of diagnosis to either (a) death, (b) end of follow up (31 March 2016), (c) migration out of

Ontario, or (d) end of OHIP eligibility.

2.2.4 Exposure

The exposure was the fiscal year (FY, April 1 to March 31) of IBD diagnosis (FY 1994-
2012, 1 April 1994 to 31 March 2013). The non-IBD controls (children without IBD) were
assigned an index date corresponding to the date their matched 1BD patient was diagnosed with
IBD. FY of diagnosis, or index, was modelled as a linear continuous variable, except when the

data suggested an inflection point. In these cases, a spline was used (see Section 2.2.6.4, below).
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2.2.5 Outcomes

| described IBD-specific, IBD-related, and all-cause health services use including
outpatient clinic visits, ED visits, and hospitalizations. IBD-specific visits were those with an
associated diagnosis code of IBD (ICD-9: 555, 556; ICD-10: K50, K51). IBD-related visits
included visits with IBD-specific diagnoses, in addition to those with diagnoses of signs,
symptoms, and extra-intestinal manifestations of IBD (Appendix B).76,78.98 In the analyses
evaluating hospitalization admissions for IBD-specific or IBD-related diagnoses, the
hospitalization encounter was only included if the IBD-specific or IBD-related diagnosis code
was the most responsible for the hospitalization or the first, second, or third transfer between
hospitalizations or services within the same hospital, or if it was a contributing diagnosis, such as

if the diagnosis was a pre-admit or post-admit comorbidity.

| determined the number of each type of encounters per person per year for each health
services outcome and the time to the first hospitalization or ED visit. Analyses restricted to
patients with IBD evaluated trends in IBD-specific and IBD-related health care encounters.
Analyses comparing children with and without IBD included health care encounters for any
reason (all-cause). Only health services and surgeries occurring on or after the diagnosis date

were included.

I included only hospitalizations with a length of stay >48 hours because hospitalizations
for <48 hours may have represented a hospitalization for the sole purpose of facilitating bowel
preparation for colonoscopy or to facilitate rapid access to biologic medication in these children,
and not hospitalization for disease activity and management. In addition, I counted only one
hospitalization per episode of care, and therefore a transfer between hospitals was considered a

single hospitalization.
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For multiple ED visit claims on a given day only one ED visit was considered per day.
For outpatient visits, only office-based visits were included. Outpatient visits with an associated
infusion, telephone, or tele-medicine code were excluded (Appendix C) to ensure only true
outpatient encounters were counted and that trends were not influenced by encounters solely for
the purposes of administering an infusion or due to the increased availability of tele-medicine. If
a patient had multiple outpatient visit claims in one day, only one outpatient claim was counted

for that day.

| also determined whether the patient underwent surgery and the time to first intestinal
resection (in CD patients)114 or colectomy (in UC patients)142 using previously validated codes to

identify surgeries (Appendix D).

2.2.6 Statistical Analysis

2.2.6.1 Regression Models

| reported the characteristics of children included in the study as means with standard
deviations (SD), medians with interquartile range (IQR), or proportions, where appropriate. |
determined the associations between year of diagnosis and health services use using multivariate
maximum-likelihood regression models for count, dichotomous, and time-to-event data. The
statistical models used to assess temporal trends in health services use and surgeries are
summarized in Table 2.1 and 2.2. | used these models to: (a) determine trends over time of health
services use for IBD-specific and IBD-related reasons in children with IBD overall (including
IBD-U patients) and stratified by disease type (CD and UC) (excluding IBD-U patients), and (b)
compare the trends in all-cause health services use in IBD children to matched children without
IBD, who served as the reference population.
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Since most Poisson regression models were overdispersed (Pearson y? statistic>1.5),143
negative binomial regression models were used to account for the overdispersion. In cases where
the negative binomial regression models did not converge, Poisson regression was used. Children
were followed for 1, 3, and 5 years from the diagnosis or index date in these models, and follow
up time was accounted for by setting the offset equal to the natural log of the follow up. I used
logistic regression models to assess collinearity among predictors at a maximum variance
inflation factor of 2.5.144,145 Children were followed for 1, 3, and 5 years from the diagnosis or
index date in logistic regression models, and patients with incomplete follow up in these models
were excluded from these analyses. The Cox proportional hazard assumption was assessed by
visual inspection of plots and hypothesis testing using time-varying covariates (Appendices E &
F); ties were handled using the exact method because | expected a relatively large number of ties.
Patients were followed for 5 years and were censored for either incomplete follow up or end of

study period in Cox proportional hazards regression models.

For all models, effect estimates (incidence rate ratios, odds ratios, and hazard ratios) were
considered statistically significant if their 95% confidence intervals did not cross the null value
of one. The annual change in the outcomes for every one-year increase in diagnosis date was
reported as the average annual percentage change (APC), which was calculated by subtracting

one from the exponentiated beta-coefficient (e# — 1).

2.2.6.2 Handling of Missing Data
The regression models excluded patients with missing information on the covariates

(children with IBD, n=12; children without IBD, n=26). Children with IBD who could not be
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matched to >1 non-1BD control (n=23) were excluded from the analyses comparing time trends

between patients with and without IBD.

2.2.6.3 Confounding and Effect Measure Modification

Independent variables with potential confounding effects on the association between the
exposure and outcome were chosen a priori due to their known associations with IBD12,13,29,54 or
health services use.76,77,98 These variables were: age (dichotomized into 10 years of age or over
versus under 10 years of age),146 sex (male versus female), rural/urban residence (urban versus
rural, as defined according to the census definition), and mean neighbourhood income quintile (a
five level categorical variable that is a validated approximation of household income)i47 at the
date of IBD diagnosis or index date. In the analyses evaluating IBD-specific and IBD-related
events in IBD patients (as well as CD and UC subgroups), these confounding variables were
included as covariates in each regression model. In the analyses comparing trends in overall
health services use between children with and without IBD, the confounding variables were not
included since the two populations had been matched on those variables. However, a variable
indicating whether the patient had an IBD diagnosis (present versus absent) was included as an
additional independent predictor in the analyses of all-cause health services use in children with
and without IBD. To determine if the trends between children with and without IBD were
different from each other, an interaction term (tested at a=5%) between the year of diagnosis and

IBD diagnosis was included.

Effect measure modification between predictors and covariates was assessed at a 5%
significance level. Inconsistent statistically significant effect measure modification terms within

and across outcomes and models were determined to be a result of random chance due to the
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large number of analyses conducted. Effect measure modification terms that were consistently
statistically significant within or across outcomes and models were investigated by plotting
average annual event rates against time and were determined to have been driven by small cells.

As a result, no additional effect measure modification terms were included in the models.

2.2.6.4 Identification and Inclusion of Inflection Points in Exposure Variable

| assessed temporal trend linearity using two methods. The first was a hypothesis test
(Kolmogorov-type supremum test of the cumulative martingale residuals at a=5%) in Cox
proportional hazards regression models. | also generated plots (Appendix G) to visually assess if
the association between fiscal year and the outcomes was linear (i.e., increased or decreased
consistently over time). When plots appeared to deviate from linearity, | identified any
statistically significant inflection points (a=5%) using Joinpoint Regression Program, Version
4.6.0.0 — April 2018; Statistical Methodology and Applications Branch, Surveillance Research
Program, National Cancer Institute. Preliminary plots of outpatient visit counts per person per
year were the only plots suggesting that changes over time were non-linear (i.e., that there were
inflection points). These inflection points mostly occurred around 2005 in children with IBD and
1997 in children without IBD. While the knot in year 1997 in children without IBD may have
been associated with a change in Ontario’s governmental policy, the year 2005 was a notable
time in the changes to care in pediatric IBD patients because it was when the first biologic
therapies began being used in children.14s When | allowed for two knots in the rate of IBD-
specific outpatient visits occurring within one year of diagnosis in IBD patients, a second knot

appeared at 1997, which suggests the 1997 knot was less prominent than the 2005 knot in IBD
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patients. | therefore restricted Poisson/negative binomial regression models of changes in the rate

of outpatient visits to splines with a knot at 2005.

All statistical analyses were conducted using SAS Enterprise Guide version 7.1 (SAS

Institute, Cary, North Carolina, USA).
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Table 2.1 The multivariable regression models used to assess time trends in health services and surgical outcomes among children

with inflammatory bowel disease in Ontario.

Type of Data Regression Follow up Effect Population Exposure Outcome
Model* from estimate
diagnosis
date (y)

Count Negative 1,35 IRR IBD, CD, UC Year of diagnosis IBD-specific
(Number of events binomial (linear) hospitalizations,

per person per IBD-related
hospitalizations
IBD-specific ED

Visits,
IBD-related ED
Visits

Year of diagnosis IBD-specific
(knot at 2005) outpatient visits,

IBD-related
outpatient visits

Binary Logistic 1,35 OR CD Year of diagnosis  Intestinal resection
(Event did or did (linear)
not occur . .
) uc Year of diagnosis Colectomy
(linear)
Time to firstevent  Cox proportional 5 HR IBD, CD, UC Year of diagnosis IBD-specific

hazard

(linear)

hospitalizations,

IBD-related
hospitalizations
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Type of Data Regression Follow up Effect Population
Model* from estimate
diagnosis
date (y)

Exposure Outcome

IBD-specific ED

Visits,
IBD-related ED
Visits
CD Year of diagnosis  Intestinal resection
(linear)
ucC Year of diagnosis Colectomy
(linear)

*All models adjusted for age (10y or older versus <10y), sex (female versus male), rural/urban residency, and mean neighbourhood

income quintile.

Abbreviations: CD, Crohn’s disease; ED, emergency department visits; HR, hazard ratio; IBD, inflammatory bowel disease; IRR,

incidence rate ratio; OR, odds ratio; UC, ulcerative colitis; y, years
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Table 2.2 The multivariable regression models used to assess and compare time trends in health services outcomes among children

with and without inflammatory bowel disease in Ontario.

Type of Data Regression Follow Effect Population Exposure Outcome
Model* up from estimate
diagnosis
date (y)
Count Negative 1,35 IRR Withand  Year of diagnosis or All-cause
(Number of events binomial without index date hospitalizations+
per person per year) IBD (linear) All-cause ED
Visits
Year of diagnosis or All-cause
index date outpatient visits
(knot at 2005)
Time to firstevent  Cox proportional 5 HR Withand  Year of diagnosis or All-cause
hazards without index date hospitalizations
IBD (linear) All-cause ED
Visits

*All models adjusted for IBD diagnosis (Y/N) and included an interaction term between year of diagnosis and IBD diagnosis to

compare trends in children with and without I1BD.

tPoisson regression was run for all-cause hospitalizations within 1 year of diagnosis.

Abbreviations: CD, Crohn’s disease; ED, emergency department; HR, hazard ratio; IBD, inflammatory bowel disease; IRR, incidence

rate ratio; UC, ulcerative colitis; y, years
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2.3 Results

2.3.1 Descriptive Statistics

| included 5,518 children with IBD matched to 26,677 children without IBD (Table 2.3).
Of included IBD patients, 3,122 (56.6%) were male and they had a mean (SD) age of 13.1 (3.6)
years at diagnosis. The median length (IQR) of follow up was 10.1 (5.0) years for children with
IBD and 10.4 (5.0) years for children without IBD. Of the children diagnosed with IBD, 58.2%
had CD and 35.3% had UC. The algorithm could not identify the IBD type in the remaining

6.5% of IBD children and assigned to these children an “IBD type unclassifiable” diagnosis.
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Table 2.3 Characteristics of children with and without IBD included in the study.

Characteristics IBD Non-1BD
(n=5,518) (n=26,677a)
Sex Females 2,396 (43.4%) 11,573 (43.4%)
Males 3122 (56.6%) 15,104 (56.6%)
Age at IBD diagnosis or Mean (SD) 13.1 (3.6) 13.1 (3.6)
index daten (years) Median (IQR) 14.0 (5.0) 14.0 (5.0)
Diagnosis CD 3212 (58.2%) N/A
ucC 1945 (35.3%) N/A
IBD-U 361 (6.5%) N/A
Rural residence at diagnosis Urban 4929 (89.3%) 24,630 (92.3%)
Rural 583 (10.6%) 2,041 (7.7%)
Missing 6 (0.1%) 6 (0.02%)
Neighbourhood First (Lowest) 714 (12.9%) 3,412 (12.8%)
income quintile Second 928 (16.8%) 4,467 (16.7%)
at diagnosis Third 1092 (19.8%) 5,256 (19.7%)
Fourth 1285 (23.3%) 6,275 (23.5%)
Fifth (Highest) 1487 (27.0%) 7,258 (27.2%)
Unknown 12 (0.2%) 9 (0.03%)
Length of follow up (years) Mean (SD) 11.0 (5.4) 11.3(5.4)
Median (IQR) 10.1 (8.9) 10.4 (9.1)
Minimum 0.4 2.1
Maximum 22.0 22.0

a6.9% of children with IBD did not have five controls

bDate of diagnosis in IBD patients, and the same date in matched non-1BD patients.

Abbreviations: CD, Crohn’s disease; IBD, inflammatory bowel disease; IBD-U, IBD type
unclassifiable; IQR, interquartile range; N/A, not applicable; SD, standard deviation; UC,

ulcerative colitis
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2.3.2 Time Trends in Health Services Utilization

2.3.2.1 Hospitalizations

The rate of IBD-specific hospitalizations within one, three, and five years of diagnosis
declined over time by -1.9% (95% CI -2.7 to -1.0%), -2.4% (95% CI -3.3 to -1.9%), and -2.5%
(95% CI -3.2 to -1.8%) per year, respectively (Table 2.4). IBD-related hospitalization rates
similarly declined in IBD patients. In subgroup analyses, similar decreases were observed in
children with CD but less consistently in children with UC. In children with UC, IBD-specific
and IBD-related hospitalization rates decreased within three years of diagnosis (IBD-specific: -
1.5%, 95% CI -2.9 to -0.0001%; IBD-related: -1.8%, 95% CI -3.2 to -0.3%) and IBD-related
rates decreased within five years of diagnosis (-1.4%, 95% CI -2.8 to -0.0004%). The rate of
hospitalizations among children with UC within one year of diagnosis for combined IBD-
specific and IBD-related reasons, and within five years of diagnosis for IBD-specific reasons did

not decrease significantly.

Rates of all-cause hospitalizations within one, three, and five years of diagnosis
decreased by -1.8% (95% Cl -2.4 to -1.2%), -2.6% (95% CI -3.3 to -1.8%), and -2.7% (95% ClI
-3.3 t0 -1.8%) per year in children with IBD and by -2.8% (95% CI -4.6 to -0.9%), -3.4% (95%
Cl -4.4 10 -2.3%), and -4.3% (95% CI -5.1 to -3.5%) per year, respectively, in children without
IBD (Table 2.5). Compared to children with IBD, children without IBD experienced a larger
magnitude of decrease in rates of hospitalizations within five years from the index date, but not
within one or three years of the index date (one-year interaction term p=0.35; three-year

interaction term p=0.23; five-year interaction term p=0.003).

The hazard of first IBD-specific hospitalization decreased by -1.8% (95% CI -2.4 to -

1.0%) per year in IBD patients; a comparable decline was seen in the hazard of first IBD-related
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hospitalization (Table 2.6). A similar trend was observed in subgroup analyses in CD patients.
However, in UC patients, the decrease in hazard was less pronounced. It was statistically
significant for IBD-specific hospitalizations (-1.3%, 95% CI -2.5 to -0.1%) but not IBD-related
hospitalizations (-1.2%, 95% CI -2.4 to 0.0%). The hazard of any type of hospitalization
decreased faster in children without IBD (-4.0%, 95% ClI -4.8 to -3.1%) compared with IBD

patients (-1.6%, 95% CI -2.3 to -1.0%; interaction term p<0.0001) (Table 2.7).

2.3.2.2 Emergency Department Visits

IBD-specific ED visit rates did not change over time. However, IBD-related ED visit
rates within one, three, and five years of diagnosis increased by +1.8% (95% CI +0.8 to +2.8%),
+1.4% (95% CI +0.6 to +2.2%), and +1.5% (95% CI +0.7 to +2.3%) per year, respectively
(Table 2.4). This trend was seen in CD patients, while only rates of IBD-related ED visits within

five years of diagnosis increased (+2.0%, 95% CI +0.7 to +3.3%) in UC patients.

Rates of ED visits for any reason increased slightly among IBD patients for visits within
three (+0.8%, 95% CI +0.1 to +1.6%) and five years of diagnosis (+1.0%, 95% CI +0.3 to
+1.6%); the rate of ED visits within one year of diagnosis remained stable (+0.8%, 95% CI -
+0.03 to +1.7) (Table 2.5). In children without IBD, the rate of any type of ED visit within one
year of diagnosis slightly decreased (-0.7%, 95% CI -1.2 to -0.2%), but the rates within three and
five years of diagnosis remained unchanged (three-year: -0.3%, 95% CI -0.7 to 0.0%; five-year: -

0.2%, 95% CI -0.5 to +0.1%).

The hazard of the first IBD-specific ED visit was stable over time (-0.2%, 95% CI -1.1 to

+0.7%) and increased for IBD-related ED visits (+0.9%, 95% CI +0.3 to +1.6%) (Table 2.6). The
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trend of increasing hazard of first ED visit for IBD-related reasons was also observed in children
with CD, but in children with UC the hazard of first ED visit for IBD-related reasons remained

stable over time.

The hazard of first ED visit for any reason within five years of diagnosis decreased
slightly in children without IBD (-0.6%, 95% CI -0.9 to -0.3%) but remained stable in IBD

patients (+0.4%, 95% CI -0.1 to +1.0%; interaction term p=0.003) (Table 2.7).

2.3.2.3 Qutpatient Visits

In children diagnosed with IBD in 2005 or earlier, rates of IBD-specific and IBD-related
outpatient visits within one year of diagnosis decreased by -1.3% (95% CI -1.9 to -0.6%) and -
2.1% (95% CI -2.7 to -1.5%) per year, respectively (Table 2.4). IBD-related outpatient visits
within three (-1.2%, 95% CI -1.7 to -0.6%) and five years (-0.9%, 95% CI -1.5 to -0.3%) from
diagnosis also decreased in these children. The three- and five-year IBD-specific outpatient visit
rates remained stable (three-year: +0.1%, 95% CI -0.5 to +0.1%; five-year: +0.6%, 95% CI 0.0
to +1.2%). These trends were also generally observed in children with CD and UC. However,
UC children diagnosed in 2005 or earlier had increasing rates of IBD-specific outpatient visits
within five years of diagnosis (+1.1%, 95% CI +0.1 to +2.1%), while rates of IBD-related
outpatient visits within five years of diagnosis remained unchanged (-0.7%, 95% CI -1.7 to

+0.3%).

Among children diagnosed with IBD after 2005, IBD-specific outpatient visit rates within
one, three, and five years of diagnosis increased by +6.0% (95% CI +5.0 to +6.9%), +3.9% (95%

Cl +3.0 to +4.8%), and +4.0% (95% CI +3.1 to +4.9%) per year. IBD-related visits increased by
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+3.7% (95% CI +2.7 to +4.6%), +2.2% (95% CI +1.4 to +3.1%), and +2.8% (95% CI +1.9 to

+3.7%) per year. A similar trend was observed in the CD and UC subgroups.

In both children with and without IBD with a diagnosis or index date in or before 2005,
there were similar decreases in rates of any type of outpatient visit within one year of diagnosis
(children with IBD: -1.2%, 95% CI -2.0 to +0.4%; children without IBD: -1.8, 95% CI -2.2 to
-1.4%; interaction term p=0.19) (Figure 2.1; Table 2.5). The frequency of outpatient visits within
three and five years decreased for children without IBD (three-year: -1.8%, 95% CI -2.1 to -
1.4%, and five-year: -1.6%, 95% CI -1.9 to -1.2%), but not in children with IBD (three-year: -
0.6%, 95% CI -1.3 to +0.2%); five-year: -0.7%, 95% CI -1.5 to +0.1%). The differences in these
rates between children with and without IBD were statistically significant (three-year interaction

term p=0.003; five-year interaction term p=0.03).

In children diagnosed with IBD after 2005, there were annual increases of +3.2% (95%
Cl +1.9 to +4.4%), +1.5% (95% CI +0.4 to +2.7%), and +2.1% (95% CI +1.0 to +3.2%) in the
rates of any type of outpatient visits within one, three, and five years of diagnosis. The frequency
of outpatient visits among children without IBD with an index date after 2005 remained stable
for visits within three and five years of the index date (one-year: -0.3%, 95% CI -0.9 to +0.4%;
three-year: -0.4%, 95% CI -1.0 to +0.1%) but decreased for visits within five years of the index
date (-0.7%, 95% CI -1.2 to -0.2%). However, the time trends in the frequency of outpatient
visits were only statistically different between children with and without IBD within one year of
diagnosis (one-year interaction term: p=0.005; three-year interaction term: p=0.32; five-year

interaction term: p=0.71).
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Figure 2.1 The plot of average all-cause outpatient visit counts among children with (red) and
without (blue) IBD within one year of diagnosis per person per year for each fiscal year of
diagnosis or index.
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Table 2.4 The adjusted incidence rate ratios (95% confidence intervals) of IBD-specific and IBD-related health services use for a one year increase in year
of diagnosis from adjusted negative binomial regression models for children with inflammatory bowel disease, overall and stratified by disease subtype.

Outcome Followup  Splinet IBD (n=5506) CD (n=3205) UC (n=1940)
from
diagnosis
(years)
IBD-specific IBD-related IBD-specific IBD-related IBD-specific IBD-related
Hospitalizations 1 N/A 0.981 0.981 0.982 0.982 0.986 0.984
(0.973-0.990)  (0.973-0.990)  (0.972-0.992)  (0.972-0.992)  (0.970-1.002)  (0.969-1.000)
3 N/A 0.974 0.974 0.971 0.971 0.985 0.982
(0.967-0.982) (0.966-0.981) (0.962-0.980) (0.962-0.980)  (0.971-0.9999)  (0.968-0.997)
5 N/A 0.975 0.974 0.970 0.970 0.989 0.986
(0.968-0.982)  (0.967-0.982)  (0.962-0.979)  (0.962-0.979)  (0.975-1.003)  (0.972-0.9996)
ED visits 1 N/A 1.003 1.018 1.010 1.020 0.986 1.012
(0.990-1.016) (1.008-1.028) (0.994-1.027) (1.007-1.034) (0.964-1.009) (0.995-1.030)
3 N/A 1.000 1.014 1.003 1.015 0.995 1.013
(0.990-1.011)  (1.006-1.022)  (0.989-1.016)  (1.004-1.026)  (0.977-1.014)  (0.999-1.027)
5 N/A 1.002 1.015 1.002 1.013 1.003 1.020
(0.993-1.012)  (1.007-1.023)  (0.990-1.014)  (1.003-1.023)  (0.985-1.021)  (1.007-1.033)
Outpatient visits 1 Before 0.987 0.979 0.989 0.982 0.983 0.977
2005 (0.981-0.994)  (0.973-0.985)  (0.982-0.997)  (0.974-0.990)  (0.973-0.994)  (0.966-0.987)
After 1.060 1.037 1.056 1.038 1.069 1.030
2005

(1.050-1.069)

(1.027-1.046)

(1.044-1.068)

(1.026-1.050)

(1.053-1.086)

(1.014-1.046)

48



Outcome Followup  Splines IBD (n=5506) CD (n=3205) UC (n=1940)
from
diagnosis
(years)
IBD-specific IBD-related IBD-specific IBD-related IBD-specific IBD-related

3 Before 1.001 0.988 0.999 0.990 1.004 0.988
2005 (0.995-1.001)  (0.983-0.994)  (0.992-1.006)  (0.983-0.997)  (0.993-1.014)  (0.978-0.998)
After 1.039 1.022 1.034 1.021 1.053 1.026
2005 (1.030-1.048)  (1.014-1.031)  (1.023-1.046)  (1.010-1.032)  (1.038-1.069)  (1.011-1.041)

5 Before 1.006 0.991 1.004 0.991 1.011 0.993
2005 (1.000-1.012)  (0.985-0.997)  (0.996-1.011)  (0.984-0.998)  (1.001-1.021)  (0.983-1.003)
After 1.040 1.028 1.033 1.024 1.057 1.035
2005

(1.031-1.049)

(1.019-1.037)

(1.022-1.045)

(1.013-1.035)

(1.042-1.073)

(1.021-1.050)

+Before 2005 inclusive of the 2005 fiscal year.

Incidence rate ratios were obtained using negative binomial regression models.

Abbreviations: CD, Crohn’s Disease; ED, emergency department; IBD, inflammatory bowel disease; N/A, not applicable; UC, ulcerative colitis.

Significant findings are indicated in bold font.
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Table 2.5 The incidence rate ratios (95% confidence intervals) of all-cause health services use for a one year increase in year of diagnosis, or index,
for children with and without inflammatory bowel disease.

Outcome Follow up Splinet IBD (n=5495)% Without IBD (n=26,677) Difference in rate
from diagnosis chqnges b_etween
patients with and
(years) without IBD
Hospitalizations 1* N/A 0.982 0.972 p=0.35
(0.976-0.988) (0.954-0.991)
3 N/A 0.974 0.966 p=0.23
(0.967-0.982) (0.956-0.977)
5 N/A 0.974 0.957 p=0.0028
(0.967-0.982) (0.949-0.965)
ED visits 1 N/A 1.008 0.993 p=0.0026
(0.9997-1.017) (0.988-0.998)
3 N/A 1.008 0.997 p=0.0034
(1.001-1.016) (0.993-1.0002)
5 N/A 1.010 0.998 p=0.0013
(1.003-1.016) (0.995-1.001)
Outpatient visits 1 Before 2005 0.988 0.982 p=0.19
(0.980-0.996) (0.978-0.986)
After 2005 1.032 0.997 p=0.0046**
(1.019-1.044) (0.991-1.004)
3 Before 2005 0.994 0.982 p=0.0034

(0.987-1.002)

(0.979-0.986)
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Outcome Follow up Splines IBD (n=5495)% Without IBD (n=26,677)

from diagnosis

Difference in rate
changes between
patients with and

(years) without IBD
After 2005 1.015 0.996 p=0.32**
(1.004-1.027) (0.990-1.001)
5 Before 2005 0.993 0.984 p=0.03
(0.985-1.0003) (0.981-0.988)
After 2005 1.021 0.993 p=0.71**
(1.010-1.032) (0.988-0.998)

+Before 2005 inclusive of the 2005 fiscal year.

1 Excludes children with IBD who were unmatched to any children without IBD.

*Poisson regression model used instead of negative binomial regression due to failure in model convergence. Pearson y2=1.4.
**P-values from likelihood ratio test for any difference in rates between children with and without IBD.

Incidence rate ratios were obtained from negative binomial regression models.

Abbreviations: CD, Crohn’s Disease; ED, emergency department; IBD, inflammatory bowel disease; N/A, not applicable; UC, ulcerative colitis.

Significant findings are indicated in bold font.
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Table 2.6 The adjusted hazard ratios (95% confidence intervals) of first IBD-specific and -related health services use within five years of diagnosis
for a one year increase in year of diagnosis for children with inflammatory bowel disease, overall and stratified by disease subtype.

Outcome IBD (n=5506) CD (n=3205) UC (n=1940)
IBD-specific IBD-related IBD-specific IBD-related IBD-specific IBD-related
Hospitalization 0.982 0.983 0.982 0.982 0.987 0.988
(0.975-0.989) (0.976-0.990) (0.974-0.991) (0.974-0.991) (0.975-0.999) (0.976-1.000)
ED visit 0.998 1.009 0.997 1.010 0.999 1.010

(0.989-1.007)  (1.003-1.016)  (0.986-1.009)  (1.002-1.019)  (0.984-1.015)  (0.998-1.022)

Hazard ratios were obtained from Cox proportional hazards regression models.

Abbreviations: CD, Crohn’s Disease; ED, emergency department; IBD, inflammatory bowel disease; UC, ulcerative colitis.

Significant findings are indicated in bold font.

Table 2.7 The hazard ratios (95% confidence intervals) of all-cause health services use for a one year increase in year of diagnosis, or index, for
children with and without inflammatory bowel disease.

Outcome IBD (n=5495) i Without IBD (n=26677) Difference in changes

between patients with

and without IBD

Hospitalization 0.984 0.960 p<0.0001
(0.977-0.990) (0.952-0.969)

ED visit 1.004 0.994 p=0.0025
(0.999-1.010) (0.991-0.997)

Hazard ratios were obtained from Cox proportional hazards regression models.
1 Excludes children with IBD who were unmatched to any children without IBD.

Abbreviations: CD, Crohn’s Disease; ED, emergency department; IBD, inflammatory bowel disease; UC, ulcerative colitis.

Significant findings are indicated in bold font.
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2.3.3 Time Trends in Surgical Outcomes

2.3.3.1 Intestinal resection

In CD patients, the odds of intestinal resection within one, three, and five years of
diagnosis decreased by -5.8% (95% CI -8.0 to -3.5%), -6.1% (95% CI -7.7 to -4.4%), and -6.4%
(95% CI -8.2 to -4.7%) per year, respectively (Table 2.8). The hazard of first intestinal resection

within five years of diagnosis decreased by -6.0% (95% CI -7.3 to -4.6%) per year.

2.3.3.2 Colectomy

The odds of colectomy within one and three years of diagnosis in UC patients decreased
by -3.8% (95% CI -7.2 to -0.2%) and -3.4% (95% CI -6.0 to -0.7%) per year, respectively, but
the five-year colectomy odds remained stable (-2.2%, 95% CI -5.0 to +0.7%). The hazard of

colectomy within five years of diagnosis decreased by -3.0% (95% CI -5.2 to -0.7%) per year.
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Table 2.8 The adjusted odds ratios (OR), adjusted hazard ratios (HR), and 95% confidence intervals (CI) for
intestinal resection in Crohn’s disease and colectomy in ulcerative colitis patients for a one year increase in

year of diagnosis.

Outcome Follow up CD ucC
from diagnosis
date (years)
OR 1 n=3204 n=1940
(95% CI) 0.942 0.962
(0.920-0.965) (0.928-0.998)
3 n=3195 n=1931
0.939 0.966
(0.923-0.956) (0.940-0.993)
5 n=2742 n=1653
0.936 0.978
(0.918-0.953) (0.950-1.007)
HR 5 n=3205 n=1940
(95% CI) 0.940 0.970

(0.927-0.954)

(0.948-0.993)

Odds ratios were obtained from logistic regression models.

Hazard ratios were obtained from Cox proportional hazards regression models.

Abbreviations: CD, Crohn’s Disease; CI, confidence interval; OR, odds ratio; HR, hazard ratio; UC, ulcerative

colitis.

Significant findings are indicated in bold.
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2.4 Discussion

2.4.1 The Importance of Assessing Temporal Trends in Inflammatory Bowel Disease Health
Services Use

Over a period of time that has seen changes in the management of pediatric IBD, |
observed decreasing trends in hospitalizations and surgeries. These decreases were accompanied
by increasing outpatient and ED visits. These changes in health services utilization provide vital
information for policy makers and care providers to plan for future health care demands for

children with IBD as the landscape of IBD in Canada continues to evolve.

It is estimated that 10-20% of new IBD diagnoses occur among children, and the
incidence of IBD is rising faster among children than any other age group.149 There are currently
3000 Canadian children living with IBD — expected to rise to 7000 by 2030.10,150 A greater
number of children diagnosed with IBD will likely translate to more health care resources
required to meet the needs of IBD patients. Patients with IBD use more health care services than
healthy individuals, resulting in significantly higher costs to the health care system.zs In 2018,
the economic burden of IBD in Canada was estimated to be over $1.28 and $1.29 billion in direct
and indirect costs, respectively.2,3 Further, the differences between children with and without
IBD have increased over time, with increasing outpatient visits and slower declines in
hospitalization rates in children with IBD compared to children without IBD. Children with IBD
will require ongoing care, and the costs of caring for these patients over the course of their
lifetime are substantial. Understanding trends in health care utilization among children with IBD
will ensure that our health care system is adequately prepared to care for the increasing number

of children with IBD.
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2.4.2 Study Findings on Temporal Trends of Health Services Use in Ontario Children Diagnosed
with Inflammatory Bowel Disease

2.4.2.1 Hospitalizations

The number of hospitalizations per person per year, or rate, for IBD-specific, IBD-
related, and for any (all-cause) reason decreased in children diagnosed with IBD between fiscal
years 1994 and 2012. The change in the rate of time to first hospitalization (i.e., hazard of
hospitalization) for IBD-specific, IBD-related, and all-cause hospitalizations also decreased in
children with IBD. These findings are consistent with previous Canadian studies reporting
decreasing trends in hospitalization among children with IBD in Manitoba and with CD in
Ontariors,115 and adults with IBD in Ontario.113,115 However, a previous Ontario study found
overall rates of hospitalization had not changed between 1994 and 2004 and children diagnosed
between 2001-2004 had higher odds of being hospitalized compared to those diagnosed at earlier
times.7s The present study was able to capture more recent trends and show that hospitalization

rates among pediatric IBD patients have, in fact, declined over time.

Importantly, declines in all-cause hospitalizations were also observed in children without
IBD, leaving it unclear whether the findings in IBD patients are related to IBD-specific
interventions or other factors, such as general health care reforms, changing health care
resources, or changing patient behaviour, but it does suggest systemic factors may be in part
driving this decline — beyond changes to IBD care alone. Possible systemic factors include
changes in pediatric-specific health care or government policy changes to the health system
resulting in a reduced number of hospital beds and increased pressure to lower costs. In addition,
the rates and hazards of hospitalization differed between children with and without IBD.
Specifically, the magnitude of the decrease was larger in children without IBD after five years

from diagnosis/index date, which suggests children with IBD may be less susceptible to secular
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trends and pressures from policy-makers to reduce hospitalizations in Ontario during this time

period.

Decreasing hospitalizations in Ontario have been reported since the 1980s. Between 1984
and 1994, the Ontario Ministry of Health increased its total funding for health services but
reduced its funding for acute and chronic hospitals from 47% of total funding to 41%; 7,500
fewer hospital beds were filled during this time.1s1 CIHI reported a 1.3% decrease in acute
hospitalizations per year in Ontario between 1994 and 2010 compared with a national average of
a 0.9% decrease.152 Hospitalizations have also decreased for medical events requiring acute
careis3-155 and chronic diseases such as multiple sclerosisiss,157 and rheumatoid arthritis.1ss In
children, similar decreases have been reported in overall rates of hospitalizations in Ontario.1s9
There was a 50% decrease in pediatric asthma hospitalization rates between fiscal years 2006
and 2015 across Canada;1eo hospitalizations among children with asthma and diabetes have also
decreased in Ontario.161,162 However, trends in the need for hospitalization among Ontario
children with multiple sclerosis have been stable.163 Decreasing trends in both adult and pediatric
hospitalizations across diverse patient populations suggests that these decreases may result from

initiatives aimed at reducing cost-intensive health services in Canada.

2.4.2.2 Emergency Department Visits

The rate of IBD-specific ED visits in children with IBD remained stable, but IBD-related
visits became more frequent over time. In contrast to increasing rates of all-cause ED visits in
children with IBD, ED visit rates decreased in children without IBD. The hazard of an ED visit
within five years of diagnosis followed a similar pattern to the rates, except the hazard of all-

cause ED visits, which was stable in children with IBD and decreased slightly in children
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without IBD. These findings help fill a knowledge gap because temporal trends in ED visits
among children with IBD in Canada are not well established. Internationally, increases in ED
visits have been observed among children and adults with IBD;101,104,164 however, the studies
either reported absolute numbers of visitsies or were cross-sectional in nature, 101,104 where
patients could not be followed after visiting the ED. Therefore, trends in ED visits seen in these
studies may reflect either true changes in health services use or changes in disease prevalence. In
a previous study in Ontario, ED visit rates in CD patients decreased in both adults and children,
which contrasts the findings in the present study, in which ED visit rates generally increased
among children with CD.115 This difference in findings may be a result of the use of different
cohorts. My study used incident IBD patients because health service use is expected to be highest
soon after the date of diagnosis.7z However, Rahman, et al.115, used prevalent cohorts, and it is
possible that, while ED use is increasing in incident IBD patients diagnosed more recently, the

ED use rates in prevalent IBD patients overall has been decreasing.

The rise in ED visits among children with IBD and divergent trends in ED visit use
between children with IBD and without IBD may indicate ambulatory care needs among children
with IBD are not being met. In children without IBD, sufficient outpatient and preventative care

may have reduced the need for ED visit use over time.

In children with other chronic illnesses, ED visits have either remained stable or
decreased. Specifically, ED visits in Ontario children with diabetes decreased, 165,166 While trends
of ED visits in asthmatic children in the US remained stable.167 Both these trends in children
with other chronic diseases and the decreasing ED visit rates in children without IBD suggest the
increasing ED visit use in children with IBD may be due to reasons related to their IBD. Children

have presented to the ED for IBD care when their disease was severe, they needed care outside
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of regular clinic hours, or were instructed to go to the ED by their care provider.ies Furthermore,
specific medications, namely corticosteroids and opioids, have been associated with ED use
either because of side effects and complications or as indicators for patients with more severe
disease.103 However, care-takers may also influence the frequency at which children are seen at
the ED. IBD-related ED visit use in children may have increased due to improved parental
awareness of signs and symptoms associated with IBD or, alternatively, due to insufficient

education among parents of children with IBD to understand when their child needs urgent care.

Increased IBD-related ED visits in children with IBD could also result from changes in
physician practises, in which primary care providers send their patients with IBD to the ED more
often because of a reluctance to care for patients with a disease where management strategies are
rapidly evolving and increasing in complexity. The growing prevalence of IBD among children
and increases in rates of outpatient visits may be outpacing the number of pediatric
gastroenterologists, and families may believe that the ED provides the best opportunity for their
child to access specialist care. Insufficient specialist care in outpatient settings has been
associated with higher ED visit use in Ontario patients with IBD.s3,103 Observed ED visit
frequencies, coupled with decreased hospitalizations, may reflect patients presenting to the ED
without subsequent hospital admission. A US study found increases in the absolute numbers of
ED visits but decreases in the proportion of children admitted to hospital.104 The motivators for
increased IBD-related ED visits in children is not clear and could result from one or a

combination of the potential reasons described above.
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2.4.2.3 QOutpatient Visits

Our analysis of trends suggested an inflection point in 2005, meaning that trends in
outpatient visits were different before and after this year. This coincided with the time in which
infliximab first began being used in pediatric CD.148 In children diagnosed between fiscal years
1994 and 2005, the rate of IBD-specific outpatient visits generally remained stable while IBD-
related visit rates decreased. In this same time period, the rates of all-cause outpatient visits also
remained stable in children with and without IBD. In children diagnosed with IBD since 20086,
IBD-specific, IBD-related, and all-cause outpatient visit rates have increased; rates of all-cause
outpatient visits were either stable (within one and three years of index) or decreasing (within
five years of index) in children without IBD. The stable outpatient visit rates observed in
children diagnosed between 1994-2005 in the present study are consistent with the stable
outpatient visit rates in children diagnosed between 1994-2004 in the previous Ontario study.rs
However, my study provides new insights on the increasing trend in outpatient visit rates in

children diagnosed with IBD more recently (after 2005).

The differences in increasing outpatient trends observed children with IBD but not in
children without IBD suggest shifting patterns in health services use in IBD patients. These
changing behaviours may indicate children with IBD may be monitored more frequently with the
recent changes to IBD care, while children without IBD may have declining needs of frequent

care by their health care provider.

Outpatient visits have been decreasing among all Ontario children.i02 The increasing
trends in outpatient visits in children with IBD have also not been observed in children of other
chronic diseases, such as multiple sclerosisiez or asthma, 167,169 which suggests the increases in

outpatient visits are unique to children with IBD. The increasing outpatient trends after 2005
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could have been precipitated by changes in IBD care. One example of this change is a greater
number of specialized care physicians available to IBD children.7s Children diagnosed in or
before 2005 may also have been more likely to be seen by an adult gastroenterologist in the later
years of their care, who may be less available to see their patients than pediatric
gastroenterologists. This could have resulted in the decreasing outpatient visits for IBD-related
reasons before 2005. Following patients until 18 years of age, before the transition to adult care,
may have provided further insight on the impact of transition in care. In addition, the more recent
trend toward a treat-to-target approach in IBD,148 and an increased proportion of patients on
biologics may result in more frequent outpatient visits for monitoring of response to therapy and
adverse effects. Increased monitoring of children with IBD in outpatient settings may be, in part,
responsible for the decreasing need for hospitalization. Conversely, the decreasing
hospitalizations could have resulted in increased compensatory outpatient visits after 2005 and
IBD-related ED visits in IBD children. As with ED visits, it is possible the observed increased

outpatient visits are due to a combination of reasons that were discussed above.

2.4.3 Study Findings on Temporal Trends of Surgical Outcomes in Ontario Children Diagnosed
with Inflammatory Bowel Disease

The need for surgery has steadily decreased among children with both CD and UC, with
substantial decreases in the need for intestinal resection among children with CD. These findings
are consistent with previous studies demonstrating decreased need for surgery among children
with CD7s and adults with CD170 and UC.91,118 The need for colectomy in children with UC was
previously shown to be stable in Ontariozs but decreasing in Manitoba.72 Though I did not

identify an inflection point—indicating that the annual decrease in the need for colectomy
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changed steadily over time—subtle differences in slope may have been missed in the preliminary
plots of colectomy trends. Specifically, the decreases in UC may have been driven by more
recent decreases in the need for colectomy. This could have been further explored by examining
the differences in slopes between UC children diagnosed earlier versus children diagnosed more

recently.

Health services use patterns can reflect the patients’ behaviours of seeking care and may
not represent medically necessary visits. Since surgical outcomes are believed to be less
influenced by these behaviours compared to hospitalizations, ED visits, and outpatient visits,
decreases in the need for surgery may be associated with improvement in the quality of IBD care

and better disease control resulting from increased availability of effective therapies.

Randomized controlled trials and meta-analyses have demonstrated a lower need for
surgery in patients on biologic therapy.s,110,171,172 This has been further supported by previous
studies that found decreased surgery rates in the post-biologic era.107,173 However, this decrease
may not be directly attributable to the use of anti-tumor necrosis factor (anti-TNF) therapies. In
an Ontario study, the introduction of infliximab did not result in lower health services utilization
or surgeries among adults with IBD over what would have been expected based on trends in
these outcomes before the introduction of infliximab.113 However, this study did not directly
evaluate the effects of other therapies or changes to IBD care, which have also been associated
with decreasing rates of IBD-related surgeries.174,175 This study also did not include children,
who have higher response rates to biologic therapy due a more predominant inflammatory
disease behaviour, as opposed to greater stricturing rates in adult IBD.14s,176 The authors also
noted that suboptimal use of biologics may have been one reason why expected decreases were

not observed.
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The notion that risk of surgery has been decreasing independently of biologic therapy is
not new. A systematic review found that surgical rates have been decreasing over the last 60
years, long before biologic therapy was a treatment option for IBD.s Furthermore, the gradually
changing trends seen in pediatric IBD surgery in my study suggest these trends have been
gradually shifting since the beginning of the study (1994), before the introduction of biologics
for the management of pediatric IBD. It is, therefore, likely that other factors have been
gradually driving these trends. These factors could include improved outpatient care in children,
such as a shorter time from symptom onset to diagnosis and increasing specialist care. The
number of pediatric gastroenterologists has increased between 1994 and 2006 from 0.38 to 0.90
per 100,000 children, and IBD children have been increasingly treated by pediatric specialists
instead of adult specialists.7s Furthermore, an earlier visit to a gastroenterologist has been
associated with a 17% (95% CI 0.2 to 29%) decrease in the risk of surgery.ios In addition to the
availability of specialists, a number of available pharmaceutical therapies and improved
awareness and diagnostic equipment (e.g., colonoscopies, MR/CT enterography) over time may
have resulted in earlier diagnosis and treatment (before disease progression), averting the need
for surgery. When IBD is diagnosed earlier in its course and treated effectively, surgery can be

avoided. Improvements in access to care and better therapies may be making this possible.

2.4.4 Strengths and Limitations

This study had large sample size, was population-based, and included children without
IBD. Using a population-based approach, | included all children in Ontario with IBD, reducing
selection bias. Population-based data also ensured | included sufficient numbers of children

without IBD and that they were selected at random (after matching). By comparing trends in
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children with and without IBD, I distinguished between trends specific to IBD children and

trends universal to all Ontario children.

Limitations of this study stemmed from my inability to identify reasons for changing
trends, lack of subgroup analyses, issues with conducting health research using administrative
data, the lack of control marker for surgeries, the inability to distinguish between medically
necessary and not medically necessary ED visits or elective and non-elective hospital admissions
or procedures, low power in children with UC, and the potential for increased Type I error due to

testing multiple comparisons.

| did not look for direct associations between IBD care and time trends on health services
use. Data on use of IBD medications are not universally available in Ontario health
administrative data for individuals <65 years. | also did not have information on disease severity.
As a result, | could not draw conclusions on the reasons the trends were observed. In addition,

the identification of trend motivators was beyond the scope of my study.

| also did not include subgroup analyses that have been previously reported to be
influential on health services use in pediatric IBD. For example, health services use in IBD
children has been shown to differ by age group and sex.7e,77z However, when | tested for effect
measure modification, the only interaction consistently observed across outcomes and models
was between age and rurality. When further investigated, this interaction was found to be driven

by small cells rather than true effect measure modification.

As with most routinely collected health administrative data, the study was susceptible to
the consequences of conducting research using data that was not collected for research purposes.

| lacked data on clinical characteristics (such as disease phenotype or severity), serum markers of
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inflammation, characteristics of the intestinal microbiome, diet, or other factors that may have
affected the outcomes. While I controlled for the confounding effects of sex, age, rurality, and
mean neighbourhood income quintile, and these variables may have partially adjusted for some
of the missing variables, it is very likely residual confounding persisted. Furthermore,
administrative data are prone to misclassification bias. The algorithm used to identify IBD may
have introduced some misclassification bias due to the imperfect nature of all algorithms.
However, the algorithm has a high accuracy, and so it was assumed the misclassification bias
originating from IBD identification errors was relatively low. In addition, while codes for
surgery were validated,114,142 they were validated in adults and outside of Ontario, though using
the same CIHI-DAD database as my study. The accuracy of these codes may have performed
differently among children in Ontario. Further, the codes used to identify IBD-related visits and
hospitalizations were not validated. However, a panel of IBD experts chose and agreed upon

these codes, and these codes have been used in previous studies.76-78

Initially, I included orthopedic surgeries to serve as a control for IBD-related surgeries.
Orthopedic surgeries were selected because they are not related to gastrointestinal symptoms or
complications of IBD and there had been no changes specific to orthopedic care that would have
affected trends. However, orthopedic surgeries were rare, and | could not derive meaningful
results. Therefore, | decided to forego a contextual control for surgical trends. Since surgeries are
presumably performed only when there is a need (i.e., medical treatment has failed or

complications arise), changes in surgery trends likely reflect changes in IBD care.

ED visit patterns can reflect patient habits in seeking care rather than what care providers
would consider to be medically necessary. One way to determine if EDs were medically

necessary could have been determining what proportion of visits resulted in a hospitalization. As
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a result, I am unable to conclude whether ED visits trends reflect an actual need in IBD patients,

or are due to other reasons, such as poor patient education of when to seek care.

| also did not categorize hospital admissions or surgeries as elective or non-elective, and
it is possible that the trends for these categories may differ.114 However, the primary aim of our
evaluation of health services use and surgeries over time was to determine overall trends. Future

studies may choose to investigate these differences further.

While changing trends were commonly observed in CD and all IBD patients, these trends
were sometimes diminished or not replicated in UC. There are fewer children in Ontario with UC
and | may have been underpowered to detect significant trends. For example, the one- and three-
year odds of colectomy decreased among children with UC, but the five-year odds (analyzed
with a smaller sample size due to required follow-up time) remained stable. Alternatively, newer
therapies may not work as well in children with UC. Children with severe UC often require
higher doses of anti-TNF biologics to maintain therapeutic serum levels because of excretion of
drug from the serum into feces through the heavily inflamed colonic mucosa.177 Furthermore,
some medications used for CD were approved later for use in UC; trends of decreasing health
services utilization may not yet be apparent. Future studies assessing differences in disease

treatment and management strategies between CD and UC children are needed.

Finally, I conducted a large number of analyses in this study, resulting in a risk of Type I
error due to multiple comparisons. | did not correct p-values for multiple comparisons since each
analysis was separate and independent, with only one major independent variable assessed
(time). Where appropriate, statistically significant p-values were investigated with visual plots in

order to determine if the significant p-values appeared credible or driven by small cells.
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2.4.5 Future Directions

Although studies have reported decreases in the use of the costlier health services (i.e.,
hospitalizations and surgeries) in the post-biologic era compared to the pre-biologic era, and
these trends are consistent with clinical trials, Murthy, et al.,113 demonstrated these decreases in
Ontario may not be as strongly related to biologic use as was originally believed. The authors
postulated that the lack of significant impact through biologic use may be a result of inefficient
use of the therapy. Further research on the impact of appropriately (e.g., proper dose and
frequency) used biologic therapy on health services use trends is needed. In addition, since
biologic therapy was not the only change to pediatric IBD care over recent years, future studies

exploring the impact of other changes on health services use trends are warranted.

IBD affects all areas of patients’ lives, and health services use is just one of those areas.
While trends in health services use are informative in health care planning, so are trends in
patients’ quality of life, including absenteeism from school and educational attainment. These are
particularly important in light of the high indirect costs of IBD in Canada. Health care policy
makers need to plan for the evolving health care needs of children with IBD, ensuring that

children receive the best possible care so that they can go on to lead healthy and productive lives.

While I primarily discussed the changes to pediatric IBD care, | did not discuss changes
to quality of care, which may be important in determining how patients use available health
services. For example, there has been a documented transition where the care of children with
IBD is being increasingly provided by pediatric gastroenterologists. Children with IBD have
unique needs and benefit from the specialized care that pediatric gastroenterologists can
provide.zs,178 Furthermore, it is possible that improving or increasing transition programs that aid

for adolescents smoothly move from pediatric to adult gastroenterologist care may over time lead
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to better outcomes.179 Future research should address whether we have seen changes to the

quality of care, and whether these changes have impacted outcomes in children with IBD.

Since health services and surgical outcomes place a heavy financial burden on the
Canadian health care system,2 it is important for health care management and policy makers to
understand the shifting care needs. Cost-effective health care, without foregoing the needs of the
patients, is necessary. In addition, it is important for health care providers to understand the
needs of their patients so that they receive best possible care and outcomes — with the goal of
reducing the need for expensive hospitalizations and surgeries. It would, therefore, be important
for future studies to identify reasons for these observed trends. Future studies should also
evaluate trends in important subgroups, such as age and sex groups. Furthermore, since Ontario
is geographically large and home to a diverse population, it would be beneficial for health care
planners to be informed of whether the trends are province-wide or differ between specific sub-

regions.
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2.5 Conclusions

Trends of health services use in Ontario children diagnosed with IBD between fiscal
years 1994 and 2012 were changing. Hospitalizations decreased in both children with and
without IBD, which suggests the presence of a health system effect. In addition, ED visits for
IBD-related reasons increased in IBD children, as did both IBD-specific and IBD-related
outpatient visits in children diagnosed after 2005. These increases were not seen in children
without IBD, suggesting a higher need for health services in the IBD population over time.
Surgeries decreased in Ontario IBD children, and this decrease was seen in both the CD and UC
subgroups. Understanding why these trends are occurring will help health care planners better

prepare for the expected increasing burden of pediatric IBD.
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Chapter 3. Comparison of distributed
network meta-analysis to individual-level
multivariable regression analysis using health
administrative data

3.1 Introduction

In an age of “big data,” there are large amounts of health administrative data available for
epidemiology and health services research. However, with the use of health data comes
important privacy concerns. Patient privacy is a strict ethical standard, and legislation prohibits
the sharing of individual-level data across political borders.1so For example, in Canada, health
administrative data are collected at the provincial level on all legal residents of the province.
However, privacy laws prohibit the sharing of individual-level records across provincial borders.
Privacy-preserving methods are needed for multi-jurisdictional studies that do not compromise
patient confidentiality. One such method is the distributed network analysis — a method which
employs identical study methodology on individual-level data to obtain jurisdiction-specific
effect estimates, and this approach can be followed by meta-analysis to obtain a pooled national
estimate.126 Studies have previously compared the use of this method to the results from

individual-level analysis, but under limited conditions.128,137

Ontario health data provide an opportunity to explore the validity of the distributed
network analysis because of the province’s large population and pre-defined Local Health

Integration Networks (LHIN). LHINSs are involved in the local delivery of health care and can be
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used as proxies for provinces. Because data are from a single province, LHIN-specific analyses

can be compared with analyses using individual-level data.

| aimed to validate distributed network meta-analysis results against individual-level
analysis results under a variety of conditions (different regression models and types of data,
event rates, sample sizes, number of regions, and heterogeneity) in order to provide a tested,

privacy-preserving tool to analyze aggregate health administrative data.

3.2 Methods

3.2.1 Study Design

| conducted a retrospective validation study based on the cohort developed in Chapter 2
to compare the results of analyses conducted using individual-level data and distributed network
analyses. To simulate a distributed network analysis within the province of Ontario, I replicated
the analyses described in Chapter 2 among children with and without inflammatory bowel
disease (IBD) living in each Ontario LHIN, then pooled and meta-analyzed the results to obtain
the provincial estimate (hereafter referred to as the “LHIN-based analysis™). The beta estimates
of the regression models quantified the association between year of diagnosis (or index date) and
health services use and surgery outcomes in pediatric IBD. | compared the results of the LHIN-
based analysis to the results reported in Chapter 2 (hereafter referred to as the “individual-level

analysis”).
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3.2.2 Data Sources

A comprehensive overview of data sources used to extract variables for the participants,

exposures, and outcomes is supplied in the methods section of Chapter 2.

3.2.3 Study Setting, Participants, Exposures, and Outcomes
The patients, exposures, and outcomes from the first aim were used to conduct Aim 2,

and are, therefore, summarized in the methods section of Chapter 2.

3.2.4 Local Health Integration Networks

LHINs are administrative units who have the ability to plan and regulate some level of
local health care practices within its borders (Figure 3.1).181 The postal code of residence at
diagnosis for each patient with and without IBD was extracted from the RPDB and linked to the
Local Health Integration Network (LHIN) database to assign each study participant the LHIN of
residence on the date of their diagnosis. Residents of LHIN 10 (Kingston region) were excluded
due to inconsistency in completeness of data based on shadow billings. Due to the small number
of children with IBD in some LHINS, I combined LHIN 9 with LHIN 12, and LHIN 13 with
LHIN 14. This combination was chosen based on assumed similarities in population
characteristics of LHINs within close geographic proximity of each other. In addition, statistical
models in LHINs 6 and 7 were not adjusted for rural/urban status since there were few (LHIN 6)

or no (LHIN 7) rural patients in these LHINSs. A total of 11 combined LHINs were included.
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Figure 3.1 Map of the 14 Ontario Local Health Integration Networks (LHINs) from
http://www.lhins.on.ca (accessed June 15, 2018).

3.2.5 Statistical Analysis
3.2.5.1 Participant Characteristics

The characteristics of the children with IBD and matched children without IBD in each
LHIN are described as means (SD) or medians (IQR) for continuous characteristics or

proportions for categorical characteristics.
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3.2.5.2 Distributed Network (LHIN-Based) Analysis

Identical regression models (negative binomial, Poisson, logistic, and Cox proportional
hazards) from Chapter 2 were applied to each LHIN to quantify LHIN-specific changes in
pediatric IBD health service use and surgical outcomes over time. Exact logistic regression using
the network Monte Carlo methodis2 was used when conventional logistic regression models did
not converge due to sparse data within a LHIN. For outcomes where regression models did not
converge in three or fewer LHINSs, those LHINs were excluded from the meta-analysis. Where
greater than three LHINSs did not converge, the outcome was not analyzed because it was
assumed the exclusion of four or more LHINS may compromise the ability of the analysis to
appropriately answer the research question. A summary of the study outcomes and models that
did not converge in the LHINSs is included in Appendix H. Both the exact and maximum-
likelihood logistic regression model estimates from the LHIN-based analysis were compared to
the estimates from the individual-level analysis, which were derived from maximum-likelihood

logistic regression models.

3.2.5.3 Meta-Analysis

The meta-analysis of regression model beta estimates across LHINs was conducted using
both fixed and random effects models. LHINs were weighted in accordance with the generic
inverse variance weighting method. Heterogeneity was quantified using the I2 statistic. The I2
was calculated using 72 for random effects models and using Cochran’s Q for fixed effects
models.183,184 The T2 was estimated using Restricted Estimates Maximum Likelihood (REML)
for random effects models.1s5,186 Heterogeneity across LHINS was tested using the Cochran’s Q

test at a=10%.
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3.2.5.4 Comparison of Results From LHIN-Based Analyses and Individual-Level Analyses

The provincial beta estimates resulting from the distributed network and meta-analyses
(i.e., the LHIN-based analysis) were compared to the individual-level analysis (Chapter 2) using
three methods. The first was a crude approach of calculating percent error between the two beta
estimates (Equation 1). It was assumed that beta estimates from the meta-analyses that differed
by >10% compared with individual analyses were not the same. This approach was extrapolated
from the Mickey & Greenland (1989) study on confounder selection criteria, which stated that a
10% change in a regression model beta estimate after adjustment indicated a confounding
effect.187 The second method of comparison was a formal z-statistic test of the null hypothesis
that the beta estimates were the same at a=5% (Equation 2).1ss Third, the provincial effect
summaries (odds ratios, hazard ratios, and incidence rate ratios) and their corresponding 95%

confidence intervals (CIs) were visually assessed for consistency.

Equation 1. Percent Error (%) = 100 ﬁ};ﬁz
1
Equation 2.1ss 7 = ﬁlz—ﬁz :
JSE (B1)"+SE (B2)

All regression model analyses were performed in SAS Enterprise Guide version 7.1 (SAS
Institute, Cary, North Carolina, USA). Meta-analyses were conducted in R Version 3.5.3 using

the Metafor package.184,189
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3.2.6 Sensitivity Analyses

I conducted four sensitivity analyses. In the first, | combined the individual-level data for
children living in LHINSs with pediatric care centres (LHINs 2, 4, 7, and 11) and children living
in LHINs without pediatric care centres (LHINs 1, 3,5, 6, 8, 9 and 12, and 13 and 14). The beta
estimates for these two groups were meta-analyzed then compared to the individual-level
analyses. This sensitivity analysis was important because | expected children who received
treatment at pediatric care centres to have received different care than children who were not
seen at these centres. For example, they were likely to receive more specialized care and may

have been seen more frequently than children who are not seen at these centres.

Secondly, I pooled LHIN-specific estimates for LHINs with pediatric centres and LHINs
without pediatric centres separately. These pooled estimates were compared to estimates
obtained from the individual-level analyses, stratified by the presence/absence of a pediatric
centre. Large amounts of heterogeneity in this analysis were not expected compared to the first
sensitivity analysis. However, this analysis allowed us to explore the impact of varying numbers

of regions on the meta-analysis.

Since LHIN 14 is close to the Ontario-Manitoba provincial border, children from that
LHIN may access care in Manitoba. Therefore, their health administrative data may not be
contained within Ontario databases. | therefore ran a sensitivity analysis excluding children in
LHIN 14 to determine if the results would be impacted by children receiving care out of
province. | compared hospitalization rates and the need for surgery across LHINs 11, 12, 13, and
14 to determine if these outcomes were systematically different in LHIN 14 compared with other

LHINSs in Northern Ontario.
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Lastly, when the three (or fewer) LHINSs were excluded from the LHIN-based analysis
due to non-convergence, | also excluded these LHINs from the individual-level analysis. This
sensitivity analysis determined if the individual-level analysis effect estimates were robust to the
exclusion of these LHINSs. This sensitivity analysis was important to confirm that the exclusion
of LHINs in which models did not converge in the LHIN-based analysis would not compromise
the comparison of the effect estimates between the LHIN-based analysis and the individual-level

analysis.

3.3 Results

3.3.1 Participant Characteristics
The overall cohort consisted of 5,518 children with IBD matched to 26,677 children
without IBD. The descriptive characteristics of IBD and non-IBD patients included in the study,

stratified by LHIN, are presented in Tables 3.1 and 3.2, respectively.

3.3.2 Comparison of LHIN-based Analyses and Individual-Level Analyses

In the LHIN-based analyses, the beta estimates for the models describing incidence rate
ratios (IRR), hazard ratios (HR), and odds ratios (OR) from both fixed and random effects
models were comparable (z-statistic p>0.05) to the beta estimates of the individual-level analyses
(Appendices | & J). The beta and effect estimates from the fixed and random effects models
were also comparable to the individual-level analysis estimates despite low event rates and small

sample sizes. This was exemplified in the ORs of surgery within five years of diagnosis in UC
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patients (OR for fixed and random effects models: 0.982, 95% CI 0.950 to 1.015; individual-
level analysis: 0.978, 95% CI 0.950 to 1.007) (Figure 3.2). In addition, the estimates from exact
logistic regression models in the LHIN-based analysis were comparable to the estimates from the
individual-level analysis modelled using maximum likelihood logistic regression (p>0.05 in all

cases).

3.3.3 Sensitivity Analyses
3.3.3.1 LHINs with and without Pediatric Inflammatory Bowel Disease Centres

The observed heterogeneity between LHINs with and without pediatric IBD centres
varied across outcomes (Appendices K and L). In the first sensitivity analysis, which compared
LHINSs with pediatric care centres with LHINs without pediatric care centres, considerable
heterogeneity (12> 75%)190 was seen among analyses comparing emergency department (ED)
visit and surgical outcomes. Moderate to considerable heterogeneity was seen across
hospitalization and outpatient visit outcomes within LHINS with pediatric care centres and within
LHINs without the centres. However, in each of the LHIN-based analyses, the fixed and random
effects models were similar to the results from individual-level analyses across all levels of

heterogeneity observed (z-statistic p>0.05).

3.3.3.2 Pooling of LHINSs with Presence or Absence of Pediatric Inflammatory Bowel Disease
Care Centres Separately
In the second sensitivity analysis pooling LHIN-specific estimates for LHINs with and

without pediatric IBD centres separately, the observed heterogeneity varied among outcomes
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(Appendices K and L). However, in all LHIN-based, the fixed and random effects models were
similar to the results from individual-level analysis across all numbers of regions (4 LHINs with
pediatric IBD centres and 7 combined LHINs without the centres) included in the meta-analysis

(z-statistic p>0.05).

3.3.3.3 Including Versus Excluding LHIN 14
Provincial effect estimates were consistent when including and excluding LHIN 14 from
the individual-level effect estimates (Appendix M). Hospitalization and surgery rates were

similar in LHIN 14 compared with LHINs 11, 12, and 13.

3.3.3.4 The Impact of Model Non-Convergence

In the sensitivity analysis exploring whether effect estimates from the individual-level
analysis were robust to the exclusion of LHINSs that did not converge, the estimates were no
different in the individual-level analysis after the exclusion of LHINSs that did not converge

(Appendix N).

3.3.4 The Effect of Heterogeneity

Overall, both fixed and random effects models were comparable to the results of the
individual-level analysis across varying degrees of heterogeneity. In the presence of considerable
heterogeneity, the 95% Cls for the fixed effects models were closer to the 95% Cls from the
individual-level analyses than were the random effects models. Random effects models resulted

in wider 95% Cls. This is exemplified in the IRRs of all-cause hospitalizations within one year
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of diagnosis in IBD patients (I2 = 81%, Cochran’s Q test p <0.01; IRR for random effects model:
0.979, 95% CI 0.965 to 0.993, z-statistic p=0.75; fixed effects model: 0.982, 95% CI 0.976 to

0.988, z-statistic p=0.89; individual-level analysis: 0.982, 95% CI 0.976 to 0.988) (Figure 3.3).

In the presence of very low heterogeneity, both the fixed and random effects model 95%
Cls were visually similar and approximated the Cls from the individual-level analysis. For
example, low heterogeneity was observed in IRRs of IBD-specific ED visits within three years
of diagnosis in CD children (12=1.9%, Cochran’s Q p=0.50), and the fixed and random effects
models resulted in identical beta estimates and 95% Cls (IRR: 1.006, 95% CI 0.993 to 1.020),
which were comparable to the estimates from individual-level analysis (IRR: 1.002, 95% ClI

0.989 to 1.016, z-statistic p=0.69).

3.3.5 Risk of Type | and Type Il Error

In some cases, the presence of high heterogeneity led to Type Il error in random effects
models — the 95% Cls crossed the null in the LHIN-based analysis but not the individual-level
analysis. This was the case when comparing the hazard ratios of IBD-related ED visits for IBD
patients (HR for random effects model: 1.008, 95% CI 0.996 to 1.019; fixed effects model:
1.009, 95% CI 1.002 to 1.016; individual-level analysis: 1.009, 95% CI 1.003 to 1.016) (Figure

3.4).

Fixed effects models were also susceptible to Type Il error. This was exemplified in the
LHIN-based analysis of hazard of IBD-specific hospitalization in UC patients (HR for random
effects model: 0.987, 95% CI 0.971 to 1.002; fixed effects model: 0.987, 95% CI1 0.976 to 1.000;

individual-level analysis: 0.987, 95% CI 0.975 to 0.999).
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In the LHIN-based analysis there were 12 instances (10.5% of all LHIN-based analyses
conducted) of Type Il error in random effects models and 3 instances (0.26% of all LHIN-based
analyses) in both fixed and random effects models. In all three sensitivity analyses concerning
LHINs with and without pediatric care centres, Type Il error was common for random effects
models, though there were also instances when both fixed and random effects models were prone

to this error.

Fixed effects models were also susceptible to Type | error, and an example of this error
was seen in the meta-analysis of IRRs of all-cause ED visit within one year of diagnosis in IBD
patients (IRR for random effects model: 1.009, 95% CI 1.000 to 1.018; fixed effects model:
1.009, 95% CI 1.001 to 1.017; individual-level analysis: 1.008, 95% CI 1.000 to 1.017). An
instance of Type | error was also seen in random effects models, as well as the fixed effects
model, in the sensitivity analysis comparing incidence rate ratios of IBD-related ED visits within
one year of diagnosis in CD patients in LHINs without IBD centres (IRR for random effects
model: 1.018, 95% CI 1.001 to 1.035; fixed effects model: 1.018, 95% CI 1.001 to 1.035;

individual-level analysis: 1.015, 95% CI 0.999 to 1.032) (Figure 3.5).

In the LHIN-based analysis there were two occurrences in which fixed effects models
produced a Type | error, and one occurrence where both fixed and random effects models
produced this error. Type | error was rare but observed in the sensitivity analysis comparing
LHINSs with pediatric care centres and the sensitivity analysis comparing LHINs without

pediatric care centres.
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Table 3.1 Descriptive characteristics of patients with inflammatory bowel disease, stratified by Local Health Integration Network.

LHIN
Characteristic 1 2 3 4 5 6 7 8 11 9&12 13& 14
(n=330) (n=393) (n=326) (n=602) (n=357) (n=514) (n=343) (n=839) (n=591) (n=823)  (n=400)
Sex Females 147 175 148 263 153 220 134 347 269 365 175
0 0, 0, 0 0, 0, 0, 0 0
(44.6%) (44.5%) (45.4%) (437%) (429%) o0 (301%) (414%) (455%) (444%) 000
Males 183 218 178 339 204 294 209 492 322 458 225
0 0, 0, 0 0, 0, 0, 0 0
(555%)  (85.5%) (S46%) (56:3%) (ST1%) (o (60.9%) (SB6%) (54.5%) (S57%) oo
Age at Mean (SD) 13.7(3.3) 132 133 132 125 131 12.7 129 130 131 13.6 (3.3)
Diagnosis (36) (35 (35 (39 (36) (3.9 (35)  (36)  (3.6)
Median  14.0(4.0) 140 140 140 130 140 14.0 140 140 140 15.0 (4.0)
(vears) (IQR) 50) (40) (50) (0) (0) (60 (G50 (50  (50)
Diagnosis CD 167 226 216 380 189 283 191 469 384 481 226
(50.6%) (57.5%) (66.3%) (63.1%) (52.9%) (55.1%) (55.7%) (55.9%) (65.0%) (58.4%)  (56.5%)
uc 141 147 88 185 141 198 124 311 183 289 138
0 0, 0, 0 0, 0, 0, 0 0
(427%)  (37.4%) (27.0%) (30.7%) (395%) oo o0 (362%) (B7.0%) (3L0%) (51%) 5 o0
IBD-U  22(6.7%) 20 22 37 27 33 28 59 24 53 36
(5.1%) (6.8%) (6.2%) (7.6%) (6.4%) (8.2%)  (7.0%) (4.1%) (6.4%) (9.0%)
Rural Urban 298 261 284 565 347 508 343 828 515 701 274
esidence (90.3%) (66.4%) (87.1%) (93.9%) (97.2%) 514  (100.0%) (98.7%) (87.1%) (85.2%)  (68.5%)
. (98.8-
a 99.9%)
diagnosis Rural 32 120 42 37 10 <6 0 9 75 121 126
(9.7%)  (33.1%) (12.9%) (6.2%) (2.8%) 0.0%) (1.1%) (12.7%) (14.7%)  (31.5%)
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LHIN

Characteristic 1 2 3 4 5 6 7 8 11 9&12 13& 14
(n=330) (n=393) (n=326) (n=602) (n=357) (n=514) (n=343) (n=839) (n=591) (n=823) (n=400)
Unknown 0 2 0 0 0 0 0 2 1 1 0
(0.0%) (0.5%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.2%) (0.2%) (0.1%) (0.0%)
Neighbourhood First (lowest) 46 49 29 74 36 43 86 91 58 121 81
income (13.9%) (12.5%) (8.9%) (12.3%) (10.1%) (8.4%) (25.1%) (10.9%) (9.8%) (14.7%) (20.3%)
Quintile Second 64 73 48 112 88 53 48 111 97 161 73
at diagnosis (19.4%) (18.6%) (14.7%) (18.6%) (24.7%) (10.3%) (14.0%) (13.2%) (16.4%) (19.6%) (18.3%)
Third 59 95 54 112 134 82 42 152 120 167 75
(17.9%) (24.2%) (16.6%) (18.6%) (37.5%) (16.0%) (12.2%) (18.1%) (20.3%) (20.3%) (18.8%)
Fourth 71 89 81 155 62 155 26 223 143 199 81
(21.6%) (22.7%) (24.9%) (25.8%) (17.4%) (30.2%) (7.6%) (26.6%) (24.2%) (24.2%) (20.3%)
Fifth 89 85 114 148 37 181 141 260 172 174 86
(Highest) (27.0%) (21.6%) (25.0%) (24.6%) (10.4%) (35.2%) (41.1%) (31.0%) (29.1%) (21.1%) (21.5%)
Unknown 1 (0.3%) 2 0 1 0 0 0 2 1 1 4
(0.5%) (0.0%) (0.2%) (0.0%) (0.0%) (0.0%) (0.2%) (0.2%) (0.1%) (1.0%)
Length Mean (SD) 10.5 10.5 11.0 11.8 9.9 10.6 11.0 11.2 10.7 11.2 11.6
of follow (5.2) (5.3) (5.1) (5.4) (5.1) (5.3) (5.7) (5.5) (5.1) (5.4) (5.5)
up (years) Median 9.8 9.7 10.1 11.0 8.7 9.6 10.1 10.1 9.9 10.6 105
Py (IQR) (8.8) (8.3) (8.3) (9.3) (8.0) (8.2) 9.7 (9.2) (8.4) (9.2) (9.6)
Min 1.8 1.9 1.4 1.2 1.7 1.1 1.6 2.3 1.4 0.4 1.2
Max 21.9 22.0 21.8 22.0 21.8 22.0 22.0 22.0 21.9 22.0 22.0

Abbreviations: CD, Crohn’s Disease; IBD, inflammatory bowel disease; IBD-U, IBD type unclassifiable; IQR, interquartile range; LHIN, Local Health

Integration Network; SD, standard deviation; UC, ulcerative colitis.
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Table 3.2 Descriptive statistics of patients without inflammatory bowel disease stratified by Local Health Integration Network .

Characteristic

1

2

3

4

LHIN
5

6

7

8

11

9&12

13& 14

(n=1606) (n=2018) (n=1667) (n=3363) (n=1871) (n=2581) (n=1800) (n=3366) (n=2324) (n=4227) (n=1847)

Sex Females 693 842 717 1435 816 1093 787 1511 1017 1846 813
(43.2%) (41.7%) (43.0%) (42.7%) (43.6%) (42.4%) (43.7%) (44.9%) (43.8%) (43.7%) (44.0%)
Males 913 1176 950 1928 1055 1488 1013 1855 1307 2381 1034
(56.9%) (58.3%) (57.0%) (57.3%) (56.9%) (57.7%) (56.3%) (55.1%) (56.2%) (56.3%) (56.0%)
Age at diagnosis Mean 13.1 13.2 13.1 13.3 122.8 12.9 12.9 13.0 13.0 13.1 13.4
(years) (SD) (2.5) (3.6) (2.5) (3.4) (3.7) (3.6) (3.7) (3.6) (3.6) (3.6) (3.4)
Median 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0
(IQR) (5.0) (5.0 (5.0 (5.0) (5.0 (5.0 (5.0 (5.0 (5.0 (5.0 (4.0)
Rural residence Urban 1490 1491 1529 3224 1840 2576- 1800 3342 2042 3837 1455
at diagnosis (92.8%) (73.9%) (91.7%) (95.9%) (98.3%) 2580  (100.0%) (99.3%) (87.9%) (90.8%) (78.8%)
(99.8%-
99.96%)
Rural 116 527 138 139 31 <6 0 24 282 390 392
(7.2%) (26.1%) (8.3%) (4.1%) (1.7%) (0.0%) (0.7%) (12.1%) (9.2%) (21.2%)
Unknown 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 0 (0.0%)
Neighbourhood First 241 264 212 414 212 147 430 349 239 584 310
income quintile  (lowest)  (15.0%) (13.1%) (12.7%) (12.3%) (11.3%) (5.7%) (23.9%) (10.4%) (10.3%) (13.8%) (17.3%)
at diagnosis
g Second 267 348 267 573 429 274 318 475 368 835 313
(16.6%) (17.2%) (16.0%) (17.0%) (22.9%) (10.6%) (17.7%) (14.1%) (15.8%) (19.8%) (17.0%)
Third 300 433 343 625 609 453 195 644 403 898 353
(18.7%) (21.5%) (20.6%) (18.6%) (32.6%) (17.6%) (10.8%) (19.1%) (17.3%) (21.2%) (19.1%)
Fourth 357 477 368 825 389 778 221 930 592 935 403
(22.2%) (23.6%) (22.1%) (24.5%) (20.8%) (30.1%) (12.3%) (27.6%) (25.5%) (22.1%) (21.8%)
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LHIN

Characteristic 1 2 3 4 5 6 7 8 11 9&12 13& 14
(n=1606) (n=2018) (n=1667) (n=3363) (n=1871) (n=2581) (n=1800) (n=3366) (n=2324) (n=4227) (n=1847)
Fifth 441 496 477 926 232 929 636 968 722 974 457
(Highest) (27.5%) (24.6%) (28.6%) (27.5%) (12.4%) (36.0%) (35.3%) (28.8%) (31.1%) (23.0%) (24.7%)
Unknown 0 0 0 0 0 0 0 0 0 1 1
(0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.02%)  (0.05%)
Length of follow Mean 115 11.6 114 115 10.4 11.0 11.3 11.1 11.2 11.1 11.8
up (years) (SD) (5.5) (5.5) (5.4) (5.4) (5.3) (5.3) (5.4) (5.5) (5.4) (5.3) 9.7
Median 10.9 11.0 104 10.9 9.3 10.1 104 10.3 10.3 10.2 114
(IQR) (9.5) (9.5) (8.9) (9.3) (8.5) (8.7) (9.1) (9.3) (9.0 (8.9) 9.7
Min 3.0 3.0 3.0 3.0 3.0 3.0 2.1 3.0 3.0 3.0 3.0
Max 22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0

Abbreviations: CD, Crohn’s Disease; IQR, interquartile range; LHIN, Local Health Integration Network; SD, standard deviation; UC, ulcerative colitis.

85



Crohn’s disease

LHIN F=86%p=031

1 —_— 0.965 [0.902, 1.034]
3 — 0.915[0.354, 0.981]
4 — 0.933 [0.384, 0.985]
7 — . 0.896[0.529, 0.968]
8 — 0.985 [0.937, 1.036]
1 — 0.920 [0.870, 0.974]
9512 —— 0.949 [0.908, 0.991]
13814 — 0.993[0.918, 1.073]
FE Model - 0.946 [0.927, 0.966]
RE Model - 0.946 [0.926, 0.967]
Individual Level Model - 0.9390.923, 0.956]

1 1

0.900 1.000  1.100

Ulcerative colitis

Odds Ratio
LHIN 1=458%,p=005 LHIN F=04%,p=043
; e ggé; {g-g: g-gig: | — 0895 (0797, 1.005]
— .4 . ), U
—

3 —— 0.881 [0.819, 0.948] 2 0.962 [0.862.1.113]
4 —— 0.941[0.393, 0.991] 4 i 10700870, 1.180]
6 —_— 0.935[0.873, 1.002] B —_— 1.037[0.936, 1.149]
7 — 0.881 [0.811, 0.957] 8 —_— 0,967 0890, 1.049)
8 — 0.977 [0.928, 1.029] 11 — e 0,960 [0.885, 1.041]
1" —_— 0.911 [0.858, 0.967] 9& 12 — 0974 (09807, 1.047)
9812 — 0.937 [0.894, 0.952] 13814 . 0.978 [0877, 1081]
13814 — 1.018[0.944, 1.098]

FE Model 09820950, 1015
FE Model - 0.932[0.914, 0.951] e ﬁe| - a2 '0 0 10151
RE Model - 0.929 0.904, 0.955] oce - f |
Individual Level Model - 0.936 [0.918, 0.953] Indnidual Level Model - 0.97¢0.950, 1.007]

0500 1.000 1.100

Odds Ratio

0.900 1.000 1.100

Odds Ratio

Figure 3.2 Forest plots for depicting the odds ratios [95% confidence intervals] from fixed and
random effects meta-analyses compared with individual-level analyses for intestinal resection
(Crohn’s disease) and colectomy (ulcerative colitis) within three and five years of diagnosis in
children with inflammatory bowel disease.

*The LHIN-based analysis was not performed for the one-year follow up in children with
Crohn’s disease and ulcerative colitis and the three-year follow up in children with ulcerative
colitis because models did not converge in >3 Local Health Integration Networks.

Abbreviations: FE, fixed effects; LHIN, Local Health Integration Network; RE, random effects.
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Figure 3.3 Forest plots for depicting the incidence rate ratios [95% confidence intervals] from
fixed and random effects meta-analyses compared with individual-level analyses for all-cause
hospitalizations within one, three, and five years of diagnosis in children with and without
inflammatory bowel disease.

Abbreviations: IBD, inflammatory bowel disease; FE, fixed effects; LHIN, Local Health
Integration Network; RE, random effects.
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Figure 3.4 Forest plots for depicting the hazard ratios [95% confidence intervals] from fixed and

random effects meta-analyses compared with individual-level analyses for IBD-specific and
IBD-related emergency department visits within five years of diagnosis in children with

inflammatory bowel disease.

Abbreviations: FE, fixed effects; LHIN, Local Health Integration Network; RE, random effects.
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Figure 3.5 Forest plots for depicting the incidence rate ratios [95% confidence intervals] from
fixed and random effects meta-analyses compared with individual-level analyses in the
sensitivity analysis comparing Local Health Integration Networks without pediatric
inflammatory bowel disease centres for IBD-specific and IBD-related emergency department
visits within one, three, and five years of diagnosis in children with Crohn’s disease.

Abbreviations: IBD, inflammatory bowel disease; FE, fixed effects; LHIN, Local Health
Integration Network; RE, random effects.



3.4 Discussion

3.4.1 Study Findings

In this study, | demonstrated the results of individual-level multivariable regression
analysis were similar to the results of the meta-analysis of regional results from distributed
network (LHIN-based) analysis when assessing time trends in health services utilization in
children with IBD using population-based health administrative data. This was true for both
fixed and random effects meta-analysis models, all outcomes, follow-up periods, levels of
heterogeneity, model types, event rates, number of regions, and sample sizes used in this study
(p>0.05 for all comparisons). The study findings were robust to substituting maximum
likelihood-based with exact logistic regression models when models failed to converge due to
rare events. This study validates a privacy-preserving method when conducting inter-

jurisdictional multi-database studies using health administrative data.

3.4.2 Heterogeneity and the Choice of Fixed or Random Effects Models

3.4.2.1 Results of Meta-Analysis

In the presence of low heterogeneity, fixed and random effects meta-analysis models
were visually the same and statistically comparable to the individual-level analysis. In addition,
the fixed and random effects meta-analyses produced comparable beta estimates (p>0.05) in the
presence of high heterogeneity (12>75%, Cochran’s Q p<0.10, e.g., Appendix K Table K.2) but

the random effects models had wider 95% confidence intervals.
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3.4.2.2 Addressing Heterogeneity in Meta-Analysis

There are three types of heterogeneity. The first is clinical heterogeneity, which refers to
differences in populations, exposures, and outcomes. The second is methodological
heterogeneity, which is introduced by differences in methods such as the regional study design
and analysis. Statistical heterogeneity refers to differences between the regions that are not due
to chance and can be a result of clinical and/or methodological heterogeneity. Statistical
heterogeneity is often referred to as simply “heterogeneity.” The heterogeneity in meta-analyses
are caused by characteristics of regions that differentiate the regions from each other. Meta-
analyses are effective when combining regions that are comparable. When regions are too
different from each other (i.e., there is high heterogeneity), the regions may not be comparable

and should not be pooled with meta-analysis.

In distributed network analyses, methodological heterogeneity is theoretically reduced by
using identical study design, methods, and statistical code in each region. High heterogeneity in
could suggest differences in health services utilization and the need for surgery across LHINs
due to availability of specialist care or demographic, socio-economic, or other environmental

exposures.

3.4.2.3 Estimation and Quantification of Heterogeneity

| chose the restricted estimates maximum likelihood (REML) method to estimate
variation between LHINSs (z2). There are at least 16 known estimators of ,185 and there is an
insufficient body of literature to compare and assess the use of each one. The DerSimonian-Laird
method has historically been the most widely used estimator of t, likely because it is easy to

calculate and was one of the first methods described. Improved technological capacities have
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given researchers access to more computationally demanding methods. | chose REML based on
recent literature recommendations.iss,186 REML is less likely to falsely inflate the homogeneity
when both 72 and number of regions are low compared to the DerSimonian-Laird estimatoriss
and provides a reasonable compromise between bias and efficiency.iss REML may perform
better with continuous, rather than dichotomous, data.1ss However, REML is recommended
when researchers are uncertain of the best estimator to use.1ss Thus, this tau estimator was used
as it can perform well under the numerous conditions of this study. | applied the same estimator
to each outcome and analysis for consistency because the study goal was to assess the validity of

the distributed network approach, and not to compare the different methods of estimation.

Heterogeneity can be quantified in many ways: the Hz statistic describes how many times
larger the total variance is from the within-region variance; the Rz statistic describes the inflation
of the random effects model confidence intervals relative to the confidence intervals from the
fixed effects model; and the I2 statistic represents the proportion of heterogeneity that is not due
to chance.191 H2 and R2 have no upper bound, which makes it difficult to assign cut-off values to
indicate the degree of heterogeneity. In contrast, the I2 statistic has an upper bound of 100% and
is intuitively meaningful, which is likely the reason for its frequent use. It has traditionally been
calculated using Cochran’s Q, but is being increasingly calculated using 72 S0 that the 12 is more
consistent with the z2. | used I2 to quantify heterogeneity with these advantages in mind and
tested for the presence of heterogeneity using Cochran’s Q test. Cochran’s Q test is a y2
distribution-based hypothesis test which assumes in the null hypothesis that there is one true
effect measure across all LHINS, and the variation between the LHINS are due to chance. In a
meta-analysis of a small number of regions, this test is low-powered and a higher p-value cut off

is recommended.190
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3.4.2.4 Properties of Fixed Versus Random Effects Models

In general, random effects models were more conservative in the presence of
heterogeneity, meaning that their confidence intervals tended to be wider than the confidence
intervals of fixed effects models. This is consistent with what was expected based on differences
in how effect estimates in fixed and random effects meta-analyses are calculated. A fixed effects
meta-analysis assumes that there is one true effect estimate; each LHIN provides an estimate of
that true effect. In fixed effects models, the generic inverse variance method weights the estimate
from each LHIN according to the inverse of its variance. Larger LHINs with smaller variances
are weighted higher in the meta-analysis because larger LHINs would provide estimates closer to
the true estimate. In contrast, random effects meta-analyses assume that effect estimates of each
LHIN contribute to a distribution of true effect measures, and the combined effect measure is the
average of that distribution. Random effects models are weighted based on the inverse of the
variance of the LHIN-specific estimate (the within-region error variance) and the variance of the
distribution of effect estimates (the between-region variance, or t2). This gives a more equal

weight to all LHINS.

Since random effects meta-analyses incorporate an additional parameter in the estimation
of a pooled effect estimate, they typically have wider confidence intervals than fixed effects
meta-analyses. This is especially true when heterogeneity is high. Wider confidence intervals are
more likely to cross the null compared to the narrower fixed effects model confidence intervals,
which results in the notion that random effect models are more conservative than fixed effects

models.

Wide confidence intervals are only one definition of “conservative.” Conservative could

alternatively be defined as an estimate that is shifted towards the null. Even if 95% confidence
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intervals are wider in random effects models, fixed effects models may result in pooled estimates
that are closer to the null.192 This typically occurs when analysis of small regions produces
estimates that are farther from the null. Random effects meta-analyses will assign a greater
weight to these regions than fixed effects models. This results in the meta-analyzed estimate
being further from the null when using random effects meta-analysis compared with fixed effects
meta-analysis. In such scenarios, the fixed effects meta-analysis model estimate would be more

conservative since it would be closer to the null.

In this study, both fixed and random effects models produced similar effect estimates.
Therefore, | have limited discussion of whether random effects models were more conservative
than fixed effects models based on the width of confidence intervals. Random effects meta-
analyses were more conservative in the presence of heterogeneity and sometimes failed to detect
an association that was statistically significant in the individual-level analysis (Type Il error).
There were also situations where the confidence intervals from fixed effects models were wider
than seen in the individual-level analysis and significant associations were missed (Type Il
error). This occurred much less frequently in fixed effects than random effects model meta-
analyses. Both models were also prone to Type I error - where the meta-analysis models detected
a statistically significant association that was not observed in the individual-level analysis. This
was infrequent but may have been the result of the large number of analyses that were
conducted. Both types of errors typically occurred when the 95% confidence intervals were close

to the null.

While random effects models incorporate heterogeneity into the meta-analysis, there may
be cases where random effects models should not be used as a method of accommaodating

heterogeneity. In theory, methodological heterogeneity should be greatly reduced in distributed
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network analysis (compared with traditional meta-analyses) because of the standardization of
study design, analysis, and programming code across regions. However, between-region
variation may also arise because of differences in data, characteristics of regions, and clinical
heterogeneity. Where there is high heterogeneity expected from methodologic or clinical

differences, it may be more appropriate to report regional estimates separately.

3.4.3 Findings of the Sensitivity Analyses

Children living in LHINs with pediatric care centres are most likely treated at those
centres and receive specialized care. These children may, therefore, have been treated differently
than children who did not reside in LHINs with pediatric centres. This difference could affect
health service utilization and need for surgery. |, therefore, compared trends in LHINs with and
without pediatric care centres. | expected the sensitivity analysis comparing LHINSs with the
centres to LHINSs without the centres to introduce heterogeneity — a condition | wanted to explore
when testing the validity of the distributed network meta-analysis. Even in the presence of high
heterogeneity the distributed network meta-analysis was found to approximate results from

individual-level analysis.

| compared pooled estimates of the 4 LHINs with pediatric care centres to estimates from
the individual-level analysis stratified by LHINs with the centres to determine the impact of the
number of pooled regions on the validity of the distributed network meta-analysis. The same
comparison was done for the 7 (combined) LHINs without the centres. In both scenarios the
distributed network analysis approximated results from the individual-level analysis in the

presence of a small number of pooled regions.

95



LHIN 14 is a large northern region of Ontario bordering Manitoba with a highly rural and
sparse population. Rural patients usually have to travel long distances to access medical care,
especially larger health centres, such as hospitals, which are usually situated in more densely
populated regions. It may, therefore, be easier for people living in this region to access health
care in neighbouring Manitoba. This is of less concern in LHINS that neighbour Quebec or the
US due to the accessibility of health care within Ontario. To investigate potential bias introduced
into my study by LHIN 14 patients seeking care from Manitoba, | excluded patients residing in
LHIN 14 at diagnosis from the individual-level analysis as a sensitivity analysis. Trends in health
care utilization did not differ when excluding patients in LHIN 14. In addition, individuals living
in other Canadian provinces near provincial borders may similarly travel to neighbouring
provinces for health care, making this an important issue for consideration in national studies.

For these reasons | found it appropriate to include LHIN 14 in this study.

In the sensitivity analysis exploring whether effect estimates from the individual-level
analysis were robust to the exclusion of LHINSs that did not converge in the LHIN-based
analysis, the estimates were no different in the individual-level analysis after the exclusion of
LHINs that did not converge. This sensitivity analysis indicated it was appropriate to compare
the effect estimates from LHIN-based analysis (with non-converging LHINs excluded) to the
effect estimates from the individual-level analysis (without excluding the non-converging

LHINS).
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3.4.4 Privacy-Preserving Analysis Methods

In Ontario, ICES is a prescribed entity recognized by the Information and Privacy
Commissioner of Ontario. It allows ICES to collect, use, and analyze patient health
administrative data within the regulatory boundaries defined in the Personal Health Information
Protection Act (PHIPA).193 Privacy regulations fall under provincial jurisdictions. The privacy of
health data is under provincial jurisdiction and laws prevent the sharing of identifiable patient
information across provincial borders to uphold patient confidentiality. In light of these laws, and
to protect patients, methods of analyzing health administrative data while maintaining patient

privacy are needed.

Privacy-preserving multi-regional analysis methods other than distributed network
analysis have been described in literature. For example, individual patient data (IPD) meta-
analysis is similar to distributed network analysis because it requires that individual-level data be
separately analyzed then meta-analyzed to obtain an aggregate estimate. Unlike a distributed
network analysis (which conducts the same primary data analysis in each region and meta-
analyzes the results), IPD meta-analyses can use data from published literature that has to be
recollected and re-analyzed using methods tailored to each dataset to answer their research
question, or use statistical analysis methods most appropriate for each region.194,195 This
approach may require researchers to request access to raw data from the original literature, which
is usually not feasible since this data usually involves sensitive, identifying patient information,

or may introduce methodological heterogeneity if the analysis differs by region.

Another example of privacy-preserving methods of analyzing multi-jurisdictional
research involves the use of Jerboa®© software. This software was designed to extract data from

regional databases, producing individual-level, regional, and aggregated data such as person-time
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and number of events per age group in a common format, which is then used for analysis.196 This
approach is different from the distributed network approach used by the US Food and Drug
Administration’s Sentinel Initiative (and pilot program Mini-Sentinel),125197 the Canadian
Network for Observational Drug Effect Studies (CNODES),126 and the Observational Medical
Outcomes Partnership (OMOP).198,199 These approaches to multi-database studies were initially
designed for pharmacoepidemiologic studies. The distributed network analysis approach uses
individual-level data to produce regional effect estimates, which can then be pooled in a meta-

analysis yielding an overall estimate.

Both the Sentinel Initiative and OMOP use a common data model.198,199 A common data
model involves not only a shared protocol and analysis code, but also requires each local
database to standardize files into a common format across all the databases.126,197,199 This
framework requires an initial time investment of data extraction tools to create the standardized
files, but is more efficient and decreases the time required to conduct a distributed network
analysis.126,199 This approach may be more challenging to integrate in Canadian networks, such
as CNODES and CanGIEC, due to different structures of health administrative data across

provinces.

3.4.5 Comparison of Privacy-Preserving Analysis Methods Across Jurisdictions to Individual-
Level Analysis

Since the creation of the Sentinel network and CNODES, studies have explored
alternative methods of combining aggregate data. One study used weighted regression on
stratum-specific means, but it only explored a continuous outcome and the author noted the
analysis could not accommodate a continuous predictor.13s A simulation study compared the
hazard ratios and corresponding 95% confidence intervals from case-centered logistic regression
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analysis to those from meta-analysis.131 In case-centered logistic regression of risk-set data, 130,200
each site contributes risk-sets containing a patient with the outcome and comparable individuals
who are at risk of the outcome at the time the person with the outcome had the event. A variable
indicating whether or not the person with the outcome was exposed is modelled as the dependent
variable and the log odds of the proportion of exposed individuals in the risk-set is modelled as
the independent variable as the offset. This approach provides comparable results to Cox
regression.2oo The meta-analysis was susceptible to bias and lower-powered than case-centered
regression in some circumstances, such as low sample size or event rate.131 Similar to my study,
fixed and random effects models gave comparable results. However, this study lacked an ideal
reference standard.131 More recent simulation studies addressed this limitation.133 One study
compared the results of site-specific Cox regression summary table data, risk-set data, and site-
specific estimate meta-analysis to pooled individual-level data. Summary table data analysis uses
data pooled on event counts and person-time by strata of exposure groups, and risk-set data uses
the composition of the risk set at each time of event within each strata. All three of the data
sharing methods were comparable to individual-level data. Inconsistencies were again noted for
small sample sizes (<1000 patients per site) and rare events, particularly in the meta-analysis
method.133 The studies differed from mine in that they used propensity and disease risk scores for
confounding adjustment and are simulations. However, other studies, which evaluated
confounding adjustment methods in distributed network analysisi2e and conducted real-world
distributed network analysis, 132,134,135 have also looked at the validity of meta-analysis, in

addition to other methods of combining aggregate data.

Other studies have also compared results from distributed network analysis to individual-
level data. One such study was done in Nordic countries.12s However, the authors compared
logistic regression and fixed effects meta-analysis. Fixed effects models were specifically
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selected because the study used standardized analysis and participating countries have similar
health care systems. A random effects meta-analysis was only performed if heterogeneity was
statistically significant. The authors of the study concluded that the results from the fixed effects
models visually appeared similar to the results from the individual-level data. The random effects

models were found to have wider 95% confidence intervals in the presence of heterogeneity.

Researchers used the Canadian Longitudinal Study on Aging to visually compare results
from individual-level analysis using a binary outcome (odds ratio) with results from distributed
network analysis (with both fixed and random effects models). They also compared findings to
micro-aggregation,137 a method in which data is aggregated into a defined number of groups for
each of the covariates, with each group containing a specific number of observations, rather than
directly using individual-level data. They reported the fixed effects model and micro-aggregation
produce results most similar to the individual-level analysis. This study likely captured more
regional differences (heterogeneity) than | was able to in my study because it used data from
seven provinces while my study only examined the Ontario population. However, this
comparison of individual-level and distributed network analyses did not use population-based

health administrative data.

My findings are consistent with those of previous validation studies. However, my
validation study differed from previous work because it explored a number of conditions
(regression model types, event rates, sample sizes, number of pooled regions, and heterogeneity),
compared the use of fixed effects to random effects meta-analysis model for all analyses, and
tested the beta coefficients of the statistical models from the different methods in addition to
visual assessment. Validated tools for cross-regional analyses are needed as researchers

increasingly rely on distributed network analyses to conduct multijurisdictional research. This
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includes established (including CNODES, CanGIEC, Sentinel, and OMOP) and developing
initiatives (including the Canadian Data Platform of the Health Data Research Network

[HDRN]).201

3.4.6 Strengths and Limitations

My study tested distributed network meta-analysis under varied conditions, allowed for

replicate analyses, and used population-based data.

| demonstrated that distributed network meta-analysis accurately estimates the results of
individual-level multivariable regression models under numerous circumstances. The method
worked for negative binomial/Poisson, logistic, and Cox proportional hazards regression models.
This study had a wide range of sample sizes, event rates, and number of regions. Although
provinces can dramatically vary in sample size and event rates, my analysis also included small
sample sizes and rare event rates, and | found the distributed network analysis delivered accurate
estimates nonetheless. In addition, since inverse-variance weighted meta-analysis models tend to
give more weight to more populous regions, it is possible that larger provinces may be given
more weight in the meta-analysis. However, despite different sample sizes between LHINSs, the
meta-analysis was successful. I also substituted maximum-likelihood logistic regression models
for exact logistic regression models when sparse data resulted in models not converging. In these
cases, distributed network analysis still approximated maximume-likelihood logistic regression
models from individual-level analysis. Meta-analyses performed well in situations with both low
and high heterogeneity and with differing numbers of pooled regions. Under all conditions, both
fixed and random effects models from the distributed network analysis were able to estimate the

results from individual-level analyses. Furthermore, since a large number of conditions were
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tested, it allowed for the replication of the analyses to assess the accuracy of the results. |

demonstrated the results to be consistent.

This study used population-based health administrative data, which minimized the risk of
selection bias in this study. | used all children with IBD in Ontario and up to five children
without IBD for every child with IBD. This allowed for the simulation of a distributed network
analysis with LHINS serving as proxies for multiple jurisdictions. By including all children with
IBD in Ontario, this study had sufficient sample sizes in each LHIN to conduct meaningful

analyses.

My study had several limitations. Only children in Ontario were included. However, |
expected to see heterogeneity across LHINs because Ontario is home to a large, diverse, and
geographically dispersed population. Further, LHINs are independent administrative units
involved in the local delivery of health care, leading to differences in care, physician practises,
access to care, geographic variation, environmental exposures, underlying risk, or demographics
across LHINs. Nevertheless, there are differences in the health care system across provinces
(e.g., coverage of prescription medications; economic, social and political landscapes) and
Ontario residents may have different characteristics and environmental exposures making them
systematically different for residents of other provinces. As a result, distributed network analyses
evaluating health services utilization in multiple provinces may have greater heterogeneity than
was seen within Ontario. These differences may lead to higher heterogeneity across provinces

than was observed within a single province.

There may be methodological heterogeneity in how health administrative data is
collected and made available to researchers across regions. These differences may be more

pronounced for provincial datasets (e.g., physician claims used to identify outpatient visits) than
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national databases (e.g., CIHI-DAD used to identify hospitalizations). One example of how
these databases may differ is through slightly different code lists used across provinces (Ontario
uses an abbreviated version of ICD-9 codes for outpatient physician billing). Despite shared
analytic code, methodological differences may persist due to these nuanced differences across

provincial health administrative databases.

Validated algorithms used to identify people with IBD vary between provinces.13,202,203 In
this study, | was able to use the same algorithm to identify patients in all of Ontario because the
algorithm was validated using Ontario health administrative data.13 However, other provinces
will use algorithms that perform better in their population to reduce misclassification bias.204
However, not all provinces have validated algorithms and multiprovince studies may rely on
externally-validated algorithms. These differences in the accuracy of identifying cases may

contribute to between-province heterogeneity in a way that I could not describe in this study.

Multivariable regression models did not converge in some LHINSs due to the small
number of patients and low event rates in these LHINS. | took three approaches to counteract
issues of model convergence: (1) pooling LHIN 9 with 12 and 13 with 14; (2) running exact
logistic regression models instead of maximum-likelihood logistic regression models; and (3)
excluding non-converging LHINs from the meta-analysis. Similar problems may arise when
meta-analyzing data from small provinces. In such situations, it may not be feasible to combine
data from small regions, and exact methods are not always available as an alternative to
likelihood-based regression models. Pooled analyses may not always be possible, and

researchers may need to choose between eliminating jurisdictions or removing outcomes.

| did not evaluate all possible conditions in which distributed network analyses may be

conducted. For example, | only compared individual-level and distributed network analyses for
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small effects since the annual change in health services utilization and risk of surgery was
relatively small. Thus, I am uncertain about the validity of distributed network analysis when
larger effect estimates are expected. However, one rationale for conducting distributed network
analyses is to obtain a larger sample size to increase the power of detecting small, but important,
effect estimates on drug safety and effectiveness.126 The comparability of distributed network
analyses and meta-analyses may differ across study design (e.g., case-control study instead of a
cohort study) or analytic approach (e.g., multi-level regression models) or when very low event

rates or very small sample sizes are expected.

In the analysis using all-cause events in the cohort of matched children with and without
IBD, children without IBD were selected from a provincial pool of children, which resulted in
children with IBD being matched to children without IBD at a provincial level, but not within
each LHIN. Patients were not matched on LHIN of residence because | expected that would lead
to a higher number of unmatched children with IBD, which would result in a loss of power. In a
real-world distributed network analysis, patients would be matched within the region of
residence. In addition, the covariates the IBD and non-1BD children were matched on were not
included in the models of all-cause health services use in children with and without IBD.
However, these concerns did not apply to the analysis of trends in IBD-specific and IBD-related
events since those trends were only examined in children with IBD and used multivariate

regression models to adjust for confounding.

There is no definitive method available for comparing the results from the distributed
network analysis and individual-level data analysis. | used a visual assessment and two
mathematical approaches to compare findings: (1) percent error between the results from the

distributed network analysis and individual-level analysis and (2) the z-statistic. Calculated
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percent errors for some outcomes were well above the 10% cut-off value deemed appropriate a
priori. | expect these high percent errors were a consequence of the small effect sizes seen in this
study. These effect estimates and 95% confidence intervals appeared to be visually no different
from each other, frequently only differing at the second or third decimal place. The z-statistic
tested the null hypothesis that the beta estimates were equal between the individual-level analysis
and the distributed network analysis. The test assumes independence and a normal

distribution.1ss While these assumptions were not likely met, they were assumed in order to
compare regression coefficients. The results from the z-statistic were consistent with the visual
assessments of the odds, hazard, and rate ratios and their respective 95% confidence intervals. |
therefore relied on the results of the z-statistic to test the difference between the beta estimates

and visual assessment of the effect summaries and 95% confidence intervals.

3.4.7 Methodological Advice for Future Studies Using Distributed Network Analysis

| found that the use of a distributed network approach coupled with a meta-analysis
successfully reproduced results from individual-level analyses. This approach can be used when
privacy regulations prevent individual-level analyses. However, there are scenarios in which
researchers should exercise caution before conducting distributed network analysis. This may be
the case when researchers are not confident in their ability to reduce methodological bias, such as
when regional databases do not share a similar structure (e.g., missing important variables,
different code lists or different coding systems). Furthermore, studies of very rare event rates or
populations may lack sufficient power to conduct meaningful analyses even after combining

multiple jurisdictions.
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The general advice on using fixed versus random effects models in meta-analysis has
been to consider a fixed effects model if the studies are “identical” and the results do not need to
be generalizable beyond the population included in the study.140 A random effects model is
recommended if the studies included are not identical but are similar enough to pool and there is
a need to generalize beyond the population included in the study.14o0 In the distributed network
analysis in my study, both the fixed and random effects models provided estimates comparable
to results from individual-level data analysis, with random effects models having slightly wider

95% confidence intervals.

The choice between fixed or random effects meta-analysis model in a distributed network
analysis depends on the research goal, implications of the research, and knowledge of included
regions. Random effects models are sometimes preferred by researchers due to their wider
confidence intervals and greater likelihood of avoiding Type | error.205s The observation of a
statistically significant effect in a random effects model is believed to be more reassuring of its
significance than if it was found in a fixed effects model. Based on the results of this study, it is
reasonable to use random effects meta-analyses, especially since greater heterogeneity is
expected in distributed network analyses involving multiple provinces. The generalizability of
findings beyond the study population also warrants consideration since health administrative data

are not always available in regions of interest.

There are scenarios in which it would be preferable to commit a Type | error over a Type
Il error. An example of this is when investigating a potential rare but harmful side effect of a
medication. In these situations, it may be preferable or more ethical to report a statistically
significant effect that may not be true instead of being underpowered to detect a significant

association. If a dangerous drug side effect is left unreported, it can pose a serious risk to the
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patients who were administered the drug. However, in an observational study on health services,
such as the data analyzed in my study, it may be preferable to commit a Type Il error and not
detect true changes in health services use trends. Underreporting of such trends would not lead to
detrimental effects on the patients, and a Type | error in health services research may prompt

unnecessary, ineffective, difficult, and costly changes to the health care system.

Knowledge of the regions, such as understanding the database structure, the health care
system, or the data collection methods included in the distributed network meta-analysis may
also influence the choice of a random or fixed effects meta-analysis. When data collection and
structure are identical across regions, heterogeneity due to methodological differences are
reduced. If there are no underlying differences in the populations of these regions that could
influence the association of interest, then the assumption of fixed effects models that each region
is estimating the true effect may be warranted. These models, therefore, give more weight to
larger regions, which are expected to give a more precise estimate of the true effect than a

smaller region.

Heterogeneity may arise where data collection and structure or underlying characteristics
of the population are not constant across regions. These differences may contribute to slightly
different associations being observed in each jurisdiction. To account for these differences,
random effects models assume that there is a distribution of true effects. Between-region
heterogeneity, or 2, is incorporated in the weights assigned to individual regions in the meta-
analysis. This results in random effects models providing a more equal weight to all regions,

regardless of their size.

Distributed network analyses will only be as good as the data from each included region.

If researchers have reason to believe that data from a smaller region may be more accurate (i.e.,
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less risk of bias) then it is advisable to present region-specific estimates without the meta-
analysis since meta-analyzed estimates would be skewed in the direction of the bias. Meta-
analysis is also not recommended when high heterogeneity is expected. This heterogeneity may
result from fundamental differences in health care systems, populations among regions included
in the study, or disease manifestation. In this study, | expected children residing in LHINs with
pediatric care centres to have different health services and surgical outcomes compared to
children residing in LHINs without these centres because of differences in care provision. While
| did see considerable heterogeneity in some outcomes (e.g., surgeries), | proceeded with the
meta-analysis to test the distributed network meta-analysis method against individual-level
analysis in the presence of high heterogeneity. Although I found that the meta-analyzed results
were similar to the individual-level analyses, investigators may decide to forego the meta-
analysis if their research question involves comparison of regions that are systematically

different from each other.

When deciding upon the best approach to presenting findings from distributed network
analyses, researchers should understand the advantages and consequences of fixed and random
effects meta-analysis models. Researchers will need to decide which error (Type I or Type 1l) is
most acceptable given their study goals and implications. In addition, researchers should inspect,
and agree with, the weighting assigned to each region by each model based on their knowledge
of the regions. If particular regions are suspected to introduce undue influence, or if regions are
expected to have drastic differences between each other, then a meta-analysis is not

recommended, and the results of the regions are best reported separately.
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3.4.8 Impact and Future Directions

| specifically explored the validity of the distributed network analytic approach as
described and used by Canadian networks such as CNODES and CanGIEC.12,126 | found this
approach to be a valid alternative to analyzing individual-level data when privacy regulations
prevent sharing of individual-level records. Future studies should also explore the validity of the
distributed network analysis on both a larger scale (e.g., inter-provincial data from national
databases) and smaller scale (e.g., multicentre data from multiple electronic medical records).
Further validation will help us understand the impact of heterogeneity from sources of variation

that were uncaptured in my study.

Studies exploring the accuracy of privacy-preserving health administrative data analysis
methods are becoming more relevant in the era of big data. Access to a wealth of administrative
data allows for more efficient epidemiologic and health services research, including evaluation
of drug effectiveness and safety, disease surveillance, and research evaluating health care
practices and changes in health care policy. Increasing capacity for pan-Canadian research would
allow us to identify and evaluate differences in health care practices and subsequent outcomes
across provinces, informing evidence-based policy changes to ensure all Canadians have access
to the best possible health care while ensuring efficient use of limited health care resources.
Multi-jurisdictional research also improves the generalizability of findings and increases power

to detect clinically meaningful associations for rare outcomes.

We are currently seeing a significant growth in initiatives conducting multi-jurisdictional
research. Building off the success of existing platforms (e.g., CNODES, CanGIEC, and
Sentinel), the stage is being set for the Health Data Research Network (HDRN).201 The HDRN,

funded by the Canadian Institutes of Health Research, is working with the Strategy for Patient-
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Oriented Research (SPOR) and centres with data holdings in all Canadian provinces. This
Network aims to tackle some of the challenges facing pan-Canadian research, including
developing a common data model and creating the infrastructure to support national studies. Data
will become more accessible through this initiative, while also maintaining provincial privacy
laws. Thus, validated privacy preserving methods will be a necessary component of the pan-

Canadian research conducted through the HDRN.

3.5 Conclusions

Distributed network analysis is a satisfactory privacy-preserving alternative to individual-
level analysis under the conditions used in this study. While the random effects models gave
slighter wider 95% confidence intervals than fixed effects models in the presence of
heterogeneity, both meta-analysis models were able to estimate the results from individual-level
analysis. | recommend the choice of meta-analysis model be made based on the combination of
study goals and an understanding of the regional analyses and the weighting assigned to regions
under the meta-analysis model of choice. Future studies should aim to validate this method using

pan-Canadian data from national databases.
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Chapter 4. Concluding Remarks

Annual changes to health services use in Ontario children diagnosed with IBD between
fiscal years 1994 and 2012 were assessed using population-based multivariate regression models.
Hospitalization rates have decreased in both IBD children and their non-IBD counterparts, which
suggest the influence of an underlying health system effect. ED visits, and outpatient visits in
children diagnosed after 2005, have increased only in children with IBD. These shifting trends
are important factors for health care planners to consider as they prepare for the increasing

burden of pediatric IBD. Further research on the drivers of these trends is warranted.

In my evaluation of distributed network analysis, | found that meta-analysis of aggregate
data from individual-level multivariable regression analyses is a valid alternative to using
primary analysis of individual-level data. This method can be used for multi-province Canadian
initiatives as well as multi-regional international studies when individual-level data cannot be
shared for privacy or other reasons. The choice between fixed and random effects meta-analysis
models should take into consideration regional study design, heterogeneity, and knowledge of

regional analyses.

“Big data” in the form of health administrative data and electronic health records provide
unprecedented opportunities for health-related research. Multi-jurisdictional population-based
studies improve study generalizability and statistical power. However, researchers using health
administrative data to conduct these studies will face challenges due to the increasing complexity
of the data and the lack of tested methods available to meet the analysis demands of this

relatively new but rapidly evolving field. In addition, researchers will likely face more
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challenges with heterogeneity resulting from differing data collection, coding, analysis, and
synthesis across independent regions or institutions, and understanding the role and impact of
heterogeneity in the analyses and interpretations will become increasingly valuable. Established
and future initiatives aimed at employing health administrative data to conduct multi-
jurisdictional research will continue to need the development of methodological capacity to
support the challenges that will arise in this field, and methodology validation will be central to

the integrity of such studies.
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Appendix A. Summary of Matching Children with IBD to Children without Inflammatory

Bowel Disease

Table A.1 The summary of the matching results of children with inflammatory bowel disease.

Number of Number of Percentage of
matched Children with Children with
children IBD IBD

without IBD
0 23 0.42
1 48 0.87
2 93 1.69
3 112 2.03
4 103 1.87
5 5139 93.13

Abbreviations: IBD, Inflammatory bowel disease.
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Table A.2 The descriptive statistics of the children with inflammatory bowel disease with no
matched children without inflammatory bowel disease.

Characteristic Number of unmatched
children with IBD

Sex Females 13 (56.5%)
Males 10 (43.5%)
Rural residence Urban 1 (4.4%)
at diagnosis Rural 19 (82.6%)
Unknown 3 (13.0%)
Neighbourhood First (lowest) 6 (26.1%)
ncome Second 4 (17.4%)
quintile at diagnosis Third 1 (4.4%)
Fourth 5 (21.7%)
Fifth (Highest) 1 (4.4%)
Unknown 6 (26.1%)

Abbreviations: IBD, inflammatory bowel disease.
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Appendix B. IBD-Specific and IBD-Related Diagnosis Codes

Table B.1 IBD-specific and IBD-related diagnosis codes.

Description ICD-9 OHIP ICD-10
diagnostic
code

IBD-specific
Crohn's disease 555.x 555 K50.x
Ulcerative colitis 556.x 556 K51.x
IBD-related
Anorexia 7830 787 R63.0
Abnormal Weight Gain 783.1 R63.5
Abnormal Weight Loss 783.2 R63.4
Lack of expected normal physiological 783.4 R62.8, R62.9
development
Symptoms involving digestive system, 787.x 787 R11.x, R12.x,
including: (787.0) Nausea and vomiting ; (787.1) R13.x, R14.x,
Heartburn; (787.2) Dysphagia; (787.3) R15.x, R19.x

Gas/bloating; (787.6) Encopresis, fecal
incontinence; (787.9) Other symptoms involving
digestive system

Abdominal pain 7890 787 R10.x
Dyspepsia 536.8 536 K30
Cachexia 799.4 R64
Esophagitis 530.1 530 K20, K21.x
Ulcer of esophagus 5302 K22.1
Gastric ulcer 531.x 531 K25.x
Duodenal ulcer 532.x 532 K26.x
Peptic ulcer 533.x K27.x

GJ ulcer 534.x 534 K28.x
Gastritis/duodenitis 535.x 535 K29.x
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Description ICD-9 OHIP ICD-10
diagnostic
code
Intestinal obstruction 560.8 560 K31.5
560.9 K56.6
Rectal/anal hemorrhage 569.3 569 K62.5
Other disorder of rectum/anus, including: ulcer;  569.4 569 K62.6, K62.8
pain, sphincter tear (healed); dysplasia; other
specified, including proctitis, inflamm.
Abscess of the intestine 569.5 569 K63.0
Other disorders of intestine, including: fistula 569.8 569 K63.2, K63.3,
(excl rectum); ulcer of intestine; perforation; K63.1, K552.x,
angiodysplasia, no hemorrhage; angiodysplasia, K638.x
with hemorrhage; dieulafoy; and other (including
enteroptosis, granuloma of intestine, prolapse of
intestine, pericolitis, perisigmoiditis,
visceroptosis)
Malabsorption 262, 579 E43, E44.0,
263.0, E44.1, E45, E46,
263.1, K90.8, K90.9
263.2,
263.9,
579.8,
579.9
Anal Fistula 565.1 565 K60.3
Anal Abscess 566 566 K610, K611,
K612, K613,
K614
Ureteral Fistula 593.8 N288.1, N288.8
Urethral Fistula 599.1 N36.0
Fistula of stomach & duod 537.4 K31.6
Vesical fistula 596.2 N32.2
Fistula involving female GU 619.x N82.x
Hemorrhoids, including: (455.9) Anal skin tags  455.x 455 184.x
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Description ICD-9 OHIP ICD-10

diagnostic
code
Rheumatoid arthritis 713.1, 714 MO050, M052,
714.x, M053, M058,
716.4, MO059, M060,
716.5, M061 M062,
716.6, MO064, M068
Zig; M069, M070,
716.9, MO074, MQ75,
' MO076, M080,
M081, M082,
M083, M084,
M088, M089,
M090, M091,
M092, M098,
M130, M131,
M139
Arthropathy associated Gl cause 713.3 MO074 M076
MO75
Inflammatory spondylopathies, including: 720.x 720 M45.x, M46.x
(720.0) Ankylosing spondylitis; (720.1) Spinal
enthesopathy; (720.2) Sacroiliitis; (720.8) Other
inflammatory; (720.9) Other unspecified
inflammatory
Scleritis & episcleritis 379.x 379 H15.x
Unspecified iridocyclitis (uveitis NOS) 364.3 364 H20.9
Chorioretinitis, unspecified (uveitis, posterior 363.2 363 H30.9
NOS)
Acute and subacute iridocyclitis 364 364 H20.0
Erythema nodosum 695.2 695 L52
Pyoderma 6860 686 L08.0
Pyogenic granuloma of the skin and soft tissue 686.1 686 L98.0
Oral aphthae 528.2 528 K12.0
Short stature 783.4 E34.3
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Description ICD-9 OHIP ICD-10
diagnostic
code

Osteoporosis 7330.x, 733 M80.x, M81.x,

7331 M82.x, M83.x
Osteomyelitis 730, 730 M86.x

730.1,

730.2
Acute glomerulonephritis 580.x 580 N0O0.x
Nephrolithiasis 592.x 592 N20.x
Primary Sclerosing Cholangitis 576.1 576 K83.0
Venous embolism/thrombosis 453.x 182.x

Abbreviations: IBD, inflammatory bowel disease; ICD-9, the 9th revision of the International
Statistical Classification of Diseases and Related Health Problems; ICD-10, 10th revision of the
International Statistical Classification of Diseases and Related Health Problems; OHIP, Ontario

Health Insurance Plan.
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Appendix C. Summary of Excluded Outpatient Visits

Table C.1 Codes for infusions, telephone, or tele-medicine outpatient visits.

Code type Code
Infusion G376, G379
Telephone K034, K730-K739
Tele-medicine B100-B102, B200, B201

Table C.2 QOutpatient Visits Excluded Due To Associated Tele-Medicine, Transfusion, Or
Telephone Call Codes.

Type of Population Number of Total number of  Proportion of
outpatient visit outpatient visits  outpatient visits outpatient
that were not visits that were
physician clinic not in clinic
visits visits (%)
IBD-specific IBD 3837 190765 2.01
CD 2744 128852 2.13
ucC 931 53296 1.75
IBD-related IBD 4559 243470 1.87
CD 3204 162409 1.97
ucC 1132 69080 1.64
All-cause IBD 6386 608783 1.05
Non-1BD 5038 1216903 0.41

Abbreviations: CD, Crohn’s disease; IBD, inflammatory bowel disease; UC, ulcerative colitis.
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Appendix D. Validated IBD-related Surgery Codes in CIHI-DAD

Table D.1 Validated Canadian Classification of Diagnostic, Therapeutic, and Surgical Procedures
(CCP) codes for resection and colectomy in CD and UC.

CCP Codes for Resection/Colectomy
RESECTION/COLECTOMY FOR CD: COLECTOMY FOR UC2
5741- multiple segmental resection of small
intestine
5742- Other partial resection of small intestine
5743- Total removal of small intestine

575- partial excision of large intestine 575- partial excision of large intestine

5751- multiple segmental resection of large 5751- multiple segmental resection of large
intestine intestine

5753-right hemicolectomy 5753-right hemicolectomy

5755-left hemicolectomy 5755-left hemicolectomy

576-total colectomy 576-total colectomy

5752- cecectomy 5752- cecectomy

5754- resection of transverse colon 5754- resection of transverse colon

5756- sigmoidectomy 5756- sigmoidectomy

5759- other partial excision of large intestine 5759- other partial excision of large intestine

Abbreviations: CD, Crohn’s disease; UC, ulcerative colitis.
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Table D.2 Validated Canadian Classification of Health Intervention (CCI) Codes for Resection and
Colectomy in Crohn’s Disease.1

Procedural codes Definition
1.NK.87.xx Excision partial, small intestine
1.NM.87.xx Excision partial, large intestine
1.NM.89.xx Excision total, large intestine
1.NQ.87.xx Excision partial, rectum

1.NQ.89.xx Excision total, rectum (including proctocolectomy)

1.NQ.90.xx* Excision total with reconstruction, rectum

1.NM.91.xx** Excision radical, large intestine

*Was not included in validation algorithm but was used prior to 2006 and was replaced by 1NQ89.

**Was not included in the Crohn’s disease validation algorithm but was included in the ulcerative
colitis validation algorithm.

Table D.3 Validated Canadian Classification of Health Intervention (CCI) codes for resection and
colectomy in ulcerative colitis.2

Procedural codes Definition
1.NM.87.xx Excision partial, large intestine
1.NM.89.xx Excision total, large intestine endoscopic
1.NM.91.xx Excision radical, large intestine
1.NQ.89.xx or Excision total, rectum or excision total with reconstruction, rectum using
1.NQ.90.xx open approach with ileum
References

1. Ma C, Moran GW, Benchimol EI, et al. Surgical Rates for Crohn’s Disease are Decreasing:
A Population-Based Time Trend Analysis and Validation Study. Am J Gastroenterol.
2017;112(12):1840-1848. doi:10.1038/ajg.2017.394

2. Ma C, Crespin M, Proulx M-C, et al. Postoperative complications following colectomy for
ulcerative colitis: A validation study. BMC Gastroenterol. 2012;12(1):39. doi:10.1186/1471-
230X-12-39
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Appendix E. Visual Plots Assessing Statistically Significant Violations of Cox Proportional
Hazards Assumption

Appendix E can be found online at:
: i Vi =

File Name:

Appendices_Chapter2 E F G
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Appendix F. Hypothesis Testing of the Cox Proportional Hazards Assumption

Appendix F can be found online at:
. i Vi =

File Name:

Appendices_Chapter2 E F G
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Appendix G. Plots of Each Outcome Against Time

Appendix G can be found online at:
: i 2Vi =

File Name:

Appendices_Chapter2 E F G
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Appendix H. Models Convergence Issues in LHINs

Table H.1 Summary of model convergence errors and decisions for the distributed network meta-

analysis.
Regression Outcome Population Outcome  Follow Non- Decision
Model Type up from converging
diagnosis  LHIN(s)
(years)
Negative  Hospitalizations  Ulcerative IBD- 1 6 Drop LHIN
binomial/ colitis specific from meta-
Poisson analysis
IBD and All-cause 3 1,8 Drop LHINs
non-1BD from meta-
analysis
Logistic Surgery Crohn’s Intestinal 1 2,3,5,6, Forego analysis
disease resection 7,8,11
3 2,5,6 Drop LHINs
from meta-
analysis
5 5 Drop LHIN
from meta-
analysis
Ulcerative  Colectomy 1 2,3,4,5,  Forego analysis
colitis 6, 7, 8, 15,
16
3 3,4,5,7,8 Forego analysis
5 3,57 Drop LHIN
from meta-
analysis
Exact Surgery Crohn’s 1 4,6, 15 Drop LHINs
Logistic disease from meta-
(network analysis
Monte .
Carlo 3 2,3,4,11, Forego analysis
method) 15
5 2,3,4,8, Forego analysis
11, 15, 16
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Regression Outcome Population Outcome  Follow Non- Decision

Model Type up from converging
diagnosis  LHIN(s)
(years)
Ulcerative 5 11,15 Drop LHINs
colitis from meta-

analysis

Abbreviations: IBD, inflammatory bowel disease; LHIN, local health integration network.
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Appendix I. Results of LHIN-Based Analysis

Appendix | can be found online at:
: i 2Vi =

File Name:
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Appendix J. Forest Plots of LHIN-Based Analysis

Appendix J can be found online at:
. i Vi =

File Name:

Appendices_Chapter3 |1 J K L
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Appendix K. Results of Sensitivity Analyses to Assess Impact of Pediatric Care Centres

Appendix K can be found online at:
: i Vi =

File Name:

Appendices_Chapter3 1 J K L
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Appendix L. Forest Plots of Sensitivity Analyses to Assess Impact of Pediatric Care Centres

Appendix L can be found online at:
. i 2Vi =

File Name:

Appendices_Chapter3 |1 J K L
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Appendix M. Sensitivity Analysis Assessing the Robustness of the Individual-level Analysis Effect Estimates to the Exclusion of

Residents from LHIN 14

Table M.1 The sensitivity analysis of the robustness of the individual level model provincial estimate after the removal of LHIN 14.

Regression Outcome Population ~ Outcome type Follow Spline Provincial Effect Provincial Effect
Model up from Estimate (95% CIl)  Estimate (95% CI)
diagnosis after dropped
(years) LHIN 14
Poisson/Negative Hospitalization IBD IBD-specific 1 N/A 0.981 (0.973-0.990)  0.980 (0.972-0.989)
Binomial 3 N/A 0.974 (0.967-0.982)  0.974 (0.966-0.982)
5 N/A 0.975 (0.968-0.982)  0.975 (0.968-0.982)
IBD-related 1 N/A 0.981 (0.973-0.990)  0.980 (0.972-0.989)
3 N/A 0.974 (0.966-0.981)  0.974 (0.966-0.981)
5 N/A 0.974 (0.967-0.981)  0.974 (0.967-0.981)
CD IBD-specific 1 N/A 0.982 (0.972-0.992)  0.982 (0.971-0.992)
3 N/A 0.971 (0.962-0.980)  0.972 (0.962-0.981)
5 N/A 0.970 (0.962-0.979)  0.971 (0.962-0.979)
IBD-related 1 N/A 0.982 (0.972-0.992)  0.982 (0.972-0.992)
3 N/A 0.971 (0.962-0.980)  0.971 (0.962-0.980)
5 N/A 0.970 (0.962-0.979)  0.970 (0.962-0.979)
ucC IBD-specific 1 N/A 0.986 (0.970-1.002)  0.984 (0.968-1.001)
3 N/A 0.985 (0.971-1.000)  0.984 (0.969-0.999)
5 N/A 0.989 (0.975-1.003)  0.988 (0.974-1.003)
IBD-related 1 N/A 0.984 (0.969-1.000)  0.982 (0.966-0.999)
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Regression Outcome Population ~ Outcome type Follow Spline Provincial Effect Provincial Effect
Model up from Estimate (95% CIl)  Estimate (95% CI)
diagnosis after dropped
(years) LHIN 14
3 N/A 0.982 (0.968-0.997)  0.981 (0.967-0.996)
5 N/A 0.986 (0.972-1.000)  0.985 (0.971-0.999)
IBD All 1 N/A 0.982 (0.976-0.988)  0.981 (0.975-0.987)
3 N/A 0.974 (0.966-0.982)  0.974 (0.966-0.982)
5 N/A 0.974 (0.967-0.982)  0.974 (0.967-0.982)
Non-1BD All 1 N/A 0.972 (0.954-0.991)  0.976 (0.957-0.995)
3 N/A 0.966 (0.956-0.977)  0.968 (0.957-0.978)
5 N/A 0.957 (0.949-0.965)  0.958 (0.949-0.966)
Emergency IBD IBD-specific 1 N/A 1.003 (0.990-1.016) 1.001 (0.988-1.015)
der’sg?:em 3 N/A 1,000 (0.990-1.011)  1.000 (0.989-1.010)
5 N/A 1.002 (0.993-1.012)  1.002 (0.992-1.012)
IBD-related 1 N/A 1.018 (1.008-1.028)  1.017 (1.007-1.027)
3 N/A 1.014 (1.005-1.022)  1.013 (1.005-1.022)
5 N/A 1.015 (1.007-1.023)  1.014 (1.007-1.022)
CD IBD-specific 1 N/A 1.010 (0.994-1.027)  1.009 (0.992-1.026)
3 N/A 1.002 (0.989-1.016)  1.002 (0.988-1.015)
5 N/A 1.002 (0.990-1.014)  1.001 (0.989-1.014)
IBD-related 1 N/A 1.020 (1.007-1.033)  1.019 (1.006-1.032)
3 N/A 1.015 (1.004-1.025)  1.014 (1.003-1.025)
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Regression Outcome Population ~ Outcome type Follow Spline Provincial Effect Provincial Effect
Model up from Estimate (95% CIl)  Estimate (95% CI)
diagnosis after dropped
(years) LHIN 14
5 N/A 1.013 (1.003-1.023)  1.012 (1.002-1.022)
ucC IBD-specific 1 N/A 0.986 (0.964-1.009)  0.985 (0.963-1.008)
3 N/A 0.995 (0.977-1.014)  0.995 (0.976-1.014)
5 N/A 1.003 (0.985-1.021)  1.003 (0.985-1.021)
IBD-related 1 N/A 1.012 (0.995-1.030)  1.011 (0.994-1.028)
3 N/A 1.013 (0.999-1.027)  1.012 (0.998-1.027)
5 N/A 1.020 (1.006-1.033)  1.020 (1.006-1.033)
IBD All-cause 1 N/A 1.008 (1.000-1.017)  1.007 (0.999-1.016)
3 N/A 1.008 (1.001-1.016)  1.008 (1.001-1.015)
5 N/A 1.010 (1.003-1.016)  1.009 (1.002-1.016)
Non-IBD All-cause 1 N/A 0.993 (0.988-0.998)  0.993 (0.988-0.998)
3 N/A 0.997 (0.993-1.000)  0.996 (0.993-1.000)
5 N/A 0.998 (0.994-1.001)  0.997 (0.994-1.001)
Outpatient IBD IBD-specific 1 Before 2005  0.987 (0.981-0.994)  0.989 (0.982-0.995)
visit 1 After 2005  1.060 (1.050-1.069)  1.058 (1.049-1.068)
3 Before 2005 1.001 (0.995-1.006) 1.002 (0.996-1.008)
3 After 2005 1.039 (1.030-1.048)  1.038 (1.029-1.047)
5 Before 2005 1.006 (1.000-1.012)  1.006 (1.000-1.012)
5 After 2005 1.040 (1.031-1.049)  1.040 (1.031-1.049)
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Regression Outcome Population ~ Outcome type Follow Spline Provincial Effect Provincial Effect
Model up from Estimate (95% CIl)  Estimate (95% CI)
diagnosis after dropped
(years) LHIN 14
IBD-related 1 Before 2005 0.979 (0.973-0.985)  0.980 (0.973-0.986)
1 After 2005 1.037 (1.027-1.046)  1.036 (1.026-1.045)
3 Before 2005 0.988 (0.983-0.994)  0.989 (0.984-0.995)
3 After 2005 1.022 (1.014-1.031)  1.022 (1.013-1.030)
5 Before 2005 0.991 (0.985-0.997)  0.992 (0.986-0.997)
5 After 2005 1.028 (1.019-1.037)  1.028 (1.019-1.037)
CD IBD-specific 1 Before 2005 0.989 (0.982-0.997)  0.990 (0.982-0.997)
1 After 2005  1.056 (1.044-1.068)  1.055 (1.044-1.067)
3 Before 2005  0.999 (0.992-1.006)  0.999 (0.992-1.006)
3 After 2005  1.034 (1.023-1.046)  1.035 (1.024-1.046)
5 Before 2005  1.004 (0.996-1.011)  1.003 (0.996-1.011)
5 After 2005  1.033(1.022-1.045)  1.034 (1.023-1.046)
IBD-related 1 Before 2005  0.982 (0.974-0.990)  0.982 (0.974-0.990)
1 After 2005  1.038 (1.026-1.050)  1.039 (1.027-1.051)
3 Before 2005  0.990 (0.983-0.997)  0.990 (0.983-0.997)
3 After 2005 1.021 (1.010-1.032)  1.021 (1.010-1.032)
5 Before 2005 0.991 (0.984-0.998)  0.991 (0.984-0.998)
5 After 2005 1.024 (1.013-1.035)  1.025 (1.014-1.037)
ucC IBD-specific 1 Before 2005 0.983 (0.973-0.994)  0.986 (0.976-0.997)
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Regression Outcome Population ~ Outcome type Follow Spline Provincial Effect Provincial Effect
Model up from Estimate (95% CIl)  Estimate (95% CI)
diagnosis after dropped
(years) LHIN 14
1 After 2005 1.069 (1.053-1.086) 1.066 (1.049-1.082)
3 Before 2005 1.004 (0.993-1.014) 1.006 (0.996-1.017)
3 After 2005 1.053 (1.038-1.069)  1.050 (1.034-1.066)
5 Before 2005 1.011 (1.001-1.021)  1.014 (1.003-1.024)
5 After 2005 1.057 (1.042-1.073)  1.054 (1.039-1.070)
IBD-related 1 Before 2005 0.977 (0.966-0.987)  0.979 (0.969-0.990)
1 After 2005 1.030 (1.014-1.046)  1.026 (1.010-1.042)
3 Before 2005  0.988 (0.978-0.998)  0.990 (0.980-1.000)
3 After 2005  1.026 (1.011-1.041)  1.023 (1.008-1.038)
5 Before 2005  0.993 (0.983-1.003)  0.995 (0.985-1.005)
5 After 2005  1.035(1.021-1.050)  1.033 (1.018-1.048)
IBD All-cause 1 Before 2005  0.988 (0.980-0.996)  0.988 (0.980-0.996)
1 After 2005  1.032 (1.019-1.044)  1.031 (1.019-1.044)
3 Before 2005  0.994 (0.987-1.002)  0.994 (0.987-1.002)
3 After 2005  1.015 (1.004-1.027)  1.015 (1.004-1.027)
5 Before 2005 0.993 (0.985-1.000)  0.993 (0.985-1.000)
5 After 2005 1.021 (1.010-1.032)  1.021 (1.010-1.033)
Non-1BD All-cause 1 Before 2005 0.982 (0.978-0.986)  0.982 (0.978-0.986)
1 After 2005 0.997 (0.991-1.004)  0.997 (0.990-1.003)
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Regression Outcome Population ~ Outcome type Follow Spline Provincial Effect Provincial Effect
Model up from Estimate (95% CIl)  Estimate (95% CI)
diagnosis after dropped
(years) LHIN 14
3 Before 2005 0.982 (0.979-0.986)  0.983 (0.979-0.986)
3 After 2005 0.996 (0.990-1.001)  0.995 (0.990-1.001)
5 Before 2005 0.984 (0.981-0.988)  0.985 (0.981-0.988)
5 After 2005 0.993 (0.988-0.998)  0.993 (0.988-0.998)
Logistic Surgery CD Intestinal 1 N/A 0.942 (0.920-0.965)  0.939 (0.916-0.961)
Resection 3 N/A 0.940 (0.923-0.956)  0.938 (0.921-0.955)
5 N/A 0.936 (0.918-0.953)  0.934 (0.917-0.952)
ucC Colectomy 1 N/A 0.962 (0.928-0.998)  0.960 (0.925-0.996)
3 N/A 0.966 (0.940-0.993)  0.967 (0.941-0.994)
5 N/A 0.978 (0.950-1.007)  0.981 (0.952-1.010)
Cox Hospitalization IBD IBD-specific 5 N/A 0.982 (0.975-0.989)  0.982 (0.975-0.989)
Prﬁgggtrig:a' IBD-related 5 N/A 0.983 (0.976-0.990)  0.983 (0.977-0.990)
CD IBD-specific 5 N/A 0.982 (0.974-0.991)  0.983 (0.974-0.991)
IBD-related 5 N/A 0.982 (0.974-0.991)  0.983 (0.974-0.991)
uc IBD-specific 5 N/A 0.987 (0.976-0.999)  0.985 (0.973-0.998)
IBD-related 5 N/A 0.988 (0.976-1.000)  0.987 (0.975-0.999)
IBD All-cause 5 N/A 0.984 (0.977-0.990)  0.984 (0.977-0.991)
Non-1BD All-cause 5 N/A 0.960 (0.952-0.969)  0.961 (0.952-0.970)
IBD IBD-specific 5 N/A 0.998 (0.989-1.007)  0.999 (0.990-1.008)
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Regression Outcome Population  Outcome type Follow Spline Provincial Effect Provincial Effect
Model up from Estimate (95% CIl)  Estimate (95% CI)
diagnosis after dropped
(years) LHIN 14
Emergency IBD-related 5 N/A 1.009 (1.003-1.016)  1.010 (1.003-1.017)
department -
visit CD IBD-specific 5 N/A 0.997 (0.986-1.009)  0.997 (0.986-1.009)
IBD-related 5 N/A 1.010 (1.002-1.019)  1.010 (1.001-1.019)
ucC IBD-specific 5 N/A 0.999 (0.984-1.015)  0.999 (0.984-1.016)
IBD-related 5 N/A 1.010 (0.998-1.022)  1.010 (0.998-1.022)
IBD All-cause 5 N/A 1.004 (0.999-1.010)  1.003 (0.998-1.009)
Non-1BD All-cause 5 N/A 0.994 (0.991-0.997)  0.995 (0.991-0.998)
Surgery CD Intestinal 5 N/A 0.940 (0.927-0.954)  0.939 (0.926-0.953)
Resection
ucC Colectomy 5 N/A 0.970 (0.948-0.993)  0.971 (0.948-0.994)

Abbreviations: CD, Crohn’s disease; Cl, confidence interval; IBD, inflammatory bowel disease; N/A, not applicable; UC, ulcerative colitis.
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Appendix N. Sensitivity Analysis Excluding Non-Converging LHINs from Individual-level Analysis

Table N.1 Individual-level analysis effect estimates (from Chapter 2) before and after dropping the non-converging Local Health
Integration Network(s) in Chapter 3.

Model Outcome Outcome Population Follow  Dropped Individual Level Individual Level
Type up from LHIN(s)* Analysis Effect Estimate Analysis Effect
diagnosis (95% CI) Estimate
(years) (all LHINS) (95% CI)
(Dropped LHINS)
Negative  Hospitalizations IBD-specific ucC 3 1 0.986 0.990
binomial/
(0.970-1.002) (0.973-1.008)
Poisson
regression All-cause IBD 3 1 0.974 0.978
(0.966-0.982) (0.970-0.986)
Children 3 1 0.966 0.968
without IBD
(0.956-0.977) (0.958-0.979)
Logistic Surgery Intestinal CD 1 >3 LHINs - -
Regression resection
3 2,56 0.940 0.949
(0.923-0.956) (0.930-0.968)
5 5 0.936 0.935
(0.918-0.953) (0.917-0.953)
Colectomy ucC 1 >3 LHINs - -
3 >3 LHINs - -
5 3,57 0.978 0.984
(0.950-1.007) (0.954-1.015)
Surgery Intestinal CD 1 4,6,15 0.942 0.944
resection

(0.920-0.965)

(0.919-0.970)
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Model Outcome Outcome Population Follow  Dropped Individual Level Individual Level
Type up from LHIN(s)* Analysis Effect Estimate Analysis Effect
diagnosis (95% CI) Estimate
(years) (all LHINS) (95% CI)
(Dropped LHINS)
Exact 3 >3 LHINs - -
Logistic
Regression > >3 LHINs - -
(network Colectomy ucC 5 11,15 0.978 0.977
Monte (0.950-1.007) (0.947-1.008)
Carlo
method)

Abbreviations: CD, Crohn’s disease; CI, confidence interval; IBD, inflammatory bowel disease; LHIN, Local Health Integration

Network; UC, ulcerative colitis.

*When >3 LHINs were dropped the LHIN-based analysis was not performed.
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