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Abstract 

Background: There is concern that patients are waiting too long to be diagnosed with colorectal 

cancer (CRC) after presenting to the healthcare system. Previous research has found issues with 

the availability and quality of colonoscopy resources, a key procedure used to diagnose CRC, 

including long colonoscopy wait times, regional variations in colonoscopy utilization, and 

variations in colonoscopy quality. However, no research has described colonoscopy resource 

availability and quality and its relationship with the CRC diagnostic interval. 

Methods: This thesis examined colonoscopy resource availability and quality and its relationship 

with the CRC diagnostic interval in two phases using administrative health data from the Institute 

for Clinical Evaluative Sciences. Phase One used a population-based cross-sectional design to 

describe colonoscopy resource availability and quality in Ontario between 2007 and 2013. We 

described regional variations in colonoscopy resources and evaluated associations between 

colonoscopy resources and colonoscopy utilization. Phase Two used a population-based 

retrospective cohort design to describe the CRC diagnostic interval for Ontario CRC patients 

diagnosed between 2009 and 2012 and to evaluate the associations between colonoscopy resource 

availability and quality and the diagnostic interval. We used quantile regression to model these 

relationships while controlling for confounding and evaluating effect modification. 

Results: In Phase One, we found regional variation in the availability and quality of colonoscopy 

resources in Ontario. Significant correlations between colonoscopy resource characteristics and 

colonoscopy utilization indicated that reduced resource availability and quality were associated 

with reduced colonoscopy utilization. In Phase Two, the median CRC diagnostic interval was 84 

days (90
th
 percentile 323 days). We observed significant associations between the diagnostic 

interval and the availability and quality of colonoscopy resources. Patients residing in networks 

with lower colonoscopist density, colonoscopy completion rates and private clinic access had 
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longer diagnostic intervals. These measures of colonoscopy resource availability and quality were 

also associated with the care that patients received within the diagnostic interval. 

Conclusion: This research demonstrated substantial variation in colonoscopy resource 

availability and quality in Ontario and identified the availability and quality of colonoscopy 

resources as an important determinant of the CRC diagnostic interval. 
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Chapter 1 

Introduction 

1.1 Background and rationale 

An early and timely diagnosis of cancer is important to improving outcomes. Cancers diagnosed 

at an earlier stage have better survival than cancers diagnosed at a more advanced stage (1, 2). Early stage 

cancers may also have more treatment options, including less invasive treatments with fewer long-term 

side effects. A prolonged time from first presentation to diagnosis, a period known as the diagnostic 

interval, may contribute to a later stage at diagnosis, poorer survival, and increased patient anxiety during 

the waiting period (3-7). A long diagnostic interval may also be indicative of inefficiencies in the 

diagnostic process, as patients may be waiting for repeated or unnecessary tests. The importance of an 

early and timely diagnosis of cancer has resulted in the development of population-based cancer screening 

programs, symptom awareness initiatives, and programs that streamline the diagnostic process, such as 

Cancer Care Ontario’s (CCO) Diagnostic Assessment Programs (8).   

Evidence of long diagnostic intervals in colorectal cancer (CRC) has been documented in the 

literature. Within Canadian studies, median diagnostic intervals of 44 to 81 days have been reported, with 

90
th
 percentiles of up to 288 days (9-14). While sources of delay in the CRC diagnostic interval are not 

well understood, we know that it is a difficult disease to diagnose. CRC is a relatively rare disease, so 

physicians may not immediately suspect CRC when patients present with symptoms of the disease. 

Furthermore, CRC symptoms, such as rectal bleeding and abdominal pain, are also symptoms of more 

common, benign gastrointestinal (GI) conditions (15-17). Considering the evidence of long diagnostic 

intervals, the overall burden of CRC in Canada, with an estimated 25,100 cases diagnosed in 2015 (18), 

and the potential consequences of a protracted diagnostic interval, research is needed to understand 

determinants of a protracted diagnostic interval, leading to the identification of at-risk groups and the 

development of interventions to improve the timeliness of a CRC diagnosis.  
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The Aday and Andersen Framework for the Study of Access to Care (19) can be used to 

understand factors that are associated with a protracted diagnostic interval. According to this framework, 

the length of the diagnostic interval, as well as the characteristics of care within the interval, are 

utilization-based outcomes that reflect patients’ realized access to care. This framework identifies three 

input categories that may impact patients’ realized access to care; these have also been referred to as 

indicators of patients’ potential access to care (20). These include health policy, patient characteristics, 

and characteristics of the health care system, including the availability and quality of health system 

resources. To date, much of the research examining predictors of the CRC diagnostic interval has focused 

on patient characteristics, such as age and sex. We have little understanding of whether health care system 

characteristics and health resource characteristics influence the CRC diagnostic interval. Several studies 

have examined rurality as a potential determinant of the CRC diagnostic interval (9, 13). Rurality is often 

viewed as a risk factor for poor health outcomes, with the underlying reason being that rural populations 

have poor access to health care resources (21-24). Rural areas have been found to have lower physician 

density and longer distances to travel to reach health services (25-28). However, this perspective that 

urban areas have good access to health services, while rural areas have poor access to health services, has 

been criticized for being overly simplistic, ignoring the heterogeneity that may exist in health services and 

populations within urban and rural areas (29). Research needs to directly evaluate system-level access to 

care and its relationship with the CRC diagnostic interval. 

Within the existing literature, there is evidence to indicate that there are issues with the 

availability and quality of CRC resources, and particularly, colonoscopy resources, one of the key tests 

used in CRC screening and diagnosis. Wait times for colonoscopy often exceed guideline 

recommendations (30-32). There is also substantial variation in colonoscopy utilization across Ontario, 

with some areas in the province having utilization rates that are at least 25% lower than the province-wide 

utilization rate (33). Additionally, there is evidence of variations in the quality of colonoscopy resources 

and physicians’ achievement of various colonoscopy quality metrics (34-38). Poor quality colonoscopy 
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may adversely impact patients as it may result in the need for follow-up or repeat procedures as well as 

the failure to detect CRC (34, 39-42).  

The availability and quality of colonoscopy resources may influence the CRC diagnostic interval 

through several mechanisms. Factors related to the availability of colonoscopy (colonoscopist density, 

private clinic access and distance to the closest colonoscopist) reflect resource availability and the ease 

with which patients may receive the procedure, while factors related to the quality of resources 

(colonoscopy completion rates, polypectomy rates, access to gastroenterologists) may impact the care that 

patients receive within the diagnostic interval. Patients residing in areas with a lower density of 

colonoscopists may have to wait longer to receive the procedure after a referral is made. Physicians may 

also choose to perform alternate tests to evaluate GI symptoms when colonoscopist density is low and 

wait times are high, and only refer a patient for colonoscopy after these preliminary tests suggest that the 

procedure is warranted. Physicians may be less likely to refer for colonoscopy when their patients live a 

long distance from a colonoscopist, and instead rely on more accessible tests, such as imaging, to evaluate 

GI symptoms. Likewise, patients who live a long distance from a colonoscopist may delay getting the 

procedure due to difficulties associated with travel. Patients residing in areas with lower quality 

colonoscopy resources may have increased need for repeat colonoscopies or follow-up tests after 

colonoscopy, or missed polyps or cancers at the time of the procedure, thereby taking resources away 

from others and also lengthening the diagnostic interval. Referral patterns may also be different in areas 

with lower quality colonoscopy resources if physicians selectively refer to higher quality colonoscopy 

providers. 

1.2 Study purpose and objectives 

The purpose of this thesis was to describe the availability and quality of colonoscopy resources in 

the province of Ontario, Canada and evaluate the association between colonoscopy resource availability 

and quality and the CRC diagnostic interval. This thesis has two objectives, one for each phase, and each 

objective is broken down into three sub-objectives:  
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Phase 1:  Objective 1(a): To describe the availability and quality of colonoscopy resources for 

residents of Ontario age 18+. 

Objective 1(b): To explore regional variations in the availability and quality of 

colonoscopy resources, including variations within and across rural and urban areas and 

populations. 

Objective 1(c): To describe variations in colonoscopy utilization across Ontario and 

evaluate the association between colonoscopy utilization and colonoscopy resource 

availability and quality. 

Phase 2: Objective 2(a): To describe the length of the CRC diagnostic interval and first procedure 

interval and examine associations between the lengths of these intervals and patient and 

disease characteristics and colonoscopy resource availability and quality.  

Objective 2(b): To evaluate the association between colonoscopy resource availability 

and quality and the CRC diagnostic interval. 

Objective 2(c): To describe characteristics of care within the CRC diagnostic interval and 

explore associations between the colonoscopy resource availability and quality and these 

characteristics of care. 

1.3 Study design overview 

This thesis was conducted in two phases, each with its own study design and study population. 

Both phases used administrative health data from the Institute for Clinical Evaluative Sciences (ICES). In 

Phase One, we used a population-based, cross-sectional design to describe the availability and quality of 

colonoscopy resources in Ontario between 2007 and 2013. The study cohort included all Ontario residents 

between the ages of 18 and 99 who were eligible for provincial health insurance; a cohort was defined for 

each study year (2007 to 2013). As part of the Phase One methods, we evaluated four geographic area 

classifications as potential colonoscopy resource catchment areas: Ontario counties, Local Health 

Integration Networks (LHINs), sub-LHINs, and physician networks (43, 44). As a result of these 
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evaluations, we modified the physician networks, identifying 43 colonoscopy networks that we then used 

as the catchment areas for measuring the availability and quality of colonoscopy resources. We evaluated 

three measures of colonoscopy resource availability: colonoscopist density, private clinic access, and 

distance to the closest colonoscopist, and three measures of colonoscopy resource quality: access to 

gastroenterologists, colonoscopy completion rates, and polypectomy rates. These variables were defined 

based on the characteristics of colonoscopies that were received by the study cohort between 2007 and 

2013, and on characteristics of colonoscopists who performed at least 50 colonoscopies in a year between 

2007 and 2013. In our analyses, we described geographic variation in each of these six measures of 

colonoscopy resources across the 43 colonoscopy networks. We also evaluated the correlation between 

network-level colonoscopy resource availability and quality and colonoscopy utilization.   

In Phase Two, we used a population-based retrospective cohort design to describe the CRC 

diagnostic interval and evaluate the association between colonoscopy resource availability and quality and 

the CRC diagnostic interval. The study cohort included all CRC patients diagnosed in Ontario between 

2009 and 2012. The diagnostic interval was measured using control charts to define the index contact date 

that marked the start of the diagnostic interval (45-48). We identified CRC-related health care encounter 

categories based on patients’ encounters in the zero to three months before diagnosis and used control 

charts to define the lookback period for each encounter category. These lookback periods were used to 

identify the earliest CRC-related encounter for each patient, which, which was used to define the index 

contact date. The diagnostic interval was the time from the index contact date to the CRC diagnosis date; 

the first procedure interval was the time from the index contact date to the first CRC-related procedure. 

We used the colonoscopy network-level measures colonoscopy resources from Phase One as the 

exposures of interest in Phase Two; exposures were assigned to patients based on their colonoscopy 

network membership and year of their index contact date. In our analyses, we described the median and 

90
th
 percentile of the diagnostic and first procedure intervals by patient and disease characteristics, using 

unadjusted quantile regression models to evaluate statistical significance (49). We used unadjusted and 

multivariable quantile regression models to evaluate the association between colonoscopy resource 
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availability and quality and the CRC diagnostic interval, while controlling for relevant confounders and 

evaluating effect modification (49). We also explored associations between colonoscopy resource 

availability and quality and characteristics of care within the CRC diagnostic interval using Cochran-

Armitage trend tests and Kruskal-Wallis non-parametric one-way analysis of variance. 

1.4 Thesis outline 

This thesis is presented in five chapters using a traditional thesis format. Chapter 2 is the 

literature review, which provides the background for this research; it describes CRC epidemiology, tests 

used to diagnose CRC, and diagnostic pathways for CRC, presents current knowledge of the CRC 

diagnostic interval and the relationship between health system characteristics and the CRC diagnostic 

interval, describes the challenges in evaluating systems-level access to care, and presents current 

knowledge of colonoscopy resource availability and quality. Chapter 3 describes the methods used in this 

thesis, including the study design, study cohort, data sources, study variables and analyses; the study 

variables and analyses sections are presented separately for the two phases. The results are presented in 

Chapter 4, including a description of the cohort creation and representativeness as well as the analytic 

results for each phase. Chapter 5 concludes with the discussion of the results, including a comparison of 

the results in relation to the existing literature, the scientific and methodological contributions and 

limitations of this thesis, as well as the clinical and policy implications and future directions of this 

research.  



 

 

7 

Chapter 2 

Literature Review 

2.1 Colorectal cancer epidemiology 

2.1.1 Colorectal cancer incidence, mortality and stage at diagnosis 

Colorectal cancer is a major burden of disease in Canada. An estimated 25,100 Canadians were 

diagnosed with CRC in 2015, with 9,200 of those diagnosed in Ontario. CRC is the second most common 

cancer diagnosed among Canadian men and the third most common cancer diagnosed among Canadian 

women, accounting for 13.9% and 13.5% of all cancers diagnosed in Canadian men and women in 2015, 

respectively. The 2015 age-standardized incidence rate of CRC was 59.5 cases per 100,000 males and 

39.7 cases per 100,000 females, reflecting the slightly higher incidence of disease among men (18).  

There is evidence of temporal and geographic variations in CRC incidence in Canada. Age-

standardized incidence rates for males and females increased between the mid-1990s and early 2000s and 

then decreased slightly; this change was attributed to the increased use of CRC screening that detects 

precancerous polyps (18). Age-standardized CRC incidence rates also show strong variation across the 10 

Canadian provinces. British Columbia has the lowest incidence rates for both males (51 cases per 

100,000) and females (36 cases per 100,000). Newfoundland and Labrador has the highest incidence rates 

for both males (85 cases per 100,000) and females (53 cases per 100,000). The age-standardized 

incidence rate for males in Ontario (57 per 100,000) is tied with Alberta as the second lowest out of the 

10 provinces, and the age-standardized incidence rate for females in Ontario (39 per 100,000) is tied with 

New Brunswick as the third lowest out of the 10 provinces (18). 

CRC is also a major source of cancer-related deaths in Canada. An estimated 9,300 Canadians 

died of CRC in 2015, with 3,350 of those deaths occurring in Ontario. CRC was the second most common 

cause of cancer death in Canadian men and third most common cause of cancer death in Canadian women 

in 2015, accounting for an estimated 12% and 11.5% of all cancer deaths in males and females, 
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respectively. The age-standardized CRC mortality rate in 2015 was 21.6 deaths per 100,000 males and 

13.8 deaths per 100,000 females. The five-year relative survival for CRC diagnosed in Canada between 

2006 and 2008 was 64% (18).  

There is evidence of temporal and geographic variations in CRC mortality in Canada. Among 

males, mortality rates have decreased 2.5% per year since 2004; among females, mortality rates have 

decreased 1.8% per year since 2001. This decline in mortality is attributed to the increased utilization of 

CRC screening which has been demonstrated to significantly reduce CRC mortality (18, 50). 

Newfoundland and Labrador has the highest age-standardized CRC mortality rates for males and females 

in 2015 at 38 deaths per 100,000 and 21 deaths per 100,000 respectively. Nova Scotia has the second 

highest age-standardized CRC mortality rates at 29 deaths per 100,000 males and 18 deaths per 100,000 

females. Age-standardized CRC mortality rates are lower across the remaining eight provinces, and are 

also fairly homogeneous, ranging from 19 to 23 deaths per 100,000 males, and 13 to 16 deaths per 

100,000 females (18).  

The stage of CRC at diagnosis is an important prognostic factor. Stage is a measure of the 

anatomic extent of the disease and is commonly measured using the TNM staging classification (51). The 

TNM classification describes the disease based on the size of the tumour (T), the spread of the disease to 

lymph nodes (N), and the presence of metastases (M). The T, N, and M staging information are combined 

to form four stage groups (I-IV). Stage I CRC is the least advanced; the tumour has grown through the 

submucosa of the wall of the colon or rectum but has not reached the outer layers of the colon and there is 

no involvement of lymph nodes or metastatic disease. In Stage II CRC, the tumour has grown into or 

through the outermost wall of the colon or rectum, but has not spread to regional lymph nodes. In Stage 

III CRC, the tumour has varying levels of invasion of the walls of the colon or rectum, with metastasis to 

regional lymph nodes. Stage IV CRC is the most advanced, with evidence of metastatic spread of disease 

to other organs or sites, most commonly the liver, lung, peritoneum, ovary, adrenal glands, pleura, brain 

or bone (51, 52).  
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Stage at diagnosis is strongly associated with CRC survival. Five-year disease-specific survival 

varies from 93% for stage I disease, 82% for stage II disease, 59% for stage III disease, and 8% for stage 

IV disease (2). A substantial proportion of CRC cases diagnosed in Ontario are advanced stage, typically 

defined as stage III or IV. In 2010 to 2012, 16% of CRC cases diagnosed in Ontario were stage IV, 26% 

were stage III, 23% were stage II, 20% were stage I, and 16% had unknown stage (53). These data 

indicate that there is room for improvement in the CRC stage distribution in Ontario. A shift towards 

more patients being diagnosed at an earlier stage would contribute to reductions in mortality from CRC.  

2.1.2 Biology of colorectal cancer 

CRC develops through a carcinogenic process whereby normal cells within the large intestine 

transform into malignant cancer cells. The histology of CRC differs according to what types of cells the 

tumour originates from. The vast majority of CRCs arise from epithelial cells that form the luminal 

surface of the large intestine (54). These cancers are known as adenocarcinomas and account for an 

estimated 96% of CRCs (52, 55). The histologic types of the remaining 4% of CRCs include sarcomas, 

lymphomas, epidermoid carcinomas and other specific carcinomas (52, 55).  

The development of colorectal adenocarcinoma follows a fairly consistent process known as the 

adenoma-carcinoma sequence (54, 56). The first step in the sequence is the formation of pre-malignant 

dysplasia. Dysplastic cells have an abnormal microscopic appearance but are not invasive, and they grow 

to form adenomas. Adenomas are pre-cancerous growths with abnormal cell characteristics. They 

typically take on the shape of a small, raised polyp, and are therefore also called adenomatous polyps. 

With time, adenomatous polyps grow in size and the severity of dysplasia increases (54, 57, 58). 

Adenomatous polyps may eventually transform to become malignant adenocarcinoma. If not removed, 

the malignant cells of an adenocarcinoma will eventually invade the adjacent tissues and the tumor may 

perforate through the wall of the large intestine (57).  

This transition from colorectal dysplasia to colorectal adenocarcinoma is a slow process, 

estimating to take anywhere from five to 40 years (54, 58). While only around 5% of colorectal adenomas 
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will develop into adenocarcinoma, it is not possible to predict an adenoma’s progression based on its 

appearance (59) (54, 58). Adenocarcinoma is a slow growing disease. The tumour doubling time, which is 

the time it takes for a tumour to double in size, is estimated at 24 weeks (60). The progression from early 

stage adenocarcinoma to advanced stage disease is estimated to take between three and five years (58).  

CRC is classified according to its sub-site within the large intestine. Proximal, or right-sided CRC 

arises in the proximal part of the large intestine, including the cecum, ascending colon, hepatic flexure, 

transverse colon and splenic flexure. Distal, or left-sided CRC arises in the distal part of the large 

intestine, including the descending colon and sigmoid colon. Rectal cancer arises in the rectosigmoid 

junction and rectum. A small proportion of CRCs are classified as arising in unspecified sites or other 

specified sites of the large intestine. The distribution of CRCs across these three sub-sites differs by sex. 

In males, rectal cancers account for 38% of CRCs, followed by proximal (31%) and distal (25%) colon 

cancers. In females, proximal cancers account for 42% of CRCs, followed by rectal (28%) and distal 

(22%) (61).  

2.1.3 Risk factors for colorectal cancer 

A number of factors increase one’s risk of developing CRC. Many of these risk factors are 

modifiable, while some are non-modifiable, including genetic or inherited risk factors. Lifestyle-related 

risk factors that increase the risk of CRC include a lack of physical activity, obesity, cigarette smoking, 

increased alcohol consumption, as well as dietary factors, including diets that are high in red and 

processed meats and decreased fruit and vegetable consumption. Low intake of folic acid and low levels 

of vitamin D and calcium have also been identified as potential risk factors for CRC (52, 56, 62, 63). 

Non-modifiable risk factors for CRC include age, sex and the presence of specific comorbid 

conditions. The incidence of CRC is higher among males than females, as well as among older age groups 

(56). Individuals with a history of inflammatory bowel disease, diabetes mellitus, a history of polyps or a 

previous diagnosis of CRC are also at increased risk of developing CRC (52, 56).  
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Between 10% and 25% of CRC has an inherited basis (52, 64). There are two hereditary 

conditions that are known to substantially increase one’s risk of CRC. Familial adenomatous polyposis 

(FAP) is an autosomal dominant disorder that is characterized by the formation of numerous (often 100 or 

more) adenomatous polyps in the large intestine. These polyps typically start to develop in adolescence, 

and if left untreated, will inevitably progress to malignancy by age 40 (52, 64). FAP accounts for 

approximately 1% of all CRC cases.  

Hereditary non-polyposis colon cancer (HNPCC), also known as Lynch syndrome, is another 

autosomal dominant disorder that is associated with an increased risk of CRC, as well as increased risk of 

other cancers, including gynaecological, small bowel and urinary tract carcinomas (64, 65). The risk of 

developing CRC by age 70 among men and women with HNPCC is estimated to be 70% and 35%, 

respectively (64). HNPCC-related CRC is characterized by an earlier age of onset, with the proximal 

colon more likely to be involved than the distal colon or rectum. Between 3% and 5% of CRCs are 

attributed to HNPCC (52, 64).  

While HNPCC and FAP are associated with a substantially increased risk of CRC, these 

conditions are rare and so account for a small proportion of familial CRC cases. The majority of cases of 

familial CRC are seen among individuals who have a family history of CRC, often a first-degree relative 

(65). Approximately one in 17 individuals with one first-degree relative with CRC will develop CRC in 

their lifetimes; that ratio increases to one in six among individuals with two first-degree relatives with 

CRC. This is compared to an approximately one in 50 risk observed in individuals without a family 

history (64). 

2.2 Diagnosing colorectal cancer 

There are several procedures and tests that are commonly used to evaluate and diagnose CRC 

among symptomatic patients and/or to screen for CRC among asymptomatic individuals. Practice 

guidelines describe recommended pathways for CRC diagnosis and identify what types of procedures are 

recommended, based on patient characteristics and presenting signs and symptoms. The procedures and 
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tests that are commonly used to screen for and/or diagnose CRC are described in Section 2.2.1. Current 

practice guidelines for appropriate pathways to diagnosis of CRC are described Section 2.2.2.  

2.2.1 Common colorectal cancer screening and/or diagnostic tests and procedures 

2.2.1.1 Guaiac fecal occult blood test (gFOBT) 

Guaiac fecal occult blood tests aim to detect the presence of small amounts of blood in the stool 

that may be due to CRC-related gastrointestinal (GI) bleeding. It specifically detects the presence of 

heme, a component of hemoglobin. gFOBTs are commonly used as a screening test for CRC. While it is 

not generally recommended as a test to evaluate symptomatic patients, gFOBT may be used as a rapid 

investigation of individuals presenting with CRC symptoms other than rectal bleeding (66). The test is 

typically performed at home. It requires the tester to take a sample of feces and smear it onto the testing 

card and typically, multiple samples are taken across different days. The testing card is returned to a 

laboratory for processing (67, 68).  

While gFOBT is a simple and inexpensive test, it has some drawbacks. Aside from CRC-related 

bleeding, gFOBT also detects non-human heme from food, as well as heme from bleeding proximal to the 

digestive tract, resulting in false positive test results (69). The interpretation of gFOBT results is 

dependent on the experience of the technician (70). The sensitivity and specificity of gFOBTs varies from 

13% to 92% and 80% to 90%, respectively (50, 71). The positive predictive value (PPV) of gFOBTs in 

Ontario’s CRC screening program, which represents the proportion of individuals with positive gFOBTs 

who went on to be diagnosed with CRC, was 4.3% (72). This results in demand for further diagnostic 

evaluations by patients who will not go on to be diagnosed with CRC. 

The fecal immunochemical test (FIT) is a newer alternative to the gFOBT that is increasingly 

being used as a CRC screening test. The test procedures for FITs are similar to that of gFOBTs, with stool 

samples collected on a testing card and returned to a laboratory for processing. The advantages of the FIT 

over the gFOBT is that it does not react to non-human blood in the stool and is less sensitive to upper GI 

bleeding (73).  
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2.2.1.2 Colonoscopy 

Colonoscopy is the examination of the large intestine with a camera that is connected to a flexible 

scope. The scope is passed through the anus and large intestine to reach the cecum or terminal ileum. The 

endoscopist visually examines the surface of the large intestine as the scope is withdrawn. Colonoscopy 

allows for the visualization of any abnormalities in the lining of the large intestine, including polyps or 

ulcerations. Aside from being used to screen for and diagnose CRC, colonoscopy is used in the 

evaluation, diagnosis and management of various non-cancer GI conditions, including diverticulosis, 

inflammatory bowel disease, and bowel obstruction.  

Some intestinal polyps are easier to detect during colonoscopy than others because they vary in 

size and shape. Flat polyps, which are elevated less than 2.5 mm above the surface of the intestine, are 

particularly hard to detect (59). Any polyps that are identified are removed via polypectomy (74). After 

removal, a pathologist examines the polyps to determine if they are benign or cancerous.   

Colonoscopy is typically performed as a day surgery procedure with patients receiving conscious 

sedation. Complications from the procedure include bleeding and perforation of the large intestine, 

infection, splenic trauma and death. However, these complications are very rare, with perforation 

occurring in less than 1% of diagnostic colonoscopies, bleeding in 0.3% to 6% of colonoscopies, and 

death in 0.06% of colonoscopies (75). 

Colonoscopy is considered to be the gold standard for screening and diagnosis of CRC as it 

allows for both the detection and removal of polyps in the entire length of the colon and rectum (69, 76, 

77). However, it is a demanding procedure for patients, requiring oral bowel preparation that occurs over 

several days and sedation. Colonoscopy is also resource-intensive, requiring more trained personnel, 

facilities and time than other procedures. Colonoscopy is used to evaluate and diagnose patients with GI 

symptoms, as a follow-up after an abnormal screening gFOBT, and as a primary screening test.  
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2.2.1.3 Flexible sigmoidoscopy 

Similar to colonoscopy, flexible sigmoidoscopy (FS) is a procedure in which the large intestine is 

visually examined using a flexible endoscope. Polyps can be identified and removed via polypectomy 

during a FS (70, 77). Compared to colonoscopy, FS is generally more tolerated by patients as it only 

requires an enema for bowel preparation and can be performed without sedation. However, unlike 

colonoscopy, only the portion of the large intestine up to and including the sigmoid colon are examined in 

FS; FS does not examine the descending, transverse or ascending colon. FS therefore cannot detect more 

proximal CRCs (70, 77). Several clinical trials have demonstrated the benefit of FS as a CRC screening 

test in terms of reduced CRC incidence and mortality, although these reductions are observed mainly 

within distal CRC and not proximal CRC (78). 

2.2.1.4 Double-contrast barium enema 

Double-contrast barium enema (DCBE) is a procedure in which x-rays of the large intestine are 

taken after barium liquid and air is injected into the rectum. The barium and air enhance the x-ray images 

to show the anatomy of the intestine. DCBE requires an enema for bowel preparation and is conducted 

without sedation. While polyps can be visualized using DCBE, they cannot be removed and so abnormal 

DCBEs must be followed up with other endoscopic or surgical procedures. This procedure is used mainly 

for evaluation of patients with symptoms of CRC and is not recommended for CRC screening (70).  

2.2.1.5 Computed tomography colonography 

Computed tomography (CT) colonography, also known as virtual colonoscopy, is a relatively 

new and not widely used procedure for the evaluation of potential CRC. It involves three-dimensional 

imaging of the large intestine using CT scans. Patients are required to complete a bowel preparation 

similar to colonoscopy, although no sedation is required for this procedure. While polyps can be detected 

via CT colonography, small or flat lesions are often poorly visualized. Furthermore, polyps cannot be 
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removed during CT colonography and so an abnormal CT colonography must be followed up with other 

endoscopic or surgical procedures (70, 77).  

2.2.2 Pathways to colorectal cancer diagnosis 

CRC is diagnosed through one of two pathways: asymptomatic patients whose disease is first 

detected through a screening test, or symptomatic patients whose cancer is diagnosed after they present to 

a health care provider with symptom(s) of CRC. Practice guidelines have been developed to identify 

appropriate diagnostic pathways for symptomatic and screen-detected patients (79). In Ontario, guidelines 

from Cancer Care Ontario (CCO) outline recommended care for symptomatic and screen-detected CRC 

patients (68, 80); similar guidelines exist for other Canadian provinces (81-84), the United Kingdom (85) 

and Europe (86, 87). While the details of recommended processes of care may differ across guidelines, 

the general pathways to diagnosis described within them share many similar characteristics. Common 

across many of these pathways is the recommended use of colonoscopy as the reference standard for 

diagnosing CRC. As shown in Figure 2.1, patients in both the screen-detected and symptomatic pathways 

are recommended to receive colonoscopy, potentially following some initial investigations or treatment. 

The screen-detected and symptomatic diagnostic pathways, up until the point of colonoscopy referral, are 

described separately in sections 2.2.2.1 and 2.2.2.2, respectively. The common diagnostic pathway from 

colonoscopy referral to diagnosis described in section 2.2.2.1. A simplified schematic representation of 

these pathways is provided in Figure 2.1. 
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Figure 2.1 Simplified diagnostic pathway for symptomatic and screen-detected colorectal cancer 

2.2.2.1 Screen-detected colorectal cancer 

Screening for CRC can lead to detection and diagnosis of the disease at an earlier stage, which 

can contribute to improved survival and need for less invasive treatments (50). CRC screening typically 

targets adults between the ages of 50 and 75, with gFOBTs or FITs as the primary screening modality. 

There are often exceptions for higher risk individuals, including individuals with a family history of CRC 

and those with a personal history of inflammatory bowel disease. These individuals may start screening at 

an earlier age and receive a colonoscopy as their primary screening test due to the increased risk of CRC 

within these populations.  

Organized population-based CRC screening programs have been implemented in many countries. 

Within Canada, all 10 provinces have CRC screening programs in place or programs that are currently 

being implemented; none of the three territories have organized CRC screening programs (79). 

Population-based CRC screening programs are also established or being piloted in many European 

countries, including the United Kingdom, the Netherlands, Norway and Finland, as well as Australia and 

New Zealand (88-94). In the United States, guidelines from the United States Preventive Services Task 

Force recommend CRC screening for all adults age 50 to 75 years (95). Features of organized screening 

programs include sending invitations to screen-eligible individuals, notifying patients and/or health care 

providers of the results of screening, assisting with the organization of follow-up tests, and sending 
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reminder letters when individuals are due for their next screening test. These programs also typically track 

the results of the screening program and conduct program performance evaluations.  

In Ontario, screening for CRC is organized through ColonCancerCheck, the population-based 

screening program run by CCO. This program targets average risk individuals age 50 to 74 for CRC 

screening, as well as individuals who are at high risk of CRC due to a family history of the disease (71). 

Since it was implemented in April 2008, uptake of the ColonCancerCheck screening program has been 

moderately successful. In 2010/2011, 29.8% of eligible individuals had completed a screening gFOBT in 

the past two years, while 53.2% of eligible individuals were considered to be up-to-date with any CRC 

screening (72). Among individuals with a positive gFOBT, 25.4% did not receive a follow-up 

colonoscopy within six months (72). While these measures of program uptake and performance have 

improved since its initiation, they are under program targets and are lower than seen in similar programs 

in other jurisdictions (72, 96). 

2.2.2.1.1 Diagnostic pathway for screen-detected colorectal cancer: Screening test to colonoscopy referral 

The generalized diagnostic pathway for screen-detected CRC begins with either an invitation to 

screen (for patients within organized screening programs) or with an opportunistic screening test that 

occurs when patients either seek it out or are offered screening while consulting a health care provider for 

another purpose. Screening is limited to individuals who fit the criteria for screening. In Ontario, as well 

as all other organized screening programs in Canada, CRC screening is offered to asymptomatic adults 

starting at age 50 (79). For high-risk individuals, screening starts at age 40, or 10 years before the earliest 

age at diagnosis of the relative with CRC. Patients’ primary care providers (PCPs) typically perform the 

assessment of their CRC risk status. Screen-eligible patients may be offered a gFOBT or FIT or be 

referred for a screening colonoscopy. While guidelines typically recommend that screening colonoscopies 

are reserved for only high-risk individuals, average-risk patients may bypass the take-home screening 

tests and receive a screening colonoscopy due to patient and/or physician preference.  
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Depending on the screening test results and the availability and structure of the screening 

program, test results may be communicated back to patients’ PCPs or directly to the patients themselves. 

Patients with abnormal gFOBT or FIT results will require further evaluation via colonoscopy, whereas 

patients with an abnormal colonoscopy should receive a diagnosis through the procedure and proceed to 

staging and treatment. This process should occur in a timely fashion, with Canadian Association of 

Gastroenterology (CAG) and CCO guidelines recommending that colonoscopies be performed within 

eight weeks of a positive gFOBT (32, 71, 80). If patients’ screening results are normal, they enter a 

surveillance cycle wherein they are re-screened at set time interval. In Ontario, average-risk patients are 

recommended to undergo screening by gFOBT every two years. For high-risk patients, screening 

intervals are dependent on patients’ family history and previous screening results, with repeat 

colonoscopies generally recommended every five to ten years.  

2.2.2.2 Symptomatic colorectal cancer 

Despite the availability of CRC screening programs, many CRC patients are still diagnosed 

symptomatically. Estimates of the proportion of CRC patients diagnosed symptomatically vary across 

studies. A recent study of CRC patients diagnosed in Ontario between 2007 and 2012 estimated that 69% 

of patients were symptomatic at diagnosis (9). Two other Canadian studies, conducted in British 

Columbia and Nova Scotia, reported higher proportions of patients who were symptomatic at diagnosis 

(90% to 93%) (12, 97). The differences in these estimates between studies are likely due to differences in 

the methods used to assign symptom status as well as differences in the availability of organized CRC 

screening programs across study populations.  

A subset of symptomatic CRC patients is diagnosed via an emergency route, usually with acute 

symptoms of bowel obstruction or perforation that require emergency surgery (98). These patients 

typically present in an emergency department (ED) (99). In Ontario, an estimated 18% to 20% of CRC 

patients were diagnosed via an emergency route between 1999 and 2001 (98). These patients tend to have 

worse outcomes than non-emergency symptomatic patients, including higher stage at diagnosis, worse 
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survival and increased risk of positive surgical margins (100, 101). However, there is evidence to suggest 

that some of these cancers could have been detected earlier through a non-emergency route. A study of 

CRC patients diagnosed via an emergency route found that 63% of patients reported one or more bowel 

symptoms to their physician at least one month before their emergency presentation. However, it was not 

clear from this study whether these emergency patients had received referrals for and were waiting for 

specialist evaluations after their initial reporting of symptoms to their physicians or whether their 

physicians had disregarded their symptoms (102).  

2.2.2.2.1 Symptoms of colorectal cancer 

The most commonly reported CRC symptoms include rectal bleeding, constipation, diarrhea, 

change in bowel habit, abdominal pain, weight loss, iron deficiency anemia (IDA), and abdominal mass 

(15, 103). The sensitivity, specificity, positive likelihood ratio and PPV of each of these symptoms are 

described in Appendix A. 

The diagnostic process for patients diagnosed with symptomatic CRC patients typically begins 

when patients present to a health care provider, most commonly a primary care provider (PCP), with one 

or more symptoms of CRC. Physicians must decide whether to refer patients for further investigation 

based on their estimation of patients’ risk and diagnostic likelihood of CRC. One of the challenges in 

diagnosing CRC is that the symptoms of the disease are poor predictors of patients’ disease status. There 

is variation in the symptoms with which CRC patients present; no symptoms are seen in all or even most 

CRC patients and this contributes to low CRC symptom sensitivity (15, 17, 104, 105). CRC symptoms 

are commonly seen in patients without CRC as they are also symptoms of more common benign digestive 

conditions, and so CRC symptoms also have low specificity for the disease (15-17, 105). Because CRC is 

a relatively rare disease, symptoms have low PPVs (103, 105-108). As a result, CRC may go undiagnosed 

or misdiagnosed among patients presenting to PCPs with symptoms of the disease. 
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2.2.2.2.2 Association between colorectal cancer symptoms and disease stage and sub-site 

CRC symptoms may vary by disease stage. Abdominal pain and change in bowel habit, as well as 

less common acute symptoms of bowel obstruction or perforation are more common in patients with more 

advanced CRC (stage III or IV), whereas rectal bleeding and blood in stool are more common in patients 

with early stage CRC (stage I or II) (109). Anemia, mucus in feces, and tenesmus do not show any 

difference in early or advanced CRC (109).  

Symptoms of CRC tend to cluster according to the location of the tumour within the large 

intestine. Cancers of the distal colon and rectum tend to present with rectal bleeding, altered stools, 

diarrhea, mucus in stools, rectal pain, tenesmus, and change in bowel habit. Cancers of the proximal colon 

tend to present with anemia, anorexia, nausea, vomiting, abdominal pain, and fatigue (104, 106, 109).  

2.2.2.2.3 Recommended diagnostic pathway for symptomatic colorectal cancer: First presentation to 

colonoscopy 

After presenting to a health care provider with CRC signs or symptoms, patients will be assessed 

through a detailed history and physical exam, which may include a digital rectal exam, abdominal 

examination, and/or blood tests. Depending on patients’ symptoms, physicians may choose to monitor 

and treat their symptoms for a period of time, or directly refer patients for further investigation, generally 

via colonoscopy. Management decisions may also be guided by the availability of diagnostic resources; 

for instance, in Ontario, CCO suggests using DCBE or virtual colonoscopy when wait times for 

colonoscopy are deemed to be too excessive. While these tests cannot replace colonoscopy, their results 

may help expedite the diagnostic evaluation (66, 68, 110).  

2.2.2.1 Recommended diagnostic pathway for screen-detected and symptomatic colorectal cancer 

patients: Colonoscopy referral to diagnosis 

Patients’ referrals for colonoscopy are often triaged depending on their signs and symptoms and 

their physicians’ level of suspicion. In the United Kingdom, patients with a high level of suspicion for 

cancer can be referred via an urgent referral system that ensures they will see a specialist within two 

weeks (111). However, these fast-track referral systems are generally not the norm. While some 



 

 

21 

guidelines define referral urgency and recommended wait times based on CRC symptoms, there is rarely 

any system in place to formally document urgency or to ensure these wait times are achieved. An example 

of the CCO referral and wait time guidelines for patients with symptoms of CRC is described in Table 

2.2.1. These guidelines are in alignment with the wait time recommendations developed by the CAG (32).  

Patients with an abnormal screening test or symptoms of CRC should be evaluated with 

colonoscopy; if the colonoscopy is abnormal with either a malignant mass or one or more malignant 

polyps removed, patients are diagnosed with CRC and proceed to staging evaluations and colorectal 

cancer treatment (68). If the colonoscopy cannot be completed due to obstruction of the bowel by the 

tumor, then the patient should be referred directly to surgery, whereas if the colonoscopy cannot be 

completed due to clinical or technical reasons, the patient should be scheduled for a repeat colonoscopy 

(if possible), CT colonography, or DCBE. If only benign polyps are removed during the colonoscopy, or 

if the colonoscopy results are normal, patients enter a surveillance pathway and receive repeat 

colonoscopies at routine intervals, ranging from between 2 months to 10 years, depending on the 

colonoscopy results (68, 112).  

Staging investigations typically occur after CRC is diagnosed, and they differ depending on the 

whether the cancer is located in the colon or rectum. For colon cancer, patients are staged using CT of the 

pelvis and abdomen (with liver ultrasound or MRI completed if CT cannot be completed or results are 

inconclusive), as well as a chest x-ray or chest CT. For rectal cancer, patients are staged using a CT of the 

pelvis and abdomen (with liver ultrasound or MRI completed if CT cannot be completed or results are 

inconclusive), MRI of the pelvis, transrectal ultrasound, and chest x-ray or chest CT. Patients then 

proceed to treatment, which is in part determined by their disease stage (68, 86, 87). 

  



 

 

22 

Table 2.2.1 Cancer Care Ontario referral guidelines for patients with symptoms of CRC (66, 68, 

110) 

Level of urgency Symptoms Wait time recommendations 

Urgent Palpable rectal mass or abnormal 

abdominal imaging 

Endoscopy referral within 24 hours 

Endoscopy consultation within two 

weeks 

Diagnostic workup via endoscopy 

within four weeks 

Semi-urgent Unexplained rectal bleeding combined 

with dark rectal bleeding 

Bleeding mixed with stool 

Bleeding in the absence of perianal 

symptoms 

Bleeding with a change in bowel habits 

Bleeding with weight loss 

Unexplained IDA 

Otherwise high level of suspicion of CRC 

Endoscopy referral within 24 hours 

Endoscopy consultation within four 

weeks 

Diagnostic workup via endoscopy 

within eight weeks 

Non-urgent Symptoms that do not meet the criteria for 

urgent or semi-urgent referral, but there 

still remains a low level of suspicion of 

CRC 

Treat symptoms and ensure resolution 

within four to six weeks 

If symptoms persist, refer patient to 

endoscopy using semi-urgent route 

CRC=colorectal cancer 

2.3 Colorectal cancer diagnostic interval 

Despite practice guidelines that outline the recommended processes and timelines of care for 

patients with suspected CRC, there is concern that patients are experiencing long wait times as they move 

through the CRC diagnostic pathway. Researchers have attempted to understand the pathway to diagnosis 

for CRC patients by describing wait times. However, a limitation of this work has been the lack of 

consistency in the time periods under study, thereby limiting our ability to synthesize and interpret the 

literature. To address this, an international consensus working group comprised of researchers and 

clinicians with expertise in the area of early cancer diagnosis used a consensus conference methodology 

to define standardized time intervals for use in studies of the cancer diagnostic pathway in order to 

promote consistency across the literature (3). These intervals include the time from symptom onset to 

treatment initiation and are based on important milestones that occur in that time period (Figure 2.2).  
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Figure 2.2 Relevant milestones and time intervals from cancer symptom onset to treatment start (3) 

 

The diagnostic interval, which is the focus of this dissertation, is defined as the period from first 

presentation to a health care provider with signs or symptoms of CRC to final diagnosis. Important 

milestones within the diagnostic interval include the first visit with a physician, first diagnostic 

investigation, referral, specialist visit, and the procedure that leads to diagnosis. While this framework 

was developed for symptomatic cancer patients, the concept of the diagnostic interval also applies to 

screen-detected CRC patients, with the diagnostic interval start date being the date that the patient 

completes a gFOBT kit or receives a referral for colonoscopy. Thus, for both screen-detected and 

symptomatic CRC, the diagnostic interval starts on the date in which a need for CRC-related health 

services started.  

The diagnostic interval is conceptualized as an episode of care, which is defined by Solon as “a 

block of one or more medical services received by an individual during a period of relatively continuous 

contact with one or more providers of service in relation to a particular medical problem or 

situation”(113) (pp. 403-404). While health care utilization during the diagnostic interval occurs in 

discrete units of service, such as a primary care visit or admission to hospital, the encounters are all 

related to the same specific purpose, namely the diagnosis of CRC, and so can be evaluated in the context 
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of the specific episode to which they are related. Framing health care encounters that occur before a CRC 

diagnosis in the context of a single episode of care allows for a richer evaluation of the characteristics and 

complexities of health care utilization, considering not only what happens during a specific encounter, but 

also what happens across encounters.  

2.3.1 Characterizing the timeliness of the colorectal cancer diagnostic interval 

Several studies have reported long diagnostic intervals in Canadian CRC patients. In these 

studies, the median diagnostic interval varied between 44 and 81 days. The 75
th
 percentile of the 

diagnostic interval, reported in three studies, varied between 133 and 161 days, and the 90
th
 percentile, 

reported in two studies, varied between 184 and 288 days (9-14). A population-based study from 

Manitoba that evaluated temporal trends in the CRC diagnostic interval reported that the length of the 

diagnostic interval increased between 2001 and 2005, with the median interval increasing from 44 days to 

64 days (p<0.0001), the 75
th
 percentile increasing from 92 to 141 days (p<0.0001), and the 90

th
 percentile 

increasing from 184 to 264 days (p<0.0001) (10). However, even with these long estimates of the 

diagnostic interval, it is worth noting that the intervals measured in several of these studies were likely 

conservative estimates due to the methods used to define the interval (9-11). Specifically, the diagnostic 

interval was measured by identifying the first GI procedure in the year before the CRC diagnosis date; the 

interval start date was the visit with the ordering physician that preceded the procedure. This diagnostic 

interval definition would exclude visits to physicians that occurred prior to the referral date.  

Together, these studies point to a problem in the delivery of care for CRC patients in the 

diagnostic interval, leading to unacceptably long intervals. These findings of long CRC diagnostic 

intervals are not unique to Canada, with studies from other countries also reporting long CRC diagnostic 

intervals (114-125). Appendix A summarizes the methods and results of studies that have described the 

length of the CRC diagnostic interval or sub-intervals within the diagnostic interval. Due to differences in 

study design, data sources and interval definitions it is difficult to synthesize the results of these studies; 

however, the literature consistently identifies the CRC diagnostic interval as being protracted. 
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2.3.2 Does the timeliness of diagnosis matter? 

A long CRC diagnostic interval is a concern because of its potential to impact clinical outcomes 

as well as the consequences of long wait times on patients’ psychological well-being. Two important 

outcomes that have been evaluated in relation to the diagnostic interval are stage of disease at diagnosis 

and survival. As previously noted, stage represents the spread of the disease and is an important 

prognostic factor. There is concern that a long diagnostic interval may contribute to a later stage at 

diagnosis if the disease progresses during the diagnostic interval, which could result in patients requiring 

more extensive surgery and adjuvant treatment and contribute to poorer survival among patients with 

longer CRC diagnostic intervals. However, evaluating the association between the CRC diagnostic 

interval and stage at diagnosis and survival is difficult due to the wait time paradox, a phenomenon in 

which patients with shorter diagnostic intervals tend to have poorer prognosis than patients with longer 

diagnostic intervals (4, 123, 126, 127). This paradox is a result of physicians triaging patients with more 

severe/alarm symptoms ahead of those with less severe/alarm symptoms. The waiting time paradox 

contributes to an inverse association between the CRC diagnostic interval and stage at diagnosis, with 

several studies of this relationship reporting that patients with the shortest intervals tend to be diagnosed 

at more advanced stages (11, 117, 122, 125, 128, 129). The relationship between the CRC diagnostic 

interval and case fatality is u-shaped, wherein patients with the shortest and longest intervals have poorer 

survival than patients with moderate diagnostic intervals (12, 123, 126-130). While the poorer survival 

observed in patients with the shortest intervals is likely a function of the wait time paradox, the poorer 

survival observed in patients with the longest intervals cannot be explained by the wait time paradox and 

is evidence that a long diagnostic interval may contribute to worse outcomes for CRC patients (123, 126, 

127). 

Delay in the CRC diagnostic interval can also contribute to undue anxiety in patients (131). While 

much of the literature examining the psychological consequences of a delayed diagnostic interval has 

focused on breast cancer patients, there is no reason to suspect that the findings from breast cancer would 

not apply to other cancers, including CRC (132). Waiting for a diagnosis of cancer is a very stressful 
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experience and has been shown to have a negative effect on patients’ quality of life (132). Indeed, some 

research has suggested that the diagnostic interval may be one of the most stressful periods of the cancer 

continuum (133). Cancer is seen as a life threatening diagnosis and patients face significant anxiety 

around the uncertainty of their diagnosis and what their future holds (133, 134). Although there is little 

agreement around whether protracted diagnostic intervals increases patients’ anxiety (135) or just 

prolongs the anxiety experience (5, 132), there is consensus that shorter diagnostic intervals are beneficial 

for patients (5, 131, 132). Eliminating unnecessary delays in the CRC diagnostic interval can substantially 

lessen the psychological distress faced by CRC patients.  

In addition to the consequences of a delayed diagnostic interval experienced by CRC patients, 

long diagnostic intervals may be a sign of inefficiencies in health care delivery during patients’ work-up 

for CRC. Although little research to date has explored in detail the care that patients receive during the 

diagnostic interval, it is possible that patients are receiving unnecessary or inappropriate health care, 

thereby lengthening the time it takes them to receive their diagnosis. This could contribute to increased 

wait times for diagnostic procedures as well as to increased costs for the health care system.  

2.4 Access to care as a determinant of the colorectal cancer diagnostic interval 

Variations in characteristics of the CRC diagnostic interval reflect patients’ access to health care 

in that long or inefficient diagnostic intervals may be a result of poor access to care (136, 137). Access to 

care is recognized as an important determinant of individual health outcomes and is a concern of health 

care providers, policy makers and planners (138). However, despite decades of research evaluating access 

to care, it remains a term that is often conceptualized and interpreted in different ways across the literature 

(139-142). Access to care is sometimes viewed as being equivalent to the utilization of health services, 

wherein patients who utilize or receive health services are thought to have good access to care while those 

who do not receive health services have poor access to care. These utilization-based measures of access to 

care are known as measures of ‘realized’ access. Access to care has also been conceptualized as being 

represented by those factors that facilitate or enable health care utilization, including patient and/or health 
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systems characteristics. These factors are known as measures of ‘potential’ access to care. The Aday and 

Andersen Framework for the Study of Access to Care (Figure 2.3) is a useful conceptual framework to 

guide our understanding of access to care as it incorporates both potential and realized access to care into 

its definition of access, identifies patient- and systems-level elements of potential access to care, and 

highlights the need to evaluate both potential and realized access to care and the relationships between 

these domains to fully understand access to care (19).  

The Aday and Andersen Framework defines two domains of realized access to care: utilization of 

health services and patients’ satisfaction with health services. According to this framework, it is not 

simply the use of health services that demonstrates realized access to care, but rather utilization that is 

both timely and proportional to the patient’s existing need and that improves the patient’s health (19, 

142). Health services utilization is conceived as an episode of care, with potentially multiple visits and 

service providers over a period of time intended to address a single health need. To fully understand 

health services utilization, episodes of care should be characterized according to the type of services 

received, where care was received, the purpose of care, as well as the characteristics of the interval in 

which care occurred, such as the number of visits or duration of the interval. Based on this, the CRC 

diagnostic interval and the care received within the interval are measures of patients’ realized access to 

care. 
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Figure 2.3 The Aday and Andersen Framework for the Study of Access to Care (19) 

 

The Aday and Andersen Framework specifies three domains of potential access to care: health 

policy, characteristics of the population at risk, and characteristics of the health delivery system. 

Together, these characteristics provide individuals with the opportunity for health care utilization. In 

relation to the CRC diagnostic interval, potential access to care is reflected in the factors that contribute to 

the length or efficiency of the interval. Health policy determines health care financing and organization, 

health human resources and educational initiatives and is typically implemented at the health system 

level. An example of a policy-related element of potential access to care that can impact the CRC 

diagnostic interval is CCO practice guidelines that outline recommended diagnostic pathways for CRC 

patients. Characteristics of the population at risk include predisposing characteristics that reflect the 
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propensity of an individual to seek care, enabling characteristics that may support the use of health 

services, and need for health services based on illness level and perceived need. Examples of 

predisposing, enabling and need characteristics that could impact the CRC diagnostic interval include 

patients’ age, the availability of transportation, and the presence and type of CRC symptoms. 

Characteristics of the health delivery system that reflect systems-level potential access to care include 

resource volume and distribution and the attributes of health resources that influence patients’ utilization 

of health services (19). These characteristics of the health delivery system can be conceptualized into 

measures of health resource availability, such as physician density or distance to physicians, and resource 

quality, such as provider types or provider expertise. Both resource availability and resource quality have 

the potential to influence the ease with which patients access and gain entry into the health care system as 

well as the care that patients receive as they pass through the health care system; that is, both may 

influence patients’ episodes of care (141). Applying the Aday and Andersen Framework to the CRC 

diagnostic interval, the availability and quality of diagnostic resources may be important measures of 

systems-level potential access to care if they are found to be related to the diagnostic interval. 

The Aday and Andersen Framework clearly defines the diagnostic interval as an outcome that 

reflects realized access to care, and indicates that in order to understand who is at risk of a long diagnostic 

interval, we must study both patient and systems-level potential access to care and their relationships with 

the diagnostic interval. However, as outlined in Section 2.5 below, the majority of research examining 

determinants of the CRC diagnostic interval has focused on patient-level potential access to care, such as 

age or sex. Very little research has explored the role of resource availability and quality on the interval. 

Studies examining the association between rurality and the CRC diagnostic interval may be the best 

indication of the role of systems-level potential access to care in the interval. Rurality is often thought to 

be indicative of system-level access to care in that urban-rural variations in health outcomes are attributed 

to poor resource availability in rural compared to urban areas (21-24). Indeed, on average, rural areas 

often have lower physician density, particularly for specialist physicians, and rural populations travel 

longer distances to reach health services (25-28). However, while studies of the relationship between 
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rurality and the CRC diagnostic interval may hint at the role of resource availability and quality on the 

diagnostic interval, they cannot replace research that directly measures characteristics of the health care 

system as exposures of interest (9, 13). The assumption that rural areas have lower resource availability or 

quality than urban areas has not been thoroughly evaluated, and studies of rurality may fail to consider the 

important variations in resources within rural and urban areas. There is a need to characterize the 

availability and quality of health resources and study the relationship between these measures of systems-

level access to care and the CRC diagnostic interval.  

2.5 Determinants of the colorectal cancer diagnostic interval 

Current knowledge of determinants of the CRC diagnostic interval are described below, grouped 

according to their domain within the Aday and Andersen Framework for the Study of Access to Care: 

patient factors (including disease characteristics), and characteristics of the health care system. Detailed 

descriptions of studies that have examined determinants of the CRC diagnostic interval, including the 

study population, interval definition(s), analyses and results are provided in Appendix A. 

2.5.1 Patient and disease-related factors 

A 2008 systematic review by Mitchell, Macdonald, Campbell, Weller and Macleod (143) 

evaluated the literature published between 1970 and 2003 on determinants of the time between first 

presentation and referral to specialist care in CRC, an interval which they defined as ‘practitioner delay’. 

According to this review, patient factors that increased practitioner delay included lower socioeconomic 

status (SES), patients’ frequent attendance at their general practitioner (GP), and low continuity of care, 

while older patient age, and comorbid conditions were found to decrease practitioner delay.  

More recent studies of determinants of the diagnostic interval or sub-intervals within the 

diagnostic interval have evaluated numerous patient-level factors, including age (10, 12, 13, 117, 120, 

124, 125, 144, 145), sex (10, 12, 13, 120, 124, 125, 144, 145), income (117, 144), education (117, 144), 

race/ethnicity (117, 125, 144), comorbid conditions (10, 12, 13, 117, 124, 125, 145), geographic region 

(117), insurance type (119, 120, 144), body mass index (12), rurality (9, 13), history of cancer (13), 
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whether patient has a regular physician (144), socioeconomic status (120, 145), frequency of consulting 

their PCP (124), living arrangement (124), marital status (125), experiencing major life events (124), and 

patient adherence to their first referral (121). Most of these predictors were not found to be significantly 

associated with the length of the diagnostic interval or sub-interval in any of the studies that evaluated 

them. Only older age (117), female sex (13, 120), lower income (144), increasing comorbidities (117), the 

presence of psychiatric comorbidities (124), geographic region (117), living in an urban area (13), having 

a regular physician (144), higher frequency of consulting their PCP (124), and patient adherence to their 

first referral (121) were associated with longer intervals; however, these findings were often only reported 

in a single study with other studies reporting that these factors had no association with the diagnostic 

interval. 

The systematic review by Mitchell et al. (143) only reported one disease factor that was 

associated with practitioner delay. Rectal cancer patients were less likely to experience practitioner delay 

than colon cancer patients. More recent literature has also evaluated tumour location, (12, 13, 125, 145), 

as well as the method of detection (screen-detected versus symptomatic) (12, 124, 125), the presence or 

absence of various CRC symptoms (120, 124), tumour grade (145), and the number of clues that indicate 

the need for colonoscopy (121) as potential disease factors related to the CRC diagnostic interval. 

Contradicting the findings from Mitchell et al., only one study reported an association between tumour 

location and diagnostic interval length, with patients with distal colon and rectal cancers having a longer 

interval than patients with proximal colon cancers (145) while three others reported no association (12, 

13, 125). Three studies evaluating the impact of the method of detection on the CRC diagnostic interval 

had contradictory results, with one study reporting that screen-detected patients had a shorter interval than 

symptomatic patients (12), another reporting that screen-detected patients had a longer interval than 

symptomatic patients (125), while another reported no association (117). Rectal bleeding (120) and CRC 

alarm symptoms (124) were not associated with the diagnostic interval, while change in bowel habit and 

abdominal pain (120, 124) were associated with a longer interval. Tumour grade was not associated with 

the diagnostic interval (145). 
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2.5.2 Characteristics of the health care system 

Compared to the volume of literature examining patient-level measures of potential access to care 

in relation to the CRC diagnostic interval, considerably fewer studies have evaluated systems-level 

measures of potential access to care as determinants of the CRC diagnostic interval. Most studies that 

have evaluated health system characteristics have focused on elements of physician behaviour during the 

diagnostic interval, such as the use of diagnostic tests or communication between physicians, as potential 

determinants of the diagnostic interval, rather than physician or system traits. The review by Mitchell et 

al. (143) identified three elements of physician behaviour that were associated with increased practitioner 

delay, including misdiagnosing patients, failure to adequately examine patients, and use of inadequate 

tests. Use of referral guidelines was associated with decreased practitioner delay. This review did not 

identify any non-behavioural physician or system characteristics as determinants of practitioner delay.  

More recent studies have examined systems-level measures of potential access to care as potential 

determinants of the CRC diagnostic interval, including surgeon caseload (12), hospital type (12), and 

physician specialty (10), although none were found to be significantly associated with the diagnostic 

interval. Elements of physician behaviour during the CRC diagnostic interval that have been examined as 

potential determinants of the interval include use of an urgent or fast-track referral system (121, 146, 

147), misdiagnosing CRC symptoms as benign conditions (144), referring patients to an appropriate 

specialty (114), use of pre-operative imaging or full colon examination (12, 13), communication between 

referring and specialist physicians (121), physician’s communication strategies (144), the reason for 

initiating a referral (125), and the source of the specialist referral (inpatient versus outpatient) (121). Most 

of these determinants were examined by only one or two studies thereby limiting any conclusions we can 

draw from the results. However, this literature suggests that a pre-operative full colon exam via 

colonoscopy (13), misdiagnosis of CRC (144), physician’s use of temporizing communication strategies 

(144), and initiating a referral due to a family history of CRC (125) may be associated with longer CRC 

diagnostic intervals, while referral to an appropriate specialty (114), use of a fast-track or urgent referral 

(121, 146, 147), communication between physicians (121), initiating a referral due to symptoms and/or 
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abnormal test results (125), and referral from an inpatient source (121) may be associated with shorter 

CRC diagnostic intervals. 

2.6 Challenges in evaluating systems-level potential access to care 

Systems-level potential access to care is a complex concept to study. Resource availability and 

resource quality are contextual phenomena, reflecting the relationship between individual users of health 

care and the characteristics of the broader health services and systems. Systems-level potential access to 

care is a function of the number and types of health services that are available to an individual and the 

demand for those health services by other individuals in the population.  

There are several issues that must be considered when conceptualizing systems-level potential 

access to health care services via measures of resource availability and quality. While these issues apply 

generally to all types of health services, we will be discussing them in the context of measuring physician 

availability and quality. However, health services could instead be other health care providers or health 

technology.  

2.6.1 Defining catchment areas 

The measurement of physician availability and quality requires the identification of physicians 

that are available to an individual. This is typically done by defining catchment areas for physicians and 

residents; these catchment areas represent the geographic area within which a physician provides services 

and within which residents seek care (142, 148, 149). Individuals’ potential access to physicians can then 

be measured based on the characteristics of the physicians that are within their catchment area.  

This aggregation of residents and physicians into catchment areas introduces potential bias via the 

modifiable areal unit problem (MAUP) (142). The MAUP arises when individuals are grouped into 

geographic areas that do not relate to the phenomenon being studied, resulting in artificially created 

patterns of variation that depend on how the area units are defined (142, 150). That is, measures of 

physician availability and quality for an individual may vary depending on how the catchment areas are 

defined. It is important, therefore, to define catchment areas that best identify the residents that physicians 



 

 

34 

serve, and likewise, the residents that physicians do not serve. This requires a careful consideration of the 

health resource that is being measured, as catchment areas for one resource may not accurately reflect 

catchment areas for a different resource. 

Catchment areas should minimize the number of patients who are crossing catchment boundaries 

to utilize health care (142, 149). This is challenging as the provision and utilization of health care is 

generally not constrained by catchment boundaries. Boundary crossing can result in misleading estimates 

of physician volume and population demand (151, 152). Choosing an appropriate geographic area 

classification to define catchment boundaries often requires a trade-off between the geographic size of an 

area and the extent to which boundary crossing is an issue (142, 149, 153). Geographically large 

catchment areas may have less boundary crossing by residents, but measures of access to physicians in 

these large areas may hide important intra-area variations. In contrast, measures of access to physicians in 

small areas are likely to be biased by boundary crossing by patients and physicians. The goal is to define 

small, self-contained catchment areas that minimize this problem (149). Catchment area definitions can 

be evaluated based on the proportion of care received by an area’s population that is provided within their 

home area, a phenomenon that has been defined as an area’s loyalty, localization index or preference 

index (43, 152, 153).  

One of the most common methods in defining physician catchment areas is the use of geopolitical 

boundaries, such as counties, census areas, and health regions, such as Ontario’s Local Health Integration 

Networks (LHINs) and sub-LHINs (153-155). These geographic area classifications are readily available 

and simple to use. However, they have several limitations. First, these areas are often not defined for the 

purpose of understanding or evaluating health services. As a result, the borders do not accurately reflect 

geographic patterns of health services utilization and the areas have poor patient loyalty. This is true of 

census areas and counties, which are related more to regional governance and collection and aggregation 

of population-level census data. Second, while the LHINs were developed based on observed health care 

utilization patterns in Ontario, the areas are very large geographically and likely mask within-LHIN 

variations. Sub-LHINs were intended to address this problem by dividing the LHINs into smaller areas, 
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and so may better reflect patterns of health care utilization in the province. However, no systematic 

method was used to define sub-LHINs across the province, and rather, each LHIN was tasked with 

dividing itself into sub-LHINs based on perceived, rather than observed, health service areas (149, 152-

155). An alternative area classification approach involves the use of geographic information systems 

(GIS) to define catchment areas. In these approaches, the population that resides within a specific 

boundary of a physician’s location defines the catchment area, with the boundary based on travel time or 

distance (148, 153, 154, 156). While these GIS-based catchment areas may be an improvement on 

geopolitical boundaries in terms of loyalty, they still depend on an arbitrary specification of the allowable 

travel time or distance to define boundaries. Geographic variations in physician availability and quality 

will vary based on differences in the boundary definitions.  

Health service areas (HSAs) have been proposed as an appropriate method to use to define 

physician catchment areas (43, 151-154). While methods vary across studies that define HSAs, the 

fundamental idea is to exploit observed patterns of patient flow and physician practice patterns to identify 

naturally-occurring, virtual networks of care. HSAs are comprised of physicians and institutions, as well 

as the group of residents that together, they commonly serve. HSAs minimize the impact of boundary 

crossing and the MAUP and maximize patient loyalty as they are based on actual utilization patterns (43).  

2.6.2 Measurement of the physician-to-population ratio 

A common measure of physician availability is the physician-to-population ratio (142). These 

ratios relate the volume of physicians with the population-level demand for physicians in a given area 

(157-159). Previous research has often relied on simple head counts of physicians practicing in an area to 

estimate the ratio numerator (159). However, this approach does not consider differences in physicians’ 

productivity. Variations in physician caseload, nonclinical work and work hours may result in simple 

head counts that over- or under-estimate potential access to physicians (151, 159). A proposed solution is 

to use physician full-time equivalents (FTEs), which estimate a physician’s workload relative to other 
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physicians in the same specialty using physician’s billing data (157, 159, 160). A ratio based on physician 

FTEs better captures the true density of physician services in a given area.  

The denominator of physician-to-population ratios should reflect the demand for the resource 

being measured (151, 157, 159). For instance, a ratio measuring access to pediatric services should 

include only children and adolescents in the denominator, and likewise, a ratio measuring access to 

obstetric services should include only women of childbearing age. Using the general population to 

represent the demand for resources that actually only serve a subset of the population can lead to biased 

measures of access if the population demographics are unevenly distributed across areas. Therefore, 

defining a physician-to-population ratio requires consideration of what groups in the population form the 

demand for the resource being measured. 

2.6.3 Measurement of distance to physicians  

The distance that patients must travel to reach a physician is an important measure of physician 

availability (19, 157). Distance decay, which is the tendency for health care utilization to decrease as 

distance to providers increases, is a well-known phenomenon and has been demonstrated across a range 

of health services (142). There are several methods for calculating distance between patients and 

physicians and they vary in their computational complexity. The simplest is Euclidean, or straight-line 

distance, while more complex measures use estimates of travel time or distance based on actual road 

networks and speed limits (161). However, research comparing various distance calculations has shown 

that in general, there is high correlation between them, particularly in more urban areas (161).   

2.7 Availability and quality of colonoscopy resources: A potential determinant of the 

colorectal cancer diagnostic interval 

There is evidence to suggest that potential access to colonoscopy resources, as reflected by 

colonoscopy resource availability and quality, may be an important, as yet unexplored, determinant of the 

CRC diagnostic interval. Research has indicated that access to colonoscopy resources in Ontario is not 

meeting the demand for the procedure, with variations in colonoscopy utilization across the province and 
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long colonoscopy wait times (33, 162). Measures of colonoscopist quality, which are associated with 

colonoscopy outcomes, have been shown to vary across physicians. Furthermore, measures of access to 

colonoscopy resources have been found to be important determinants of other CRC outcomes. For 

instance, patients residing in areas with higher gastroenterologist and general surgery density have 

decreased risk of late stage CRC (163, 164) as well as lower CRC mortality (164, 165). Below, we review 

current knowledge regarding colonoscopy resource availability and quality in a Canadian context and 

provide evidence of the importance of access to colonoscopy resources.  

2.7.1 Current status of colonoscopy resources in Ontario 

In Ontario, gastroenterologists, general surgeons or internists most commonly perform 

colonoscopies, with a small proportion being performed by family physicians and physicians from other 

specialties (33). Colonoscopy is performed in hospitals and private clinics; physicians in both locations 

are reimbursed through the Ontario Health Insurance Plan (OHIP). While private clinics may have shorter 

wait times for colonoscopies than hospitals, patients who undergo this procedure in private clinics are 

often required to pay additional fees for costs that are not covered by the physicians’ OHIP 

reimbursement.  

Evidence that Ontario may have an issue with the availability and quality of colonoscopy 

resources comes from studies reporting long wait times for patients requiring endoscopy services in the 

province and nationally (30, 31, 162, 166, 167). The CAG established medically acceptable wait times for 

patients requiring endoscopic services that are based on the indication for endoscopic evaluation (32) 

(Table 2.2.2). These wait time guidelines represent the maximum time that patients should wait for 

endoscopy, according to a CAG steering committee and multidisciplinary consensus meeting (32). While 

endoscopic services can include procedures other than colonoscopy (for example, flexible 

sigmoidoscopy), several of the indications defined by the CAG are related to symptoms of CRC and 

therefore colonoscopy is the appropriate procedure for evaluation. Several national wait time surveys of 

physicians (30, 31, 166) and two Ontario institution-based observational studies (162, 167) reported that 
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patients with CRC-related indications for endoscopic services are often waiting well in excess of what is 

considered to be acceptable. As seen in Table 2.2.2, the national and provincial median wait times, 

defined as the time from referral to endoscopic procedure, exceeded the CAG-recommended wait time for 

all seven indications that can be suggestive of CRC, with the exception of wait times for endoscopic 

evaluation of IDA in Ontario in 2005.  

Table 2.2.2 Median wait times for endoscopic services in Canada, 2012, and Ontario, 2005, 

compared to CAG guidelines for medically-acceptable wait times 

Indication for endoscopic services National 

median wait 

time in 2012 

(31) 

Ontario median 

wait time in 2005 

(30) 

CAG guideline for 

medically-acceptable 

wait time (32) 

Chronic abdominal pain 153 days No data 2 months 

Chronic diarrhea or chronic 

constipation 

162 days 139 days 2 months 

Change in bowel habit 103 days No data 2 months 

Bright red rectal bleeding 142 days No data 2 months 

Iron deficiency anemia (IDA) 97 days 56 days 2 months 

Positive gFOBT 105 days 83 days 2 months 

Screening colonoscopy 279 days 380 days 6 months 

Cancer likely based on imaging or 

physical exam 

22 days 28 days 14 days 

CAG=Canadian Association of Gastroenterology, gFOBT=guaiac fecal occult blood test 

Variation in access to colonoscopy resources in Ontario has also been demonstrated in variations 

in colonoscopist density and colonoscopy utilization rates across the province (33). In 2001, the Ontario 

colonoscopy utilization rate was 385.7 procedures per 10,000 Ontarians age 50 to 75, with substantial 

variation in colonoscopy utilization rates across counties. Of the 46 counties in the province with reported 

age- and sex-standardized colonoscopy utilization rates, six (13%) had rates that were more than 25% 

above the Ontario rate, while eight (17%) had rates that were more than 25% below the Ontario rate. The 

same study found strong county-level variation in the number of colonoscopists performing colonoscopy 

in the province. In Ontario, there were 4.04 active colonoscopists (defined as performing at least 200 

colonoscopies in the year) per 100,000 population age 20 and older in 2001. Eleven (24%) counties had a 

colonoscopist density that was more than 25% the Ontario rate, and 11 (24%) counties had a 

colonoscopist density that was more than 25% below the Ontario rate (33). There was a strong correlation 
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between the county level colonoscopist density and colonoscopy utilization rate (r=0.82), indicating that 

counties with increased colonoscopist density had higher colonoscopy utilization rates (33).  

The implementation of population-based CRC screening programs was expected to increase the 

demand and utilization of colonoscopy (168, 169). While the above studies point to issues with potential 

access to colonoscopy resources in Ontario, most were conducted prior to the implementation of the 

ColonCancerCheck screening program and so may not reflect colonoscopy wait times, utilization, and 

colonoscopy resources levels in the province today. Research is needed to describe colonoscopy resources 

in the current era of organized screening. 

2.7.2 Colonoscopy quality 

Colonoscopy is a technically complex procedure to master and the effectiveness of the procedure 

is dependent on the skill level of the physician (34). Evidence has shown substantial variation in 

colonoscopist practices and quality. A commonly used metric used to evaluate colonoscopist quality is the 

incidence of interval CRCs. This is CRC that is diagnosed within a short period of time, typically 36 

months, after a normal colonoscopy (170). Given the estimated average sojourn time of CRC, it is likely 

that interval CRCs were missed on the normal colonoscopy, rather than being cancers that developed after 

the normal colonoscopy. For this reason, CRCs that arise within 36 months of a normal colonoscopy are 

often called post-colonoscopy CRCs to differentiate them from true interval cancers. It is estimated that 

5% to 10% of colorectal cancers are post-colonoscopy colorectal cancers (40, 170) and colonoscopist 

factors have been shown to be determinants of between 71% and 86% of post-colonoscopy colorectal 

cancers (34). This has led to growing awareness that colonoscopist quality is an important metric to 

measure and track.  

There are several colonoscopist characteristics that have been proposed as measures of 

colonoscopist quality. Previous research has demonstrated that these characteristics are related to the 

quality and outcomes of colonoscopy, including post-colonoscopy CRC. Measures of colonoscopist 

quality include the adenoma detection rate, polypectomy rate, colonoscopy completion rate, withdrawal 
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time, quality of bowel preparation, endoscopist specialty, and endoscopist volume. Additionally, while 

not a physician factor, colonoscopy quality has also been evaluated in terms the setting in which they 

occur, comparing hospitals to private clinics. Evidence for each of these colonoscopy quality metrics is 

provided below. 

2.7.2.1 Adenoma detection rate 

The adenoma detection rate (ADR) is the proportion of screening colonoscopies in which at least 

one adenoma is detected and removed (171). Evidence has demonstrated that colonoscopists’ ADRs are 

inversely associated with their post-colonoscopy CRC rates for both proximal and distal CRC (34, 39, 

40). For example, Kaminski et al. (41) reported an increased risk of post-colonoscopy CRC in 

colonoscopists with an ADR of <20% compared to those with an ADR of ≥20% (15% to 19.9% vs. ≥20% 

hazard ratio (HR)=10.94, 95% CI=1.37-87.01; 11.0% to 14.9% vs. ≥20% HR=10.75, 95% CI=1.36-

85.06; <11% vs. ≥20% HR=12.50, 95% CI=1.51-103.43). There is substantial variation in ADRs across 

colonoscopists, with rates varying by 2.5 to 6 times (34, 172). Physicians are recommended to monitor 

their ADR, with guidelines suggesting that they achieve an ADR of 25% among male patients and 15% 

among female patients (34, 173, 174). However, there are several challenges to measuring and monitoring 

ADRs. Firstly, ADRs generally cannot be measured in real-time, as the pathology records that indicate 

whether a polyp was adenomatous are not available on the surgery day. Secondly, measuring ADRs often 

requires reviewing and linking both surgical and pathology records, a process that may be particularly 

cumbersome when a large volume of colonoscopies is being evaluated. Finally, the measurement of 

ADRs is typically not possible in claims-based administrative data. A further issue with using ADR as a 

quality metric is that it is not sensitive to variations in the number of adenomas removed per colonoscopy, 

and so physicians with the same ADRs can be detecting differing numbers of adenomas per colonoscopy 

(34).  
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2.7.2.2 Polypectomy Rate 

The polypectomy rate (PR) is the proportion of screening colonoscopies in which at least one 

polyp is detected and removed. PRs have been suggested as a surrogate for ADRs as no pathology data is 

required to measure it and it can typically be measured using physician claims data (173-175). 

Furthermore, colonoscopists’ PR has been show to be correlated with their ADR (173, 175, 176). 

Colonoscopists’ PRs are associated with the risk of post-colonoscopy CRC (42, 172, 173); for instance, 

Baxter et al. (42) found that PRs of ≥25% were associated with lower odds of post-colonoscopy CRC 

compared to PRs <10%, although the results were significant only for proximal post-colonoscopy CRC 

(odds ratio (OR)=0.52, 95% CI 0.25-0.79 for PR 25% to 29% compared to <10%; OR=0.61, 95% CI 

0.42-0.89 for PR≥30% compared to <10%). Physicians are recommended to monitor their PR, with 

suggestions that they should achieve a 30% PR among female patients and a 40% PR among male 

patients (173, 174).  However, like the ADR, the PR is not sensitive to variations in the number of polyps 

removed per colonoscopy (34).  

2.7.2.3 Colonoscopy completion rate 

Colonoscopies should allow for a complete examination of the large intestine to the cecum. The 

colonoscopy completion rate, also called the cecal intubation rate (CIR), is the proportion of 

colonoscopies in which the cecum was visualized and examined. Colonoscopies that do not reach the 

cecum are considered to be incomplete and it is possible that polyps may have been missed in the segment 

of the colon that was not examined. A higher colonoscopy completion rate is associated with increased 

protection against proximal CRC (39, 172). The colonoscopy completion rate is inversely associated with 

the risk of post-colonoscopy colorectal cancer (39, 42), with up to one-half of all post-colonoscopy CRCs 

being attributed to a failure to reach the cecum (34). Baxter et al. (42) reported a statistically significant 

27% and 28% decrease in the odds of distal and proximal post-colonoscopy CRC, respectively, when 

endoscopists’ colonoscopy completion rates were ≥95% compared to <80%. Colonoscopists are 

recommended to achieve a 95% colonoscopy completion rate among patients with adequate bowel 
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preparation and no obstructive lesions, and a 85% to 90% completion rate among all of their 

colonoscopies (171, 174, 177). 

2.7.2.4 Withdrawal time 

After the scope reaches the cecum, it is slowly withdrawn from the intestine. It is during the 

withdrawal of the scope that the intestine is examined and polyps are identified and removed, and so a 

withdrawal that is too fast may fail to detect polyps (39). The withdrawal time is inversely associated with 

the risk of post-colonoscopy CRC (34). Withdrawal time is also related to a colonoscopist’s ADR; 

withdrawal times of less than seven minutes was found to be associated with a lower ADR (42.5%) than 

withdrawal times greater than 10 minutes (ADR of 47.1%) (178). Although some researchers have 

recommended a median withdrawal time of at least 6 minutes among normal colonoscopies, CCO 

guidelines currently do not recommend withdrawal time as an indicator of endoscopy quality and suggest 

that other measures are more important, including the colonoscopy completion rate and ADR (40, 171, 

173, 174).  

2.7.2.5 Quality of bowel preparation 

The cleanliness of the large intestine through a successful bowel preparation is necessary to allow 

for a detailed examination of the large intestine and visualization of polyps. Poor quality bowel 

preparation is associated with lower polyp detection rates and colonoscopy completion rates and 

increased risks of complications (39, 173). It may also necessitate follow-up procedures or repeat 

colonoscopies and therefore contribute to increased health care costs. Adequate bowel preparation can be 

promoted through patient education and consideration of acceptable preparation regimens (39, 171). 

Guidelines recommend that inadequate bowel preparation should occur in no more than 10% of 

colonoscopists’ colonoscopies (173, 174). 

2.7.2.6 Colonoscopist specialty 

Physicians who perform colonoscopy in Canada must undergo training and credentialing as 

outlined by their local institution. Colonoscopists are typically physicians with a specialization in 
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gastroenterology or general surgery, although physicians from other specialties may perform the 

procedure if they demonstrate adequate skill (177). In Ontario, colonoscopies are frequently performed by 

non-gastroenterologists. For instance, in 2001, gastroenterologists performed only 35% of colonoscopies, 

while general surgeons performed 45%, internists performed 17%, family physicians or GPs performed 

2%, and physicians from other specialties performed the remaining 1% (33). However, 

gastroenterologists generally receive more training in colonoscopy than other specialties and are 

considered to be more effective at performing colonoscopy than other specialties (172, 177, 179). Non-

gastroenterologists have a lower PR than gastroenterologists (relative risk (RR)=0.93, 95% CI 0.89-0.98 

for internists, RR=0.80, 95% CI 0.77-0.83 for general surgeons) (180). The risk of post-colonoscopy CRC 

is also higher in general surgeons, internists and family physicians compared to gastroenterologists (40, 

42, 170, 181). However, several other studies have found no association between physician specialty and 

the risk of post-colonoscopy CRC or colonoscopy completion rates (35, 41). 

2.7.2.7 Colonoscopist procedural volume 

Guidelines recommend that colonoscopists perform at least 200 to 300 colonoscopies per year to 

maintain their skills (173, 174). Three population-based studies from Ontario suggest that many 

colonoscopists are not achieving this volume minimum. Shah et al. (35) found that almost 20% of 

colonoscopists performed fewer than 241 colonoscopies a year between 1999 and 2003, while Rabeneck 

et al. (181) reported that 20.1% of colonoscopists performed fewer than 155 colonoscopies a year 

between 1992 and 1997. A study of colonoscopist volume between 2000 and 2005 reported a median 

two-year volume of 258 colonoscopies, with a range of one to 1,678 colonoscopies (42). However, 

colonoscopist volume has not been found to be associated with post-colonoscopy CRC or incomplete 

colonoscopies (35, 42, 181). 

2.7.2.8 Private clinics 

Colonoscopies performed in private clinics have poorer outcomes compared to those performed 

in hospitals. For instance, colonoscopies performed in private clinics are at greater risk of being 
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incomplete than those performed in hospitals (OR=3.57, 95% CI 2.55-4.98) (35) and the risk of post-

colonoscopy CRC is greater among colonoscopies performed in private clinics than those performed in 

hospitals (40, 42, 170). Given these concerns around quality of colonoscopies performed in these 

facilities, as well as the increased utilization of private clinics for colonoscopy compared to hospitals in 

Ontario, it is necessary to consider the colonoscopy practice setting as a measure of colonoscopy quality 

(182).  

2.8 Summary 

Colorectal cancer poses a major burden to the Canadian health care system, being one of the most 

common cancers diagnosed and one of the leading causes of cancer death in Canadian men and women. 

Diagnosing CRC is a complex process, potentially involving multiple providers and assessments before a 

final diagnosis is achieved. There is evidence that CRC patients face substantial delays in the diagnostic 

interval, which may contribute to poorer patient outcomes, increased anxiety and distress during the 

waiting period, as well as be evidence of inefficient or unnecessary care. Understanding determinants of 

the CRC diagnostic interval is essential to target groups at risk of a delayed diagnostic interval. However, 

to date, very little research has examined systems-level determinants of the diagnostic interval, with most 

research focusing instead on characteristics of the patient that are associated with a delayed interval. 

Considering the issues with access to colonoscopy that have been documented in the literature, including 

long wait times, variations in utilization, and variations in the quality of colonoscopy resources, it is 

necessary to consider whether the availability and quality of colonoscopy resources are associated with 

the CRC diagnostic interval.   
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Chapter 3 

Methods 

3.1 Study purpose 

The purpose of this thesis was to describe the availability and quality of colonoscopy resources in 

Ontario and evaluate associations between colonoscopy resource availability and quality and the CRC 

diagnostic interval. The study also aimed to describe the CRC diagnostic interval and the care that 

patients receive within the diagnostic interval. We used the Aday and Andersen Framework for the Study 

of Access to Care to guide this study (19) (Figure 3.1). From this framework, we focused on the 

relationship between health delivery system characteristics and patient outcomes. The availability and 

quality of colonoscopy resources were evaluated as health delivery system characteristics that reflect 

potential access to care, and the length and characteristics of the CRC diagnostic interval were evaluated 

as outcomes or realized access to care. The two other categories of inputs in the Aday and Andersen 

Framework were taken into consideration in this study, although not as key variables of interest. Several 

patient characteristics, such as age, sex, and disease stage were treated as potential confounders or effect 

modifiers of the association between the availability and quality of colonoscopy resources and the CRC 

diagnostic interval. Health policy is not a variable to be measured and controlled for, but rather provides 

the context in which this province-wide study took place and in which the results were interpreted. 

3.2 Study objectives 

The dissertation is divided into two phases, each with its own purpose and population of interest. 

In Phase One, we described the availability and quality of colonoscopy resources for Ontario adults 

between 2007 and 2013. In Phase Two, we described the CRC diagnostic interval and evaluated the 

association between the availability and quality of colonoscopy resources and the CRC diagnostic 

interval. The dissertation has two objectives, one for each phase, and each objective is broken down into 

three sub-objectives.  
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Figure 3.1 Conceptual framework of thesis (19) 
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Phase 1:  Objective 1(a): To describe the availability and quality of colonoscopy resources for 

residents of Ontario age 18+. 

Objective 1(b): To explore regional variations in the availability and quality of 

colonoscopy resources, including variations within and across rural and urban areas and 

populations. 

Objective 1(c): To describe variations in colonoscopy utilization across Ontario and 

evaluate the associations between colonoscopy resource availability and quality and 

colonoscopy utilization. 

Phase 2: Objective 2(a): To describe the length of the CRC diagnostic interval and first procedure 

interval and examine relationships between the lengths of these intervals and patient and 

disease characteristics and colonoscopy resource availability and quality.  

Objective 2(b): To evaluate the association between colonoscopy resource availability 

and quality and the length of the CRC diagnostic interval. 

Objective 2(c): To describe characteristics of care within the CRC diagnostic interval and 

explore associations between colonoscopy resource availability and quality and these 

characteristics of care. 

3.3 Study overview 

3.3.1 Phase One 

This is a population-based, cross-sectional study describing the availability and quality of 

colonoscopy resources in Ontario from 2007 to 2013 using administrative health data from the Institute 

for Clinical Evaluative Sciences (ICES). Characteristics of colonoscopies and colonoscopists were used to 

measure colonoscopy resource availability and quality between 2007 and 2013. These characteristics 

included the density and specialty of colonoscopists, colonoscopy outcomes, use of private colonoscopy 

clinics, and the distance that patients must travel for colonoscopy. We described the availability and 

quality of colonoscopy resources in Ontario, how availability and quality varied across the province, 
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explored the relationship between rurality and colonoscopy resource availability and quality, and 

analyzed the associations between colonoscopy resource availability and quality and colonoscopy 

utilization. 

As previously mentioned in Chapter 2, a challenge in studies evaluating systems-level potential 

access to care is choosing appropriate geographic units to define health services catchment areas. An 

important aim of Phase One was therefore to evaluate existing geographic area classifications and identify 

the most appropriate catchment area definition for colonoscopy resources. We evaluated four area 

classifications: virtual physician networks (43), LHINs, sub-LHINs, and counties (44). These area 

classifications were evaluated by measuring the loyalty of patients to their home area when they received 

a colonoscopy and inter-area colonoscopy travel patterns. We identified colonoscopy networks that 

reflected observed colonoscopy travel and referral patterns (methods described in Section 3.7.1) and used 

these colonoscopy networks when measuring availability and quality of colonoscopy resources. 

3.3.2 Phase Two 

Phase Two is a population-based, retrospective cohort study of the diagnostic interval in CRC 

patients diagnosed in Ontario between 2009 and 2012 using administrative health data from ICES. We 

defined the diagnostic interval for each patient using health care utilization data in the 24 months 

preceding the CRC diagnosis date. We identified health care encounters that were relevant to the CRC 

diagnosis, based on the associated diagnosis or procedure. We used control charts to identify how far back 

from diagnosis to look for these CRC-related encounters to identify the earliest cancer-related encounter 

that marked the start of the diagnostic interval. We described the length of the CRC diagnostic interval 

and the first procedure interval by patient and disease characteristics and colonoscopy resource 

availability and quality. We examined the association between the availability and quality of colonoscopy 

resources and the length of the CRC diagnostic interval, using multivariable quantile regression to model 

the relationship at the median and 90
th
 percentile of the interval and to evaluate effect modification and 

control for confounding (49). We described characteristics of care within the CRC diagnostic interval, 
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such as the number and types of procedures and visits, and explored associations between these 

characteristics of care and the availability and quality of colonoscopy resources. 

3.4 Study cohort 

3.4.1 Phase One 

The study cohort in Phase One included Ontario residents (valid ICES Key Number (IKN), postal 

code beginning with K, L, M, N, P) between the ages of 18 and 99 years, with complete OHIP coverage. 

The study cohort was defined separately for each of the seven study years (2007 to 2013) to account for 

entry into and exit out of the cohort due to changes in age and OHIP eligibility. OHIP eligibility was 

defined per study year, based on data provided to ICES by the Ontario Ministry of Health and Long-Term 

Care (MOHLTC) on OHIP eligibility start and end dates. After conducting preliminary analyses to 

evaluate the geographic area classifications and define the colonoscopy networks, the study cohort was 

further restricted to exclude individuals who were not assigned to a colonoscopy network. This study 

cohort was used to perform the Phase One analyses. 

3.4.2 Phase Two 

The initial study cohort included all patients with CRC (International Classification of Disease, 

Ninth Revision (ICD-9) codes 153.0 to 153.9 (malignant neoplasm of the colon), 154.0 (malignant 

neoplasm of the rectosigmoid junction, and 154.1 (malignant neoplasm of the rectum), excluding 153.5 

(malignant neoplasm of the appendix)) diagnosed in Ontario in 2009 to 2012 (183). Exclusion criteria 

were (1) patients with an invalid IKN, (2) patients diagnosed on death certificate only, (3) patients who 

were <18 years or >105 years of age at CRC diagnosis, (4) patients for whom the CRC was not their first 

cancer, (5) patients with <42 months of OHIP coverage before their CRC diagnosis date, (6) patients with 

a non-Ontario postal code in the 18 months before diagnosis, and (7) patients with non-adenocarcinoma 

tumour histology. From this initial study cohort, we further excluded (1) patients for whom we were 

unable to assign a diagnostic interval index contact date or (2) patients for whom we were unable to 

assign a colonoscopy network.  



 

 

50 

3.5 Research setting, dataset linkage and data sources 

This study was conducted at the ICES Health Services Research Facility at Queen’s University 

(184). ICES is a prescribed entity under the Ontario Personal Health Information Protection Act, meaning 

that data custodians can provide health information to ICES without patient consent (185). ICES holds 

numerous administrative health, demographic and registry databases that can be used by authorized 

researchers with appropriate approvals.  

ICES requires researchers to create a dataset creation plan (DCP) that identifies the ICES 

databases and variables required to define the study variables. The DCP is used as a communication tool 

between the research team and the ICES Analyst who has access to the raw ICES databases. I developed 

the DCP for both phases of this dissertation; an ICES Analyst cut the study datasets based on this DCP, 

providing me with numerous, unlinked datasets from each of the ICES databases I had requested. I linked 

the study datasets and processed the raw variables to create the study variables, with the exception of 

several variables that used personal identifiers (postal code, date of birth), which were processed by the 

ICES Analyst due to privacy restrictions. I performed all statistical analyses using SAS version 9.3 (186). 

ICES data sources for this dissertation included the Registered Persons Database (RPDB), an 

ICES-derived database of patient health care system contact and OHIP eligibility (CONTACT), the ICES 

Physician Database (IPDB), the OHIP Claims Database (OHIP), the National Ambulatory Care Reporting 

System (NACRS), the Canadian Institute for Health Information Discharge Abstract Database and Same 

Day Surgery Database (CIHI-DAD and SDS), the Postal Code Conversion File (PCCF), the Ontario 

Multispecialty Physician Networks database (PHYSNET), the Ontario Cancer Registry (OCR), and the 

Ontario Marginalization Index (ONMARG). These databases can be linked using confidential patient 

identifiers (IKNs) and physician numbers, with the exception of the PCCF and ONMARG, which are 

linkable to individual-level data using geographic identifiers. 

  



 

 

51 

3.5.1 Registered Persons Database (RPDB) and CONTACT 

The RPDB contains demographic information on all individuals who ever had an Ontario health 

card number, including birth and death dates, sex, OHIP eligibility start and end dates, and yearly postal 

codes, geographic areas of residence (LHIN, subLHIN, census areas, counties) and rurality. The data are 

provided to ICES by the MOHLTC, and are supplemented with information from in-house ICES data 

sources. The CONTACT database is created by ICES to supplement the RPDB and contains information 

on patients’ contact with the health care system, OHIP eligibility, and physician rostering, reported per 

calendar quarter. 

3.5.2 ICES Physician Database (IPDB) 

The IPDB contains yearly demographic, specialty, location, and workload data for all physicians 

in Ontario. The Ontario Physician Human Resource Data Centre (OPHRDC) provides ICES with a file 

containing physician specialty for physicians in Ontario. That data is supplemented with physician 

information from the OHIP Corporate Provider Database, which is maintained by the MOHLTC 

Physician Services Branch, and OHIP billings claims, to create the IPDB.  

3.5.3 Canadian Institute for Health Information Discharge Abstract Database (CIHI-DAD), Same 

Day Surgery (SDS) and National Ambulatory Care Reporting System (NACRS) 

CIHI-DAD, SDS and NACRS contain data on all acute care inpatient institution discharges, day 

surgery and outpatient clinic visits, and emergency department visits, respectively, in Ontario. Each 

record within these databases represents one patient-hospital separation or visit. The main data elements 

include patient demographics, clinical diagnosis and procedure data, and administrative data about the 

admission or visit, including the start and end date, length of stay, provider(s) involved, admission or visit 

type, visit or discharge disposition, and institution number. Each record can list up to 25 ICD-10 

diagnoses (up to 10 in NACRS), with one identified as the most responsible diagnosis, as well as up to 20 

procedures (up to 10 in NACRS), coded using the Canadian Classification of Health Interventions (CCI) 

coding system (187). 
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The quality of these databases is maintained through the use of standardized classification 

systems, abstracting manuals and software, support and education for abstractors, and ongoing data 

quality assessments (188). In 2012-2013, the percentage of abstracts submitted to CIHI-DAD with 

missing, unknown or invalid values for either the principal procedure or most responsible diagnosis was 

0.0003% (189), while in 2013-2014, the proportion with a missing, unknown or invalid Health Card 

Number was 0.7% (190). CIHI conducted chart re-abstraction studies in 1999-2000 to 2002-2003 to 

evaluate the CIHI-DAD data quality, finding a discrepancy in 12.8% of diagnoses identified as the most 

responsible diagnosis and 7.0% of procedures identified as the principal procedure, errors that were 

largely attributed to a single institution that was coding obstetrical procedures incorrectly (191). In 2012-

2013, 100% of SDS records had a valid main diagnosis code and 99.97% had a valid main intervention 

record (192). In 2012-2013, 100% of NACRS records had a valid main diagnosis code, while 60.7% of 

records had a valid main intervention code, with the remaining 39.3% missing the main intervention code 

(192). A chart re-abstraction study of NACRS data reported high agreement (85.5%) for the condition 

that was identified as the main diagnosis; however, there was lower agreement (68.8%) in the ICD-10 

code applied to the condition (193).  

3.5.4 Ontario Health Insurance Plan Claims Database (OHIP) 

OHIP contains data on all fee-for-service claims paid to physicians through the Ontario Health 

Insurance Plan, which includes approximately 50% of primary care physicians and 95% of specialists. 

OHIP also contains shadow-billing claims for all physicians who are paid through mechanisms other than 

fee-for-service, with the exception of several hundred physicians who work in Community Health Centres 

whose activity is not captured in OHIP. Physicians’ services that are not captured in OHIP include 

services provided in provincial psychiatric hospitals, diagnostic procedures performed in an in-patient 

setting, and laboratory services provided in hospital.  

Each record in OHIP represents one billable service provided by a single physician, with the 

service or procedure reflected in the fee code (194). A physician visit can generate more than one billable 
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service and therefore more than one OHIP record. Main data elements in OHIP include the service 

provided, the service date, the relevant diagnosis, the service physician number, and, when relevant, the 

referring physician number. Each OHIP record contains only one diagnosis, represented by an OHIP 

diagnosis code that largely maps onto the ICD-9 classification system to the third digit (195).  

ICES reports annual data quality statistics for OHIP data, including the proportion of records with 

missing, invalid or outlier observations. In 2012, 0.2% and 7.2% of OHIP records had an invalid fee code 

and diagnosis code. The referring physician number was missing on 56% of records (192). While most 

specialist visits, lab tests, and diagnostic procedures should have a referring physician identified, 

reporting of the referring physician by the billing physician is not mandatory for reimbursement.  

3.5.5 Ontario Multispecialty Physician Networks (PHYSNET) 

The PHYSNET database identifies physician network membership for residents, active 

physicians, and acute care institutions in Ontario. These networks were derived through a study led by 

Thérèse Stukel at ICES (43). Physician networks were based on patterns of health care utilization in 

Ontario from fiscal year (FY) 2008 to FY 2010. All Ontario residents who were registered with OHIP 

between FY 2008 to FY 2010 and who had contact with the health care system after FY 2000, physicians 

who were in active practice between FY 2008 and FY 2010, and acute care inpatient hospitals were 

eligible for network assignment. 

To create these networks, Ontario residents were linked to their usual provider of primary care in 

a hierarchical approach. First, patients were linked to the PCP to whom they were rostered at the study 

mid-point. If not rostered, the patient’s usual provider of primary care was identified using OHIP records 

of core primary care services. Otherwise, the patient was linked to the physician (preferentially to primary 

care) providing the most ambulatory care. Using these methods, 99% of residents were linked to a usual 

provider of primary care.  

Primary care providers were linked to one of 175 acute care hospitals in Ontario by identifying 

the hospital where the majority of their patients were admitted, using only non-maternal medical 
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admissions; this linked 98.2% of physicians to an acute care hospital. Specialist physicians were linked to 

the acute care hospital where they provided the most inpatient services, which linked 93.5% of specialists 

to an acute care hospital. Ontario residents, primary care physicians, and specialists linked to a common 

acute care hospital created a provider cluster. Provider clusters were aggregated to form physician 

networks by joining smaller clusters that shared patients and that were in close geographic proximity. The 

goal was to create networks having a minimum population size and at least one medium or large hospital. 

Satellite networks were formed from groups of rural provider clusters that were distant from the acute 

care hospital where patients were likely to be admitted. Satellite networks were developed with the 

intention that they could be studied separately or aggregated with their nearest network, depending on the 

purpose of the analysis. Seventy-eight physician networks, including seven satellite networks, were 

identified. The physicians and institutions within a physician network represent the resources available to 

the network population, and the network population comprises the consumers or demand source for health 

care in the network. 

The PHYSNET database contains a patient or physician identifier (IKN or physician number), 

network number and network name for all residents and physicians who were linked to a physician 

network (43).  

3.5.6 Ontario Cancer Registry (OCR) 

The OCR contains information on all Ontario residents who were diagnosed with or died of 

cancer. All new cancer cases are included in the OCR, with the exception of basal cell and squamous cell 

skin cancers. The OCR is a passive registry, created through data collection from CIHI cancer-related 

hospital discharge and day surgery records, cancer-related pathology reports, consultation and treatment 

records from the 14 Ontario regional cancer centres, and death certificates with cancer listed as the 

underlying cause of death from the Ontario Registrar General. Key data elements in the OCR include 

patient demographics, cancer diagnosis details, including the diagnosis date, ICD-9 cancer diagnosis 

code, cancer stage, and histology, and death data (where applicable), including date and cause of death. 
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For each cancer case, the TNM stage at diagnosis is identified from one of two sources. The 

province’s 14 regional cancer centres provide TNM stage data for all patients registered at those centres. 

In 2007, this only included about 33% of incident cancer cases in Ontario. CCO uses the Collaborative 

Stage data collection system to capture stage for patients who are diagnosed and treated outside of the 

province’s RCCs (196). 

3.5.7 Postal Code Conversion File (PCCF) 

Statistics Canada provides the PCCF to ICES to allow the linkage of postal codes to Canadian 

census areas and census data. There is some error in this linkage because postal code areas do not map 

directly onto census areas; there may be more than one census area associated with a given postal code. In 

these instances, the PCCF assigns the individual to the census area that contains the majority of dwellings 

assigned to the postal code. The PCCF also identifies the latitude/longitude for postal code centroids in 

order to compute the straight-line distance between two postal codes (197).  

3.5.8 Ontario Marginalization Index (ONMARG) 

The ONMARG database contains scores for the Ontario Marginalization Index, a geographically 

based index of socioeconomic marginalization in Ontario (198). The Ontario Marginalization Index was 

created using data from the 2006 Canadian census and measures marginalization at a range of geographic 

levels, including census divisions, census subdivisions, census tracts, dissemination areas, LHINs and 

sub-LHINs. The index measures four major dimensions of marginalization: residential instability, 

material deprivation, dependency, and ethnic concentration. These four dimensions were identified using 

principal component factor analysis of 42 census measures of marginalization, chosen based on previous 

research (198). Each dimension is measured in two forms: a factor score, measured on an interval scale, 

and factor score quintiles, measured on an ordinal scale, where the first quintile is the least marginalized 

and the fifth quintile is the most marginalized. We used material deprivation quintiles to measure 

socioeconomic marginalization. This dimension was measured using data from six census measures: 

proportion of the population age 20+ who do not have a high school diploma, proportion of families who 



 

 

56 

are lone parent families, proportion of the population receiving government transfer payments, proportion 

of the population age 15+ who are unemployed, proportion of the population who are low-income, and 

the proportion of households living in dwellings in need of major repair.  

3.6 Phase One study variables 

Phase One is primarily a descriptive study of the availability and quality of colonoscopy 

resources across Ontario. These resource characteristics were measured within colonoscopy networks that 

were defined based on previous research that defined physician networks in Ontario (43) and observed 

colonoscopy patient flow. We defined six network-level measures of colonoscopy resource availability 

and quality. Three of our colonoscopy resource measures, including colonoscopist density, private clinic 

access and distance to the closest colonoscopist reflect resource availability and the ease with which 

patients receive care. Another three of our colonoscopy resource measures, including colonoscopy 

completion rates, polypectomy rates and access to gastroenterologists, reflect the resource quality. These 

measures of quality were chosen based on previous research that has demonstrated their relationship with 

colonoscopy procedure quality and outcomes (Section 2.7.2), as well as their availability within the 

administrative data (39, 40, 42, 170-174, 177, 179-182). We also measured network-level colonoscopy 

utilization rates and rurality. These eight variables were used as the main analytic variables in Phase One.  

Additionally, we defined four common variables that identified colonoscopy patients, 

colonoscopists and patient and physician network membership that were used in the definitions of the 

eight network-level variables. Figure 3.2 depicts each of the eight network-level variables and which of 

the four common variables were used in the definition of the each of the network-level variables. The four 

common variables, as well as variables defining the LHIN, subLHIN and county of the study cohort and 

colonoscopists were also used in the evaluation and definition of colonoscopy networks. The common 

variables are defined in Section 3.6.1. The analytic network-level variables are defined in Section 3.6.2. 

The additional geographic area classification variables are defined in Section 3.6.3. Appendix B 

summarizes the data sources used to define each variable as well as the purpose(s) of each variable. 
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Figure 3.2 Phase One variable framework
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3.6.1 Common variables used across definitions of study variables 

3.6.1.1 Study cohort physician network assignment  

Physician network membership was previously assigned by Stukel et al. (43) (Section 3.5.5). I 

identified the physician network name and number to which each member of the study cohort belonged 

by linking their IKN to the PHYSNET database.  

3.6.1.2 Study cohort colonoscopy network assignment 

Study cohort members were assigned to one of 43 colonoscopy networks based on their physician 

network membership. See Section 3.7.1 for the methods used to create the colonoscopy networks from the 

physician networks.  

3.6.1.3 Colonoscopy patients 

Study cohort members who received a colonoscopy during the study period were identified using 

OHIP records and the fee codes in Table 3.1. Any cohort member who had one or more of these fee codes 

billed between January 1, 2007 and December 31, 2013 was considered to have received a colonoscopy, 

with a maximum of one colonoscopy per day per individual. Note that Prior to September 1, 2011, Z555 

was the only fee code used to bill for colonoscopy and it captured colonoscopies performed for any 

reason. The nine additional fee codes were introduced either on September 1, 2011 or January 1, 2013 and 

provide an indication for why the colonoscopy was performed.  
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Table 3.1 OHIP billing codes for colonoscopy 

OHIP 

fee code 

Description  Date fee code was 

introduced 

Z491 Colonoscopy for follow-up of incomplete polyp resection January 1, 2013 

Z492 Colonoscopy for five-year follow-up of normal colonoscopy January 1, 2013 

Z493 Colonoscopy for ten-year follow-up of normal colonoscopy January 1, 2013 

Z494 Colonoscopy for diagnosis or ongoing management of hereditary or 

other bowel disorders associated with an increased risk of malignancy 

January 1, 2013 

Z495 Colonoscopy for follow-up of unsatisfactory colonoscopy January 1, 2013 

Z496 Colonoscopy for diagnosis or ongoing management of signs or 

symptoms 

September 1, 2011 

Z497 Confirmatory colonoscopy after positive fecal occult blood test, 

sigmoidoscopy, barium enema, CT abdomen/pelvis or CT colonography 

September 1, 2011 

Z498 Colonoscopy for follow-up of abnormal colonoscopy September 1, 2011 

Z499 Colonoscopy with absence of signs or symptoms, family history 

associated with an increased risk of malignancy 

September 1, 2011 

Z555 Colonoscopy with absence of signs or symptoms or risk factors, 50 years 

of age or older. Prior to September 2011, this billing code was used for 

all colonoscopies, regardless of the indication. 

October 1, 1992 

OHIP=Ontario Health Insurance Plan 

3.6.1.4 Colonoscopists 

I defined colonoscopists as physicians who performed (as the responsible physician) at least 50 

colonoscopies in a calendar year, based on OHIP billing records. More than one physician can bill for a 

single colonoscopy for several reasons. First, if a polypectomy is performed during a colonoscopy, two 

separate physicians may bill for the two procedures. Second, both the physician who performed the 

procedure and the anesthesiologist who assisted with the procedure can bill for the colonoscopy. The 

OHIP record fee suffix variable differentiates between the performing physician (fee suffix=A) and the 

anesthesiologist (fee suffix=C).  

I used the following hierarchy to identify the responsible physician: 

1. If there was only one physician who billed for the colonoscopy or polypectomy, assign that 

physician as the responsible physician, regardless of fee suffix. 

2. If there was more than one physician who billed for the colonoscopy or polypectomy, then the 

responsible physician is assigned as the physician who: 

a. Billed for the colonoscopy (fee codes listed in Table 3.1) with fee suffix=A.  
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b. Billed for the polypectomy (if performed, fee codes listed in Section 3.6.2.4) with fee 

suffix=A. 

c. Billed for the colonoscopy (fee codes listed in Table 3.1) with fee suffix=C. 

d. Billed for the polypectomy (if performed, fee codes listed in Section 3.6.3.4) with fee 

suffix=C. 

See Appendix C for further details of the results from the data processing conducted to define this 

variable. 

3.6.1.5 Physician network assignment of physicians who performed colonoscopy  

I identified the physician network membership of physicians by linking their physician number to 

the PHYSNET database.  

3.6.1.6 Colonoscopy network assignment of physicians who performed colonoscopy 

Physicians were assigned to one of 43 colonoscopy networks based on their physician network 

membership. There were physicians who had not been assigned to a physician network because of the 

time period in which the physician networks were developed (FY 2008 to FY 2010) versus the time 

period of this study (2007 to 2013). For physicians missing their colonoscopy network membership, I 

assigned them to a network based on the most common network of all of their colonoscopy patients 

between 2007 and 2013. See Appendix D for further details of the results from the data processing 

conducted to define this variable. 
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3.6.2 Network-level analytic variables 

With the exception of distance to the closest colonoscopist and rurality, each of the network-level 

variables were measured for each study year (2007 to 2013) for each colonoscopy network and overall in 

Ontario. 

3.6.2.1 Colonoscopist density  

Colonoscopist density was defined as the total full time equivalent (FTE) of colonoscopists in a 

colonoscopy network, per 100,000 network population. FTE is a non-zero, non-negative value that 

measures a physician’s workload in relation to other physicians of the same specialty, using his/her total 

billings for a given fiscal year. The IPDB reports FTEs by fiscal year for all active physicians in Ontario, 

calculated using payment information from all available sources, including fee-for-service billings, 

alternate payment plans, capitation, premiums, bonuses and salaries. The FTE of colonoscopists was 

assigned by linking the physician number to the IPDB. 

ICES uses the following equation to assign a physician’s FTE: 

𝐹𝑇𝐸 =
𝐵

𝐵40
 if billings (B) are below the 40

th
 percentile for the physician’s specialty (B40) 

𝐹𝑇𝐸 = 1 if billings (B) are between the 40
th
 and 60

th
 percentile 

𝐹𝑇𝐸 =
log 𝐵

𝐵60
  if billings (B) are above the 60

th
 percentile for the physician’s specialty (B60). 

Physicians’ billings are price-adjusted to account for billing code price changes. Price-adjusted 

billings for a fee code in any given year are: 

𝑃𝑟𝑖𝑐𝑒 𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑏𝑖𝑙𝑙𝑖𝑛𝑔𝑠 𝑖𝑛 𝑦𝑒𝑎𝑟 𝑌 𝑓𝑜𝑟 𝑓𝑒𝑒 𝑐𝑜𝑑𝑒

= 𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑒𝑟𝑣𝑖𝑐𝑒𝑠 𝑖𝑛 𝑦𝑒𝑎𝑟 𝑌 × 𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑝𝑟𝑖𝑐𝑒 𝑓𝑜𝑟 𝑓𝑒𝑒 𝑐𝑜𝑑𝑒 

The standard price for each fee code in the OHIP schedule of benefits is calculated, with 

1997/1998 as the standard year, using the following equation: 

𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑝𝑟𝑖𝑐𝑒 𝑜𝑓 𝑎 𝑓𝑒𝑒 𝑐𝑜𝑑𝑒 =
𝑇𝑜𝑡𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡 𝑏𝑖𝑙𝑙𝑒𝑑 𝑓𝑜𝑟 𝑡ℎ𝑎𝑡 𝑓𝑒𝑒 𝑐𝑜𝑑𝑒 𝑖𝑛 1997/1998

𝑇𝑜𝑡𝑎𝑙 # 𝑜𝑓 𝑠𝑒𝑟𝑣𝑖𝑐𝑒𝑠 𝑏𝑖𝑙𝑙𝑒𝑑 𝑓𝑜𝑟 𝑡ℎ𝑎𝑡 𝑓𝑒𝑒 𝑐𝑜𝑑𝑒 𝑖𝑛 1997/1998
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3.6.2.2 Access to gastroenterologists 

This variable was defined as the proportion of colonoscopists in a colonoscopy network whose 

specialty was gastroenterology, with specialty reported for each fiscal year in the IPDB.  

3.6.2.3 Colonoscopy completion rate  

This variable was defined as the proportion of colonoscopies that were performed by network 

colonoscopists that were complete (to the cecum or terminal ileum). Colonoscopy completion was 

measured using OHIP billing records. When physicians bill OHIP for colonoscopies, they submit a claim 

for the procedure as well as for up to four location fee codes, depending on how far along the large 

intestine they reached: E740 (to splenic flexure), E741 (to hepatic flexure), E747 (to cecum), and E705 

(to terminal ileum). A complete colonoscopy was defined as a colonoscopy in which E747 and/or E705 

was billed on the same date as the colonoscopy fee code (42). All other colonoscopies were defined as 

incomplete.  

3.6.2.4 Polypectomy rate  

This variable was defined as the proportion of screening colonoscopies that were performed by 

network colonoscopists that had a polypectomy during the colonoscopy. This variable was only measured 

for 2012 and 2013 because the OHIP billing codes used to identify the colonoscopy indication were 

implemented in September 2011. There were four OHIP fee codes used to capture polypectomy: Z570 

(fulguration of first polyp through colonoscope), E719 (fulguration of each additional polyp, maximum of 

4), Z571 (excision of first polyp greater than or equal to 3 mm through colonoscope), and E720 (excision 

of each additional polyp greater than or equal to 3 mm, maximum of 2) (42, 199). Individuals who had 

any of these four fee codes billed on the same day as their screening colonoscopy were defined as having 

received a polypectomy.  

3.6.2.5 Private clinic access  

This variable was defined as the proportion of colonoscopies received by colonoscopy network 

residents that were performed in a private clinic. It was defined using OHIP data. Physicians billing for 
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colonoscopies in a private clinic are eligible to claim an additional fee, which is represented by the fee 

code E749 (colonoscopy rendered in a private office). Individuals who had this fee code billed on the 

same date as their colonoscopy were defined as having received a colonoscopy in a private clinic, while 

all other colonoscopies were defined as having occurred in hospital.  

3.6.2.6 Distance to closest colonoscopist 

The distance to the closest colonoscopists was calculated for the 2013 study cohort only due to 

the computing demands required to measure this variable on a large study cohort over multiple years and 

our expectation that average distance within a colonoscopy network would not change considerably over 

time. The PCCF was use to compute the straight-line distance, in kilometres, between an individual’s 

postal code centroid and the postal code centroid of all colonoscopist(s) in that individual’s colonoscopy 

network. The distance assigned to the individual was the shortest distance among all distances to 

colonoscopists in his/her colonoscopy network. An exception to this definition was network two, which in 

2013 had no physicians who performed >50 colonoscopies in the year. For network two residents, I 

calculated the individual’s distance to any physician who performed at least one colonoscopy in 2013, 

assigning the shortest distance to each individual. I calculated the median and interquartile range (IQR) of 

the distance to the closest colonoscopist for each network, using the distance assigned to each resident.  

3.6.2.7 Age- and sex-standardized colonoscopy utilization rate 

Colonoscopy network colonoscopy utilization rates were calculated as the number of 

colonoscopies received by network residents, per 1,000 network residents. Rates were age- and sex-

standardized using direct standardization methods to control for confounding, using the study cohort as 

the standard population. Age was calculated as of December 31 of a given year, using the date of birth 

recorded in the RPDB, and grouped into the following categories: 18 to 24, 25 to 29, 30 to 34, 35 to 39, 

40 to 44, 45 to 49, 50 to 54, 55 to 59, 60 to 64, 65 to 69, 70 to 74, 75 to 79, 80 to 84, or 85+. Sex was 

obtained from the RPDB.  
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3.6.2.8 Network rurality 

I used the Rurality Index for Ontario (RIO) to measure rurality (200).  The RIO is an ordinal 

measure of rurality that ranges from zero (most urban) to 100 (most rural) that is assigned at the census 

subdivision (CSD) level. The RIO is based on three characteristics of CSDs: population from the 2006 

Canadian census, travel time to the nearest basic referral centre, and travel time to the nearest advanced 

referral centre. Travel times were measured in minutes and were calculated based on the fastest route 

from the CSD centroid to the relevant referral centre(s) via roadways and their speed limits. The basic 

equation for the RIO score is: 

𝑅𝐼𝑂 = 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 +  𝑇𝑖𝑚𝑒 𝑡𝑜 𝑏𝑎𝑠𝑖𝑐 𝑟𝑒𝑓𝑒𝑟𝑟𝑎𝑙 𝑐𝑒𝑛𝑡𝑟𝑒 +  𝑇𝑖𝑚𝑒 𝑡𝑜 𝑎𝑑𝑣𝑎𝑛𝑐𝑒𝑑 𝑟𝑒𝑓𝑒𝑟𝑟𝑎𝑙 𝑐𝑒𝑛𝑡𝑟𝑒 

Each of the three components are weighted as follows: population 28.6%, time to basic referral 

centre 47.6%, time to advanced referral centre 23.8%. The raw score is transformed to a scale of 0 to 100, 

and rounded to the nearest integer.  

Of the 580 CSDs in Ontario, 201 were excluded in the creation of the RIO and so residents of 

those CSDs cannot be assigned a RIO score. CSDs were excluded if they were unorganized areas, Indian 

reserves or settlements, or if they had populations of less than 500. Of the remaining 379 CSDs, the mean 

RIO score was 45.2 and the median RIO score was 42 (200). 

RIO scores were assigned to each member of the study cohort based on their postal code in the 

first year in which they were eligible for inclusion in the study. Individuals’ RIO scores were categorized 

as follows: RIO 0-10 (most urban), RIO 11-30, RIO 31-45, RIO 46-55, RIO 56-75, RIO 76+ (most rural), 

or unknown RIO score. We described the rurality of colonoscopy networks using the proportion of 

network residents in the RIO 46-55, RIO 56-75, or RIO 76+ categories. 

For networks one through six, all individuals with an unknown RIO score were assigned to the 

RIO 76+ category. The rationale for this decision was that the most likely reason why individuals in these 

networks had an unknown RIO score was because they lived in CSDs that were excluded from the RIO 

development, based on our knowledge of the geographic locations of the colonoscopy networks (Thunder 

Bay, Moose Factory, Timmins, Sault Ste. Marie, Sudbury and North Bay) and CSDs that were excluded 
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from the RIO development (200). We observed high proportions of residents in these six colonoscopy 

networks that had an unknown RIO score (between 5% and 70%), compared to the proportions with 

unknown RIO scores in the remaining 37 networks (≤2%). Because the CSDs that were excluded from 

RIO development were likely as rural as those CSDs in the RIO 76+ category, we considered it 

appropriate to re-classify this group as belonging to the RIO 76+ group. For the remaining 37 networks, 

individuals with an unknown RIO category were assigned to one of the six RIO categories (RIO 0-9, RIO 

10-30, RIO 31-45, RIO 46-55, RIO 56-75, RIO 76+), according to the distribution of the network’s 

population across these six categories.  

3.6.3 Additional geographic area variables used to evaluate colonoscopy catchment areas 

3.6.3.1 Study cohort LHIN, subLHIN and county 

Individuals’ LHIN, subLHIN and county of residence were identified based on the best-known 

postal code for the individual as of July 1 of each year. Individuals could change LHINs, subLHINs, and 

counties during the study period, so we identified the area of residence for each study year.  

3.6.3.2 Physician LHIN, subLHIN and county 

Physician LHIN, subLHIN and county were identified based on the postal code of their practice 

address. Physicians could change LHINs, subLHINs, and counties during the study period, so we 

identified their area of practice for each study year. 

3.7 Phase One analysis 

3.7.1 Methods for evaluating geographic area classifications and defining colonoscopy networks 

The first step in the analysis for Phase One was to identify the most appropriate geographic area 

classification to define catchment areas for colonoscopy resources. I examined four existing geographic 

area classification systems: LHINs, subLHINs, counties and Stukel et al.’s physician networks  (43, 44). 

There are 14 LHINs, 97 subLHINs, 49 counties, and 78 physician networks in Ontario. I evaluated these 

area classification systems by examining where area residents received colonoscopy, based on the area of 
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the physician who performed the procedure, in contrast to residents’ home area. Therefore, this analysis 

was restricted to study cohort members who received a colonoscopy between 2007 and 2013 

(n=2,233,626 patients who received 2,981,760 colonoscopies).  

The LHIN, subLHIN and county of the colonoscopy patient and responsible physician were 

assigned based on the procedure date. Physician network was assigned based on the PHYSNET database. 

For the purposes of evaluating the geographic areas, we excluded any colonoscopies in which the area 

being examined was unknown for the patient or physician.  

I calculated the following statistics for each area within each of the four classification systems: 

1. Colonoscopy loyalty: The proportion of colonoscopies received by residents of an area that are 

performed by physicians from their area. For example: 

𝐶𝑜𝑙𝑜𝑛𝑜𝑠𝑐𝑜𝑝𝑦 𝑙𝑜𝑦𝑎𝑙𝑡𝑦 𝑖𝑛 𝐿𝐻𝐼𝑁 1 =

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑙𝑜𝑛𝑜𝑠𝑐𝑜𝑝𝑖𝑒𝑠 𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑑 𝑏𝑦 𝑟𝑒𝑠𝑖𝑑𝑒𝑛𝑡𝑠 𝑜𝑓 𝐿𝐻𝐼𝑁 1 
𝑡ℎ𝑎𝑡 𝑤𝑒𝑟𝑒 𝑝𝑒𝑟𝑓𝑜𝑟𝑚𝑒𝑑 𝑏𝑦 𝐿𝐻𝐼𝑁 1 𝑝ℎ𝑦𝑠𝑖𝑐𝑖𝑎𝑛𝑠

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑙𝑜𝑛𝑜𝑠𝑐𝑜𝑝𝑖𝑒𝑠 𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑑 𝑏𝑦 𝑟𝑒𝑠𝑖𝑑𝑒𝑛𝑡𝑠 𝑜𝑓 𝐿𝐻𝐼𝑁 1
  

2. Colonoscopy patient loyalty: The proportion of colonoscopy patients in an area who received at 

least one colonoscopy from a physician within their area. For example: 

𝐶𝑜𝑙𝑜𝑛𝑜𝑠𝑐𝑜𝑝𝑦 𝑝𝑎𝑡𝑖𝑒𝑛𝑡 𝑙𝑜𝑦𝑎𝑙𝑡𝑦 𝑖𝑛 𝐿𝐻𝐼𝑁 1

=

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑙𝑜𝑛𝑜𝑠𝑐𝑜𝑝𝑦 𝑝𝑎𝑡𝑖𝑒𝑛𝑡𝑠 𝑟𝑒𝑠𝑖𝑑𝑖𝑛𝑔 𝑖𝑛 𝐿𝐻𝐼𝑁 1 
𝑤ℎ𝑜 𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑑 𝑎𝑡 𝑙𝑒𝑎𝑠𝑡 𝑜𝑛𝑒 𝑐𝑜𝑙𝑜𝑛𝑜𝑠𝑐𝑜𝑝𝑦 𝑓𝑟𝑜𝑚 𝑎 𝐿𝐻𝐼𝑁 1 𝑝ℎ𝑦𝑠𝑖𝑐𝑖𝑎𝑛

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑙𝑜𝑛𝑜𝑠𝑐𝑜𝑝𝑦 𝑝𝑎𝑡𝑖𝑒𝑛𝑡𝑠 𝑟𝑒𝑠𝑖𝑑𝑖𝑛𝑔 𝑖𝑛 𝐿𝐻𝐼𝑁 1
 

In contrast to colonoscopy loyalty, the numerator and denominator of this variable is 

patients, not procedures. If patients had more than one colonoscopy, with at least one performed 

in their local area, they would be considered ‘loyal.’ This scenario may occur in more complex 

patients; physicians may perform a colonoscopy but then refer the patient to a more skilled 

specialist out of the patient’s home area for further evaluation. 

3. Number of non-local colonoscopy areas: The number of non-local areas that residents from a 

given area travelled to for colonoscopy, restricted to only non-local areas where >1% of the area’s 

colonoscopy patients travelled to. 
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Additionally, for each of the four geographic area classifications, I calculated the number and 

proportion of areas where there was discordance between the patient area and the most common physician 

area. An area was considered to be discordant if the most common area of physicians who provided 

colonoscopy to patients in that area was not the same as the patients’ area.  

3.7.1.1 Summary of geographic area classifications 

A summary of the evaluation of the four geographic area classifications is presented in Table 3.2. 

Only colonoscopy loyalty is described in the text because colonoscopy loyalty was quite similar to 

colonoscopy patient loyalty. Appendix E contains the detailed results of the evaluations of each of these 

geographic area classifications, including the colonoscopy loyalty statistics, colonoscopy patient loyalty 

statistics and number of non-local colonoscopy areas for each area. 

The results indicate that the fewer areas within a classification, the better it appears to capture 

colonoscopy catchment boundaries. SubLHINs, with 97 areas, have the lowest average colonoscopy 

loyalty, the highest proportion of areas with 0% colonoscopy loyalty, and the highest proportion of 

discordant areas. As the number of areas within a geographic classification decreases, from networks, to 

counties, to LHINs, mean and median colonoscopy loyalty increases to a high of 82.2% and 84.8%, 

respectively, and the proportions of areas with 0% loyalty and discordant areas both decrease to 0%. This 

is a function of area size; the larger an area, the less likely it is that patients will travel outside of their 

area as there are more institutions within their local area that can provide colonoscopy. However, the 

limitation of larger areas is that they likely mask smaller, within-area colonoscopy catchment areas that 

should be separate from each other.  
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Table 3.2 Summary statistics from the evaluation of four geographic area classifications 

Area 

  

Number of areas 

(n, % discordant) 

Colonoscopy loyalty Number (%) of 

areas with 

loyalty=0% 
Minimum Maximum Median Mean 

LHIN 14 (0, 0%) 61.3% 97.5% 84.8% 82.2% 0 (0%) 

SubLHIN 97 (34, 35%) 0.0% 97.3% 45.0% 43.4% 17 (17.5%) 

County 49 (6, 12%) 0.0% 96.8% 74.1% 66.4% 2 (4.1%) 

Physician 

network 

78 (7, 9%) 0.0% 91.2% 64.0% 60.9% 2 (2.6%) 

3.7.1.2 Amalgamating physician networks to define colonoscopy networks 

While physician networks did not have the highest colonoscopy loyalty, we thought they were the 

best method to define colonoscopy networks for several reasons. First, these physician networks were 

created based on empirically observed referral patterns and patient flow. This is also true of the LHINs 

(44) but, as mentioned above, large LHIN sizes raise the likelihood that they are masking smaller, 

naturally occurring catchment areas. Given their smaller size, physician networks are less likely to contain 

more than one natural colonoscopy catchment area. Second, the physician networks appeared to be better 

at distinguishing catchment boundaries than counties, with a lower proportion of physician networks 

having 0% colonoscopy loyalty or being discordant.  

An examination of the physician networks mapped across Ontario, overlaid with colonoscopy 

patient travel patterns, indicated that there were several modifications that could be made to the physician 

networks to better reflect colonoscopy referral patterns and improve loyalty (see Appendix F for a map of 

physician networks with colonoscopy loyalty and colonoscopy travel patterns). Firstly, considering the 

physicians and resources required for colonoscopy and the low likelihood that satellite networks have the 

resources required to perform colonoscopies, the satellite networks can be appropriately amalgamated 

with the closest non-satellite networks. I amalgamated the three Thunder Bay Satellite Networks with the 

Thunder Bay Network, the Timmins Satellite Network with the Timmins Network, the Sudbury Satellite 

Network with the Sudbury Network, and the Owen Sound Satellite Network with the Grey Bruce-Owen 

Sound Network. Prior to these amalgamations, the average colonoscopy loyalty across these networks 
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was between 53% and 64%. After amalgamation, the colonoscopy loyalty across the four amalgamated 

networks increased to between 61% and 92% (Table 3.3). 

Secondly, urban areas with more than one tertiary care centre often had more than one physician 

network because these networks were often formed around tertiary care centres. I observed substantial 

travel across physician networks that were within the same urban area, indicating that colonoscopy patient 

flow is not restricted by patients’ physician network membership when their physician networks are in 

urban areas (Appendix F). This was observed in Ottawa, with five physician networks and one satellite 

network, Hamilton, with two physician networks, Windsor, with two physician networks, and the Greater 

Toronto Area (GTA), with 22 physician networks. For Ottawa, Hamilton, and Windsor, the physician 

networks were amalgamated to create single colonoscopy networks for each of the three urban centres. 

After amalgamating the Ottawa and Hamilton physician networks, the colonoscopy loyalty increased 

from an average of 39% to 89% and 55% to 83%, respectively (Table 3.3). We divided the GTA into 

three colonoscopy networks representing the GTA East, GTA core, and GTA West. This was based on a 

detailed examination of colonoscopy patient travel patterns between each of the 22 GTA physician 

networks, in which we observed that patient travel patterns tended to fall within the east, core or west 

region. After amalgamating the 22 GTA networks into the GTA East, GTA core, and GTA West 

colonoscopy networks, colonoscopy loyalty increased from an average of 51% to 72%, 25% to 71%, and 

51% to 75%, respectively. 

Thirdly, the Niagara region had three physician networks, representing three hospitals that were 

part of a multi-site hospital amalgamation under the administration of the Niagara Health System. I 

observed substantial colonoscopy patient travel across these three physician networks and so I 

amalgamated the three physician networks into a single colonoscopy network. This increased 

colonoscopy loyalty from an average of 71.9% to 84.4% in the single colonoscopy network (Table 3.3). 

Finally, we amalgamated the Leamington physician network with the Windsor colonoscopy 

network. The rationale for this was that (1) a large proportion (24%) of patients in the Leamington 



 

 

70 

network travelled to the Windsor network, and (2) Leamington is in close geographic proximity to 

Windsor. This amalgamation increased the colonoscopy loyalty from an average of 57% to 94%.  

Table 3.3 Colonoscopy loyalty in amalgamated networks 

Amalgamated 

physician 

network 

name 

Networks amalgamated Mean colonoscopy 

loyalty across 

individual physician 

networks 

Colonoscopy loyalty 

of amalgamated 

colonoscopy 

network 

Thunder Bay Thunder Bay, Thunder Bay Satellite 

Networks (Northwest, South, East) 

57.7% 92.3% 

Timmins Timmins, Timmins Satellite  53.1% 61.0% 

Sudbury Sudbury, Sudbury Satellite  73.7% 89.1% 

Ottawa Ottawa A, Ottawa B, Ottawa C, Ottawa 

D, Ottawa Children, Ottawa Satellite  

38.8% 89.5% 

Hamilton Hamilton A, Hamilton B 54.9% 83.0% 

Windsor  Windsor A, Windsor B, Leamington  57.2% 94.5% 

Owen Sound Grey Bruce-Owen Sound, Owen Sound 

Satellite  

64.4% 80.4% 

Niagara Niagara Falls, St. Catharines, Welland  72.2% 84.4% 

GTA East West Durham, Markham Stouffville, 

Scarborough A, Scarborough B, 

Scarborough C 

51.0% 72.3% 

GTA West Mississauga A, Mississauga B, 

Dufferin, Northwest Toronto A, 

Northwest Toronto B, Brampton, 

Etobicoke 

50.8% 75.5% 

GTA Core Toronto Mental Health and Addictions, 

Toronto Children, Downtown Toronto 

A, Downtown Toronto B, Downtown 

Toronto C, Southwest Toronto, 

North Toronto, East Toronto, North 

York, York  

25.2% 70.6% 

 

I therefore defined 43 colonoscopy networks across Ontario. The statistics described in Section 

3.7.1 above were calculated using the colonoscopy networks, and are reported in Table 3.4. A map of 

colonoscopy networks in Ontario, with their colonoscopy loyalty and colonoscopy patient travel patterns, 

is provided in Appendix G. The colonoscopy loyalty and colonoscopy patient loyalty statistics and 

number of non-local colonoscopy networks for the colonoscopy networks are reported in Appendix E. 

Across the colonoscopy networks, mean and median colonoscopy loyalty was approximately 80%; no 

colonoscopy networks had a colonoscopy loyalty of 0% or were discordant (Table 3.4).  
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Table 3.4 Loyalty statistics for amalgamated colonoscopy networks 

Area Number of 

areas (n, % 

discordant) 

Colonoscopy loyalty Number 

(%) of 

areas with 

loyalty=0% 

Minimum Maximum Median Mean 

Amalgamated 

networks 

43 (0, 0%) 56.8% 94.5% 82.5% 79.9% 0 (0%) 

 

A comparison of the statistics for LHINS, subLHINs, counties, and the physician networks (Table 

3.2) and the colonoscopy networks (Table 3.4) indicate that the colonoscopy networks are the most 

appropriate catchment area to define colonoscopy resources. The colonoscopy networks maximize 

colonoscopy loyalty, with only LHINs having higher loyalty. The colonoscopy networks reduce the 

proportion of areas with 0% loyalty and proportion of discordant areas to 0%, while at the same time 

keeping the number areas high to examine variations in access across small geographic areas. These 

colonoscopy networks were therefore used to define the catchment areas in which colonoscopy resource 

availability and quality were measured in this thesis. 

3.7.2 Finalizing the study cohort for Phase One analyses 

After finalizing our definition of colonoscopy networks, I excluded all study cohort members who 

were not assigned to a colonoscopy network (approximately 8% to 10% a year). These individuals could 

not be assigned a colonoscopy network without extensive analyses examining their healthcare utilization, 

which was beyond the scope of this dissertation. I compared the age, sex, rurality, and colonoscopy 

utilization of individuals who were and were not assigned to a colonoscopy network using t-tests and chi-

squared tests.  

3.7.3 Phase One statistical analyses 

I described the availability and quality of colonoscopy resources within each network and in 

Ontario based on the network-level variables described in Section 3.6.2, calculating 95% confidence 

intervals around each provincial and network-level measure of colonoscopy resources. I reported the 

network-level data in figures, with networks ranked according to the rurality of the network (proportion of 
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the population with RIO >45, categorized into the following groups: >50%, >25% to 50%, >10% to 25%, 

>5% to 10%, >1% to 5%, or ≤1%).  

I reported the age- and sex-standardized colonoscopy utilization rates for 2007 to 2013 for the 

colonoscopy networks and the Ontario colonoscopy utilization rate in 2007 to 2013. I used the Pearson 

correlation coefficient to explore associations between network-level colonoscopy resource availability 

and age- and sex-standardized colonoscopy utilization rates.  

3.8 Phase Two study variables 

Appendix B summarizes the data sources used to define each variable as well as the purpose(s) of 

each variable. 

3.8.1 Availability and quality of colonoscopy resources 

Availability and quality of colonoscopy resources was assigned to the Phase Two study cohort 

using the network-level measures of colonoscopy resources from Phase One. All members of the Phase 

Two study cohort were assigned to one of 43 colonoscopy networks using the PHYSNET database and 

the methods described in Section 3.7.1 to amalgamate the physician networks into colonoscopy networks. 

Exposure variables, which included yearly colonoscopist density, access to gastroenterologists, 

colonoscopy completion rate, private clinic access, and distance to the closest colonoscopist, were 

assigned based on patients’ colonoscopy network and diagnostic interval index contact year (see Section 

3.9.1 for methods used to assign the index contact date). Patients from the same colonoscopy network but 

with different index contact years could therefore have different measures of colonoscopy resource 

availability and quality, due to the temporal variations in resources. We did not analyze polypectomy 

rates as an exposure variable in Phase Two because the data required to measure this variable was only 

available in 2012 and only 15.7% of our cohort had an index contact date in 2012. 

I created categorical formats of each of the five continuous measures of colonoscopy resource 

availability and quality. For colonoscopist density, access to gastroenterologists, colonoscopy completion 

rates, and access to private clinics, I defined quintiles of networks by ranking, from lowest to highest, 
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each of the yearly measures of resource availability and quality obtained for each colonoscopy network 

that study cohort members belonged to, and creating quintiles with five relatively equally sized groups. 

With a maximum of 258 measures of resources, one for each of the 43 networks across six years (2007 to 

2012, the range of index contact dates of the study cohort), there were approximately 50 to 55 measures 

of colonoscopy resources within each quintile. I then assigned study cohort members to one of five 

resource categories for each variable based on the quintile that their colonoscopy network was in. 

Therefore, while the quintiles were relatively equally sized, containing approximately one-fifth of the 

measures of colonoscopy resource availability or quality observed within the study cohort, the categories 

that cohort members were assigned to could vary due to the differences in population sizes across the 

colonoscopy networks. For example, the proportion of the study cohort in the colonoscopist density 

categories ranged from 9.9% to 32.2%. We categorized distance to the closest colonoscopist into the 

following categories: ≤5 km, >5 km to ≤10 km, >10 km to ≤20 km, >20 km to ≤50 km, >50 km to ≤200 

km, or >200 km.  

I excluded 15 patients (0.06%) who resided in colonoscopy networks with no colonoscopists in 

their index contact year from analyses of access to gastroenterologists, colonoscopy completion rates, and 

distance to the closest colonoscopist.  I was unable to define these variables for these 15 patients because 

these variables were defined based on the characteristics of the colonoscopists within the networks. 

3.8.2 Diagnostic interval length, in days 

The diagnostic interval was defined as the duration, in days, between the index contact date and 

OCR CRC diagnosis date, with a minimum interval of one day. See Section 3.9.1 for the methods used to 

assign the index contact date.  

3.8.3 First procedure interval, in days 

The first procedure interval was defined as the duration, in days, between the index contact and 

the first procedure within a patient’s diagnostic interval, taking the earliest of the following 11 

procedures: colonoscopy, other lower GI endoscopy, polypectomy, gFOBT, upper GI endoscopy, 
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imaging (including abdominal ultrasound, abdominal x-ray, abdominal or pelvic CT, other CT, and 

abdominal or pelvic MRI), and surgical resection. The fee codes and CCI codes for these procedures are 

provided in Table 3.7. 

3.8.4 Characteristics of care in the diagnostic interval 

3.8.4.1 Index encounter type 

The index encounter was the encounter that occurred on the index contact date. Each encounter 

was classified into one of 19 encounter categories: colorectal cancer, other cancer, benign 

neoplasm/carcinoma in situ (CIS), upper GI signs and symptoms, lower GI signs and symptoms, anemia, 

colonoscopy, other lower GI endoscopy, polypectomy, gFOBT, upper GI endoscopy, surgical resection, 

general surgery assessment or consult, gastroenterology assessment or consult, abdominal ultrasound, 

abdominal x-ray, abdominal or pelvic CT, other CT, or abdominal or pelvic MRI (see Section 3.9.1). The 

hierarchy described in Section 3.9.1 was used to define the index encounter type if there was more than 

one encounter on the index contact date. 

3.8.4.2 First procedure type  

The first procedure type was identified using the 11 CRC-related procedures used to define the 

first procedure interval (Section 3.8.3). These 11 procedures were grouped into the following six 

categories to define the first procedure type: colonoscopy, other lower GI endoscopy or polypectomy, 

upper GI endoscopy, gFOBT, imaging (including abdominal ultrasound, abdominal x-ray, abdominal or 

pelvic CT, other CT, and abdominal or pelvic MRI) or surgical resection. The service date on the OHIP, 

CIHI or NACRS record was used to identify the date of the procedure, using the hierarchy described in 

Section 3.9.1 to define the first procedure if there was more than one procedure on the same date. Patients 

who received no procedures within their diagnostic interval were categorized into a ‘no procedure’ group. 
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3.8.4.3 Receipt of colonoscopy 

Patients were identified as having received a colonoscopy within their diagnostic interval if any 

of the encounters within the interval included a colonoscopy.  

3.8.4.4 Repeat colonoscopy 

Patients were identified as having a repeat colonoscopy during their diagnostic interval if they 

had at least two colonoscopies in the OHIP, CIHI-DAD or SDS databases with different procedure dates.  

3.8.4.5 Number of visits in the diagnostic interval 

The number of visits within the diagnostic interval was calculated as the number of symptom- or 

procedure-related CRC encounters that occurred between the index contact and the diagnosis date, using a 

maximum of one visit per day.  

3.8.4.6 Number of visits before the first colonoscopy 

The number of visits before the first colonoscopy was calculated as the number of symptom- or 

procedure-related CRC encounters that occurred between the index contact date and the date of the first 

colonoscopy, using a maximum of one visit per day. This variable was defined only among patients who 

received at least one colonoscopy in the diagnostic interval.  

3.8.4.7 Number of visits after the first colonoscopy 

The number of visits after the first colonoscopy was calculated as the number of symptom- or 

procedure-related CRC encounters that occurred between the date of the first colonoscopy and the 

diagnosis date, using a maximum of one visit per day. This variable was defined only among patients who 

received at least one colonoscopy in the diagnostic interval.  

3.8.5 Patient characteristics 

3.8.5.1 Age at index contact 

Age at index contact date was defined using date of birth in the RPDB. 
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3.8.5.2 Sex 

Sex was defined using the RPDB. 

3.8.5.3 Comorbidity 

Comorbidity was measured using the Johns Hopkins Adjusted Clinical Groups (ACG) 

comorbidity system (201). This system measures comorbidities based on patients’ diagnoses in 

administrative data in a given time period, typically one or two years. Each ICD-9 or -10 diagnosis is 

assigned to one of 32 diagnosis clusters, called Aggregated Diagnosis Groups (ADGs). Diagnoses are 

grouped into ADGs based on similarities in their expected health care utilization using the following 

criteria: duration, severity, diagnostic certainty, etiology, and the degree to which specialty care will be 

required. Therefore, a single ADG may contain conditions that are clinically distinct but have the same 

expected health care utilization. For instance, the ‘likely to recur, discrete infections’ ADG includes 

chronic tonsillitis and urinary tract infections (202). There are 32 ADGs in total, and patients can have 

zero to 32 ADGs.  

Patients were assigned to ADGs based on their diagnoses in OHIP, CIHI-DAD and SDS in the 

two years before their index contact date. I used patients’ number of major and minor ADGs to measure 

comorbidity. There are eight ADGs classified as major based on their high expected utilization of health 

resources: time limited – major (e.g., phlebitis of lower extremities), time limited – major primary 

infections (e.g. hepatitis), likely to recur – progressive (e.g. adult onset type II diabetes with ketoacidosis), 

chronic medical – unstable (e.g. cystic fibrosis), chronic specialty – unstable orthopedic (e.g. spinal 

stenosis), injuries/adverse effects – major (e.g. intracranial injury), psychosocial – recurrent or persistent 

unstable (e.g. catatonic schizophrenia), and malignancy (e.g. CRC) (202). I excluded malignancy from the 

count of major ADGs, so patients could have a maximum of seven major ADGs. The remaining 24 ADGs 

are classified as minor ADGs, so patients could have a maximum of 24 minor ADGs. 
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3.8.5.4 Socioeconomic status 

Socioeconomic status was measured using the Ontario Marginalization Index material deprivation 

quintile, which was assigned to patients based on their census dissemination area at their index contact 

date. This index was previously described in Section 3.5.8. 

3.8.6 Disease characteristics 

3.8.6.1  Colorectal cancer sub-site 

I used the ICD-9 diagnosis code in the OCR to categorize patients into one of four CRC sub-sites: 

proximal colon, distal colon, rectal, or other/not otherwise specified (NOS) CRC. Proximal cancers 

included cancers of the hepatic flexure (ICD-9 153.0), transverse colon (ICD-9 153.1), cecum (ICD-9 

153.4), ascending colon (ICD-9 153.6), and splenic flexure (ICD-9 153.7). Distal cancers included 

cancers of the descending colon (ICD-9 153.2) and sigmoid colon (ICD-9 153.3). Rectal cancers included 

cancers of the rectosigmoid junction (ICD-9 154.0) and rectum (ICD-9 154.1). CRCs that were classified 

as other/NOS included colon NEC (ICD-9 153.8) or colon NOS (ICD-9 153.9). 

3.8.6.2 Stage of disease at diagnosis 

Stage of CRC at diagnosis is captured in the OCR using the TNM Stage Classification System, 7
th
 

edition (1). Stage was categorized into the four stage groupings (I, II, III, IV) as well as a fifth group of 

patients with unknown stage.  

3.8.6.3 Symptom status at index contact 

I used information on encounters that occurred on patients’ index contact date to categorize 

patients into one of two symptom status categories: asymptomatic or symptomatic. This variable was 

based on an algorithm developed by El-Serag, Petersen, Hampel, Richardson and Cooper (203) which 

was designed to identify the purpose of CRC tests as diagnostic, screening, or surveillance using patients’ 

first procedure type and diagnoses in the year before the procedure. I modified this algorithm as I had 

more detailed data about the diagnostic interval. Specifically, I identified more CRC-related procedures 
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than were included in the original algorithm, including imaging tests, upper GI endoscopy, and surgical 

resection. Furthermore, I had information on patients’ symptom-related visits within the diagnostic 

interval and therefore did not need to use the one-year lookback period for symptom-related visits as done 

in the original algorithm. 

Patients were defined as symptomatic if they had a CRC symptom-related encounter on their 

index contact date (index encounter categories one to six in Table 3.8), if they received an upper GI 

endoscopy, abdominal ultrasound, abdominal x-ray, abdominal or pelvic CT, other CT, abdominal or 

pelvic MRI, or surgical resection (index encounter category 15, 19, 21, 23, 24, 25, and 14, respectively, 

Table 3.8) on their index contact date, or if their index encounter occurred in the emergency department 

(ED). Patients were defined as having first presented in the ED if any of the encounters that occurred on 

the index contact date were identified from NACRS or if they were OHIP encounters where the OHIP 

record location code identified that the visit took place in the ED. Patients were defined as asymptomatic 

if they received a colonoscopy, polypectomy, other lower GI endoscopy, or gFOBT on their index contact 

date.  

3.9 Phase Two analysis 

3.9.1 Methods for identifying index contact date 

The index contact date was patients’ earliest CRC-related healthcare encounter. Previous studies 

have used arbitrary index contact definitions based on specified pre-diagnosis lookback periods to 

identify cancer-related encounters. This use of an arbitrary lookback period may incorrectly exclude 

cancer-related encounters that occurred beyond the lookback period, thereby shortening the length of the 

diagnostic interval. This approach may also incorrectly include encounters in the lookback period that 

occurred for reasons other than the cancer diagnosis. I used patients’ healthcare utilization data in the 24 

months before diagnosis, analyzed using control charts, to define an index contact date specifically for 

each patient. This methodology allowed me to identify CRC-related encounters and define lookback 

periods for each encounter type that maximized the probability that encounters were related to the cancer 
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diagnosis. The control chart methods were originally developed for industrial quality control purposes 

(47). Groome et al. (204, 205) originally used these methods to define the diagnostic interval in oral 

cavity cancer patients. The index contact defined from administrative data using the control chart 

methodology was validated against the index contact date defined from patient chart review data. This 

method has also been used to define the diagnostic interval index contact date in breast cancer patients 

(206).  

The first step in identifying the index contact date was identifying physician specialties involved 

in the diagnostic interval. I used OHIP and IPDB data to examine the distribution of encounters by 

physician specialty and identify the specialties seen most often in the 0-3 months before diagnosis 

compared to the two control period intervals (18-21 months, 21-24 months before diagnosis).  I measured 

the proportion of patients who had seen each specialty at least once in each of the three time intervals and 

selected specialties that were seen by at least 20% of patients in the 0-3 months before diagnosis and 

which had an increase in the percent of patients who saw these specialties in the zero to three months 

before diagnosis compared to the control periods (Table 3.5). Selected specialties included 

gastroenterology, general surgery, general practice/family physician (including FP/emergency medicine), 

internal medicine and diagnostic radiology. While cardiology and anaesthesiology were both seen by at 

least 20% of patients in the 0 to 3 months before diagnosis, we thought these visits were likely pre-

operative consultations rather than being diagnosis-related.  

  



 

 

80 

 

Table 3.5 Physician specialties involved in the diagnostic interval 

Specialty % patients who saw specialty in time period 

0 to 3 months before 

diagnosis 

18 to 21 months 

before diagnosis 

21 to 24 months 

before diagnosis 

Anaesthesiology 30.2% 2.6% 2.5% 

Cardiology 28.1% 9.2% 9.3% 

Diagnostic radiology 64.6% 19.3% 19.4% 

Family physician/emergency 

medicine 

25.7% 5.0% 5.2% 

Gastroenterology 32.4% 1.6% 1.7% 

General surgery 60.0% 2.5% 2.6% 

General practice/family 

medicine 

89.0% 62.1% 62.0% 

Internal medicine 26.5% 5.7% 5.7% 

 

The next step was to identify CRC-related health care encounters. I identified healthcare 

encounters with the physician specialties identified above that were more common in the zero to three 

months before the cancer diagnosis date than the 18 to 24 months before diagnosis. Encounters were 

identified in OHIP data and evaluated based on either the procedure (as defined by the fee code) or 

diagnosis code associated to them. I examined rates (per 10,000) of diagnoses and procedures per 

specialty in the 0 to 3 month interval before diagnosis (Q1), the subsequent five three-month intervals in 

the 18 months before diagnosis (Q2 to Q6), and the two three-month intervals in the control period (Q7, 

Q8). Diagnosis and procedure fee codes were identified as cancer-related if we observed an increase in 

frequency between Q1 and Q7, or Q1 and Q8 and if the code had face validity in terms of being related to 

the diagnosis of CRC.  

I reviewed the list of cancer-related encounters identified in the OHIP data and selected the final 

list of relevant OHIP diagnosis codes and fee codes in consultation with the research team (Table 3.6 and 

Table 3.7). OHIP diagnosis and procedure codes were translated into their corresponding ICD-10-CM 

diagnosis codes and CCI procedure codes in order to identify the corresponding CRC-related encounters 

in CIHI-DAD, SDS and NACRS, which uses different coding schemes than OHIP (see Appendix H for 
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code definitions). I grouped cancer-related encounters into groups based on similarity of the procedure or 

diagnosis code, with nine diagnosis groups (Table 3.6) and 16 procedure groups (Table 3.7).  

Table 3.6 Diagnosis grouping scheme 

Category 

number 

Category name Diagnosis codes 

1 Colorectal cancer OHIP: 153, 154 

ICD-10-CM: C18^, C19^, C20^, C21.0^, C21.1^, C21.8 

2 Other cancer OHIP: 152, 155, 159, 197, 198, 199 

ICD-10-CM: C17^, C22^, C26^, C78^, C79^, C80^ 

3 Benign neoplasm/ 

carcinoma in situ 

OHIP: 211, 229, 230, 235 

ICD-10-CM: D00^, D01^, D13^, D37^, D38^, D48.3^, 

D48.4^ 

4 Signs and symptoms, 

upper gastrointestinal 

tract 

OHIP: 530, 531, 532, 535, 536, 537, 574, 787 

ICD-10-CM: J86.0, K20^, K21^, K22^, K25^, K26^, K29^, 

K31.0, K31.1, K31.2, K31.3, K31.4, K31.5, K31.6, K31.811, 

K31.819, K31.82, K31.83, K31.84, K31.89, K31.9, K52.2, 

K52.81, K52.89, K80^, K92.0, K92.1, K94.2, K94.3^, R06.6, 

R10^, R11^, R12, R13^, R14^, R15^, R17, R18^, R19.0^, 

R19.1^, R19.2, R19.4, R19.5, R19.7, R19.8, R63.0 

5 Signs and symptoms, 

lower gastrointestinal 

tract 

OHIP: 009, 455, 540, 555, 556, 560, 562, 564, 565, 567, 569 

ICD-10-CM: A09, K35^, K50^, K51^, K55.2^, K56^, K57^, 

K58^, K59^, K60^, K62^, K63.0, K63.1, K63.2, K63.3, K63.4, 

K63.81, K63.89, K63.9, K64^, K65^, K67^, K68.12, K68.19, 

K68.9, K91.0, K91.1, K91.85^, K91.89, K94.0^, K94.1^  

6 Signs and symptoms, 

anemia 

OHIP: 280, 281, 284, 285 

ICD-10-CM: D50^, D51^, D52^, D53^, D60^, D61^, D62, 

D63^, D64^ 

7 Signs and symptoms, 

nutritional deficiencies 

OHIP: 269 

ICD-10-CM: E56^, E58, E59, E60, E61^, E63^ 

8 Signs and symptoms, not 

otherwise specified 

OHIP: 595, 599, 780, 785, 786, 788, 790, 796, 799 

ICD-10-CM: G47.3^, N23, N30^, N36^, N39.0, N39.8, 

N39.9, R00.0, R04.0, R04.2, R05, R06.0^, R06.4, R07^, 

R26.0, R27.0, R31^, R33^, R35.1, R42, R51, R55, R56^, 

R57^, R60^, R64, R68.89, R69, R70^, R71^, R72^, R73^, 

R74^, R75^, R76^, R77^, R78^, R79^ 

9 Annual health exam OHIP: 917 with feecode A001, A003, A004, A005, A007, 

A901 

OHIP=Ontario Health Insurance Plan, ICD-10-CM=International Classification of Disease, 10
th
 Revision, 

Clinical Modification 
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Table 3.7 Procedure grouping scheme 

Category 

number 

Category name Procedure codes 

10 Colonoscopy OHIP: Z496, Z497, Z498, Z499, Z555, diagnosis codes 545, 546, 

547, 548 

CCI: 2NM70BABJ 

11 Other lower 

gastrointestinal 

endoscopy 

OHIP: Z535, Z536, Z543, Z580 

CCI: 2NQ70^, 2NM70BABG, 2NM70BABH 

12 Polypectomy OHIP: Z571, E685, E719, E720, Z570, Z571, Z765, Z784, Z785 

CCI: 1NM78DA, 1NM87BA, 1NQ87BA, 1NQ87BAFA, 

1NQ87DA 

13 gFOBT OHIP: G004, L179, L181 

CCI: 4CU31^ 

14 Surgical resection of 

colon 

OHIP: E718, S149, S157, S165, S166, S167, S168, S169, S171, 

S175, S177, S180, S184, S213, S214, S217, S312, S314 

CCI: 1NM87DE, 1NM87DF, 1NM87DN, 1NM87DX, 1NM87DY, 

1NM87LA, 1NM87PN, 1NM87RD, 1NM87RE, 1NM87RN, 

1NM87TF, 1NM87TG, 1NM89^, 1NM91^, 1NQ87CA, 1NQ87DE, 

1NQ87DF, 1NQ87DX, 1NQ87LA, 1NQ87PB, 1NQ87PF, 

1NQ87PN, 1NQ87RD, 1NQ87TF, 1NQ89^, 1NM59^, 1NQ59^ 

15 Upper gastrointestinal 

endoscopy 

OHIP: Z399, Z400, Z527 

CCI: 2NA70, 2NF70, 2NK70, 2NC70 

16 General surgery 

assessment or consult 

OHIP: A033, A034, A035, A036, C003, C034, C035, C935 

CCI: No relevant codes 

17 Gastroenterology 

assessment or consult 

OHIP: A413, A414, A415, A418, C415 

CCI: No relevant codes 

18 Internal medicine 

assessment or consult 

OHIP: A131, A133, A134, A135, A138, C135 

CCI: No relevant codes 

19 Abdominal ultrasound OHIP: J128, J135, J428, J435 

CCI: 3OT30^ 

20 Other ultrasound 

(including pelvic and 

intracavity pelvic 

ultrasound) 

OHIP: J138, J162, J163, J438, J462, J463 

CCI: No relevant codes 

21 Abdominal xray OHIP: X100, X101, X103, X104, X112, X113, X197 

CCI: 3NQ10^, 3NZ10, 3NM10, 3NK10^, 3NA10^, 3NL10^, 

3OT10^, 3OT12^ 

22 Other xray (including 

spine, pelvis, chest, 

ribs) 

OHIP: X028, X036, X037, X038, X039, X090, X091, X205, X206 

CCI: 3SC10^, 3GY10^, 3SL10^, 3SQ10^, 3VA10^ 

23 Abdominal or pelvic 

CT 

OHIP: X231, X232, X233, X234, X409, X410 

CCI: 3NM20^, 3OT20^, 

24 Other CT (including 

head, thorax, spine) 

OHIP: X400, X402, X406, X407, X415 

CCI: 3ER20^, 3GY30^, 3SC30 

25 Abdominal or pelvic 

MRI 

OHIP: X451, X455, X461, X465 

CCI: 3OT40^ 

OHIP=Ontario Health Insurance Plan, CCI=Canadian Classification of Interventions 
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The diagnosis and procedure codes in Table 3.6 and Table 3.7 were used to identify all CRC-

related encounters for each patient in the 18 months before diagnosis. These encounters were included 

regardless of the physician specialty involved in the encounter. Encounters were classified according to 

their category number (one to twenty-five). When there was a CIHI and OHIP record on the same day 

with the same encounter category, only the OHIP record was kept.  

I used cumulative sum control charts (46, 47) for each of 25 cancer-related encounter categories 

to derive the lookback period for each category. This lookback period identified the time window before 

diagnosis that the occurrence of the cancer-related encounters could be confidently attributed to the 

cancer diagnostic process. The control charts plotted the weekly counts of each encounter category in the 

zero to 18 months before diagnosis along with the encounter-specific control limits. The upper and lower 

control limits are calculated as �̅� ± 2.66 × 𝑚𝑅̅̅̅̅̅, where �̅� is the control period centreline, defined as the 

mean weekly count observed in the control period, and 𝑚𝑅̅̅̅̅̅ is the mean of the weekly change in observed 

counts in the control period (18 to 24 months before diagnosis). The control limits are defined as 

representing three sigma units above and below the centerline; the difference between the upper and 

lower control limits, divided by 6, represents one sigma unit. Closer to diagnosis, the encounter category 

weekly count increases; the control charts provide a systematic methodology to identify the point in time 

when the weekly count exceeds what would be expected given the background rate observed in the 18 to 

24 months before diagnosis. 

I used four rules to identify the point in time before diagnosis when the encounter rate exceeded 

the background rate: 

Rule 1: Whenever a single point falls outside the three sigma control 

limits, a lack of control is indicated. Since the probability of this 

happening is rather small, it is very likely not due to chance. 

Rule 2: Whenever at least two out of three successive values fall on the 

same side of the centreline and more than two sigma units away from the 

centerline…a lack of control is indicated. Note that the third point can be 

on either side of the centreline. 
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Rule 3: Whenever at least four out of five successive values fall on the 

same side of the centreline and more than one sigma unit away from the 

centreline…a lack of control is indicated. Note that the fifth point can be 

on either side of the centreline. 

Rule 4: Whenever at least eight successive values fall on the same side of 

the centreline, a lack of control is indicated.(45)(pp. 28-30)  

The first week before diagnosis that the encounter rate returned to statistical control (did not meet 

any of the above rules) marked the end of the lookback period for that encounter category.  

I assessed the signal strength of the control chart-derived lookback period for each encounter 

category. This signal strength estimated the proportion of encounters within the lookback period that 

could be attributed to the CRC diagnosis. High signal strength indicated that encounters within the 

lookback period were likely related to the cancer diagnosis, and likewise that encounters outside of the 

lookback period were likely not related to the cancer diagnosis. Signal strength was calculated using the 

following variables: 

𝐶 = 𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑛𝑐𝑜𝑢𝑛𝑡𝑒𝑟𝑠 𝑖𝑛 𝑎 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑒𝑛𝑐𝑜𝑢𝑛𝑡𝑒𝑟 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦  

𝑎𝑚𝑜𝑛𝑔 𝑓𝑖𝑛𝑎𝑙 𝑐𝑜ℎ𝑜𝑟𝑡 𝑤𝑖𝑡ℎ𝑖𝑛 𝑧𝑒𝑟𝑜 𝑡𝑜 𝑥 𝑤𝑒𝑒𝑘𝑠 𝑏𝑒𝑓𝑜𝑟𝑒 𝑑𝑖𝑎𝑔𝑛𝑜𝑠𝑖𝑠, 𝑤ℎ𝑒𝑟𝑒 𝑥 =

𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑐ℎ𝑎𝑟𝑡 𝑑𝑒𝑟𝑖𝑣𝑒𝑑 𝑐𝑢𝑡𝑝𝑜𝑖𝑛𝑡 (𝑤𝑒𝑒𝑘𝑠) 

𝐵 = 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 𝑟𝑎𝑡𝑒 𝑝𝑒𝑟 𝑤𝑒𝑒𝑘 𝑖𝑛 18 𝑡𝑜 24 𝑚𝑜𝑛𝑡ℎ𝑠 𝑏𝑒𝑓𝑜𝑟𝑒 𝑑𝑖𝑎𝑔𝑛𝑜𝑠𝑖𝑠 ∗  𝑥 𝑤𝑒𝑒𝑘𝑠 

𝐴 = 𝐶 − 𝐵 

B is an estimate of the number of encounters within the control chart-derived lookback period that 

are not attributed to CRC, or the number of encounters that would be expected in the lookback period in 

the absence of CRC in the study cohort. A is an estimate of the number of encounters within the lookback 

period that can be attributed to CRC, or the number of encounters that exceeds what is expected. The 

signal strength was calculated as follows: 

𝑆𝑖𝑔𝑛𝑎𝑙 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ = (𝐴/𝐶) × 100 

I sought to achieve 80% signal strength for each encounter category using the four control chart 

rules. In a stepwise process, I defined the lookback period sequentially using rules one to four, one to 
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three, one and two, and rule one only, stopping when a signal strength of 80% was achieved. Encounter 

categories were removed from the analysis if an 80% signal strength could not be achieved, with 

exceptions to this 80% cut-off for two procedure categories: abdominal ultrasound and gFOBT. Both of 

these procedures are commonly used in the evaluation and diagnosis of CRC, yet neither achieved 80% 

signal strength, likely due to their high background utilization rates. I kept these procedure groups given 

their relevance, using the cut-point defined using only rule one (22 weeks with 77.9% signal strength for 

gFOBT and 24 weeks with 77.6% signal strength for abdominal ultrasound). The lookback periods and 

signal strengths for each encounter category based on the control chart rules are shown in Table 3.8, with 

the selected lookback period highlighted in red. Categories seven to nine, 18, 20 and 22 were deleted 

because the signal strength was less than 80%. Control charts for encounter category five (lower GI 

symptoms) are shown in Figure 3.3 and Figure 3.4 and control chart figures for all encounter categories 

are provided in Appendix I. Control charts were plotted for the pre-diagnosis period (18 months before 

diagnosis) and the control period (18 to 24 months before diagnosis).  

Using the final list of 19 CRC-related healthcare encounters and control-chart defined lookback 

periods, I collected all CRC-related encounters that fell within the control chart-defined lookback periods 

for each patient. Note that encounters in categories 16 (general surgery consult or assessment) and 17 

(gastroenterology consult or assessment) were only included if no other procedure occurred on the same 

day and if the patient had a prior symptom-related encounter. Patients’ earliest encounters defined their 

index contact date that marked the start of their diagnostic interval. If the earliest encounter was a 

procedure-based encounter (categories 10 to 25), I looked for a prior visit with the referring physician on 

the procedure record (using a maximum lookback of 18 months before diagnosis) and used the most 

proximal visit date to that referring physician as the index contact date. If no visit with the referring 

physician could be identified, or if there was no referring physician on the encounter record, then the 

procedure date was used as the index contact date. 
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Table 3.8 Control chart cut points (weeks) and signal strength, diagnosis and procedure categories 

Category number and name Rules 1 to 4 Rules 1 to 3 Rules 1 and 2 Rule 1 Hierarchy 

CC cut SS CC cut SS CC cut SS CC cut SS 

1. Colorectal cancer 47 99.0% - - - - - - 5 

2. Other cancer 25 96.8% - - - - - - 6 

3. Benign neoplasm/ carcinoma in situ 30 91.2% - - - - - - 7 

4. Signs and symptoms, upper GI tract 78 74.2% 51 81.0% - - - - 10 

5. Signs and symptoms, lower GI tract 66 84.5% - - - - - - 8 

6. Signs and symptoms, anemia 74 74.4% 71 75.1% 38 84.0% - - 9 

7. Signs and symptoms, nutritional deficiencies 16 46.3% 13 49.6% 5 54.9% 1 72.4% Excluded 

8. Signs and symptoms, not otherwise specified 44 41.0% 44 41.0% 33 46.7% 21 55.7% Excluded 

9. Annual health exam 26 41.5% 24 43.1% 20 46.5% 16 49.0% Excluded 

10. Colonoscopy 46 97.6% - - - - - - 2 

11. Other lower gastrointestinal endoscopy 38 95.2% - - - - - - 3 

12. Polypectomy 33 97.2% - - - - - - 4 

13. gFOBT 37 68.7% 29 73.4% 28 74.0% 22 77.9% 1 

14. Surgical resection of colon 27 99.4% - - - - - - 17 

15. Upper gastrointestinal endoscopy 47 93.4% - - - - - - 15 

16. General surgery assessment or consult 49 87.0% - - - - - - 16 

17. Gastroenterology assessment or consult 47 89.4% - - - - - - 17 

18. Internal medicine assessment or consult 40 54.5% 40 54.5% 23 66.3% 16 73.0% Excluded 

19. Abdominal ultrasound 52 64.0% 50 64.9% 38 70.1% 24 77.6% 11 

20. Other ultrasound  59 55.9% 36 66.0% 25 72.6% 21 75.3% Excluded 

21. Abdominal xray 55 83.0% - - - - - - 12 

22. Other xray  42 58.2% 42 58.2% 27 67.1% 24 69.4% Excluded 

23. Abdominal or pelvic CT 50 92.1% - - - - - - 13 

24. Other CT  54 66.4% 54 66.4% 19 83.8% - - 16 

25. Abdominal or pelvic MRI 27 91.1% - - - - - - 14 

CC=control chart, SS=signal strength. Cells highlighted in red identify the rule(s) used to define the cut point, control chart cut point in weeks and 

signal strength  
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Figure 3.3 Control chart for lower GI symptoms, 0-18 months before diagnosis. Lookback period 

cut point at 66 weeks. 

 

 

Figure 3.4 Control chart for lower GI symptoms, control period 
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3.9.2 Cohort description and representativeness 

I used descriptive statistics to describe the final study cohort by patient characteristics, disease 

characteristics, and availability and quality of colonoscopy resources. I evaluated differences in the 

distribution of exposures, outcomes and covariates between the final cohort and patients who were 

excluded because they were missing an index contact date or because they could not be assigned to 

colonoscopy network using chi-square tests for independence (for categorical variables), t-tests (for 

normally distributed continuous variables) and Wilcoxon rank sum tests (for non-normal continuous 

variables). 

3.9.3 Objective 2(a) statistical analysis: Describing the diagnostic interval and first procedure 

interval  

I described the median, IQR, range, 90
th
 percentile, mean and standard deviation of the diagnostic 

interval and first procedure interval, with the latter interval analyzed only among symptomatic patients. I 

described these statistics by patient characteristics (age, sex, number of major and minor ADGs, and 

material deprivation), disease characteristics (tumour sub-site, disease stage, and symptom status), and 

patients’ availability and quality of colonoscopy resources (colonoscopist density, access to 

gastroenterologists, colonoscopy completion rate, private clinic access and distance to closest 

colonoscopist). I evaluated differences in the median and 90
th
 percentile of the intervals using unadjusted 

quantile regression modeling (49). All variables were analyzed categorically.  

3.9.4 Objective 2(b) statistical analysis: Evaluating the association between colonoscopy resource 

availability and quality and the CRC diagnostic interval  

I used quantile regression to examine the association between the availability and quality of 

colonoscopy resources and the diagnostic interval (49). This regression model was appropriate for this 

research question for several reasons. First, the diagnostic interval is positively skewed. The 

untransformed diagnostic interval would fail to meet the normality assumption of linear regression 

models, and the mean diagnostic interval, which is estimated in a linear regression model, is not a good 
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measure of the central tendency. Quantile regression can model the median of the diagnostic interval, 

which is a better measure of the central tendency. While a log-transformed diagnostic interval would 

provide a more normally distributed outcome for linear regression, output from quantile regression using 

an untransformed diagnostic interval is more interpretable than output from linear regression on a log-

transformed continuous variable. Furthermore, quantile regression can model any percentile of a 

continuous outcome. I was interested in modeling the association between colonoscopy resource 

availability and quality and both the median and 90
th
 percentile of the diagnostic interval to understand 

whether colonoscopy resources have a differential impact at the extreme compared to the centre of the 

distribution. Finally, unlike linear regression models, quantile regression is robust to outliers and makes 

no assumptions about the distribution of the outcome. 

I explored whether the data had a hierarchical structure, with patients clustered within networks, 

using the intra-class correlation coefficient (ICC) from an empty linear regression model and log-

transformed diagnostic interval (207). The ICC was very low (0.1%), indicating a lack of hierarchical 

structure to the data, and so we proceeded with the quantile regression model. 

Covariates included patient age, sex, number of major ADGs, number of minor ADGs, tumour 

sub-site, disease stage, and symptom status; all of these variables were included as confounders in fully 

adjusted models and the final two variables were also evaluated as potential effect modifiers. I examined 

the bivariate associations between each measure of colonoscopy resource availability or quality and the 

covariates, reporting the distribution of the covariates across each of the exposure variables and 

evaluating the statistical significance of these associations using chi-square tests.  

I ran unadjusted and fully adjusted quantile regression models of the association between 

colonoscopy resource availability and quality and the median and 90
th
 percentile of the diagnostic 

interval, with separate regression models for each of the five exposure variables. Exposure variables were 

modeled using their categorical formats in the unadjusted and fully adjusted models. The fully adjusted 

models controlled for the main effects of patient age, sex, number of major and minor ADGs, tumour sub-
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site, stage at diagnosis and symptom status. Confounder selection was not performed on the fully adjusted 

models as we had sufficient study power to control for all potential confounders. While I thought model 

fit would not be problematic due to the robustness of quantile regression, I plotted histograms of the 

standardized robust residuals to examine model fit (208). 

Based on a priori hypotheses, I analyzed whether stage and symptom status were effect modifiers 

of the associations between the five measures of colonoscopy resource availability and quality and the 

diagnostic interval. I considered stage at diagnosis to be a proxy for symptom severity, with more 

advanced stage associated with more severe alarm symptoms. Furthermore, stage at diagnosis likely 

reflects stage at the start of the diagnostic interval, given the slow growing nature of CRC. Therefore, 

stage at diagnosis indicates patients’ symptom severity at their index contact. We hypothesized that 

patients with earlier stage CRC, and therefore likely less severe alarm symptoms, may be more vulnerable 

to the effects of poor access to care than patients with later stage CRC, and therefore likely more severe 

alarm symptoms. The triaging of patients with more severe alarm symptoms, who tend to have advanced 

stage disease, ahead of patients with less severe symptoms, who tend to have early stage disease, may 

result in patients with more advanced stage CRC receiving more efficient care and a faster diagnostic 

interval regardless of whether they live in a poorly- or well-resourced network. Patients with early stage 

disease may experience longer diagnostic intervals as a result of this triaging process. This may be 

particularly true for patients residing in networks with low colonoscopy resource availability or quality, as 

the resources to support patients with less severe symptoms are more limited. Therefore, the effect of poor 

colonoscopy resource availability or quality may be exacerbated in early stage patients. 

Symptomatic patients may also be more vulnerable to the effects of poor access to care than 

asymptomatic patients. Asymptomatic patients most likely had their disease detected via a screening test, 

and may therefore benefit from the organized care provided through the screening program. The 

processes in place within the screening program may help facilitate these patients’ diagnosis and ensure a 

timely diagnosis regardless of the resources available within their networks. Alternatively, symptomatic 
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patients may face delays in getting referrals for or receiving diagnostic tests, and these issues may be 

exacerbated in patients who reside in networks with low colonoscopy resource availability and quality.  

I also conducted a post hoc analysis to explore whether the association between access to 

gastroenterologists and the diagnostic interval was modified by colonoscopist density. The purpose of this 

analysis was to explore whether the association between access to gastroenterologists and the diagnostic 

interval differed depending on whether patients’ networks were also under-resourced generally with 

respect to the availability of colonoscopists. 

For each of the effect modification analyses, I examined the statistical significance of the 

interaction terms in the fully adjusted models; if the interaction was statistically significant (p<0.05), we 

reported the quantile regression parameters for each exposure variable within strata of the effect modifier 

variables (209). 

3.9.5 Objective 2(c) statistical analysis: Describing elements of care within the diagnostic interval 

and exploring associations between colonoscopy resource availability and quality and 

characteristics of care in the diagnostic interval 

I described the frequency of occurrence of each of the characteristics of care within the CRC 

diagnostic interval. In consultation with the research team, I developed specific hypotheses about 

potential relationships between each characteristic of care and the five measures of colonoscopy resource 

availability and quality by considering the pathways through which resource availability and/or quality 

may impact these characteristics. Specifically, we hypothesized that CRC patients residing in networks 

with lower colonoscopy resource availability (lower density, longer distance, lower private clinic access) 

as well as lower access to gastroenterologists would be less likely to receive a colonoscopy in their 

diagnostic interval, have more visits in the diagnostic interval, and less likely to receive a colonoscopy as 

their first procedure. Furthermore, symptomatic CRC patients residing in networks with lower 

colonoscopy resource availability (lower density, longer distance, lower private clinic access) as well as 

lower access to gastroenterologists would be more likely to receive a gFOBT as their first procedure, 

more likely to receive an imaging procedure as their first procedure, and have more visits prior to their 
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first colonoscopy. We also hypothesized that CRC patients residing in networks with lower colonoscopy 

completion rates would be more likely to require a repeat colonoscopy and have more visits after their 

first colonoscopy. 

I used these hypotheses to guide exploratory analyses of the associations between the availability 

and quality of colonoscopy resources and characteristics of care within the diagnostic interval, conducted 

using the Cochran-Armitage test for trend and the Kruskal-Wallis non-parametric one-way analysis of 

variance. For analyses in which the outcome was related to the receipt of colonoscopy (e.g. first 

procedure was colonoscopy, number of visits before first colonoscopy), I conducted a sensitivity analysis 

to re-define the outcome as the receipt of all lower GI endoscopy (categories 10, 11 and 12 in Table 3.8). 

3.10 Minimal detectable effects 

Calculations of the minimal detectable effects (MDE) for this project were completed for the 

dissertation proposal. In Phase One, I estimated a sample size of approximately 10,788,000 individuals in 

the study cohort. For comparisons of colonoscopy utilization rates across Ontario using the original 78 

physician networks, I estimated that we had at least 96% study power to detect a 10% difference in the 

network-level rate compared to the provincial rate (Appendix J). 

The final study cohort in Phase One was similar to that estimated in the proposal development. I 

did not conduct any statistical analyses to examine variations in colonoscopy resource availability and 

quality or colonoscopy utilization rates across the networks. Given the large sample size, we anticipate 

that had we conducted statistical tests of between-network differences, we would have obtained 

statistically significant results on very small differences. 

In Phase Two, I estimated a sample size of 33,200 CRC patients, with approximately 80% being 

symptomatic and 20% being asymptomatic at index contact. I calculated the MDE for Objective 2(b) 

using estimates of the distributions of the exposed and unexposed patients from similar measures reported 

in previous literature, as well as using the smallest number of exposed individuals, using the original 78 

physician networks and the population distribution of the networks. I estimated that I would be able to 
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detect a difference of approximately 1.2 to 2.3 days in stage-stratified analyses of network-level variables, 

and a difference of 1.1 to 1.4 days in stage-stratified analyses of distance to colonoscopists. The true 

MDE may have been slightly larger after controlling for confounding and effect modification.   

Our final study cohort in Phase Two was smaller to that estimated in the proposal development, 

and so the MDEs estimated during proposal development may be too small. However, the MDEs were 

estimated based on a stage-stratified analysis in only symptomatic patients, with a smaller sample size 

used in each stage-stratified model. The final analyses did not stratify by stage or restrict to symptomatic 

patients, which would increase the MDE. No estimates of MDE were calculated for the effect 

modification analyses. 

3.11 Ethical considerations 

Approval for this study was obtained from the Queen’s University Health Sciences Research 

Ethics Board (Appendix K) as well as through the ICES institutional review board at Sunnybrook Health 

Sciences Centre in Toronto, Ontario. This study involved no direct contact with patients. All databases at 

ICES were linked using an encoded ICES Key Number (IKN), which reduced the possibility of 

identifying patients. Privacy and confidentiality were maintained through policies and processes in place 

at ICES, which included privacy training, confidentiality agreements, approval of the project Privacy 

Impact Assessment documents, and procedures for evaluating the risk of re-identification and reporting of 

small cell sizes (n<6). 
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Chapter 4 

Results 

4.1 Overview 

This chapter is presented in two sections according to the two phases of this thesis. The first 

section, Phase One results, includes a description of the cohort creation process and an evaluation of 

cohort representativeness. Objectives 1(a) and 1(b) describe the availability and quality of colonoscopy 

resources in Ontario and variations in resource availability and quality across the 43 colonoscopy 

networks. The results of Objectives 1(a) and 1(b) are presented concurrently for each of the six measures 

of colonoscopy resources. The first section concludes with results from analyses evaluating correlations 

between colonoscopy resource availability and quality and colonoscopy utilization (Objective 1(c)).  

The second section of this chapter presents the results of Phase Two. This section includes a 

description of the cohort creation process and an evaluation of cohort representativeness. This is followed 

by a description of the diagnostic and first procedure intervals by patient and disease characteristics and 

the availability and quality of colonoscopy resources (Objective 2(a)). This is followed by the results for 

Objective 2(b), which present the multivariable quantile regression models evaluating the associations 

between the availability and quality of colonoscopy resources and the CRC diagnostic interval, evaluated 

at the median and 90
th
 percentile. Finally, the chapter concludes with a description of characteristics of 

care within the CRC diagnostic interval and results from exploratory analyses of the associations between 

these characteristics of care and the availability and quality of colonoscopy resources (Objective 2c).   

4.2 Phase One results 

4.2.1 Study cohort creation 

The Phase One study cohort was comprised of Ontario residents between the ages of 18 and 99 

years with complete OHIP coverage, with separate cohorts defined for each study year (2007 to 2013). 

For each year, the study cohort ranged from approximately 9.8 million to 10.9 million individuals (Table 
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4.1). We excluded individuals who did not have an assigned colonoscopy network. These individuals 

varied from 8.0% of the study cohort in 2008 to 2010, to 10.1% of the study cohort in 2013. The final 

cohort across the seven years ranged from 9,013,377 to 9,838,272 individuals. 

Table 4.1 Study cohort creation 

Study 

year 

N between ages 18 and 

99 with complete OHIP 

coverage 

N (%) excluded due to 

unassigned colonoscopy 

network 

Final cohort 

2007 9,865,868 852,491 (8.6%) 9,013,377 

2008 10,045,322 806,369 (8.0%) 9,238,953 

2009 10,227,315 814,567 (8.0%) 9,412,748 

2010 10,399,753 828,166 (8.0%) 9,571,587 

2011 10,593,665 890,524 (8.4%) 9,703,141 

2012 10,788,770 1,017,180 (9.4%) 9,771,590 

2013 10,943,884 1,105,612 (10.1%) 9,838,272 

OHIP=Ontario Health Insurance Plan 

4.2.2 Characteristics of the final cohort 

The mean age of the 2013 final cohort was 48.4 years (SD=18.3); 47.5% were male (Table 4.2). 

The majority (72.5%) of the 2013 final cohort was in the most urban (RIO 0-9) category. The age, sex and 

rurality of the final cohorts appeared stable across the seven study years (see Appendix L). 

There were 2,957,158 colonoscopies received by 2,211,053 members of the study cohort in 2007 

to 2013. Among cohort members who received at least one colonoscopy, the number of colonoscopies 

received ranged from one to 36; 76.5% received one colonoscopy, 18.4% received two colonoscopies, 

and 6.0% received three or more colonoscopies.  
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Table 4.2 Comparison of study cohort members with and without colonoscopy network assignment 

by age, sex, rurality and colonoscopy utilization, 2013 

 Final cohort,  

2013  

% (n=9,838,272) 

No network assigned, 

2013  

% (n=1,105,612) 

p-value from Χ
2 
test 

unless otherwise noted 

Age, in years, mean (SD) 48.4 (18.3)  44.0 (17.2)  <0.0001* 

Sex 

Male 

Female 

 

47.5 

52.5 

 

59.0 

41.0 

 

<0.0001 

Rurality 

RIO 0-9 

RIO 10-30 

RIO 31-45 

RIO 46-55 

RIO 56-75 

RIO 76+ 

Missing RIO 

 

72.5 

14.4 

7.7 

1.9 

1.8 

0.9 

0.8 

 

80.7 

9.3 

4.9 

1.2 

1.3 

1.0 

1.6 

 

<0.0001 

Colonoscopy utilization 

≥1 colonoscopy 

0 colonoscopies 

 

4.2 

95.8 

 

0.9 

99.1 

 

<0.0001 

SD=standard deviation, RIO=Rurality Index for Ontario 

*p-value from t-test 

4.2.3 Comparison of the final study cohort with individuals excluded due to unassigned colonoscopy 

network 

Individuals who were excluded from the final cohort because they did not have an assigned 

colonoscopy network were compared to the final cohort according to their age, sex, rurality and 

colonoscopy utilization (Table 4.2). This analysis was completed for each study year. Only the 2013 

results are presented, as the results were similar across all seven years (see Appendix M for results for all 

years). Individuals without an assigned colonoscopy network were younger (p<0.0001), more likely to be 

male (p<0.0001), more likely to live in the most urban areas (RIO 0-9) or have unknown rurality 

(p<0.0001), and less likely to have had at least one colonoscopy in the year (p<0.0001) compared to those 

in the final cohort. 

4.2.4 Characteristics of colonoscopists 

Details of colonoscopists identified in Objective 1 are provided in Table 4.3. There were 2,088 

physicians who performed at least one colonoscopy as the responsible physician between 2007 and 2013. 
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In 2007 to 2012, between 55.4% and 59.4% of these physicians were identified as colonoscopists 

(performed ≥50 colonoscopies in the year). In 2013, that proportion was 80.6% (Table 4.3).  

The median number of colonoscopies performed in a year by a colonoscopist ranged from 438 to 

473; the 75
th
 percentile was no greater than 745 (Table 4.3). The median physician FTE in 2007 to 2013 

ranged from 1.05 to 1.07 (Table 4.3). Less than 1% of colonoscopists were missing their FTE value for 

any given study year. The most common colonoscopist specialty was general surgery, accounting for 

between 53.1% and 55.6% of colonoscopists in 2007 to 2013, followed by gastroenterology (32.9% to 

35.5%), internal medicine (4.7% to 6.3%), family medicine (1.1% to 2.2%), and other specialties (2.9% to 

5.2%). 

Table 4.3 Characteristics of colonoscopists, 2007 to 2013 

Year Number who 

performed ≥1 

colonoscopy 

Number (%) who 

performed ≥50 

colonoscopies 

Median (IQR) of 

colonoscopies performed* 

Median (IQR) 

FTE* 

2007 1176 697 (59.3%) 449 (240-682) 1.07 (1.00-1.32) 

2008 1255 745 (59.4%) 469 (251-741) 1.05 (1.00-1.29) 

2009 1374 762 (55.4%) 465 (247-715) 1.06 (1.00-1.30) 

2010 1407 785 (55.8%) 467 (248-720) 1.06 (1.00-1.31) 

2011 1470 823 (56.0%) 473 (261-745) 1.06 (1.00-1.31) 

2012 1415 813 (57.4%) 470 (250-726) 1.07 (1.00-1.29) 

2013 1024 825 (80.6%) 438 (240-700) 1.07 (1.00-1.32) 

IQR=interquartile range, FTE=full time equivalent 

*Among colonoscopists (physicians who performed ≥50 colonoscopies in year) 

4.2.5 Phase One results 

4.2.5.1 Colonoscopy network population size 

Among the 43 colonoscopy networks, the population size ranged from a low of 3,286 persons in the 

network two in 2007 to a high of 1,734,323 in the network 26 in 2013. The population size of all 

networks in 2007 to 2013 is reported in Appendix N. 

4.2.5.2 Colonoscopy network rurality 

As previously described (Section 3.6.2.8), we re-assigned individuals with unknown RIO scores 

to one of the six RIO categories (0-9, 10-30, 31-40, 41-55, 56-75, 76+) according to their colonoscopy 



 

 

99 

network. As shown in Table 4.4, the proportion of individuals with unknown RIO score ranged from a 

high of 70.5% in network two to a low of 0.07% in networks 24, 27-28, 37 and 42. For networks one 

through six, all individuals with unknown RIO scores, who accounted for between 5% and 70% of each 

network’s population size were assigned to the RIO 76+ category. The rationale for this decision was that 

the most likely reason why these individual had an unknown RIO score was because they lived in CSDs 

that were excluded from the RIO development, and these CSDs were likely as rural as CSDs in the RIO 

76+ category. For the remaining networks, individuals with unknown RIO scores were distributed across 

the six RIO categories according to the network’s population distribution in each of these six RIO 

categories. For these individuals, the most likely reason they had an unknown RIO score was because of 

missing geographic identifier data within the ICES databases that prevented the RIO score from being 

assigned, rather than being related to their rurality.  

We calculated the proportion of colonoscopy network residents with a RIO score >45 and 

categorized network-level rurality according to whether this proportion was >50%, >25% to ≤50%, >10% 

to ≤25%, >5% to ≤10%, >1% to ≤5%, or ≤1%. The proportions of individuals in each network with RIO 

score >45 in 2007 before and after re-assignment of individuals with unknown RIO scores are shown in 

Table 4.4. Appendix N reports the proportion of network residents with RIO score >45 for 2007 to 2013.  

In Ontario in 2007 to 2013, between 4.6% and 4.9% of the population had a RIO score >45. 

Rurality varied across the 43 colonoscopy networks but appeared relatively stable within networks across 

2007 to 2013 (Appendix N). In each study year, three networks had >50% of the population with a RIO 

>45, seven networks had >25% to ≤50% of the population with a RIO >45, three networks had >10% to 

≤25% of the population with a RIO >45, four networks had >5% to ≤10% of the population with a RIO 

>45, five networks had >1% to ≤5% of the population with a RIO >45, and 21 networks had ≤1% of the 

population with a RIO >45. Networks with a higher proportion of population with a RIO >45 tended to be 

those located in northern Ontario, while those with the lowest proportion of population with a RIO >45 

tended to be in the GTA and surrounding regions.   
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Table 4.4 Colonoscopy network rurality, 2007 

Colonoscopy network 

number and name 

% unknown 

RIO 

% RIO>45, before re-

assignment of unknown RIO 

% RIO>45, after re-

assignment of unknown RIO 

1 Thunder Bay 14.25 30.4 44.6 

2 Moose Factory 70.54 6.8 77.4 

3 Timmins  7.02 42.4 49.4 

4 Sault Ste Marie 7.53 18.3 25.9 

5 Sudbury 4.88 22.5 27.4 

6 North Bay  9.95 28.7 38.6 

7 Pembroke  0.93 81.9 82.8 

8 Ottawa  0.11 2.0 2.0 

9 Cornwall  2.04 0.7 0.7 

10 Brockville  0.53 0.6 0.6 

11 Perth & Smiths Falls  0.14 2.3 2.3 

12 Kingston  0.67 1.9 1.9 

13 Quinte  0.54 11.3 11.4 

14 Cobourg 0.70 9.6 9.7 

15 Peterborough  0.57 12.8 12.9 

16 Lindsay 0.11 9.1 9.2 

17 Muskoka  1.15 89.9 91.1 

18 Orillia  1.04 18.7 18.9 

19 Barrie 0.17 2.0 2.0 

20 Georgian Bay 1.22 3.0 3.1 

21 Collingwood  0.09 7.5 7.5 

22 Grey Bruce Owen Sound 0.92 44.5 44.9 

23 Oshawa 0.11 0.8 0.8 

24 GTA East 0.07 0.2 0.2 

25 Newmarket 0.23 0.7 0.7 

26 GTA Core 0.09 0.4 0.4 

27 GTA West 0.07 0.4 0.4 

28 Oakville 0.07 0.4 0.4 

29 Burlington 0.10 0.4 0.4 

30 Hamilton  0.45 0.3 0.3 

31 Niagara  0.09 0.3 0.3 

32 Norfolk  0.27 0.5 0.5 

33 Brantford 1.63 0.5 0.5 

34 Cambridge  0.13 0.6 0.6 

35 Guelph  0.09 5.8 5.8 

36 Kitchener-Waterloo 0.11 0.9 0.9 

37 Woodstock  0.07 0.5 0.5 

38 Stratford  0.08 33.3 33.3 

39 London  0.69 0.9 0.9 

40 St Thomas-Elgin  0.43 0.5 0.5 

41 Sarnia 1.62 0.4 0.4 

42 Chatham 1.63 0.3 0.3 

43 Windsor  0.07 0.2 0.2 

Ontario 0.83 4.8 4.9 

Legend 
 >50% RIO >45  >10% to ≤25% RIO >45  >1% to ≤5% RIO >45 

  >25% to ≤50% RIO>45   >5% to ≤10% RIO>45  ≤1% RIO >45 

RIO=Rurality Index for Ontario 
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4.2.5.3 Availability and quality of colonoscopy resources 

The following section describes colonoscopy resource availability and quality in Ontario between 

2007 and 2013. This section also describes variation colonoscopy resource availability and quality across 

the 43 colonoscopy networks, including variation within and across categories of network rurality, with 

the goal of understanding whether rurality was a good indicator of network-level colonoscopy resource 

availability and/or quality. Network-level variations in colonoscopy resource availability and quality are 

reported for 2013. The results for all study years are presented in Appendix N; the general findings of 

between-network variations in colonoscopy resource availability and quality described below for 2013 

were similar across all study years. 

4.2.5.3.1 Colonoscopist density  

Between 2007 and 2013, the colonoscopist density (FTEs per 100,000 residents) in Ontario 

increased slightly from 8.7 FTEs per 100,000 in 2007 to 9.4 FTEs per 100,000 in 2013 (Figure 4.1). The 

colonoscopist density for each colonoscopy network in 2013 is plotted in Figure 4.2, with networks 

grouped according to their rurality (proportion with a RIO >45). Colonoscopist density varied across the 

43 networks, ranging from zero FTEs per 100,000 to 21.8 FTEs per 100,000 in 2013, with both of these 

extremes being in the most rural network category. Colonoscopist density does not appear to be 

systematically higher or lower according to network rurality. 
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Figure 4.1 Colonoscopist density in Ontario, 2007 to 2013 
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Figure 4.2 Colonoscopist density, 2013, per network, by network rurality.
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4.2.5.3.2 Access to gastroenterologists 

Access to gastroenterologists (proportion of colonoscopists whose specialty was 

gastroenterology) in Ontario increased slightly from 33.0% in 2007 to 35.5% in 2013 (Figure 4.3). Access 

to gastroenterologists for each colonoscopy network in 2013 is plotted in Figure 4.4, with networks 

ordered by their rurality. Access to gastroenterologists varied across the colonoscopy networks from 0% 

to 53.8%; 10 colonoscopy networks had no colonoscopists who were gastroenterologists. With the 

exception of the most rural networks, which had low access to gastroenterologists compared to the more 

urban networks, the distribution suggests that access to gastroenterologists was not related to network-

level rurality. 

 

Figure 4.3 Access to gastroenterologists in Ontario, 2007 to 2013 
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Figure 4.4 Access to gastroenterologists per network, 2013, by network rurality.
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4.2.5.3.3 Colonoscopy completion rates  

There was a modest increase in colonoscopy completion rates between 2007 and 2013 in Ontario 

(Figure 4.5); 90.7% of colonoscopies were complete in 2007 while 94.2% of colonoscopies were 

complete in 2013. Colonoscopy completion rates for each colonoscopy network in 2013 are plotted in 

Figure 4.6, with networks ordered by their rurality. Colonoscopy completion rates were generally high 

and the absolute differences in completion rates across many networks were generally small. In 2013, the 

proportion of colonoscopies that were complete ranged from 89.1% to 97.5%. The distribution of 

colonoscopy completion rates by network rurality suggests that colonoscopy completion rates were not 

associated with network rurality.  

 

Figure 4.5 Colonoscopy completion rates in Ontario, 2007 to 2013
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Figure 4.6 Colonoscopy completion rate per network, 2013, by network rurality.
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4.2.5.3.4 Polypectomy rates  

We only had two years of data to measure polypectomy rates because the OHIP billing codes 

required to identify screening colonoscopies indication were introduced in September 2011. Between 

2012 and 2013, the provincial polypectomy rate increased from 29.2% (95% CI 29.0 to 29.4) to 33.5% 

(95% CI 33.2% to 33.8%). The polypectomy rates for each colonoscopy network in 2013 are plotted in 

Figure 4.7, with networks ordered by their rurality. Polypectomy rates varied across the 43 colonoscopy 

networks from 6.7% to 50.9%. There was little evidence to suggest that polypectomy rates varied by 

network-level rurality. 
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Figure 4.7 Polypectomy rate per network, 2013, by network rurality.
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4.2.5.3.5 Private clinic access 

The proportion of colonoscopies performed in private clinics in Ontario increased from a low of 

21.2% in 2007 to a high of 29.5% in 2013 (Figure 4.8). Private clinic access in each colonoscopy network 

in 2013 is plotted in Figure 4.9, with networks ordered by their rurality. Private clinic access varied across 

the 43 networks from 1.2% to 55.9%. The distribution of private clinic access by network rurality 

suggests that private clinic access may be associated with network rurality. Private clinic access was 

higher in the 21 most urban networks; on average, 21% of colonoscopies in these networks were 

performed in private clinics. Among the remaining 22 networks with >1% population with a RIO >45, 

less than 13% of colonoscopies were performed in private clinics in all except four networks that had 

higher private clinic utilization.  

 

Figure 4.8 Private clinic access in Ontario, 2007 to 2013
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Figure 4.9 Private clinic access per network, 2013, by network rurality.
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4.2.5.3.6 Distance to closest colonoscopist 

Unlike the previous five colonoscopy resource availability and quality measures that are area-level 

level variables, distance to the closest colonoscopist is a patient-level variable. We measured 

each study cohort member and reported the median and interquartile range of distance to the 

colonoscopist in each network to account for the positively skewed distribution of distance within 

network (

 

Figure 4.10). The median distance for all of Ontario was 3.7 km; 73.1% travelled less than 10 km, 

21.0% travelled between 10 and 49 km, 4.5% travelled between 45 and 200 km, and only 1.4% travelled 
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over 200 km. While the distance varied across colonoscopy networks, the median distance was below 20 

km and the 75
th
 percentile was below 50 km for 42 of the 43 networks. For residents of network two, in 

which distance was calculated using all physicians who performed ≥1 colonoscopy in 2013, the median 

distance 141.6 km and IQR was 0.4 km to 312.2 km. A visual examination of the median distance to the 

closest colonoscopist across network rurality suggests that median distance is slightly higher in the more 

rural compared to the more urban networks.  



 

 

114 

 

Figure 4.10 Median and IQR of distance to closest colonoscopist per network, 2013, by network rurality. 
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4.2.5.4 Age- and sex-standardized colonoscopy utilization rates 

The colonoscopy utilization rate for Ontario between 2007 and 2013 ranged from 39.7 to 47.3 

colonoscopies per 1,000 residents (Figure 4.11). The age- and sex-standardized colonoscopy utilization 

rate per 1,000 residents, for each colonoscopy network in 2013, ordered by network rurality, is plotted in 

Figure 4.12. The colonoscopy utilization rates for each network for 2007 to 2013 are provided in 

Appendix N. There was substantial variation in colonoscopy utilization across the 43 colonoscopy 

networks in 2013; network 2 had the lowest utilization rate, at 15.9 colonoscopies per 1,000 residents and 

network 3 had the highest utilization rate, at 61.3 colonoscopies per 1,000 residents. There was little 

evidence to suggest a trend of increased or decreased colonoscopy utilization with increasing network 

rurality. 

 

Figure 4.11 Colonoscopy utilization rate and 95% CI in Ontario, 2007 to 2013 

39

40

41

42

43

44

45

46

47

48

2007 2008 2009 2010 2011 2012 2013

C
o

lo
n

o
sc

o
p

ie
s 

p
e

r 
1

,0
0

0
 

Year 



 

 

116 

 

Figure 4.12 Age- and sex-standardized colonoscopy utilization rates and 95% confidence intervals, 2013, by network.
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4.2.5.5 Association between the availability and quality of colonoscopy resources and colonoscopy 

utilization 

Pearson correlation coefficients for associations between network measures of the availability and 

quality of colonoscopy resources and age- and sex-standardized colonoscopy utilization rates are shown 

in Table 4.5. We observed positive, significant correlations between colonoscopy utilization and four of 

the six measures of colonoscopy resource availability and quality, although not in every year in which 

these relationships were evaluated. The statistically significant correlation coefficient effect sizes were 

medium to large, with three coefficients above 0.5.  

Colonoscopist density was not statistically significantly correlated with colonoscopy utilization in 

2007 and 2008 (Table 4.5). However, from 2009 to 2013 colonoscopist density was statistically 

significantly, positively correlated with colonoscopy utilization rates, with increased density associated 

with higher colonoscopy utilization rates. Colonoscopy completion rates were statistically significantly, 

positively correlated with colonoscopy utilization rates in 2007 to 2011, with higher completion rates 

associated with higher colonoscopy utilization rates. Private clinic access was significantly correlated 

with colonoscopy utilization in 2007 through 2011, with higher utilization rates amongst colonoscopy 

networks with higher private clinic access. Median distance to the closest colonoscopist in a network was 

significantly, negatively correlated with colonoscopy utilization rates in 2013, with longer median 

distance associated with lower colonoscopy utilization rates. Note that we computed this correlation only 

in 2013 as it was the only year in which we measured distance to the closest colonoscopist in our study 

cohort. While there was a small, negative correlation between access to gastroenterologists and 

colonoscopy utilization, indicating that increased gastroenterologist access was associated with decreased 

colonoscopy utilization, these associations were not statistically significant. Polypectomy rates, calculated 

only in 2012 and 2013, were not statistically significantly correlated with colonoscopy utilization. 
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Table 4.5 Correlation between network-level measures of the availability and quality of colonoscopy resources and standardized 

colonoscopy utilization, 2007 to 2013 

Year Colonoscopist 

density,  

r (p-value) 

Access to 

gastroenterologists,  

r (p-value) 

Colonoscopy 

completion rates,  

r (p-value) 

Polypectomy 

rates,  

r (p-value) 

Private clinic 

access,  

r (p-value) 

Distance to closest 

colonoscopist,  

r (p-value) 

2007 -0.14 (0.4) -0.09 (0.6) 0.42 (0.005) - 0.42 (0.005)  - 

2008 -0.03 (0.8) -0.13 (0.4) 0.34 (0.02) - 0.47 (0.001) - 

2009 0.41 (0.01) -0.26 (0.1)* 0.31 (0.04)* - 0.43 (0.004) - 

2010 0.42 (0.004) -0.25 (0.1)* 0.40 (0.008)* - 0.40 (0.01) - 

2011 0.44 (0.003) -0.20 (0.2)* 0.37 (0.02)* - 0.32 (0.03) - 

2012 0.54 (0.0002) -0.17 (0.3)* 0.21 (0.18)* -0.005 (0.97)* 0.28 (0.07) - 

2013 0.53 (0.0002) -0.19 (0.2)* 0.07 (0.64)* 0.02 (0.9)* 0.24 (0.1) -0.57 (<0.0001) 

*Network two excluded from analysis, as it had no colonoscopists in year 

Cells with – indicate that correlation was not calculated because exposure variable was not calculated for given year



 

 

119 

4.3 Phase Two results 

The purpose of Phase Two was to describe the CRC diagnostic interval and evaluate the 

associations between the availability and quality of colonoscopy resources and the diagnostic interval. We 

also described the characteristics of care within the diagnostic interval and explored relationships between 

colonoscopy resources and these characteristics of care in order to generate some preliminary hypotheses 

that may help understand the relationships between colonoscopy resource availability and quality and the 

CRC diagnostic interval length. 

4.3.1 Study cohort creation 

Figure 4.13 outlines the cohort creation process. There were 30,061 individuals diagnosed with 

CRC between January 1, 2009 and December 31, 2012 who were included in the eligible cohort. We 

applied eight exclusion criteria to create the eligible study cohort of 24,695 patients. From this eligible 

study cohort, we further excluded patients for whom we were unable to assign an index contact date in 

order to define their diagnostic interval, as well as patients who were not assigned to a colonoscopy 

network.  
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Figure 4.13 Cohort creation process, Phase Two 

*Numbers do not sum to total number of patients excluded due to patients who met more than one 

exclusion criteria.

 

  

All colorectal cancer patients diagnosed in 
Ontario between 2009 and 2012 (ICD9 153, 

154.0, 154.1, excluding 153.5) 

n=30,061 

Eligible study cohort 

n=24,695 

Final study cohort 

n=23,961 

  Exclusions* 

  1. Missing index contact date (n=457) 

  2. Unable to assign colonoscopy network (n=289) 

   

Exclusions* 

  1. Invalid ICES Key Number (n=587) 

  2. CRC not first primary cancer (n=2,845) 

  3. Non-adenocarcinoma histology (n=1,220) 

  4. Diagnosed on death certificate only (n=60) 

  5. Age >105 or <18 at diagnosis (n=9) 

  6. Less than 42 months of OHIP eligibility before diagnosis date 
(n=634) 

  7. Not an Ontario resident in 18 months before diagnosis (n=9) 

  8. Duplicate cases in OCR/RPDB (n<6)  
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4.3.2 Cohort description and representativeness 

Of the subset of our cohort that were screen-eligible (ages 50 to 74), 22.0% were asymptomatic at 

their index contact encounter.  

Table 4.6 describes the patient and disease characteristics of the final study cohort. There were 

more males (54.2%) than females in the cohort. The mean age was 68.6 years. There were more 

individuals living in less deprived areas compared to more deprived areas. Forty-one percent of the cohort 

had no major ADGs, and another 33% had one major ADG while many more had minor ADGs. There 

were slightly more patients diagnosed in the earlier study years. Just over one-third (36.2%) of the cohort 

had proximal colon cancer; 29.5% had rectal cancer, 23.5% had distal colon cancer, and 10.8% had sub-

site NOS. There was a fairly even distribution of patients across stages I-III, with 21-27% in each group; 

16.4% of patients had stage IV disease. The majority of the cohort (82.4%) was symptomatic at their 

index contact visit. The remaining 17.6% of patients were asymptomatic. This is our best estimate of the 

proportion of patients in our cohort whose cancer was screen-detected, as these patients’ index contact 

encounters were for procedures that could be used to screen for CRC. Of the subset of our cohort that 

were screen-eligible (ages 50 to 74), 22.0% were asymptomatic at their index contact encounter.  

Table 4.6 Description of final cohort  

Patient characteristics Final cohort % (n=23,961) 

Sex 

Male 

Female 

 

54.2 

45.8 

Age Mean 68.6 years, SD 13.0 years 

Material deprivation index quintile 

1 (least deprived) 

2 

3 

4 

5 (most deprived) 

Missing 

 

22.9 

22.3 

21.0 

17.8 

14.6 

1.4 

Major ADGs 

0 

1 

2 

3 

4+ 

 

41.8 

33.0 

15.5 

6.5 

3.2 
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Patient characteristics Final cohort % (n=23,961) 

Minor ADGs 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10+ 

 

0.6 

5.2 

9.1 

12.7 

14.7 

14.1 

12.7 

10.8 

8.2 

5.4 

6.5 

Disease characteristics Final cohort % (n=23,961) 

Year of diagnosis 

2009 

2010 

2011 

2012 

 

26.1 

25.1 

25.0 

23.9 

Tumour sub-site 

Proximal 

Distal 

Rectal 

NOS 

 

36.2 

23.5 

29.5 

10.8 

Stage at diagnosis 

I 

II 

III 

IV 

Unknown 

 

21.2 

23.6 

26.8 

16.4 

12.0 

Symptom status at index contact 

Symptomatic 

Asymptomatic 

 

82.4 

17.6 

SD=standard deviation, ADG=Aggregated Diagnosis Groups, NOS=not otherwise specified 

Table 4.7 describes the exposure distribution of the final cohort for the five measures of 

colonoscopy resource availability and quality evaluated in Phase Two. Colonoscopist density ranged from 

zero to 24.8 FTEs per 100,000 colonoscopy network residents. Fewer than 40% of patients belonged to 

networks in the three highest density categories. The proportion of colonoscopists whose specialty was 

gastroenterology in patients’ networks ranged from 0% to 61.5%; 67% of patients belonged to networks 

in the two highest gastroenterology access categories, while 6.1% of patients belonged to networks with 

no gastroenterologists. Colonoscopy completion rates ranged from 80.5% to 97.1%; with a third of 

patients belonging to networks in the 4
th
 highest category. Private clinic access ranged from 0% to 60.6%. 
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The proportion of patients in each category increased as private clinic access increased, with the 

exception of the lowest access category that contained 18.3% of patients. Most patients (59.2%) travelled 

fewer than 5 km to reach a colonoscopist in their network, while 0.6% had to travel more than 200 km; 

the median distance to the closest colonoscopist for the final cohort was 3.6 km.  

Table 4.7 Description of exposure distribution in final cohort 

Measures of colonoscopy resource availability and quality Final cohort % (n=23,961) 

Colonoscopist density 

Category 1 (0.0 to <8.0) 

Category 2 (≥8.0 to <9.4) 

Category 3 (≥9.4 to <10.4) 

Category 4 (≥10.4 to <12.6) 

Category 5 (≥12.6 to ≤24.8) 

 

29.3 

32.2 

14.7 

13.8 

9.9 

Access to gastroenterologists* 

Category 1 (0%) 

Category 2 (>0.0% to <18.0%) 

Category 3 (≥18.0% to <29.0%) 

Category 4 (≥29.0% to <42.0%) 

Category 5 (≥42.0% to ≤61.5%) 

 

6.1 

11.3 

15.7 

27.4 

39.6 

Colonoscopy completion rate* 

Category 1 (≥80.5% to <90.0%) 

Category 2 (≥90.0% to <91.7%) 

Category 3 (≥91.7% to <93.0%) 

Category 4 (≥93.0% to <95.0%) 

Category 5 (≥95.0% to ≤97.1%) 

 

18.8 

21.4 

18.7 

32.9 

8.2 

Private clinic access 

Category 1 (0.0% to <2.0%) 

Category 2 (≥2.0% to <4.0%) 

Category 3 (≥4.0% to <15.0%) 

Category 4 (≥15.0% to <35.0%) 

Category 5 (≥35.0% to ≤60.6%) 

 

18.3 

11.4 

15.0 

20.7 

34.5 

Distance to closest colonoscopist* 

Category 1 (<5 km) 

Category 2 (≥5 km to <10 km) 

Category 3 (≥10 km to <30 km) 

Category 4 (≥30 km to <50 km) 

Category 5 (≥50 km to <200 km) 

Category 6 (≥200 km) 

 

59.2 

13.4 

11.7 

11.3 

3.7 

0.6 

* n=23,946. Excluded 15 patients from network with no active colonoscopists at index contact date. 

We compared the exposure and covariate distribution between the final cohort and the 457 

patients who were excluded due to a missing index contact date. Many covariates were measured using 

the index contact date (for example, age and comorbidities). For patients who were missing their index 
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contact date, we measured those covariates using their CRC diagnosis date minus 18 months, which was 

the maximum diagnostic interval length. The results of these analyses are provided in Appendix O. 

Although we observed a number of statistically significant differences between the final cohort and this 

excluded group, we expect the impact of this exclusion on our results was small due to their relatively 

small number (1.9%). For instance, taking the most statistically significant difference, colonoscopy 

completion rate (p<0.0001), the overall distribution would change from 18.8%, 21.4%, 18.7%, 32.9%, 

and 8.2% across the five exposure categories to 19.0%, 21.5%, 18.6%, 32.8%, and 8.1% had these 457 

patients been included in the final cohort.  

We also compared the outcome and covariate distribution between the final cohort and the 289 

patients who were excluded because they were not assigned to a colonoscopy network. For the 

comparison of the diagnostic interval between the two groups, we further excluded 12 patients who were 

missing an index contact date from the 289 patients without a colonoscopy network. The results are 

presented in Appendix O. Again, although we observed a number of statistically significant differences 

between the final cohort and this excluded group, we expect the impact on our study results of this 

exclusion on our results was small due to their relatively small number (1.2%). For instance, the median 

diagnostic interval would change from 84 days (IQR 32 to 196 days) to 83 days (IQR 31 to 194 days) had 

these 289 patients been included in the final cohort. 

4.3.3 Objective 2(a): Description of the colorectal cancer diagnostic interval by patient and disease 

characteristics and colonoscopy resource availability and quality  

The median diagnostic interval for the final cohort was 84 days and the 90th percentile was 323 

days. The IQR was 32 to 196 days and the range was 1 to 549 days. Comprehensive descriptive statistics 

(median, 90
th
 percentile, IQR, range, mean, SD) of the diagnostic interval, including by strata of patient 

characteristics, disease characteristics, and colonoscopy resource availability and quality are provided in 

Appendix P.  
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4.3.3.1 Description of the diagnostic interval by patient characteristics 

Table 4.8 describes the median and 90
th
 percentile of the diagnostic interval by patient 

characteristics with p-values from unadjusted quantile regression models. The median and 90
th
 percentile 

of the diagnostic interval was u-shaped across age categories, with longer intervals observed amongst 

patients in the very young and very old age categories (p<0.0001 for median, p=0.0002 for 90
th
 

percentile). The median and 90
th
 percentile of the diagnostic interval was longer among females than 

males by 12 and 11 days, respectively (p<0.0001 for median, p=0.002 for 90
th
 percentile). The diagnostic 

interval increased with increasing comorbidity. The median and 90
th
 percentile of the diagnostic interval 

in patients with no major ADGs was 73 and 291 days, respectively, compared to 133.5 and 357 days 

among patients with four or more major ADGs. These results for patients with no minor ADGs was 53 

and 158 days, respectively, compared to 188.5 and 388 days among patients with ten or more minor 

ADGs (p<0.0001). There was little variation in the median or 90
th
 percentile of the diagnostic interval by 

patients’ material deprivation (p=0.08 for median, p=0.44 for 90
th
 percentile) with maximum differences 

of six and 27 days at the median and 90
th
 percentile, respectively, across material deprivation quintiles. 

4.3.3.2 Description of the diagnostic interval by disease characteristics 

Table 4.8 also describes the median and 90
th
 percentile of the diagnostic interval by disease 

characteristics with p-values from unadjusted quantile regression models. The diagnostic interval 

shortened as stage increased. At the median, the diagnostic interval decreased from 104 days (stage I) to 

62 days (stage IV); these results at the 90
th
 percentile were 329 and 305 days (p<0.0001). Patients with 

unknown stage disease had diagnostic intervals that were similar to or longer than early stage patients. 

The diagnostic interval was longer in symptomatic patients compared to asymptomatic patients, with a 

difference of 24 days and 153 days at the median and 90
th
 percentile, respectively (p<0.0001).  

Similar effects of stage and symptom status were observed when the diagnostic interval was 

jointly stratified on both variables. The diagnostic interval was shorter with more advanced stage and 

longer in patients with early or unknown stage (p<0.0001); the diagnostic interval was longer among 
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symptomatic patients compared to asymptomatic patients, with the exception of stage IV, where the 

median interval was identical in both symptomatic and asymptomatic patients (p<0.0001). Interactions 

between stage and symptom status were statistically significant at the median, indicating that the effect of 

symptom status on the median interval differed according to patients’ disease stage (p<0.0001).   

The median and 90
th
 percentile of the diagnostic interval were longest in patients with proximal 

CRC (90 and 331 days, respectively) or CRC with sub-site NOS (94 and 339 days, respectively) and 

shortest in patients with rectal cancer (median of 78 days, 90
th
 percentile of 312 days) (p<0.0001 for 

median and 90
th
 percentile).  

Table 4.8 Diagnostic interval median and 90th percentile by patient and disease characteristics 

Characteristic Median diagnostic interval, 

days 

Diagnostic interval 90
th

 

percentile, days 

Age p<0.0001 p=0.0002 

<35 years (n=200) 111.5 365.5 

≥35 to <45 years (n=684) 93.5 336 

≥45 to <50 years (n=1,018) 73 321 

≥50 to <55 years (n=1,733) 78 316 

≥55 to <60 years (n=2,185) 83 308 

≥60 to <65 years (n=2,971) 79 319 

≥65 to <70 years (n=3,182) 79 312 

≥70 to <75 years (n=3,266) 84 322 

≥75 to <80 years (n=3,233) 88 324 

≥80 to <85 (n=2,940) 92.5 336 

≥85 to <90 (n=1,820) 94 334 

≥90 years (n=729) 92 338 

Sex p<0.0001 p=0.002 

Male (n=12,994) 79 318 

Female (n=10,967) 91 329 

Major ADGs p<0.0001 p<0.0001 

0 (n=10,028) 73 291 

1 (n=7,899) 88 330 

2 (n=3,716) 106 345 

3 (n=1,554) 111 352 

4+ (n=764) 133.5 357 

Minor ADGs p<0.0001 p<0.0001 

0 (n=141) 53 158 

1 (n=1,248) 50 227 

2 (n=2,193) 62 254 

3 (n=3,039) 69 276 

4 (n=3,522) 76 293 

5 (n=3,373) 82 307 

6 (n=3,054) 86 324 
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Characteristic Median diagnostic interval, 

days 

Diagnostic interval 90
th

 

percentile, days 

7 (n=2,584) 105.5 344 

8 (n=1,962) 115 350 

9 (n=1,291) 145 371 

10+ (n=1,554) 188.5 388 

Material deprivation quintile p=0.08 p=0.44 

Quintile 1 (n=5,488) 84 319 

Quintile 2 (n=5,337) 82 328 

Quintile 3 (n=5,024) 84 323 

Quintile 4 (n=4,265) 83 321 

Quintile 5 (n=3,506) 90 325 

Stage at diagnosis p<0.0001 p<0.0001 

Stage I (n=5,092) 104 329 

Stage II (n=5,567) 83 319 

Stage III (n=6,410) 80 318 

Stage IV (n=3,934) 62 305 

Unknown stage (n=2,868) 94 345 

Symptom status p<0.0001 p<0.0001 

Symptomatic (n=19,750) 92 335 

Asymptomatic (n=4,211) 68 182 

Stage and symptom status Main effect: 

Stage p<0.0001 

Symptom status <0.0001 

Interaction: <0.0001 

Main effect: Stage p<0.0001 

Symptom status p<0.0001 

Interaction: p=0.57 

Stage I symptomatic (n=3,727) 124 346 

Stage I asymptomatic (n=1,365) 78 190 

Stage II symptomatic (n=4,717) 91 331 

Stage II asymptomatic (n=940) 62 159 

Stage III symptomatic (n=5,275) 87 331 

Stage III asymptomatic (n=1,135) 63 164 

Stage IV symptomatic (n=3,571) 62 312 

Stage IV asymptomatic (n=363) 62 154 

Unknown stage symptomatic 

(n=2,460) 

106 350.5 

Unknown stage asymptomatic 

(n=408) 

68 216 

CRC sub-site p<0.0001 p<0.0001 

Proximal sub-site (n=8,664) 90 331 

Distal sub-site (n=5,634) 81 314 

Rectal sub-site (n=7,069) 78 312 

Sub-site NOS (n=2,594) 94 339 

ADG=Aggregated Diagnosis Groups, NOS=not otherwise specified, CRC=colorectal cancer 
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4.3.3.3 Description of the diagnostic interval by colonoscopy resource availability and quality 

The diagnostic interval median and 90
th
 percentile was longest amongst patients belonging to 

networks in the lowest colonoscopist density category and decreased with increasing colonoscopist 

density, with a difference of 13 and 17 days in the lowest and highest colonoscopist density categories at 

the median and 90
th
 percentile, respectively (Figure 4.14) (p<0.0001 for median, p=0.02 for 90

th
 

percentile). 

 

n 7,032 7,720 3,526 3,304 2,379 

Median 90 84 85 77 77 

90
th

  330 324 322 312 313 

Figure 4.14 Description of the diagnostic interval by colonoscopist density, p<0.0001 for median, 

p=0.02 for 90
th

 percentile. The table provides the sample size in each category (n), and the median 

and 90
th

 percentile of the diagnostic interval. The horizontal line within box plots represents the 

median,  represents the mean, the bottom and top edges of boxes represents the IQR, and the 

whiskers represent the range. 

 

The diagnostic interval median and 90
th
 percentile was shortest amongst patients belonging to 

networks in the lowest access to gastroenterologist category (77 and 317 days, respectively), longest in 

the patients belonging to networks in the second lowest category (91 and 343 days, respectively), and 

similar in patients belonging to networks in the three highest categories of access to gastroenterologists 

(Figure 4.15) (p=0.02 for median, p<0.0001 for 90
th
 percentile). 
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n 1,462 2,697 3,754 6,557 9,476 

Median 77 91 86 84 83 

90
th

  317 343 322 320 321 

Figure 4.15 Description of the diagnostic interval by access to gastroenterologists, p=0.02 for 

median, p<0.0001 for 90
th

 percentile. The table provides the sample size in each category (n), and 

the median and 90
th

 percentile of the diagnostic interval. The horizontal line within box plots 

represents the median,  represents the mean, the bottom and top edges of boxes represents the 

IQR, and the whiskers represent the range. 

There was a significant difference in the median and 90
th
 percentile of the diagnostic interval 

across colonoscopy completion rate categories (p<0.0001 for median and 90
th
 percentile). Patients who 

belonged to networks with higher colonoscopy completion rates had shorter intervals, with differences of 

34 days at the median and 90 days at the 90
th
 percentile in the lowest and highest colonoscopy completion 

rate categories (Figure 4.16).  
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n 4,511 5,121 4,474 7,877 1,963 

Median 98 86 78 85 64 

90
th

  342 331 320 321 252 

Figure 4.16 Description of the diagnostic interval by colonoscopy completion rate, p<0.0001 for 

median and 90
th

 percentile. The table provides the sample size in each category (n), and the median 

and 90
th

 percentile of the diagnostic interval. The horizontal line within box plots represents the 

median,  represents the mean, the bottom and top edges of boxes represents the IQR, and the 

whiskers represent the range. 

Patients belonging to networks with the lowest private clinic access had the longest diagnostic 

intervals at both the median (97 days) and 90
th
 percentile (345 days). Patients belonging to networks in 

the four highest private clinic access categories had similar intervals, with medians ranging from 78 to 84 

days, and 90
th
 percentiles ranging from 314 to 321 days (p<0.0001 for median and 90

th
 percentile). 
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n 4,380 2,742 3,599 4,973 8,267 

Median 97 78 83 80 84 

90
th

  345 315 314 316 321 

Figure 4.17 Description of the diagnostic interval by private clinic access, p<0.0001 for median and 

90
th

 percentile. The table provides the sample size in each category (n), and the median and 90
th

 

percentile of the diagnostic interval. The horizontal line within box plots represents the median,  

represents the mean, the bottom and top edges of boxes represents the IQR, and the whiskers 

represent the range. 

The diagnostic interval across distance to closest colonoscopist categories shows no clear trend. 

Patients in the second longest and longest distance categories experienced the shortest median diagnostic 

intervals, at 78 days, compared to 86 days in patients in the shortest distance category. However, at the 

90
th
 percentile, the largest difference, at 32 days, was between patients in the second longest (306 days) 

and longest (338 days) distance categories (p=0.01 for median, p=0.03 for 90
th
 percentile).   
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n 14,187 3,215 2,790 2,714 886 154 

Median 86 86 79 80 78 78 

90
th

  327 324 311.5 319 306 338 

Figure 4.18 Description of the diagnostic interval by distance to closest colonoscopist, p=0.01 for 

median, p=0.03 for 90
th

 percentile. The table provides the sample size in each category (n), and the 

median and 90
th

 percentile of the diagnostic interval. The horizontal line within box plots represents 

the median,  represents the mean, the bottom and top edges of boxes represents the IQR, and the 

whiskers represent the range. 

4.3.4 Objective 2(a): Description of the colorectal cancer first procedure interval among 

symptomatic patients by patient and disease characteristics and colonoscopy resource availability 

and quality 

The first procedure interval was evaluated among the 19,750 symptomatic CRC patients minus 

the 887 symptomatic patients who did not receive a procedure during their diagnostic interval. The 

median first procedure interval was 24 days and the 90
th
 percentile was 251 days. The IQR was three to 

113 days, and the range was zero to 538 days. Comprehensive descriptive statistics (median, 90
th
 

percentile, IQR, range, mean, SD) of the first procedure interval by patient and disease characteristics and 

colonoscopy resource availability and quality are provided in Appendix P. 
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4.3.4.1 Description of the first procedure interval among symptomatic patients by patient characteristics 

Table 4.9 describes the median and 90
th
 percentile of the first procedure interval by patient 

characteristics, with p-values from unadjusted quantile regression models. The median first procedure 

interval was longest amongst the youngest patients (42 days) and decreased with increasing age, with the 

shortest first procedure interval observed amongst patients aged ≥90 years (18 days) (p=0.01). A similar 

association was not observed at the 90
th
 percentile (p=0.09). Female patients had longer first procedure 

intervals than males when measured at the median and 90
th
 percentile, with a difference of five and nine 

days, respectively (p<0.0001 for median, p=0.09 for 90
th
 percentile). At the median, the first procedure 

interval appeared to have an inverted-u shape across major ADG categories (p=0.001). In contrast, at the 

90
th
 percentile, there was a pattern of longer first procedure intervals with increased major ADGs, with a 

90
th
 percentile of 231 days in patients with no major ADGs and 266 days among patients with four or 

more major ADGs (p<0.0001). The median and 90
th
 percentile of the first procedure interval also 

increased as the number of minor ADGs increased, with differences of 62.5 days and 197 days in the 

lowest and highest categories of minor ADGs (p<0.0001). The association between material deprivation 

and the first procedure interval was not statistically significant (p=0.16 for median, p=0.22 for 90
th
 

percentile), with maximum differences of five and 15 days at the median and 90
th
 percentile, respectively, 

across material deprivation quintiles. 

4.3.4.2 Description of the first procedure interval among symptomatic patients by disease characteristics 

Table 4.9 describes the median and 90
th
 percentile of the first procedure interval for symptomatic 

patients by disease characteristics, with p-values from unadjusted quantile regression models. The median 

and 90
th
 percentile of the first procedure interval was longest in stage I (39 days and 267 days, 

respectively) and shorter for each subsequent stage group (14 days and 229 days in stage IV, 

respectively). For patients with unknown stage, the median and 90
th
 percentiles of the first procedure 

interval were 22 days and 264 days, respectively (p<0.0001 for median and p=0.001 for 90
th
 percentile).  
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Patients with rectal cancer had the longest median first procedure interval (31 days) while patients 

with proximal colon cancer had the shortest median first procedure interval (20 days) (p<0.0001). At the 

90
th
 percentile, differences in the first procedure interval were not statistically significant (p=0.25), with a 

maximum 18-day difference observed between patients with distal colon cancer and sub-site NOS.  

Table 4.9 First procedure interval median and 90
th

 percentile by patient and disease characteristics 

Characteristic Median first procedure 

interval, days 

First procedure interval 

90
th

 percentile, days 

Age p=0.01 p=0.09 

Age <35 years (n=181) 42 283 

Age ≥35 to <45 years (n=596) 35.5 265 

Age ≥45 to <50 years (n=859) 29 253 

Age ≥50 to <55 years (n=1,332) 26 249 

Age ≥55 to <60 years (n=1,625) 23 244 

Age ≥60 to <65 years (n=2,206) 24 244 

Age ≥65 to <70 years (n=2,349) 25 242 

Age ≥70 to <75 years (n=2,481) 26 263 

Age ≥75 to <80 years (n=2,631) 24 240 

Age ≥80 to <85 (n=2,453) 25 255 

Age ≥85 to <90 (n=1,525) 20 267 

Age ≥90 years (n=624) 19 263 

Sex p<0.0001 p=0.09 

Male (n=10,041) 22 247 

Female (n=8,822) 27 256 

Major ADGs p=0.0001 p<0.0001 

0 (n=7,535) 23 231 

1 (n=6,264) 27 257 

2 (n=3,106) 29 267 

3 (n=1,286) 22 268 

4+ (n=672) 15 266 

Minor ADGs p<0.0001 p<0.0001 

0 (n=82) 0 118 

1 (n=882) 9 141 

2 (n=1,568) 17 187 

3 (n=2,240) 19 211.5 

4 (n=2,747) 22 220 

5 (n=2,667) 25 237 

6 (n=2,437) 24 252 

7 (n=2,118) 34 270 

8 (n=1,646) 35 283 

9 (n=1,120) 45 316.5 

10+ (n=1,356) 62.5 315 

Material deprivation quintile p=0.16 p=0.22 

Quintile 1 (n=4,262) 25 248 

Quintile 2 (n=4,130) 27 260 

Quintile 3 (n=3,974) 24 245 
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Characteristic Median first procedure 

interval, days 

First procedure interval 

90
th

 percentile, days 

Quintile 4 (n=3,354) 25 247 

Quintile 5 (n=2,871) 22 259 

Stage at diagnosis p<0.0001 p=0.001 

Stage I (n=3,612) 39 267 

Stage II (n=4,530) 24 250 

Stage III (n=5,059) 26 250 

Stage IV (n=3,371) 14 229 

Unknown stage (n=2,291) 22 264 

CRC sub-site p<0.0001 p=0.25 

Proximal sub-site (n=7,027) 20 250 

Distal sub-site (n=4,331) 25 245 

Rectal sub-site (n=5,413) 31 255 

Sub-site NOS (n=2,092) 23 263 

ADG=Aggregated Diagnosis Groups, NOS=not otherwise specified, CRC=colorectal cancer 

4.3.4.3 First procedure interval by the availability and quality of colonoscopy resources 

Although statistically significant (p=0.004), the difference in the median first procedure interval 

comparing the lowest and highest colonoscopist density categories was only six days, with no strong 

trend in the direction that we expected (Figure 4.19). There was clear evidence of a trend at the first 

procedure interval 90
th
 percentile, with shorter intervals as colonoscopist density increased; patients who 

belonged to the networks with the highest density experienced a 45-day shorter wait at the 90
th
 percentile 

compared to those who belonged to networks with the lowest density (p=0.0005).  
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n 5,570 6,052 2,807 2,558 1,876 

Median 27 23 28 23 21 

90
th

  263 253 251 233 218 

Figure 4.19 Description of the first procedure interval among symptomatic patients by 

colonoscopist density, p=0.004 for median, p=0.0005 for 90
th

 percentile. The table provides the 

sample size in each category (n), and the median and 90
th

 percentile of the diagnostic interval. The 

horizontal line within box plots represents the median,  represents the mean, the bottom and top 

edges of boxes represents the IQR, and the whiskers represent the range. 

 

There was little evidence that improved access to gastroenterologists contributed to a materially 

shorter first procedure interval when evaluated at the median, with a maximum difference of five days 

between the second lowest and highest access categories (p=0.007) (Figure 4.20). At the 90
th
 percentile, 

there is some evidence of a shorter diagnostic interval with increasing access to gastroenterologists, with 

the exception of patients who belonged to networks with the lowest access to gastroenterologists 

(p=0.03). 
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n 1,145 4,314 2,807 2,585 1,849 

Median 27 28 27 23 23 

90
th

  223 265 251 233 220 

Figure 4.20 Description of the first procedure interval in symptomatic patients by access to 

gastroenterologists, p=0.007 for median, p=0.03 for 90
th

 percentile. The table provides the sample 

size in each category (n), and the median and 90
th

 percentile of the diagnostic interval. The 

horizontal line within box plots represents the median,  represents the mean, the bottom and top 

edges of boxes represents the IQR, and the whiskers represent the range. 

 

There was evidence that patients who belonged to networks with higher colonoscopy completion 

rates experienced shorter first procedure intervals when evaluated (Figure 4.21). There was a 15-day 

longer wait among patients who belonged to networks with the lowest completion rates compared to 

patients who belonged to networks with the highest completion rates (p<0.0001). This difference was 

three months when the first procedure was evaluated at the 90
th
 percentile (p<0.0001).  
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n 3,553 4,023 3,529 6,220 1,527 

Median 31 25 22 25 16 

90
th

  280 262 238 249 190 

Figure 4.21 Description of the first procedure interval in symptomatic patients by colonoscopy 

completion rate, p<0.0001 for median and 90
th

 percentile. The table provides the sample size in each 

category (n), and the median and 90
th

 percentile of the diagnostic interval. The horizontal line 

within box plots represents the median,  represents the mean, the bottom and top edges of boxes 

represents the IQR, and the whiskers represent the range. 

  

The evidence for a trend of shorter first procedure intervals with increasing private clinic access 

is weak beyond the differences at the extremes (p=0.0005 for median, p<0.0001 for 90
th
 percentile) 

(Figure 4.22). The median interval in patients with the lowest private clinic access was eight days longer 

than patients with the highest private clinic access; at the 90
th
 percentile, this difference was 19 days. 
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n 3,469 2,158 2,858 3,825 6,553 

Median 31 25 25 22 23 

90
th

  273 232 237 243 254 

Figure 4.22 Description of the first procedure interval in symptomatic patients by access to private 

clinics, p=0.0005 for median, p<0.0001 for 90
th

 percentile. The table provides the sample size in each 

category (n), and the median and 90
th

 percentile of the diagnostic interval. The horizontal line 

within box plots represents the median,  represents the mean, the bottom and top edges of boxes 

represents the IQR, and the whiskers represent the range. 

 

There was little evidence that living further from a colonoscopist was associated with longer first 

procedure intervals (Figure 4.23). In fact, the opposite may be true. We observed a 13-day difference in 

the median between patients with the shortest and longest distance to a colonoscopist, although this 

association was not statistically significant (p=0.13), and a 38-day difference in the 90
th
 percentile 

between patients with the shortest and the second longest distance categories (p=0.001). 
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n 11,285 2,502 2,138 2,109 695 123 

Median 24 26 23 27 22 11 

90
th

  256 259 226 237 218 274 

Figure 4.23 Description of the first procedure interval among symptomatic patients by distance to 

closest colonoscopist, p=0.13 for median, p=0.001 for 90
th

 percentile. The table provides the sample 

size in each category (n), and the median and 90
th

 percentile of the diagnostic interval. The 

horizontal line within box plots represents the median,  represents the mean, the bottom and top 

edges of boxes represents the IQR, and the whiskers represent the range. 

4.3.5 Evaluating the association between the availability and quality of colonoscopy resources and 

the diagnostic interval (Objective 2(b)) 

The results of Objective 2(a), presented above, reported statistically significant (p<0.05) 

associations between all five measures of colonoscopy resource availability and quality and the diagnostic 

interval. In Objective 2(b), these associations were further evaluated using multivariable quantile 

regression models to control for confounding and evaluate effect modification.  

We chose seven potential confounders based on previous evidence of their association with the 

CRC diagnostic interval to include in the multivariable model: age at index contact date, sex, number of 

major ADGs, number of minor ADGs, disease sub-site, stage at diagnosis, and symptom status. The 

bivariate associations between these covariates and the CRC diagnostic interval were previously 

described in Objective 2(a) (see Sections 4.3.3 and 4.3.4). The bivariate associations between these 
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covariates and the five measures of colonoscopy resource availability and quality are described in 

Appendix Q.  

4.3.5.1 Regression analyses of the associations between the availability and quality of colonoscopy 

resources and the diagnostic interval 

We evaluated the associations between each of the five exposure variables and the median and 

90
th
 percentile of the diagnostic interval using quantile regression models. We evaluated whether there 

was effect modification of the main effects of each of the five exposure variable on the diagnostic interval 

(see Section 3.9.4 for details of the effect modification analyses, including their rationale). Below, we 

present the results of the unadjusted and fully adjusted models; for the fully adjusted models, we provide 

only the exposure parameter estimates (see Appendix R for complete adjusted model results). Unless 

otherwise specified, the fully adjusted regression parameter estimates are interpreted in the text below. 

Histograms of the standardized robust residuals are provided in Appendix S. The residuals for the 90
th
 

percentile regression models were relatively normally distributed. While the median regression residuals 

had a slight positive skew, we do not think this would affect the overall fit of our models given the 

robustness of quantile regression. 

4.3.5.1.1 Colonoscopist density 

There was evidence of longer diagnostic intervals with decreasing colonoscopist density at both 

the median and 90
th
 percentile (Table 4.10). Patients belonging to networks with the lowest colonoscopist 

density had an adjusted median interval that was 9 days longer than patients belonging to networks with 

the highest colonoscopist density (p=0.001); at the 90
th
 percentile, this difference was 12 days (p=0.03).  

Interactions between colonoscopist density and symptom status on the diagnostic interval were 

statistically significant at both the median and 90
th
 percentile (p=0.01, p=0.03, respectively) and the 

results are presented in Table 4.10. The association between colonoscopist density and the diagnostic 

interval was greater among symptomatic patients compared to asymptomatic patients. In symptomatic 

patients, the adjusted differences in the median and 90
th
 percentile were up to 14 and 18 days longer, 
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respectively, comparing patients with the lowest colonoscopist density to those with the highest 

colonoscopist density. In asymptomatic patients, the adjusted differences did not show any consistent 

association of shorter or longer intervals with decreased colonoscopist density, and none of the parameter 

estimates were statistically significant.  

The interaction between colonoscopist density and stage at diagnosis was not statistically 

significant at the 90
th
 percentile (p=0.9) and was marginally statistically significant (p=0.06) at the 

median. There were large differences in the stage-specific parameter estimates within any colonoscopist 

density category, suggesting that the association between colonoscopist density and the median diagnostic 

interval may differ by stage (results not shown). For example, in the most compromised group (category 

1), the median parameter estimates varied from 2.6 days longer (stage II) to 15.6 days longer (stage I). 

However, the confidence intervals around the stage-specific parameter estimates were wide, likely due to 

small cells which were as low as 317 in the unknown stage – colonoscopist density category five strata 

(Appendix Q). 

Table 4.10 Unadjusted and adjusted median and 90
th

 percentile regression analysis results, 

colonoscopist density 

 Colonoscopist density 

Category 1 

(0.0 to <8.0) 

Category 2 

(≥8.0 to <9.4) 

Category 3 

(≥9.4 to <10.4) 

Category 4 

(≥10.4 to <12.6) 

Category 5 

(≥12.6 to 

≤24.8) 

Median regression parameter estimates with 95% CI 

Unadjusted 13.0 (6.3, 19.6) 7.0 (0.8, 13.2) 8.0 (1.2, 14.8) 0.0 (-6.8, 6.8) Ref 

Adjusted* 9.1 (3.8, 14.4) 4.4 (-0.9, 9.7) 8.6 (2.5, 14.7) 0.7 (-4.9, 6.3) Ref 

90
th

 percentile regression parameter estimates with 95% CI 

Unadjusted 17.0 (4.0, 29.0) 11.0 (-2.4, 24.4) 9.0 (-4.0, 22.0) -1.0 (-19.2, 17.2) Ref 

Adjusted* 12.1 (1.0, 23.2) 11.7 (0.1, 23.2) 11.8 (-2.4, 26.1) 5.7 (-6.6, 18.1) Ref 

Effect modification analyses 

Median diagnostic interval by symptom status, regression parameter estimates with 95% CI* 

Symptomatic 14.2 (8.1, 20.4) 6.6 (0.4, 12.8 10.3 (3.1, 17.6) 1.4 (-5.2, 8.1) Ref 

Asymptomatic -2.2 (-10.3, 5.9) -1.1 (-8.9, 6.7) 4.1 (-5.8, 14.0) -2.4 (-11.5, 6.8) Ref 

90
th

 percentile diagnostic interval by symptom status, regression parameter estimates with 95% CI * 

Symptomatic 18.0 (5.4, 30.7) 12.8 (-0.2, 25.7) 14.2 (-1.3, 29.8) 6.4 (-7.9, 20.6) Ref 

Asymptomatic -11.3 (-39.6, 16.9) 13.4 (-21.8, 48.7) -1.9 (-38.3, 34.5) 3.3 (-29.8, 36.5) Ref 

CI=confidence interval 

*Adjusted for age, sex, tumour sub-site, number of major Aggregated Diagnosis Groups (ADGs), number 

of minor ADGs, symptom status, stage. See Appendix R for covariate parameter estimates. 
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4.3.5.1.2 Access to gastroenterologists 

There was some evidence of longer diagnostic intervals at both the median and 90
th
 percentile 

with decreasing access to gastroenterologists (Table 4.11). The median and 90
th
 percentiles of the interval 

were 8 and 24 days longer among patients residing in networks in the second lowest access to 

gastroenterologists category compared to patients residing in networks in the highest access to 

gastroenterologists category (p=0.01 and p=0.0004, respectively). However, there was no significant 

difference in the median or 90
th
 percentile of the diagnostic interval between patients residing in networks 

with the lowest access to gastroenterologists compared to those residing in networks with the highest 

access to gastroenterologists.  

Interactions between access to gastroenterologists and symptom status on the diagnostic interval 

were not statistically significant at the median (p=0.2) or 90
th
 percentile (p=0.14). The interaction between 

access to gastroenterologists and stage at diagnosis was not statistically significant at the 90
th
 percentile 

(p=0.5) and marginally statistically significant at the median (p=0.08). There were large differences in the 

stage-specific parameter estimates within any access category, suggesting that the association between 

access to gastroenterologists and the median diagnostic interval may differ by stage (results not shown). 

For example, in the most compromised group (category 1), the median parameter estimates varied from 

7.5 days longer (stage III) to 6.9 days shorter (stage I). However, the confidence intervals around the 

stage-specific parameter estimates were wide, likely due to small cells which were as low as 180 in the 

unknown stage – access to gastroenterologists category 1 group (Appendix Q). 

The interaction between access to gastroenterologists and colonoscopist density on the diagnostic 

interval was statistically significant at the median (p<0.0001) and 90
th
 percentile (p=0.04), with the 

median and 90
th
 percentile diagnostic interval regression parameter estimates for access to 

gastroenterologists within strata of colonoscopist density reported in Table 4.11. While the association 

between access to gastroenterologists and the diagnostic interval differed across levels of colonoscopist 

density, there was no consistent pattern indicating a trend of a greater or lesser association of access to 

gastroenterologists and the diagnostic interval with increasing or decreasing colonoscopist density. For 
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instance, the largest difference in the median diagnostic interval across access to gastroenterologist 

categories was observed in the second highest colonoscopist density category (27 days); at the 90
th
 

percentile, the largest difference was observed in the second lowest colonoscopist density category (43 

days). 

Table 4.11 Unadjusted and adjusted median and 90
th

 percentile regression analysis results, access to 

gastroenterologists 

 Access to gastroenterologists 

Category 1 (0%) Category 2 

(>0.0% to 

<18.0%) 

Category 3 

(≥18.0% to 

<29.0%) 

Category 4 

(≥29.0% to 

<42.0%) 

Category 5 

(≥42.0% to 

≤61.5%) 

Median regression parameter estimates with 95% CI 

Unadjusted -6.0 (-13.7, 1.7) 8.0 (2.1, 13.9) 3.0 (-1.7, 7.7) 1.0 (-3.1, 5.1) Ref 

Adjusted* -1.4 (-7.9, 5.2) 8.0 (2.2, 13.7) 3.4 (-1.0, 7.9) -1.7 (-5.4, 2.0) Ref 

90
th

 percentile regression parameter estimates with 95% CI 

Unadjusted -4.0 (-19.1, 11.1) 22.0 (12.7, 31.1) 1.0 (-10.3, 12.3) -1.0 (-10.3, 12.3) Ref 

Adjusted* 2.7 (-15.3, 20.8) 24.0 (10.7, 37.3) -0.2 (-10.3, 9.8) -3.7 (-11.6, 4.2) Ref 

Effect modification analyses 

Median diagnostic interval by colonoscopist density, regression parameter estimates with 95% CI * 

Category 1  

(0.0 to 8.0) 4.8 (-17.6, 27.2) N/A† -5.7 (-15.3, 3.9) -8.1 (-14.4, -1.7) Ref 

Category 2  

(≥8.0 to <9.4) 2.4 (-9.7, 14.5) 22.5 (6.4, 38.7) 10.4 (0.9, 19.8) 9.2 (1.5, 16.8) Ref 

Category 3  

(≥9.4 to <10.4) 2.3 (-10.6, 15.3) 8.3 (-6.3, 22.9) 8.4 (-3.5, 20.3) 1.8 (-9.7, 13.3) Ref 

Category 4 

(≥10.4 to <12.6) 8.4 (-11.4, 28.3) 26.8 (14.4, 39.2) -1.8 (-13.2, 9.6) -12.6 (-22.5, -2.6) Ref 

Category 5 

(≥23.6 to ≤24.8) -3.4 (-18.2, 11.4) 8.0 (-4.5, 20.4) 17.7 (2.9, 32.4) Ref N/A† 

90
th

 percentile diagnostic interval by colonoscopist density, regression parameter estimates with 95% CI* 

Category 1  

(0.0 to 8.0) 
41.8 (-6.2, 89.9) N/A† 4.8 (-15.0, 24.7) 6.2 (-6.0, 18.3) Ref 

Category 2  

(≥8.0 to <9.4) 
-1.4 (-36.2, 33.3) 

66.0 

(27.7, 104.3) 

-3.4 

(-21.1, 14.3) 
-6.9 (-25.6, 11.8) Ref 

Category 3  

(≥9.4 to <10.4) 
36.3 (-0.2, 72.9) 

33.9 

(-13.8, 81.6) 
31.2 (8.1, 54.2) 14.4 (-7.2, 36.0) Ref 

Category 4 

(≥10.4 to <12.6) 
6.1 (-37.7, 49.9) 42.8 (18.3, 67.3) 

-11.3 

(-34.3, 11.7) 

-41.8 

(-64.9, -18.8) 
Ref 

Category 5 

(≥23.6 to ≤24.8) 
-10.1 (-51.3, 31.1) 25.0 (-5.8, 55.8) 31.5 (-16.1, 79.2) Ref N/A† 

CI=confidence interval 

*Adjusted for age, sex, tumour sub-site, number of major Aggregated Diagnosis Groups (ADGs), number 

of minor ADGs, symptom status, stage. See Appendix R for covariate parameter estimates. 

†No patients in cell 
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4.3.5.1.3 Colonoscopy completion rates 

Patients in the four lowest colonoscopy completion rate categories had longer diagnostic intervals 

compared to patients in the highest colonoscopy completion rate category, with differences ranging from 

15 to 36 days at the median and 50 to 76 days at the 90
th
 percentile.  

The interaction between colonoscopy completion rates and stage at diagnosis on the diagnostic 

interval was statistically significant at the median (p<0.0001). The magnitude of the association between 

colonoscopy completion rates and the median diagnostic interval was greater among earlier stage patients 

and patients with unknown stage compared to advanced stage patients; for stage I patients, the median 

interval was 23 to 51 days longer in patients in the four lowest colonoscopy completion rate categories 

compared to patients in the highest completion rate category; for stage IV patients, the median interval 

was only five to 18 days longer in patients in the four lowest colonoscopy completion rate categories 

compared to patients in the highest completion rate category (Table 4.12).  

The interaction between colonoscopy completion rates and stage at diagnosis on the diagnostic 

interval was marginally statistically significant at the 90
th
 percentile (p=0.06). There were large 

differences in the stage-specific parameter estimates within any colonoscopy completion rate category, 

suggesting that the association between colonoscopy completion rates and the diagnostic interval 90
th
 

percentile may differ by stage (results not shown). For example, in the most compromised group 

(category 1), the 90
th
 percentile parameter estimates varied from 50.6 days (stage IV) to 81.2 days (stage 

III). However, the confidence intervals around these stage-specific parameter estimates were wide, likely 

due to small cells, which were as low as 273 in the stage IV – completion rate category 5 group 

(Appendix Q). 

The interaction between colonoscopy completion rates and symptom status on the diagnostic 

interval was statistically significant at the median (p<0.0001) and 90
th
 percentile (p=0.0005). The 

magnitude of the association between colonoscopy completion rates and the diagnostic interval was 

stronger within symptomatic patients. The diagnostic interval was up to 45 days longer at the median and 

96 days longer at the 90
th
 percentile in symptomatic patients in the lowest four colonoscopy completion 
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rate categories compared to patients in the highest completion rate category. In asymptomatic patients, the 

interval was up to 13 days longer at the median and 27 days longer at the 90
th
 percentile, although these 

differences were largely non-significant.  

Table 4.12 Unadjusted and adjusted median and 90
th

 percentile regression analysis results, 

colonoscopy completion rates 

 Colonoscopy completion rates 

Category 1 

(≥80.5% to 

<90.0%) 

Category 2 

(≥90.0% to 

<91.7%) 

Category 3 

(≥91.7% to 

<93.0%) 

Category 4 

(≥93.0% to 

<95.0%) 

Category 5 

(≥95.0% to 

≤97.1%) 

Median regression parameter estimates with 95% CI 

Unadjusted 34.0 (26.8, 41.2) 22.0 (15.5, 28.5) 14.0 (8.4, 19.6) 21.0 (15.5, 26.5) Ref 

Adjusted* 36.1 (29.9, 42.3) 22.0 (16.0, 28.1) 15.4 (9.7, 21.1) 19.2 (13.5, 24.8) Ref 

90
th

 percentile regression parameter estimates with 95% CI 

Unadjusted 90.0 (75.9, 104.1) 79.0 (64.0, 93.9) 68.0 (53.0, 83.0) 69.0  (55.5, 82.5) Ref 

Adjusted* 76.4 (63.5, 89.4) 60.5 (47.5, 73.5) 50.1 (37.1, 63.0) 50.3 (38.0, 62.7) Ref 

Effect modification analyses 

Median diagnostic interval by stage, regression parameter estimates with 95% CI * 

Stage I 51.1 (35.0, 67.2) 28.5 (13.3, 43.8) 18.1 (3.1, 33.1) 23.2 (10.6, 35.8) Ref 

Stage II 39.4 (25.8, 53.0) 29.0 (15.8, 42.2) 24.3 (11.6, 36.9) 23.7 (11.0, 36.3) Ref 

Stage III 27.9 (16.8, 39.0) 14.6 (3.9, 25.4) 8.3 (-2.1, 18.6) 13.5 (2.6, 24.4) Ref 

Stage IV 18.2 (4.7, 31.8) 12.2 (-1.3, 25.7) 5.0 (-8.0, 18.1) 14.8 (1.7, 27.8) Ref 

Unknown stage 81.6 (59.2, 104.1) 43.4 (24.0, 62.8) 43.4 (21.4, 65.5) 37.3 (23.2, 51.4) Ref 

Median diagnostic interval by symptom status, regression parameter estimates with 95% CI* 

Symptomatic 45.1 (37.9, 52.2) 28.5 (21.6, 35.4) 20.7 (14.0, 27.3) 24.4 (18.1, 30.7) Ref 

Asymptomatic 13.4 (4.3, 22.4) 5.7 (-3.0, 14.5) 2.4 (-6.8, 11.6) 5.8 (-2.2, 14.3) Ref 

Diagnostic interval 90
th

 percentile by symptom status, regression parameter estimates with 95% CI* 

Symptomatic 96.5 (81.7, 111.3) 77.7 (62.0, 93.3) 69.3 (53.7, 85.0) 67.8 (53.2, 82.3) Ref 

Asymptomatic 22.7 (-7.6, 53.1) 26.6 (-6.8, 59.9) 8.7 (-19.1, 36.6) 18.8 (-9.9, 47.5) Ref 

CI=confidence interval 

*Adjusted for age, sex, tumour sub-site, number of major Aggregated Diagnosis Groups (ADGs), number 

of minor ADGs, symptom status, stage. See Appendix R for covariate parameter estimates. 

4.3.5.1.4 Private clinic access 

There was evidence of longer diagnostic intervals in the patients with the lowest private clinic 

access compared to patients with the highest private clinic access, with adjusted differences of 19 days at 

the median and 33 days at the 90
th
 percentile (Table 4.13). The adjusted differences between the middle 

three private clinic access categories and the highest private clinic access category were small and not 

statistically significant, ranging from one day shorter to four days longer.  

Interactions between private clinic access and stage at diagnosis on the diagnostic interval were 

statistically significant only at the 90
th
 percentile (p=0.2 for median, p=0.02 for 90

th
 percentile). Across all 
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stage strata, associations between private clinic access and the 90
th
 percentile of the diagnostic interval 

were strongest among patients with the lowest private clinic access compared to patients with the highest 

private clinic access. While the associations between private clinic access and the 90
th
 percentile of the 

diagnostic interval differed across stage strata, there was little evidence of a trend of larger or smaller 

associations between private clinic access and the diagnostic interval with increased or decreased stage.  

The interaction between private clinic access and symptom status on the diagnostic interval was 

statistically significant only at the median (p=0.0002 for median, p=0.8 for 90
th
 percentile). Within 

symptomatic patients, a significant association between private clinic access and the median diagnostic 

interval was observed only when comparing patients with the lowest private clinic access with those with 

the highest private clinic access, with an interval that was 20 days longer. However, in asymptomatic 

patients, an association between private clinic access and the diagnostic interval was observed when 

comparing patients in the lowest and second lowest private clinic access categories to patients in the 

highest private clinic access category, with intervals that were 13 to 16 day longer.  

  



 

 

148 

Table 4.13 Unadjusted and adjusted median and 90
th

 percentile regression results, private clinic 

access 

 Private clinic access 

Category 1 

(0.0% to <2.0%) 

Category 2 

(≥2.0% to 

<4.0%) 

Category 3 

(≥4.0% to 

<15.0%) 

Category 4 

(≥15.0% to 

<35.0%) 

Category 5 

(≥35.0% to 

<60.6%) 

Median regression parameter estimates with 95% CI 

Unadjusted 13.0 (7.0, 18.9) -6.0 (-10.3, -1.7) -1.0 (-6.3, 4.3) -4.0 (-8.2, 0.2) Ref 

Adjusted* 18.7 (13.7, 23.7) -0.6 (-5.0, 3.9) 4.3 (-0.5, 9.0) -0.3 (-4.1, 3.5) Ref 

90
th

 percentile regression parameter estimates with 95% CI 

Unadjusted 24.0 (15.3, 32.7) -6.0 (-20.1, 8.1) -7.0 (-18.9, 4.9) -5.0 (-15.5, 5.5) Ref 

Adjusted* 32.7 (22.3, 43.2) 4.4 (-8.7, 17.5) 2.6 (-7.4, 12.6) 2.3 (-6.3, 10.8) Ref 

Effect modification analyses 

Median diagnostic interval by symptom status, regression parameter estimates with 95% CI * 

Symptomatic 19.8 (13.1, 26.4) -5.2 (-11.0, 0.6) 4.4 (-1.9, 10.7) -1.8 (-6.7, 3.1) Ref 

Asymptomatic 16.1 (9.9, 22.4) 13.3 (5.8, 20.8) 3.0 (-3.1, 9.1) 1.7 (-4.5, 8.0) Ref 

Diagnostic interval 90
th

 percentile by stage, regression parameter estimates with 95% CI * 

Stage I 16.5 (-1.9, 35.0) 3.6 (-26.5, 33.7) 13.7 (-5.7, 33.1) 5.7 (-11.4, 22.9) Ref 

Stage II 31.4 (11.2, 51.7) -23.2 (-47.0, 0.5) -3.6 (-26.2, 19.1) 2.4 (-16.5, 21.4) Ref 

Stage III 44.5 (29.4, 59.6) 9.5 (-17.5, 36.6) -11.7 (-31.1, 7.7) 1.6 (-14.8, 18.1) Ref 

Stage IV 21.1 (-10.6, 52.9) 2.7 (-39.4, 44.9) -10.4 (-36.3, 15.6) 0.7 (-21.5, 22.9) Ref 

Unknown stage 40.0 (14.8, 65.2) 22.3 (-0.8, 45.4) 25.1 (-5.1, 55.2) -11.4 (-34.3, 11.4) Ref 

CI=confidence interval 

*Adjusted for age, sex, tumour sub-site, number of major Aggregated Diagnosis Groups (ADGs), number 

of minor ADGs, symptom status, stage. See Appendix R for covariate parameter estimates. 

4.3.5.1.5 Distance to closest colonoscopist 

The unadjusted models suggested a trend of shorter diagnostic intervals, at both the median and 

90
th
 percentile, as distance to the closest colonoscopist increased, with modest, statistically significant 

differences of 8 days shorter at the median and 21 days shorter at the 90
th
 percentile (Table 4.14). 

However, after controlling for confounding in the fully adjusted models, these associations were largely 

non-significant.  

The interactions between distance to the closest colonoscopist and stage at diagnosis on the 

diagnostic interval were not statistically significant (p=0.4 for median, p=0.6 for 90
th
 percentile). The 

interactions between distance to the closest colonoscopist and symptom status on the median and 90
th
 

percentile diagnostic interval were statistically significant (p<0.0001, p=0.04, respectively). The direction 

of the association between distance to the closest colonoscopist and the diagnostic interval differed by 

patients’ symptom status. Within symptomatic patients, there was a trend of shorter diagnostic intervals, 

at both the median and 90
th
 percentile, with longer distances to the closest colonoscopist; we observed 
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differences of up to 25 days shorter at the median comparing patients in the most extreme distance 

category with those in the shortest distance category, and up to 19 days shorter at the 90
th
 percentile 

comparing patients in the second highest distance category with those in the shortest distance category. 

Within asymptomatic patients, there was a trend of longer diagnostic intervals, at both the median and 

90
th
 percentile, with longer distances to the closest colonoscopist; we observed differences of up to 29 

days longer at the median comparing patients in the most extreme distance category with those in the 

shortest distance category, and up to 54 days longer at the 90
th
 percentile comparing patients in the most 

extreme distance category with those in the shortest distance categories.  
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Table 4.14 Unadjusted and adjusted median and 90
th

 percentile regression results, distance to closest colonoscopist 

 Distance to closest colonoscopist 

Category 1 

(<5 km) 

Category 2 

(≥5 km to <10 km) 

Category 3 

(≥10 km to <30 km) 

Category 4 

(≥30 km to <50 km) 

Category 5 

(≥50 km to <200 km) 

Category 6 

(≥200 km) 

Median regression parameter estimates with 95% CI  

Unadjusted Ref 0.0 (-6.2, 6.2) -7.0 (-11.9, -2.2) -6.0 (-10.8, -1.2) -8.0 (-15.5, -0.5) -8.0 (-29.4, 13.4) 

Adjusted* Ref 2.3 (-2.5, 7.2) -2.4 (-7.2, 2.4) -0.8 (-5.5, 3.8) -4.1 (-11.8, 3.6) -10.1 (-38.1, 17.8) 

90
th

 percentile regression parameter estimates with 95% CI  

Unadjusted Ref -3.0 (-14.8, 8.8) -15.5 (-27.7, -3.4) -8.0 (-18.7, 2.7) -21.0 (-37.0, -4.9) 11.0 (-31.3, 53.3) 

Adjusted* Ref 3.5 (-6.5, 13.5) -3.4 (-14.8, 7.9) -4.2 (-16.2, 7.8) -9.5 (-24.9, 5.9) 20.5 (-14.0, 55.1) 

Effect modification analyses 

Median diagnostic interval by symptom status, regression parameter estimates with 95% CI*  

Symptomatic Ref 1.7 (-4.6, 8.0) -7.0 (-13.3, -0.7) -4.4 (-10.0, 1.2) -11.4 (-22.0, -0.9) -25.2 (-49.2, -1.2) 

Asymptomatic Ref 4.3 (-2.5, 11.1) 6.4 (0.9, 11.8) 14.2 (5.6, 22.9) 10.3 (-1.6, 22.1) 29.1 (3.8, 54.3) 

Diagnostic interval 90
th

 percentile by symptom status, regression parameter estimates with 95% CI*  

Symptomatic Ref 0.90 (-10.0, 11.8) -5.6 (-18.9, 7.7) -10.1 (-22.7, 2.5) -19.1 (-37.1, -1.1) 17.7 (-24.3, 59.7) 

Asymptomatic Ref 14.1 (-12.3, 40.5) 6.4 (-24.7, 37.4) 47.4 (-1.2, 96.0) 35.2 (-33.3, 103.9) 53.7 (-204.3, 311.7) 

CI=confidence interval 

*Adjusted for age, sex, tumour sub-site, number of major Aggregated Diagnosis Groups (ADGs), number of minor ADGs, symptom status, stage. 

See Appendix R for covariate parameter estimates. 
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4.3.5.1.6 Colonoscopy utilization rates 

Although it was not a part of the original conceptual framework, we analyzed the relationship 

between network-level colonoscopy utilization rates, which was the measure of realized access to 

colonoscopy from Phase One, and the CRC diagnostic interval length. The standardized colonoscopy 

utilization rates were grouped into five categories using the same approach used to categorize the 

network-level measures of colonoscopy resource availability and quality (Section 3.8.1). A description of 

the CRC diagnostic interval distribution by category of colonoscopy utilization rate is shown in Figure 

4.24. The diagnostic interval median and 90
th
 percentile was longest among patients belonging to 

networks with the lowest colonoscopy utilization rates (98 and 348 days, respectively) and shortest 

among patients belonging to networks with the third lowest colonoscopy utilization rates (76 and 304 

days, respectively). 

 

n 3,220 4,708 5,917 7,306 2,810 

Median 98 85 76 87 79 

90
th

  348 319 304 328 314 

Figure 4.24 Description of the diagnostic interval by colonoscopy utilization rate, p<0.0001 for 

median and 90th percentile. The table provides the sample size in each category (n), and the median 

and 90
th

 percentile of the diagnostic interval. The horizontal line within box plots represents the 

median,  represents the mean, the bottom and top edges of boxes represents the IQR, and the 

whiskers represent the range. 

0

100

200

300

400

500

600

8.3 to <37.0 ≥37.0 to <42.0 ≥42.0 to <47.0 ≥47.0 to <52.0 ≥52.0 to 68.7 

D
ia

g
n

o
st

ic
 i

n
te

rv
a

l,
 i

n
 d

a
y

s 

Colonoscopy utilization rate, per 1,000 



 

 

152 

In the multivariable quantile regression analyses, there was some evidence of a trend of 

increasing diagnostic intervals, at both the median and 90
th
 percentile, with decreasing colonoscopy 

utilization rates (Table 4.15). The adjusted diagnostic interval was 25 days longer at the median and 39 

days longer at the 90
th
 percentile in patients belonging to networks with the lowest colonoscopy 

utilization rates compared to those belonging to networks with the highest colonoscopy utilization rates. 

The exception to the general trend of increasing intervals with decreasing colonoscopy utilization rates 

was in colonoscopy utilization rate category three. The diagnostic interval median and 90
th
 percentile in 

patients belonging to these networks was not significantly different than that in patients belonging to 

networks with the highest colonoscopy utilization rates. 

Interactions between colonoscopy utilization rates and stage at diagnosis on the diagnostic 

interval were statistically significant at the median (p<0.0001) but not the 90
th
 percentile (p=0.89) and the 

results are presented in Table 4.15. The association between colonoscopy utilization rates and the 

diagnostic interval was greater among early and unknown stage patients compared to patients with later 

stage disease. In patients with stage I CRC, the adjusted differences in the median diagnostic interval 

were up to 36 days longer. As stage advanced, the maximum differences in the median diagnostic interval 

across categories of colonoscopy utilization rates diminished. In stage IV patients, the adjusted 

differences in the median diagnostic interval were only up to 11 days longer and not statistically 

significantly different across categories of colonoscopy utilization rates.  

Interactions between colonoscopy utilization rates and symptom status on the diagnostic interval 

were statistically significant at the median (p=0.0004) but not the 90
th
 percentile (p=0.39) (Table 4.15). 

The main difference in the relationship between colonoscopy utilization rates and the diagnostic interval 

median by symptom status were observed in patients belonging to networks with the lowest colonoscopy 

utilization rates. In symptomatic patients, the median interval was 28 days longer compared to patients 

belonging to networks with the highest colonoscopy utilization rates, while in asymptomatic patients, this 

difference was only 16 days. 
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Table 4.15 Unadjusted and adjusted median and 90th percentile regression analysis results, 

colonoscopy utilization rates 

 Colonoscopy utilization rate, per 1,000 

Category 1 (8.3 

to 37.0) 

Category 2 

(≥37.0 to <42.0) 

Category 3 

(≥42.0 to <47.0) 

Category 4 

(≥47.0 to <52.0) 

Category 5 

(≥52.0 to 

68.7) 

Median regression parameter estimates with 95% CI 

Unadjusted 19.0 (11.4, 26.6) 6.0 (0.7, 11.3) -3.0 (-8.7, 2.7) 8.0 (1.9, 14.1) Ref 

Adjusted* 24.6 (18.4, 30.8) 8.4 (3.0, 13.7) -2.9 (-7.9, 2.2) 6.6 (1.7, 11.5) Ref 

90
th

 percentile regression parameter estimates with 95% CI 

Unadjusted 33.7 (20.9, 46.5) 4.7 (-9.2, 18.6) -10.3 (-23.5, 3.0) 13.7 (2.1, 25.3) Ref 

Adjusted* 39.2 (26.4, 52.0) 5.4 (-6.0, 16.8) -11.1 (-22.7, 0.5) 7.0 (-4.3, 18.2) Ref 

Effect modification analyses 

Diagnostic interval median by stage, regression parameter estimates with 95% CI * 

Stage I 36.3 (23.3, 49.2) 15.1 (1.0, 29.1) -4.6 (-16.6, 7.2) 2.9 (-8.4, 14.3) Ref 

Stage II 20.9 (7.5, 34.3) 8.8 (-2.8, 20.4) -5.5 (-16.0, 5.1) 8.1 (-1.9, 18.1) Ref 

Stage III 16.4 (4.9, 27.9) 7.2 (-1.7, 16.1) -2.0 (-11.8, 7.8) 7.1 (-1.9, 16.1) Ref 

Stage IV 10.6 (-1.9, 23.0) 9.3 (-3.4, 21.9) 2.8 (-7.8, 13.5) 2.0 (-7.7, 11.8) Ref 

Unknown stage 66.8 (38.6, 95.0) 0.1 (-16.6, 16.8) -6.5 (-23.4, 10.5) 20.5 (0.8, 40.1) Ref 

Diagnostic interval median by symptom status, regression parameter estimates with 95% CI * 

Symptomatic 28.2 (20.9, 35.6) 8.1 (1.7, 14.4) -3.9 (-9.8, 2.0) 10.0 (4.3, 15.6) Ref 

Asymptomatic 15.6 (7.1, 24.2) 7.5 (-0.3, 15.3) -2.5 (-9.9, 4.9) -1.5 (-8.6, 5.6) Ref 

CI=confidence interval 

*Adjusted for age, sex, tumour sub-site, number of major Aggregated Diagnosis Groups (ADGs), number 

of minor ADGs, symptom status, stage. See Appendix R for covariate parameter estimates. 

4.3.6 Exploring associations between colonoscopy resource availability and quality and 

characteristics of care in the diagnostic interval (Objective 2(c)). 

4.3.6.1 Description of characteristics of care in the diagnostic interval 

Descriptive statistics of the occurrence of characteristics of care within the diagnostic interval are 

provided in Table 4.16. The most common index encounter type was for upper or lower GI signs and 

symptoms, which accounted for almost half of all index encounters. Of the 4,211 asymptomatic patients, 

52.7% received a gFOBT as their index encounter, while another 42.9% received a colonoscopy as their 

index encounter. Over two-thirds (70.9%) of the cohort received at least one colonoscopy; among the 

16,983 patients who received at least one colonoscopy, 10.2% received more than one colonoscopy. 

Among symptomatic patients, the most common first procedure was imaging, occurring in 50.9%, 

colonoscopy was the first procedure for 28.7%, and no procedures were identified within the diagnostic 

interval for 4.5%. Among the entire study cohort, 17.6% had only one or two visits within the diagnostic 

interval, 45.5% had three to six, and the remaining 36.9% had six or more. Among symptomatic patients 
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who received a colonoscopy, 21.4% received their colonoscopy after one or fewer physician visits, while 

19.4% of patients received their colonoscopy only after six or more physician visits. Colonoscopy was the 

last CRC-related visit for three-quarters of patients who received a colonoscopy, while 6.8% of patients 

who received a colonoscopy had at least six physician visits following their first colonoscopy before their 

diagnosis date. 

Table 4.16 Descriptive statistics of the characteristics of care within the diagnostic interval 

Characteristic of care Denominator %  

Index encounter type 

Signs and symptoms – upper GI 

Signs and symptoms – lower GI 

Colonoscopy 

gFOBT 

Signs and symptoms – anemia 

Abdominal ultrasound 

Abdominal x-ray 

Abdominal/pelvic CT 

Colorectal cancer 

Other lower GI endoscopy 

Other CT 

Upper GI endoscopy 

Other cancer 

Benign neoplasm/carcinoma in situ 

Surgical resection 

Polypectomy 

Abdominal/pelvic MRI 

23,961  

25.5 

23.4 

11.5 

10.1 

8.8 

5.9 

4.8 

2.5 

2.1 

2.1 

1.9 

0.4 

0.3 

0.2 

0.2 

0.1 

0.1 

Received at least one colonoscopy 23,961 70.9 

Received more than one colonoscopy, among patients 

who received at least one colonoscopy 

16,983 10.2 

First procedure type, among symptomatic patients 19,750  

Imaging 50.9 

Colonoscopy 28.7 

gFOBT 8.7 

Other lower GI endoscopy or polypectomy 4.6 

No procedures within diagnostic interval 4.5 

Upper GI endoscopy 2.3 

Surgical resection 0.2 

Number of visits in the diagnostic interval 23,961 Median 4 

IQR 3 to 7 

Range 1 to 83 

Number of visits before first colonoscopy, among 

symptomatic patients who received ≥1 colonoscopy 

13,108 Median 3 

IQR 2 to 5 

Range 0 to 56 
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Characteristic of care Denominator %  

Number of visits after first colonoscopy, among 

patients who received ≥1 colonoscopy 

16,983 Median 0 

IQR 0 to 0 

Range 0 to 62 

GI=gastrointestinal, gFOBT=guaiac fecal occult blood test, CT=computed tomography, MRI=magnetic 

resonance imaging, IQR=interquartile range 

4.3.6.2 Exploration of the association between the availability and quality of colonoscopy resources and 

characteristics of care within the diagnostic interval 

4.3.6.2.1 Colonoscopist density 

We hypothesized that colonoscopist density was associated with six characteristics of care within 

the diagnostic interval: receipt of colonoscopy, first procedure was colonoscopy among symptomatic 

patients, first procedure was gFOBT among symptomatic patients, first procedure was imaging among 

symptomatic patients, number of visits before first colonoscopy among symptomatic patients who 

received ≥1 colonoscopy, and total visits within the diagnostic interval. The results, shown in Table 4.17, 

indicate that there was a significant trend in the proportion of symptomatic patients receiving gFOBT as 

their first procedure across colonoscopist density categories; as colonoscopist density decreased the 

proportion of symptomatic patients who received a gFOBT as their first procedure increased, although 

only from 7.2% to 9.4% (p=0.02). There was no trend across colonoscopist density categories observed in 

the proportion of patients who received a colonoscopy in the diagnostic interval (p=0.5), nor in the 

proportion of symptomatic patients who received either a colonoscopy (p=0.1) or an imaging test (p=0.8) 

as their first procedure. While our analyses found statistically significant differences in the distribution of 

the number of visits in the diagnostic interval (p<0.0001) and number of visits before the first 

colonoscopy in symptomatic patients (p=0.002), the relationships do not support a trend of increasing 

number of visits with decreasing physician density. The medians and IQRs were very similar across 

categories of colonoscopist density with the significant results likely the result of variations in the 

extremes. 
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Table 4.17 Association between colonoscopist density and characteristics of care within diagnostic interval 

Colonoscopist 

density 

Received 

colonoscopy % 

n=23,961 

First procedure in symptomatic patients % Number of visits in 

diagnostic interval % 

n=23,961 

Number of visits before first 

colonoscopy in symptomatic 

patients with ≥1 colonoscopy 

n=13,108 

Colonoscopy 

n=19,750 

gFOBT 

n=19,750 

Imaging 

n=19,750 

Category 1  

(0.0 to <8.0) 

71.8 28.5 9.4 50.9 Median 5, IQR 3 to 7, 

Range 1 to 66 

Median 3, IQR 2 to 5, 

Range 0 to 46 

Category 2  

(≥8.0 to <9.4) 

69.9 28.1 8.5 51.0 Median 5, IQR 3 to 7, 

Range 1 to 83 

Median 3, IQR 2 to 5, 

Range 0 to 28 

Category 3  

(≥9.4 to <10.4) 

70.4 28.8 9.1 51.5 Median 4, IQR 3 to 7, 

Range 1 to 83 

Median 3, IQR 2 to 5, 

Range 0 to 34 

Category 4  

(≥10.4 to <12.6) 

72.7 30.7 8.6 49.4 Median 4, IQR 3 to 7, 

Range 1 to 54 

Median 3, IQR 2 to 5, 

Range 0 to 46 

Category 5  

(≥12.6 to ≤24.8) 

69.5 29.9 7.2 51.5 Median 4, IQR 3 to 6, 

Range 1 to 57 

Median 3, IQR 2 to 5, 

Range 0 to 56 

p-value 0.5† 0.1† 0.02† 0.8† <0.0001§ 0.002§ 

gFOBT=guaiac fecal occult blood test, IQR=interquartile range 

†P value from one-sided Cochran-Armitage test for trend 

§P value from Kruskal-Wallis one-way analysis of variance
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4.3.6.2.2 Access to gastroenterologists 

We hypothesized that access to gastroenterologists was associated with six characteristics of care 

within the diagnostic interval: receipt of colonoscopy, first procedure was colonoscopy among 

symptomatic patients, first procedure was gFOBT among symptomatic patients, first procedure was 

imaging among symptomatic patients, number of visits before the first colonoscopy among symptomatic 

patients who received ≥1 colonoscopy, and total visits within the diagnostic interval. The results, shown 

in Table 4.18, indicate that there were statistically significant trends in the proportions of symptomatic 

patients who received a colonoscopy (p=0.001) or gFOBT (p=0.03) as their first procedure across access 

to gastroenterologist categories. However, these relationships were not in the hypothesized directions, 

with patients belonging to networks with lower access to gastroenterologists being more likely to receive 

a colonoscopy and less likely to receive a gFOBT as their first procedure. There were no trends across 

access to gastroenterologist categories in the proportion of patients who received a colonoscopy (p=0.25) 

or the proportion of symptomatic patients who received an imaging test (p=0.5) as their first procedure. 

While our analyses found statistically significant differences in the distribution of the number of visits in 

the diagnostic interval (p<0.0001) and number of visits before the first colonoscopy in symptomatic 

patients (p<0.0001) across gastroenterology access categories, the relationships do not support a trend of 

increasing or decreasing number of visits with decreasing access. The medians and IQRs were very 

similar across access to gastroenterologists categories with the significant results likely the result of 

variations in the extremes. 
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Table 4.18 Association between access to gastroenterologists and characteristics of care within the diagnostic interval 

Access to 

gastroenterologists 

Received 

colonoscopy 

% 

n=23,946 

First procedure in symptomatic patients 

% 

Number of visits in 

diagnostic interval % 

n=23,961 

Number of visits before first 

colonoscopy in symptomatic 

patients with ≥1 colonoscopy 

n=13,108* 
Colonoscopy 

n=19,736 

gFOBT 

n=19,736 

Imaging 

n=19,736 

Category 1 (0%) 70.0 32.5 6.6 50.6 Median 4, IQR 3 to 6, 

Range 1 to 83 

Median 3, IQR 2 to 5, 

Range 0 to 38 

Category 2  

(>0.0% to <18.0%) 

71.1 29.3 7.8 51.2 Median 4, IQR 3 to 7, 

Range 1 to 57 

Median 3, IQR 2 to 5, 

Range 0 to 56 

Category 3  

(≥18.0% to <29.0%) 

71.0 29.1 9.0 50.7 Median 5, IQR 3 to 7, 

Range 1 to 83 

Median 3, IQR 2 to 5, 

Range 0 to 27 

Category 4  

(≥29.0% to <42.0%) 

72.8 29.0 9.3 50.9 Median 5, IQR 3 to 7, 

Range 1 to 64 

Median 3, IQR 2 to 5, 

Range 0 to 46 

Category 5  

(≥42.0% to ≤61.5%) 

69.2 27.7 8.8 50.9 Median 4, IQR 3 to 7, 

Range 1 to 66 

Median 3, IQR 2 to 5, 

Range 0 to 46 

p-value 0.25† 0.001† 0.03† 0.5† <0.0001§ <0.0001§ 

gFOBT=guaiac fecal occult blood test, IQR=interquartile range 

†P value from one-sided Cochran-Armitage test for trend 

§P value from Kruskal-Wallis one-way analysis of variance
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4.3.6.2.3 Colonoscopy completion rates 

We hypothesized that colonoscopy completion rates was associated with two characteristics of 

care within the diagnostic interval: receipt of more than one colonoscopy and the number of visits after 

the first colonoscopy among patients who received at least one colonoscopy. The results, shown in Table 

4.19, indicate that there was a significant trend in the proportion of patients who received repeat 

colonoscopies across colonoscopy completion rate categories (p=0.0002), although the maximum 

absolute difference in the proportions was just over 2%. This relationship was in the hypothesized 

direction; patients who belonged to networks with lower completion rates were more likely to receive a 

repeat colonoscopy than patients who belonged to networks with higher completion rates. There was little 

variation in the distribution of number of visits after the first colonoscopy; the exception was at the upper 

end of the range of this variable, where patients belonging to networks with lower completion rates 

having more visits after their first colonoscopy (p<0.0001). 

Table 4.19 Association between colonoscopy completion rates and characteristics of care within the 

diagnostic interval 

Colonoscopy 

completion rates 

Received >1 colonoscopy 

among patients who received 

≥1 colonoscopy % 

n=16,978 

Number of visits after first 

colonoscopy, among patients who 

received ≥1 colonoscopy % 

n=16,978 

Category 1  

(≥80.5% to <90.0%) 

11.4 Median 0, IQR 0 to 0, 

Range 0 to 62 

Category 2  

(≥90.0% to <91.7%) 

11.4 Median 0, IQR 0 to 1, 

Range 0 to 40 

Category 3  

(≥91.7% to <93.0%) 

9.6 Median 0, IQR 0 to 0, 

Range 0 to 52 

Category 4  

(≥93.0% to <95.0%) 

9.3 Median 0, IQR 0 to 0, 

Range 0 to 30 

Category 5  

(≥95.0% to ≤97.1%) 

9.6 Median 0, IQR 0 to 0, 

Range 0 to 25 

p-value 0.0002† <0.0001§ 

IQR=interquartile range 

†P value from one-sided Cochran-Armitage test for trend 

§P value from Kruskal-Wallis one-way analysis of variance 
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4.3.6.2.4 Private clinic access 

We hypothesized that private clinic access would be associated with six characteristics of care 

within the diagnostic interval: receipt of colonoscopy, first procedure was colonoscopy among 

symptomatic patients, first procedure was gFOBT among symptomatic patients, first procedure was 

imaging among symptomatic patients, number of visits before first colonoscopy among symptomatic 

patients who received ≥1 colonoscopy, and total visits within the diagnostic interval. The results, shown 

in Table 4.20, indicate that there was a significant trend in the proportion of patients who received a 

colonoscopy in their diagnostic interval (p=0.001) across private clinic access categories; as private clinic 

access decreased the proportion of patients who received a colonoscopy also decreased, but only from 

71.4% to 69.6%. There were no trends observed across colonoscopy private clinic access categories in the 

proportion of symptomatic patients who received a colonoscopy (p=0.9), gFOBT (p=0.9) or imaging 

(p=0.5) as their first procedure. While the analyses found significant differences in the distribution of the 

number of visits in the diagnostic interval (p<0.0001) and number of visits before the first colonoscopy in 

symptomatic patients (p=0.0003) across private clinic access categories, the relationships do not support a 

trend of increasing number of visits with decreasing private clinic access. The medians and IQRs were 

very similar across private clinic access categories with the significant results likely the result of 

variations in the extremes. 
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Table 4.20 Association between private clinic access and characteristics of care within the diagnostic interval 

Private clinic access Received 

colonoscopy 

% 

n=23,946 

First procedure in symptomatic patients 

% 

Number of visits in 

diagnostic interval % 

n=23,961 

Number of visits before first 

colonoscopy in symptomatic 

patients with ≥1 colonoscopy 

n=13,108* 
Colonoscopy 

n=19,736 

gFOBT 

n=19,736 

Imaging 

n=19,736 

Category 1  

(0.0% to <2.0%) 

69.6 28.4 8.2 51.5 Median 4, IQR 3 to 7, 

Range 1 to 57 

Median 3, IQR 2 to 5, 

Range 0 to 56 

Category 2  

(≥2.0% to <4.0%) 

68.8 30.2 8.2 50.8 Median 4, IQR 3 to 6, 

Range 1 to 83 

Median 3, IQR 2 to 5, 

Range 0 to 32 

Category 3  

(≥4.0% to <15.0%) 

70.0 28.2 10.3 50.5 Median 4, IQR 3 to 7, 

Range 1 to 83 

Median 3, IQR 2 to 5, 

Range 0 to 27 

Category 4  

(≥15.0% to <35.0%) 

72.8 28.5 9.2 50.9 Median 4, IQR 3 to 7, 

Range 1 to 66 

Median 3, IQR 2 to 5, 

Range 0 to 33 

Category 5  

(≥35.0% to ≤60.6%) 

71.4 28.8 8.2 50.7 Median 5, IQR 3 to 7, 

Range 1 to 65 

Median 3, IQR 2 to 5, 

Range 0 to 46 

p-value 0.001† 0.9† 0.9† 0.5† <0.0001§ 0.0003§ 

gFOBT=guaiac fecal occult blood test, IQR=interquartile range 

†P value from one-sided Cochran-Armitage test for trend 

§P value from Kruskal-Wallis one-way analysis of variance 
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4.3.6.2.5 Distance to the closest colonoscopist 

We hypothesized that distance to the closest colonoscopist was associated with six characteristics 

of care within the diagnostic interval: receipt of colonoscopy, first procedure was colonoscopy among 

symptomatic patients, first procedure was gFOBT among symptomatic patients, first procedure was 

imaging among symptomatic patients, number of visits before first colonoscopy among symptomatic 

patients who received ≥1 colonoscopy, and total visits within the diagnostic interval. The results, shown 

in Table 4.21, indicate that there was a significant trend across distance categories in the proportion of 

patients who received a colonoscopy (p=0.0004) and the proportion of symptomatic patients whose first 

procedure was a colonoscopy (p<0.0001) or imaging (p=0.01). However, while these trends were 

significant, the relationships did not fit our hypotheses that increased distance would be associated with a 

decreased proportion of patients who received a colonoscopy or increased proportion of symptomatic 

patients who received imaging as the first procedure. Receipt of colonoscopy had an inverted-u shape 

association with distance, with increased distance associated with an increased proportion of patients who 

received colonoscopy up until distance exceeded 50 km, after which the proportion of patients who 

received colonoscopy decreased, to a low of 66% in the most extreme distance category. For receipt of 

imaging as the first procedure, the relationship was u-shape, with a decreased proportion of patients who 

received imaging as the first procedure with increased distance, until distance exceeded 50 km, after 

which the proportion of patients who received imaging as the first procedure increased, to a high of 56% 

in the most extreme distance category. Finally, for receipt of colonoscopy as the first procedure, the 

observed proportions indicated a modest positive, linear trend; however, after distance exceeded 50 km, 

the likelihood of receiving a colonoscopy as the first procedure decreased to a low of 27.6% in the second 

highest distance category (p<0.0001). 

While the analyses found significant differences in the distribution of the number of visits in the 

diagnostic interval (p<0.0001) and number of visits before the first colonoscopy in symptomatic patients 

(p=0.0003) across distance categories, the relationships do not support a trend of increasing number of 
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visits with increasing distance. Rather, increased distance to the closest colonoscopist appeared to be 

associated with a lower number of visits. 
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Table 4.21 Association between distance to the closest colonoscopist and characteristics of care within the diagnostic interval 

Distance to the 

closest colonoscopist 

Received 

colonoscopy 

% 

n=23,946 

First procedure in symptomatic patients % Number of visits in 

diagnostic interval % 

n=23,961 

Number of visits before first 

colonoscopy in symptomatic 

patients with ≥1 

colonoscopy n=13,108* 

Colonoscopy 

n=19,736 

gFOBT 

n=19,736 

Imaging 

n=19,736 

Category 1  

(<5 km) 

69.7 27.7 8.6 51.7 Median 5, IQR 3 to 7, 

Range 1 to 64 

Median 3, IQR 2 to 5, 

Range 0 to 56 

Category 2  

(≥5 km to <10 km) 

72.6 28.6 9.9 49.5 Median 4, IQR 3 to 7, 

Range 1 to 50 

Median 3, IQR 2 to 5, 

Range 0 to 46 

Category 3  

(≥10 km to <30 km) 

72.5 29.6 8.7 50.7 Median 4, IQR 3 to 7, 

Range 1 to 66 

Median 3, IQR 2 to 5, 

Range 0 to 38 

Category 4  

(≥30 km to <50 km) 

73.8 33.6 8.6 48.0 Median 4, IQR 3 to 7, 

Range 1 to 83 

Median 3, IQR 2 to 5, 

Range 0 to 33 

Category 5  

(≥50 km to <200 km) 

70.0 27.6 

7.1* 

50.5 Median 4, IQR 3 to 7, 

Range 1 to 51 

Median 3, IQR 2 to 5, 

Range 0 to 20 

Category 6  

(≥200 km) 

66.2 31.2 56.0 Median 4, IQR 2 to 6, 

Range 1 to 43 

Median 3, IQR 1 to 4, 

Range 0 to 11 

p-value 0.0004† <0.0001† 0.6† 0.01† <0.0001§ <0.0001§ 

gFOBT=guaiac fecal occult blood test, IQR=interquartile range 

*Cells collapsed due to small cell sizes, as per ICES policies 

†P value from one-sided Cochran-Armitage test for trend 

§P value from Kruskal-Wallis one-way analysis of variance
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4.3.6.2.6 Objective 2(c) sensitivity analysis  

We conducted sensitivity analyses in which we redefined receipt of colonoscopy, receipt of 

colonoscopy as the first procedure, and number of visits before the first colonoscopy as receipt of any 

lower GI endoscopy, receipt of lower GI endoscopy as the first procedure, and number of visits before the 

first lower GI endoscopy, and analyzed these outcomes in relation to colonoscopist density, access to 

gastroenterologists, private clinic access and distance to the closest colonoscopist. While we observed a 

higher proportion of patients receiving any lower GI endoscopy than colonoscopy, the relationships 

between these measures of colonoscopy resource availability and quality and these outcomes were similar 

to those presented above (Appendix T). The one exception was the receipt of any lower GI endoscopy, 

which was not associated with private clinic access. 

We also conducted sensitivity analyses in which we redefined receipt of ≥1 colonoscopy and 

number of visits after the first colonoscopy as receipt of ≥1 lower GI endoscopy and number of visits 

before the first lower GI endoscopy, and analyzed these outcomes in relation to colonoscopy completion 

rates. Again, while we observed a higher proportion of patients who received ≥1 lower GI endoscopy, the 

relationships between colonoscopy completion rates and these outcomes were similar to those presented 

above (Appendix T).  
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Chapter 5 

Discussion 

5.1 Overview 

This thesis described the availability and quality of colonoscopy resources in Ontario between 

2007 and 2013 and evaluated the association between colonoscopy resource availability and quality and 

the CRC diagnostic interval. In Phase One, we used a population-based, cross-sectional design to describe 

the availability and quality of colonoscopy resources in Ontario in 2007 to 2013, examine regional 

variations in these resources, explore relationships between rurality and colonoscopy resource availability 

and quality, and evaluate associations between colonoscopy resource availability and quality and 

colonoscopy utilization. In Phase Two, we used a population-based retrospective cohort design to 

describe the CRC diagnostic and first procedure intervals, evaluate associations between the availability 

and quality of colonoscopy resources and the diagnostic interval, and explore relationships between 

colonoscopy resource availability and quality and characteristics of care in the diagnostic interval. This 

chapter summarizes, integrates and interprets the findings in relation to the existing literature, discusses 

the contributions and limitations of the work, and explores the clinical and policy implications and future 

directions of this research. 

5.2 Summary of key findings 

5.2.1 Phase One 

We evaluated six measures of colonoscopy resource availability and quality that were developed 

from the Aday and Andersen Framework for the Study of Access to Care (19). According to this 

framework, system-level access to care is reflected in the characteristics of health services that shape 
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patients’ entrance and passage through the health care system and the quantity and quality of care that 

they receive. These characteristics include the density and distribution of health services, as well as the 

organization and quality of available resources. Three of our colonoscopy resource measures 

(colonoscopist density, private clinic access and distance to the closest colonoscopist) reflect resource 

availability and the ease with which patients receive care, and three measures (colonoscopy completion 

rates, polypectomy rates and access to gastroenterologists) reflect the resource quality. 

There was variation in the availability and quality of colonoscopy across the 43 colonoscopy 

networks, suggesting the possibility of over- and/or under-resourced networks. For instance, in 2013, 

colonoscopist density varied from 0.0 to 21.8 FTEs per 100,000 network residents, access to 

gastroenterologists varied from 0% to 53.8%, colonoscopy completion rates varied from 89.1% to 97.5%, 

polypectomy rates varied from 6.7% to 50.9%, private clinic access varied from 1.2% to 55.9%, and 

median distance to the closest colonoscopist varied from 2.4 km to 141.6 km.  

Rurality appeared to be a poor substitute for measuring the availability and quality of 

colonoscopy resources, with few trends supporting the premise that urban individuals have better resource 

availability or quality than rural individuals. We observed both rural and urban networks with similarly 

high levels of resource availability and/or quality, as well as rural and urban networks with similarly poor 

levels of resource availability and/or quality. The exception to this was private clinic access and distance 

to the closest colonoscopist. Higher private clinic access was more frequently observed in the more urban 

networks than in the more rural networks. This is likely because private clinics, which provide a more 

limited scope of services than hospitals, may be more likely to operate in urban areas where there is a 

sufficient population demand to maintain clinic volume.  More urban networks also typically had a lower 

median distance and narrower IQRs of distance to the closest colonoscopist than more rural networks. 

This was expected considering that the RIO score is partly based on travel time to hospitals (200). There 
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was still variation in distance across networks with similar rurality, and overall, the absolute differences 

in distance between networks were often small.   

Our results demonstrated relationships between colonoscopy resources and colonoscopy 

utilization in agreement with our conceptual framework (19). Colonoscopist density (Pearson’s r=0.41 to 

0.54), colonoscopy completion rates (Pearson’s r=0.31 to 0.42), and private clinic access (Pearson’s 

r=0.32 to 0.47) were significantly positively correlated with colonoscopy utilization, indicating that 

networks with higher colonoscopy resource availability and/or quality had higher colonoscopy utilization 

rates than networks with lower resource availability and/or quality. Distance to the closest colonoscopist 

was significantly negatively correlated with colonoscopy utilization (Pearson’s r=-0.57), indicating that 

networks with longer median distances to the closest colonoscopist had lower colonoscopy utilization 

rates than networks with shorter median distances. These correlations represent moderate to strong 

relationships and indicate that the availability or quality of colonoscopy resources explained between 10% 

and 32% of the variation in colonoscopy utilization (210). Access to gastroenterologists was negatively 

correlated with colonoscopy utilization (Pearson’s r=-0.09 to -0.26), indicating a small, non-significant 

association between increased access to gastroenterologists and decreased colonoscopy utilization. 

5.2.2 Phase Two 

The median and 90
th
 percentile of the CRC diagnostic interval was 84 and 323 days, respectively, 

with an IQR of 32 to 196 days. The median and 90
th
 percentile of the first procedure interval in 

symptomatic patients was 24 and 251 days, respectively, with an IQR of three to 13 days. Longer 

diagnostic intervals were observed in the youngest and oldest patients, females, patients with greater 

comorbidities, symptomatic patients, patients with early stage or unknown stage CRC, and patients with 

proximal disease or sub-site NOS. Longer first procedure intervals were observed in younger patients, 

females, patients with greater comorbidities, patients with early stage disease, and patients with rectal 
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cancer. Differences in the diagnostic and first procedure intervals across these patient and disease 

characteristics were statistically significant, with differences of up to 4.5 months at the median and 7.5 

months at the 90
th
 percentile of the diagnostic interval, and differences of up to 2 months at the median 

and 6.5 months at the 90
th
 percentile of the first procedure interval. 

Our results demonstrated relationships between the availability and quality of colonoscopy 

resources and the CRC diagnostic interval in agreement with our theoretical framework (19). Patients 

belonging to networks with lower colonoscopist density, access to gastroenterologists, colonoscopy 

completion rates and/or private clinic access had significantly longer diagnostic intervals compared to 

patients residing in networks with lower resource availability and/or quality, with adjusted differences in 

the median exceeding one month and adjusted differences in the 90
th
 percentile of up to 2.5 months. The 

relationships between colonoscopy resources and the diagnostic interval were relatively linear for 

colonoscopist density and colonoscopy completion rates, with lower resource availability or quality 

categories having increasingly longer intervals than higher resource availability or quality categories. For 

private clinic access, only patients in the lowest access category had compromised intervals that were 19 

and 33 days longer at the median and 90
th
 percentile, respectively, compared to patients in the highest 

access category; there were no significant differences in the diagnostic interval when private clinic access 

exceeded 2%. For access to gastroenterologists, only patients in the second lowest category had 

compromised intervals that were 8 and 24 days longer at the median and 90
th
 percentile, respectively, 

compared to patients in the highest category. While we expected to see the most compromised intervals in 

patients with the lowest access to gastroenterologists, our results did not support this hypothesis. Our non-

significant results might be a function of the small sample size in the lowest access to gastroenterologist 

category (6.1% of the final cohort) or indicate that networks with no gastroenterologists are somehow 

different from those with at least one gastroenterologist in ways that we have not captured or controlled 
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for in this study. Contrary to our hypothesis, longer distances to the closest colonoscopist were associated 

with a shorter diagnostic interval, although these differences were not statistically significant after 

confounder adjustment.  

Our results also demonstrated a relationship between network-level colonoscopy utilization rates 

and the length of the diagnostic interval. The diagnostic interval median and 90
th
 percentile was longer in 

patients belonging to networks with lower colonoscopy utilization rates, with maximum adjusted 

differences of 25 days at the median and 39 days at the 90
th
 percentile. Both colonoscopy utilization rates 

and the diagnostic interval are measures of realized access to care. Our study hypothesis was that these 

measures of realized access to care would be associated with potential access to care. Our Phase One and 

Phase Two study results supported this hypothesis. It is possible that the relationship we observed 

between colonoscopy utilization rates and the diagnostic interval is because they are both outcomes of 

potential access to care, rather than any sort of causal relationship between colonoscopy utilization rates 

and the diagnostic interval. 

We hypothesized that symptom status was an effect modifier of associations between 

colonoscopy resource availability and quality and the diagnostic interval. The effects of reduced resource 

availability and/or quality in asymptomatic patients, who likely had screen-detected CRC, may be offset 

by the more organized care provided through the screening program. Conversely, symptomatic patients 

may be more at risk of disorganized care; referrals and procedures may be delayed and diagnostic 

processes may deviate from guideline recommendations, particularly if colonoscopy resources are not 

available or of poor quality. Our effect modification results supported this hypothesis. Symptom status 

was an effect modifier of associations between the diagnostic interval and colonoscopist density, 

colonoscopy completion rates, private clinic access, distance to the closest colonoscopist, with the effect 

of reduced resource availability and/or quality on the CRC diagnostic interval being generally greater in 
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symptomatic patients and often non-significant in asymptomatic patients. The exception to this was 

distance to the closest colonoscopist; for symptomatic patients, longer distance was associated with 

shorter diagnostic intervals, while for asymptomatic patients, longer distance was associated with longer 

diagnostic intervals. Symptom status was also a significant effect modifier of the relationship between 

colonoscopy utilization rates and the median diagnostic interval, with a stronger relationship between 

colonoscopy utilization rates and the diagnostic interval in symptomatic patients compared to 

asymptomatic patients.  

Stage at diagnosis was a significant effect modifier of the relationship between colonoscopy 

utilization rates and the median diagnostic interval. The effect modification was in accordance with our 

hypotheses, with stronger relationships between colonoscopy utilization rates and the diagnostic interval 

in patients with earlier stage disease compared to later stage disease.  

Although the interactions between stage at diagnosis and private clinic access on the diagnostic 

interval and the interaction between colonoscopist density and access to gastroenterologists on the 

diagnostic interval were statistically significant, there was no clear trend in the effect of these resource 

measures with advancing stage or decreasing colonoscopist density. 

We explored relationships between colonoscopy resource availability and quality and 

characteristics of care in the diagnostic interval, with the hypothesis that patients with reduced resource 

availability and/or quality might be more likely to receive care that is inefficient or outside of guideline 

recommendations. The goal of these analyses was to generate preliminary evidence to guide future 

research on mechanisms through which colonoscopy resources might act on the diagnostic interval. Our 

results demonstrated significant differences in the care that patients received according to their 

colonoscopy resource availability and/or quality. Patients belonging to networks with lower colonoscopist 

density had slightly more visits in the diagnostic interval; symptomatic patients in lower density networks 
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were more likely to receive a gFOBT as their first procedure. Patients belonging to networks with lower 

private clinic access were less likely to receive a colonoscopy, and patients belonging to networks with 

lower colonoscopy completion rates were more likely to require repeat colonoscopies and have more 

visits after their first colonoscopy. There was a threshold in relationships between distance to the closest 

colonoscopist and characteristics of care in the diagnostic interval; beyond 50 km, increased distance was 

associated with a decreased likelihood of receiving colonoscopy and an increased likelihood of 

symptomatic patients receiving imaging as the first procedure. Increasing distance up to 50 km was 

associated with an increased likelihood of symptomatic patients receiving colonoscopy as the first 

procedure, with the likelihood then declining when distance exceeded 50 km. However, contrary to our 

hypothesis, symptomatic patients with lower access to gastroenterologists were more likely to receive 

colonoscopy as their first procedure and less likely to receive gFOBT as their first procedure. A potential 

explanation for this relationship is that gastroenterologists may have less outpatient endoscopy time, 

spend more time in non-procedural clinical work or academic work, or have a higher threshold for 

recommending colonoscopy as a diagnostic test. Networks with higher access to gastroenterologists may 

therefore have less overall physician time dedicated to providing colonoscopies compared to networks 

with lower access to gastroenterologists and GI specialists in these networks may be less inclined to offer 

colonoscopy thereby contributing to the lower likelihood of colonoscopy and higher likelihood of gFOBT 

as the first procedure. 

5.3 Comparison to the literature 

5.3.1 Phase One 

5.3.1.1 Availability and quality of colonoscopy resources 

Phase One provided an in-depth description of the availability and quality of colonoscopy 

resources in Ontario between 2007 and 2013 using six measures of access that were developed from an 
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established conceptual framework (19). To date, no published research has described, in this level of 

detail, regional variations in the availability and quality of colonoscopy resources in Canada or other 

developed countries. The existing literature has largely focused on describing single measures of 

colonoscopy resources, predominantly physician density.  

The work that the Phase One results can be most closely contrasted to is an ICES Atlas that 

described the use of large bowel procedures, including colonoscopy, in Ontario counties in 2001 with the 

goal of informing decisions around the implementation of a population-based CRC screening program 

(33). At that time, Ontario had a colonoscopist density of 4.0 physicians per 100,000 residents age 20+. 

At the county-level, colonoscopist density varied from a low of 1.3 physicians per 100,000 in Leeds and 

Grenville, to a high of almost 10 physicians per 100,000 in Muskoka. In 2007 through 2013, we observed 

higher province-wide rates ranging from 8.7 to 9.4 FTEs per 100,000 residents age 18+ and across the 43 

colonoscopy networks, rates ranged from 0.0 to 30.9 FTEs per 100,000.  

Taken together, these results indicate that colonoscopist density in Ontario has increased over 

time. This may be a result of efforts to improve colonoscopy capacity that came with the introduction of 

the ColonCancerCheck screening program (72). However, it is possible that increased colonoscopist 

density has not resulted in substantial improvements in patients’ access to colonoscopy; increased demand 

for colonoscopy that was expected with the introduction of the ColonCancerCheck screening program 

may have offset any benefits of increased colonoscopist density (168, 169). Furthermore, there are 

methodological differences between these studies that may at least partially explain this apparent increase 

in colonoscopist density. Firstly, the ICES Atlas restricted physician counts to high volume physicians, 

excluding those who performed fewer than 200 colonoscopies in 2001 (33). This would contribute to their 

lower physician density rates. Secondly, the ICES Atlas used physician head counts to calculate physician 

density, thereby ignoring variations in physicians’ practice volume. Our higher colonoscopist density 
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rates may be attributed to our use of FTEs to compute colonoscopist density, given that 75% of the 

physicians in our study had FTEs >1.0. Finally, the ICES Atlas used a denominator of adults age 20+ in 

their physician density denominator, while we used adults age 18+. However, this difference would likely 

make our physician density rates smaller and therefore reduce the differences between our colonoscopist 

density rates and those reported in the ICES Atlas. Despite these methodological differences, and while 

the colonoscopy networks do not map exactly onto county boundaries, it is interesting to note that in both 

studies, Muskoka county and the Muskoka colonoscopy network consistently had some of the highest 

colonoscopist density rates, while Leeds and Grenville county and the Brockville colonoscopy network, 

which cover similar geographic areas, had low colonoscopist density rates.  

Regional variations in colonoscopist density have also been reported in studies from other 

jurisdictions. Gastroenterology and general surgery densities in 3,220 US counties in 2009 were found to 

vary from zero to over five gastroenterologists per 100,000 residents and zero to over 10.8 general 

surgeons per 100,000 residents (211). Similarly, the median gastroenterologist density measured in 67 

Pennsylvania counties in 2004 to 2006 was 3.3 per 100,000, with an IQR of zero to four per 100,000; the 

median general surgeon density was 11 per 100,000, with an IQR of seven to 32.0 per 100,000 (163). The 

mean gastroenterology density across 465 health service areas in the United States in 2000 was 4.3 

gastroenterologists per 100,000 residents, and the IQR ranged from 3.9 to 4.7 per 100,000 (212). We 

cannot draw direct comparisons between our results and these studies’ findings because we combined 

physician specialties in our density measure. Furthermore, each of these previous studies used the entire 

county or health service area population as the rate denominator; physician density would likely have 

been even higher had they restricted their denominators to adult residents, as we did.  

Our colonoscopy completion rates were higher than reported in previous studies, suggesting an 

increase in completion rates over time (34, 35). This may be a result of increased attention on and 
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monitoring of colonoscopy quality. For instance, in 2007, CCO published Colonoscopy Standards that 

identified colonoscopy completion rates as a target for quality improvement (174). Similar guidelines 

emphasizing the importance of colonoscopy completion as a quality evaluation and improvement target 

have been released by the UK’s Bowel Cancer Screening Programme (171) the US Multi-Society Task 

Force on Colorectal Cancer, and the American Society for Gastrointestinal Endoscopy (213, 214). 

However, an alternative explanation for our increased colonoscopy completion rates may be related to the 

increasing use of colonoscopy for screening purposes that was projected to result from the introduction of 

population-based CRC screening (168, 215). Previous research has shown that completion rates are 

higher for screening colonoscopies compared to symptomatic colonoscopies (35); completion rates may 

have increased simply because a greater proportion of colonoscopies are being performed for screening.  

There was significant variation in colonoscopy completion rates and polypectomy rates across the 

43 colonoscopy networks, with completion rates in 2007 to 2013 varying from 80.5% to 97.5%, and 

polypectomy rates from 6.7% to 50.9%. This regional variation is supported by previous literature that 

has reported substantial physician-level variation in colonoscopy completion and polypectomy rates (34, 

36-38, 173, 175-177, 216). Both of these colonoscopy quality measures are related to physician 

experience and training (217-219). For instance, a study of 11 gastroenterology trainees (220) found that 

90% completion rates were only achieved when trainees had performed a minimum of 330 colonoscopies. 

Colonoscopy completion rates also tend to be lower in colonoscopies performed in private clinics. A 

study (35) of colonoscopies performed in Ontario between 1999 and 2003 reported completion rates of 

76.4% in private clinics, compared to 87.4% and 89.2% in academic and community hospitals, 

respectively; this difference was significant after controlling for physician specialty and volume and 

patient characteristics. The variations we observed in colonoscopy completion and polypectomy rates 
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may therefore be related to variations in physician training and private clinic access across the 

colonoscopy networks.  

A population-based study of colonoscopies in Ontario found that between 1993 and 2005, the 

proportion of colonoscopies performed in private clinics increased from 10% to 15% (182). Our results 

indicated that between 21% and 29% of colonoscopies were performed in private clinics between 2007 

and 2013, with the yearly increases being statistically significant. Taken together, these results suggest 

private clinic access has increased over time (35, 182). However, from our results we cannot conclude 

whether any differences in private clinic access were a result of a change in absolute colonoscopy 

capacity or if resources were simply being reallocated from hospitals to private clinics. 

Our province-wide median distance of 3.7 km to the closest colonoscopist is similar to the median 

distance that Ontarians travelled to reach a hospital in 1986, which was reported by Ng, Wilkins and 

Perras (197) at 2.7 km; in Canada, the median distance was 2.8 km. However, in that study, over 99% of 

Ontarians had to travel less than 100 km to reach a hospital, while in our study, only 94% of Ontarians 

had to travel less than 100 km to reach a colonoscopist, most of whom are located in hospitals. This 

difference might be because the closest hospital did not always have an active colonoscopist or it could 

reflect changes in health care system resources, such as hospital closures and amalgamations, between 

1986 and the current study. Variation in the distance that individuals must travel to reach health services 

is somewhat inevitable; it is not possible to have health services located within close proximity of all 

individuals when population distribution and density varies across the geographic region. This is 

particularly true in a province like Ontario, which has a large population, but a small proportion of which 

resides in very rural and remote areas where it is not feasible to have a high density of health services. 

Equal access to care does not necessarily imply equal resources; rather, the health system must adapt to 
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ensure that variations in resource availability and quality do not impact patients’ health care utilization 

and outcomes.  

5.3.1.2 Colonoscopy utilization 

Colonoscopy utilization rates observed in Ontario in 2007 to 2013 varied from 39.7 to 47.3 

procedures per 1,000 residents age 18+. In 2001, the provincial colonoscopy utilization rate was 38.6 

colonoscopies per 1,000 residents age 50 to 74; these rates were standardized to the 1991 Canadian 

Population and measured in different populations, thereby limiting any comparisons of absolute values 

(33). Nevertheless, both studies found substantial relative variation in area-level colonoscopy utilization 

rates. In 2001, the highest county-level colonoscopy utilization rate was 3.1 times greater than the lowest 

county-level colonoscopy utilization rate. Between 2007 and 2013, we found that the highest colonoscopy 

network-level colonoscopy utilization rate was between 1.9 and 8.3 times greater than the lowest 

colonoscopy network-level colonoscopy utilization rate. We observed associations between this variation 

and our colonoscopy resource measures, but these regional variations in colonoscopy utilization might 

also reflect underlying regional variations in the incidence or prevalence of CRC and/or non-cancer GI 

conditions, which are also diagnosed and managed with colonoscopy. 

The relationships we observed between colonoscopy resources and colonoscopy utilization are 

supported by previous literature. While the correlation we observed between colonoscopist density and 

colonoscopy utilization (r=-0.14 to 0.54) was lower than that observed in Ontario in 2001 (r=0.82) (33), 

this difference is likely due to the substantial methodological differences in the measurements of 

physician density and colonoscopy utilization between the two studies and both studies support a trend of 

increased colonoscopy utilization with increased physician density. Previous studies have also reported 

that colonoscopist density and travel time are associated with CRC screening uptake, which included 

receipt of colonoscopy (221, 222). Screen-eligible individuals between the ages of 50 and 75 who resided 
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in areas with lower colonoscopist density in the United States had lower odds of screening uptake 

(ORs=0.37 to 0.82), although this relationship was not significant after confounder adjustment (222). 

Similarly, screen-eligible individuals who lived farther from colonoscopists had lower odds of CRC 

screening uptake; one study reported a significant adjusted OR of 0.97 (95% CI 0.95 to 0.98) for each one 

mile increase in distance (221), and another reporting an adjusted OR of 0.64 (95% CI 0.43 to 0.97) 

comparing individuals who travel ≥20 minutes versus <10 minutes to a colonoscopist (222). 

5.3.2 Phase Two 

5.3.2.1 Colorectal cancer diagnostic interval 

Comparisons with previous studies suggest that our diagnostic interval was longer than reported 

in previous studies. However, it is difficult to make comparisons between studies because not all capture 

the entire interval, as defined in the Aarhus statement (Figure 2.2) (3). All six studies that most closely 

aligned with the Aarhus definition (including attempts to capture the first CRC-related encounter) 

reported median intervals that were shorter than our results (44 to 81 days) (9-14). Another four of five 

studies that used a somewhat similar definition reported median intervals that were shorter than our 

results (44 to 74 days), although only within symptomatic CRC patients (116, 117, 122, 123, 223). When 

reported, the 25
th
, 75

th
, and 90

th
 percentiles of the intervals also tended to be shorter (9-11, 14, 116, 117, 

122, 123, 223). Although our results from a more contemporary cohort suggest that the CRC diagnostic 

interval has increased over time, methodological differences in diagnostic interval definitions may explain 

the interval differences across studies. While the studies described above used diagnostic interval 

definitions that closely mapped onto the Aarhus statement diagnostic interval definition, many did not 

capture the symptom-related visits captured in our study, with the index contact date instead being 

defined as the earliest CRC-related procedure or the most proximal visit with the referring physician 

before the earliest CRC-related procedure (9-11, 14, 117). Their index contact definition would likely 
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result in an interval that was shorter because it excluded at least a portion of the primary care portion of 

the diagnostic interval and potentially part of the secondary care interval. 

Our diagnostic interval measurement approach is likely more inclusive of the entire episode of 

care than that of previous studies because of the methods we used to identify CRC-related encounters 

(113). In previous studies, CRC-related encounters were defined at the study outset, likely based on 

clinical judgment, whereas we used patients’ health care utilization patterns as well, resulting in a more 

comprehensive list of CRC encounters. For example, Singh et al. (10) did not include upper GI 

endoscopy, surgical resection, or imaging aside from abdominal x-ray, CT or ultrasound as CRC 

procedures. These procedures had strong signal strengths (84% to 99%) in our study, making us confident 

that they were CRC-related when they occurred within the control chart cut-points. Furthermore, many of 

the previous studies used an arbitrary one-year lookback period to identify CRC-related encounters (10-

14). We identified two CRC-related encounter categories with control chart-based lookback periods 

greater than one year (lower GI symptoms at 66 weeks, and abdominal x-ray at 55 weeks), which may 

also explain the longer diagnostic interval observed in our study compared to previous research.  

5.3.2.2 Patient and disease characteristics as determinants of the colorectal cancer diagnostic interval  

Longer diagnostic and first procedure intervals were observed in female patients, the oldest and 

youngest patients, and patients with greater comorbid disease. While previous research has also found 

similar effects of patient age, sex, and comorbidity on the CRC diagnostic interval (13, 117, 120, 124), 

overall there is still much inconsistency across studies of these patient characteristics, with other studies 

reporting no effects (12, 13, 120, 121, 124, 125, 144, 145). These differences may be at least partially 

attributed to design and methodological differences across studies, and in particular, variations in 

definitions of exposure and outcome variables. As highlighted in Appendix B, there was little consistency 

across studies in the definition of the interval under study, and some studies analyzed the interval as a 
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continuous outcome while others dichotomized it. Studies that examined the impact of age on the CRC 

diagnostic interval categorized age into two to four levels, potentially masking differences within 

categories. Prior studies also varied in the methods used to measure comorbidity. Two studies used the 

Charlson Comorbidity Index, which was designed to predict short-term mortality and may not be 

sensitive to the effects of less severe chronic disease on health care access (12, 145, 224). Similarly, 

several studies used dichotomous comorbidity measures that may mask differences within categories (12, 

13, 121, 124). Our non-significant results for the effect of material deprivation on the diagnostic and first 

procedure intervals may be due to our use of an area-level measure of SES as previous research that 

measured patient-level SES reported a significant effect of reduced income on the diagnostic interval 

(144). Alternatively, it might also be that Ontario’s universal health care system reduces the effect on the 

diagnostic interval in our cohort. Finally, non-significant associations between patient and disease 

characteristics and the diagnostic interval may be a result of random error; of the previous studies that 

examined predictors of the diagnostic interval, the largest had a sample size of 3,183 patients (Appendix 

B).  

The inverse relationship between CRC stage and the diagnostic interval that we observed is well-

documented both in CRC and in other cancer sites, and is related to the waiting time paradox, a 

phenomenon in which patients with shorter time to diagnosis tend to have poorer cancer survival due to 

the triaging of patients with more severe/alarming symptoms into care ahead of those with less severe 

symptoms (4, 123, 126, 127). As mentioned in Chapter 2, CRC symptoms vary across stage groups; more 

severe alarm symptoms, including bowel obstruction and perforation, which would likely trigger more 

rapid diagnostic evaluations, are more likely to occur in patients with more advanced stage CRC (109). 

Therefore, just as the waiting time paradox results in an inverse association between the diagnostic 

interval and survival, we expected it to also result in an inverse association between the interval and stage. 
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While we observed a longer diagnostic interval in symptomatic patients compared to 

asymptomatic patients, an ICES study of CRC patients diagnosed in Ontario between 2007 and 2012 by 

Hamilton (9) found the opposite, with symptomatic patients having shorter diagnostic intervals than 

asymptomatic patients. These conflicting findings in such similar cohorts are likely due to differences in 

how we measured the diagnostic interval. Specifically, the study by Hamilton (9) used the most proximal 

visit with the referring physician before the first CRC-related procedure to define the index contact. While 

this may have been a fairly accurate estimate of the index contact date for asymptomatic patients, 

symptomatic patients may have had symptom-related visits prior to the referring physician visit that 

would have been excluded from their interval estimate. Thus, the interval reported by Hamilton is likely 

more representative of the Aarhus statement’s secondary care interval rather than the diagnostic interval. 

We expected the secondary care interval to be shorter in symptomatic patients, as symptomatic patients 

are generally triaged ahead of screening patients for receipt of lower GI endoscopy. The longer diagnostic 

interval that we observed in symptomatic patients compared to asymptomatic patients may specifically 

reflect delays in the primary care interval.  

5.3.2.3 Colonoscopy resource availability and quality and the CRC diagnostic interval 

Our findings of associations between colonoscopy resource availability and quality and the CRC 

diagnostic interval can be put into the context of the broader literature that has reported detrimental 

effects of reduced resource availability and/or quality in relation to other CRC outcomes. Several studies 

have highlighted the importance of gastroenterology and primary care density in CRC outcomes. A study 

of gastroenterologist density in Ontario in 2001 found that higher density was associated with a 57% 

increase in the odds of an early stage CRC diagnosis (95% CI 1.09-2.27) and a 63% increase in the odds 

of five-year survival (95% CI 1.03-2.57) (164). Interestingly, these relationships were not statistically 

significant when analyzed in CRC patients in California, with the authors concluding that health system 
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resources may be more important determinants of health outcomes in Canada, whereas personal economic 

resources may be more important determinants of health outcomes in the United States (164). However, 

several other American studies have reported significant effects of colonoscopy resource availability on 

CRC outcomes. A correlation analysis of county-level primary care access in Florida, measured by the 

proportion of physicians in a primary care specialty, found that counties with higher primary care access 

had lower CRC incidence (Pearson r=-0.36 to -0.48) and CRC mortality rates (Pearson r=-0.11 to -0.32). 

This translated into a reduction in CRC incidence of 0.25 CRC cases per 100,000 and in CRC mortality of 

0.08 cases per 100,000 with every 1% increase in primary care access (225). Increased primary care 

density and gastroenterologist density, measured in Pennsylvania counties, were associated with up to 

20% reductions in the incidence of late stage CRC (163). Similarly, increased gastroenterologist and 

general surgeon density in US counties in 2009 were associated with decreased CRC mortality. The 

adjusted differences in mortality rates between counties with the highest and lowest density were as high 

as 1.5 deaths per 100,000 residents, which translates into a 9.5% decrease in the 2009 US CRC mortality 

rate (165, 226). Decreased spatial access to oncologists in Texas, measured using GIS mapping, was 

associated with a 9% increase in the risk of CRC mortality, although only in non-urban areas (227).  

Distance to care has also been previously reported to be associated with adverse CRC outcomes. 

Studies of travel distance to the closest radiotherapy (RT) facility in rectal cancer patients in Australia 

(228) and travel distance to the closest specialized health centre in CRC patients in France (229) have 

both demonstrated that longer travel distance is associated with poorer survival. The former study found 

that 5-year cause-specific survival decreased from 64.5% in patients residing <50 km from an RT facility 

to 57.4% in patients residing >400 km from an RT facility; the adjusted risk of CRC-specific mortality 

increased by 6% for every 100 km increase in travel distance. The latter study reported an 11% decrease 

in 5-year survival in female patients residing >15 km from a specialized health care centre, although this 
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difference was only 1% in male patients and was not significant after confounder adjustment (228, 229). 

Driving time to a PCP was associated with a delay in CRC treatment, with a 6-day increase in the time 

from diagnosis to treatment with every one-hour increase in driving time; however, the same study found 

that driving time to a PCP was not associated with CRC stage or receipt of treatment (230). The distance 

effect on CRC survival may be due to differences in the types or quality of treatment received; two 

studies in France reported that patients living farther from specialized oncology hospitals or university 

hospitals were less likely to receive treatment in these advanced care centres, with ORs of less than 0.5 

for patients residing at least 20 km from advanced care centres compared to those residing less than 20 

km from the advanced care centres (231, 232).  

While our study was the first to evaluate the relationship between colonoscopy resource 

availability and quality and the CRC diagnostic interval, our results, together with these previous studies, 

point to the importance of health system characteristics on CRC outcomes. There may be a cascade effect 

whereby patients with reduced resource availability and/or quality have poorer CRC outcomes across the 

continuum of CRC incidence, the diagnostic interval, treatment and survival, with colonoscopy resources 

acting on each of these outcomes.  

5.4 Scientific contributions of the thesis 

This thesis has contributed to our understanding of colonoscopy resource availability and quality 

and the role that these resources have in health care utilization and outcomes. In Phase One, we provided 

a comprehensive description of colonoscopy resource availability and quality across and within Ontario. 

While previous work by ICES researchers had documented variations in colonoscopist density across 

Ontario counties (33), this thesis provides a more in-depth description of six measures of colonoscopy 

resource availability and quality that were determined using catchment areas that reflected actual 

colonoscopy utilization patterns.  



 

 

 

184 

In Phase Two, we addressed an important gap in our understanding of determinants of the CRC 

diagnostic interval, namely the role of health system characteristics on the CRC diagnostic interval. 

Literature to date has largely focused on the impact of patient characteristics, such as age and sex, despite 

conceptual frameworks that recognize the role of both patient and health system characteristics as 

determinants of the diagnostic interval (3, 19, 233). By examining colonoscopy resource availability and 

quality and its relationship with the CRC diagnostic interval, our study is a first step in efforts to improve 

our understanding of the role of health system characteristics in the diagnostic interval. Furthermore, the 

findings of our research may provide insights about where to intervene to improve the CRC diagnostic 

interval. Unlike patient characteristics, which are not always modifiable, health system resources can be 

improved through changes in health policy, the use of practice guidelines, increased or re-distributed 

health system funding and resource allocation.  

Finally, the analyses that we conducted to describe the characteristics of care within the 

diagnostic interval and their relationships with colonoscopy resource availability and quality represents a 

depth of investigation into the diagnostic interval that has not been seen in the literature to date. While 

these analyses were exploratory and further investigation is needed to understand these relationships, such 

work is highly applicable to efforts to improve healthcare delivery and may be more likely to lead to 

actionable findings.  

5.5 Methodological contributions of the thesis 

Our methods to define colonoscopy networks to describe colonoscopy resources in Phase One 

and explore the relationship between colonoscopy resources and the CRC diagnostic interval in Phase 

Two represent a substantial methodological contribution of this thesis. Use of catchment areas in studies 

of health system resources is often necessary given the contextual nature of these resources. The choice of 

catchment areas can greatly affect the results, making it essential to choose the catchment areas that best 
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reflect the resource under study. In defining the colonoscopy networks, we considered four established 

geographic area classifications and demonstrated limitations within each, including issues with 

classifications with few, geographically large areas (such as LHINs), which may conceal smaller 

catchment areas, and classifications with many, geographically small areas (such as subLHINs), which 

often have poor patient loyalty. The colonoscopy networks, derived from observed patient flow, had 

neither of those issues; their small size reduces the likelihood that smaller catchment areas are contained 

within any given colonoscopy network and the large number of networks allowed for analyses of 

variations across small geographic areas. While these networks do not have geographically defined 

boundaries, they are identifiable through the geographic locations of the institutions and physicians within 

any given network. The networks were centralized around one or more large acute care facilities that 

tended to be located in larger centres. Furthermore, constraining analyses of healthcare utilization to areas 

defined by geographic boundaries does not reflect the true nature of healthcare delivery and utilization, 

which is not restricted by such boundaries. The methods that we used to adapt Stukel et al.’s (43) 

physician networks, which were developed to reflect general health care utilization, to this study of 

colonoscopy resources, could be applied to studies of other health system characteristics.  

This study used a complex methodology to measure the CRC diagnostic interval and by doing so, 

captured the entire episode of care (113). Our results indicate that the CRC diagnostic interval may be 

longer than previously estimated, a difference that is likely at least partially attributed to our measurement 

approach. The control chart methods can be applied to diagnostic interval studies in other cancer sites, as 

well as more generally to studies of episodes of care in other diseases.  

Finally, our analyses of effect modification in associations between colonoscopy resource 

availability and quality and the diagnostic interval provide a more nuanced understanding of these 

relationships. While previous studies have generally only considered symptom status as an independent 
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predictor or confounder, our results indicate that symptom status is a modifier of relationships between 

colonoscopy resource availability and quality and the diagnostic interval, with symptomatic patients 

generally having more compromised intervals than asymptomatic patients. Symptom status may be an 

effect modifier of relationships between other patient or disease characteristics and the CRC diagnostic 

interval, which may explain the inconsistency observed across studies of predictors of the CRC diagnostic 

interval; variation in results may be at least partly due to differences in the distribution of patient 

symptom status across cohorts. Moreover, these results highlight the need to consider the pathways 

through which patient and system characteristics can act on the diagnostic interval, and to design and 

analyze studies accordingly.  

5.6 Methodological considerations  

5.6.1 Selection bias  

In Phase One, we excluded between 8% and 10% of eligible individuals from each year’s cohort 

because they could not be assigned to a colonoscopy network. These individuals were excluded from 

Stukel et al.’s (43) network development cohort either because they were very low health care users or 

because they were not residents of Ontario during the time period of that study. Given these reasons for 

exclusions, we do not expect that these individuals would have disproportionately belonged to specific 

networks, but rather that their network membership, had it been assigned, would have reflected the 

distribution of our final cohort across the 43 colonoscopy networks. We therefore do not think that this 

exclusion contributed to selection bias within our results. However, this exclusion may have resulted in 

slight over-estimates in our measures of colonoscopist density and colonoscopy utilization. 

In Phase Two, we excluded 457 patients for whom we were unable to assign an index contact. 

This exclusion may have contributed to selection bias within our study. These patients likely had fewer 

pre-diagnosis encounters than the final cohort, meaning their diagnostic interval may have been shorter 
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and had less activity. There were also significant differences in the distributions of colonoscopy resource 

availability and quality between these excluded patients and the final cohort. Given that this was a small 

group of patients (1.9% of cohort) and the differences in the exposure distributions were small, the 

exposure distribution in the final cohort would not have substantially changed had they been included. 

Therefore, we think any effect of this potential selection bias on our results would be minimal.  

In Phase Two, we also excluded 289 patients who could not be assigned to a colonoscopy 

network. While these patients had shorter diagnostic intervals than patients in the final cohort, inclusion 

of these patients in the final cohort would not have substantially changed the diagnostic interval 

distribution. We also do not think these patients’ colonoscopy resources would have been systematically 

different from the final cohort. Two-thirds of these patients were diagnosed in 2012 and so the most likely 

reason why they could not be assigned to a colonoscopy network was because they were not included in 

the original physician network development cohort (43). Based on this, we would expect their geographic 

distribution to be similar to that of patients who were assigned to networks and so do not think that this 

exclusion led to a selection bias within our results. 

5.6.2 Measurement, misclassification and information bias in the exposures and outcomes 

Phase One and Two evaluated colonoscopy resource availability and quality as the exposure of 

interest, with resources measured using colonoscopy networks that were defined as part of this thesis. 

There are several methodological limitations that result from our use of these colonoscopy networks. 

Perhaps most important is the impact of the modifiable areal unit problem in the measurement of our 

exposure variables (142). We know that colonoscopy resource availability and quality would have varied 

depending on the catchment definition that we used; some patients would have higher resource 

availability and/or quality and others would have lower resource availability and/or quality. The extent to 
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which our catchment definition may have resulted in misclassification cannot be evaluated because there 

is no perfect catchment definition.  

The development of the physician networks did not allow for the network structure and 

membership to change over time. Rather, residents, physicians and institutions were linked to a single 

network based on FY 2008 to FY 2010 data only. However, Stukel et al. (43) replicated the methods to 

FY 2005 to FY 2007 and obtained similar networks, indicating that they were relatively stable over time.   

We amalgamated the 78 physician networks to form the 43 colonoscopy networks based on the 

observed flow of patients between physician networks when they were receiving colonoscopy. However, 

if the referral patterns for colonoscopy differed substantially from the referral patterns for non-maternal 

medical admissions, which were used to create the physician networks, it is possible that the colonoscopy 

networks are not as accurate as they could be. Ideally, we would have defined the colonoscopy networks 

by replicating Stukel et al.’s (43) methods. This would have involved linking Ontario residents to 

colonoscopists based on who performed their colonoscopies, linking colonoscopists (and their patients) to 

institutions based on where they performed the majority of their colonoscopies, and aggregating 

colonoscopists (and their patients) into colonoscopy networks based on shared patients and geographic 

proximity. Such work was outside the scope of this thesis. Furthermore, there would have been many 

residents who could not be linked to a colonoscopist simply because they never received a colonoscopy. 

We think that the colonoscopy networks are the best catchment area definition for this study and 

minimized any potential misclassification as the boundaries reflect observed patient flow for the specific 

resource under study.  

We assumed that patients and physicians had not moved from the network to which they were 

originally assigned by Stukel et al. (43) in measuring our exposure variables. While this is likely untrue 

for some patients and physicians, we expect the number to be small relative to the final cohorts. In Phase 
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One, movement of patients or physicians into different networks could have introduced non-differential 

misclassification of our exposure and outcome measures, as their colonoscopy data would have been used 

to measure exposures and outcomes in the wrong network. In Phase Two, movement of patients into 

different networks could have introduced non-differential misclassification of the exposures; while 

patients would have been assigned incorrect exposure data based on their erroneous network membership, 

it is unlikely that such misclassification would be related to the outcomes of interest. 

We measured colonoscopist density using adult (age 18 to 99) network residents as the 

denominator. We considered restricting the denominator to CRC screening-eligible individuals (age 50 to 

74) as this group might more accurately reflect the demand for colonoscopy. Networks with similar 

colonoscopist FTEs but different population age distributions may have different demand for colonoscopy 

that would not be captured if colonoscopist density was measured using all adults in the rate denominator. 

However, upon examination of colonoscopy utilization in the Phase One cohort we found that 33% of 

colonoscopies were being performed on individuals outside of the screen-eligible population and so the 

non-screen-eligible population formed a substantial portion of the demand for colonoscopy. We therefore 

chose to use the entire adult network populations as the rate denominator. 

We originally intended to measure distance to the closest colonoscopy institution. However, 32% 

of colonoscopy records in Phase One were missing the institution number and so we instead measured 

distance to the closest colonoscopist, using physicians’ practice postal code in the IPDB. This postal code 

may not be an accurate measure of colonoscopy locations if physicians change or have more than one 

practice location. Furthermore, distance was calculated between postal code centroids from the PCCF. 

These centroids are only approximations of individuals’ residences or physicians’ practice locations, 

particularly in more rural areas where postal codes can represent large geographic areas (197). Both of 

these issues may have resulted in non-differential misclassification of the distance measures. While 
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distance would have been underestimated for some patients and overestimated for others, such 

misclassification would be expected to be independent of patients’ outcomes.  

Our measure of distance to the closest colonoscopist is a measure of potential access and does not 

reflect the actual distance that colonoscopy patients travelled for their procedure. It is possible that 

patients did not receive their colonoscopy from their closest colonoscopist but rather travelled farther for 

the procedure. Therefore, our distance measure might be a conservative estimate of actual colonoscopy 

travel distance. 

There may be error in our measurements of colonoscopy completion and polypectomy rates due 

to our use of physician billing data. There is a financial incentive for physicians to bill for complete 

colonoscopies and/or polypectomies because these procedures increase their remuneration. Monitoring of 

physicians’ completion and polypectomy rates may also influence physicians’ billing, making them more 

likely to report a colonoscopy as being complete and/or that a polypectomy was performed in order to 

improve their quality assessment. This error would likely be non-differential, resulting in overestimates of 

colonoscopy completion and polypectomy rates across all of the colonoscopy networks. 

Potential access to private clinics for colonoscopy would ideally have been measured by 

identifying whether colonoscopy networks contained private colonoscopy clinics and the colonoscopy 

capacity of these private clinics. However, we were unable to identify the location of private colonoscopy 

clinics or identify which colonoscopy networks contained colonoscopy clinics in the ICES data holdings. 

We instead measured private clinic access as the proportion of colonoscopies received by network 

residents that were performed in private clinic, with the assumption that networks with higher private 

clinic access likely had higher private clinic colonoscopy capacity than networks with lower private clinic 

access. However, we recognize that other factors could be influencing our private clinic access measure 

aside from the presence or capacity of colonoscopy clinic(s) within a network. For instance, the 
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availability of private clinics in neighbouring networks may increase our measure of private clinic access. 

It is possible that our measure of private clinic access may over- or under-estimate the true private clinic 

colonoscopy capacity in a network. However, this misclassification would be expected to be independent 

of patients’ outcomes.  

There are several ways in which we may have introduced misclassification into our measure of 

the CRC diagnostic interval. First, it is possible that some encounters that we included as CRC-related 

were actually not performed for reasons related to the cancer, which could have erroneously lengthened 

the diagnostic interval and/or contributed to an overestimate in the amount of activity within the interval. 

We minimized this source of error by defining encounter-specific lookback periods using an 80% signal 

strength, and indeed, we achieved over 90% signal strength for 10 of the 19 encounter categories (Table 

3.8). Second, it is possible that we excluded relevant encounters if we did not identify them as CRC-

related or if we omitted relevant codes in the code translations. This could have erroneously shortened the 

diagnostic interval and/or contributed to an underestimate in the amount of activity within the diagnostic 

interval. Finally, we were unable to identify the referring physician on all diagnostic interval encounters 

because this information is not mandatory in OHIP and is not recorded in CIHI-DAD, SDS or NACRS. 

This may have contributed to an underestimate of the diagnostic interval length, although this would have 

affected at most 7.2% of patients whose index contact visit was missing referring physician information. 

Despite the methodological challenges the diagnostic interval measurement, we think it is 

unlikely that there was substantial error in this variable. While the diagnostic interval was longer than 

reported in previous studies, this can be explained by differences in methods and specifically, our capture 

of the primary care interval (3). Furthermore, any misclassification of the diagnostic interval is expected 

to be non-differential, and thereby would not contribute to information bias within our study.  
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5.6.3 Temporality 

In Phase One, while we demonstrated correlations between colonoscopy resource availability and 

quality and colonoscopy utilization, this study was cross-sectional with utilization being measured in the 

same year as resources, so we cannot conclude that colonoscopy resource availability and/or quality led to 

high colonoscopy utilization. Temporality is a particular concern for the completion rate variable as this 

variable is associated with physician experience and so it is possible that high colonoscopy utilization 

rates preceded high completion rates.  

In Phase Two, patients’ colonoscopy resource availability and quality was measured in the year 

of their index contact date. For many patients, this would be their year of diagnosis as well. The 

temporality of the relationships between colonoscopy resources and the diagnostic interval is dependent 

on the assumption that resource characteristics were stable within the year in which they were measured. 

If colonoscopy resource availability and/or quality varied within a given year, the temporality of the 

associations between colonoscopy resources and the diagnostic interval may not hold. Furthermore, if 

patients’ diagnostic intervals occurred over more than one calendar year, it is possible that colonoscopy 

resource availability and quality measured at the index contact date may not reflect resource availability 

and/or quality throughout their entire diagnostic interval. 

5.6.4 Confounding 

In Phase One, we standardized colonoscopy network colonoscopy utilization rates to remove the 

confounding effects of age and sex on rate variations. Our use of narrow age categories reduces the 

likelihood of residual confounding in the standardized rates. There may be residual and/or uncontrolled 

confounding in the associations between colonoscopy resource availability and quality and colonoscopy 

utilization. Education, marital status, physical activity, cancer history and comorbidities have all been 

shown to be associated with colonoscopy utilization and so may be confounding our results (234). 
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However, we think any confounding effect would be minimal as it is unlikely that these characteristics 

varied substantially across colonoscopy networks.  

Objectives 2(a) and 2(c), analyses were bivariate and so the results should be interpreted with 

caution as it is possible that the associations were at least partly due to confounding. In Objective 2(b), we 

controlled for age, sex, comorbidity, disease sub-site, stage at diagnosis, and symptom status using 

multivariable analyses. Residual confounding might be present due to our use of age categories that might 

lack sufficient detail to fully control for the confounding effect of age, although our use of narrow age 

categories would reduce this possibility. There might also be residual confounding resulting from 

symptom status misclassification. Specifically, our symptom status definition might have underestimated 

the proportion of patients who were symptomatic if patients’ index contact was a diagnostic test 

misinterpreted as a screening procedure because we missed prior symptom-related visits. However, 

considering that two previous Canadian studies conducted before the introduction of population-based 

CRC screening reported that between 90% and 93% of CRC patients were symptomatic (12, 97), we 

think our estimate of 82.4% of patients being symptomatic is fairly accurate.  

We did not adjust for rurality in our Phase Two analyses. We thought that any effect of rurality 

on the diagnostic interval would occur through its relationship with resource availability and quality. 

However, it is possible that rurality may also have an independent effect on the interval that we did not 

control for, thereby introducing uncontrolled confounding. 

There is also the possibility of uncontrolled confounding in Phase Two because some variables 

could not be measured using administrative data. While CRC symptom(s) are determinants of the 

diagnostic interval, we were unable to identify the specific symptoms that patients were experiencing as 

OHIP records allow only one diagnosis per billing (120, 121, 124). Information on the referral to 

specialist care, such as its urgency and communication between physicians, is also associated with the 
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CRC diagnostic interval (121, 146, 147); this information is not available within administrative data. 

Other patient characteristics, including family history of CRC and personal income and education, have 

demonstrated relationships with the diagnostic interval and could not be measured in the administrative 

data (125, 144). We expect that this uncontrolled confounding would have had minimal impact on our 

results as many of these characteristics are unlikely to have strong relationships with colonoscopy 

resource availability or quality. However, we think our inability to control for specialist referral 

information may result in uncontrolled negative confounding, with the parameter estimates biased 

towards the null. Greater effort may be put into the specialist referral when colonoscopy resources are 

limited, for example through increased communication between the referring physician and specialist or 

effort to highlight the referral urgency, thereby contributing to a shorter diagnostic interval. 

5.6.5 Statistical power 

This thesis was conducted in the largest province in Canada where the universal, single-payer 

health care system allowed us to study colonoscopy resource availability and quality and the CRC 

diagnostic interval in very large general population and CRC cohorts. Because of our large sample sizes 

in Phases One and Two, we were able to examine variations within groups that represent a small 

proportion of the population, such as very rural populations in Phase One or patients residing extreme 

distances from the closest colonoscopist in Phase Two.   

In Phase Two, we had a large sample size with sufficient study power to detect significant 

differences in the diagnostic interval across levels of colonoscopy resource availability and quality while 

controlling for confounding. The minimal detectable effect estimates from the thesis proposal indicate 

that we were well powered to detect differences of as small as one or two days in the diagnostic interval 

(Appendix J). However, we did not conduct any minimal detectable effect estimates for the interaction 

analyses and so it is possible that we lacked the study power required to detect significant interactions. 
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This may be particularly true for the non-significant interactions between stage and colonoscopy 

resources. With five levels of stage, the cells of the stage-colonoscopy resource strata may have been too 

small to detect significant interactions. In contrast, there were only two levels of symptom status and so 

the cells of the symptom status-colonoscopy resource strata would have been larger. This may explain 

why we detected more statistically significant interactions between symptom status and colonoscopy 

resources on the diagnostic interval. 

5.7 Generalizability 

Phase One was population-based, describing the availability and quality of colonoscopy resources 

for all adults in Ontario. Our study cohort is likely representative of the broader general population of 

colonoscopy users. While the absolute levels of colonoscopy resources that we observed in Phase One 

may not generalize to other health care systems, the existence of substantial within-region variations that 

we documented is generalizable to other regions. We would expect to see similar relative variation in the 

availability and quality of colonoscopy resources within other health care systems. Likewise, the 

relationships between colonoscopy resource availability and quality and colonoscopy utilization are also 

generalizable to other settings, at least in terms of the qualitative nature of these relationships; we would 

expect to see similar relationships between resources and utilization in other health care systems. 

Our Phase Two CRC cohort is likely representative of the broader population of CRC patients, 

with several exceptions. Symptom status and stage at diagnosis would likely be influenced by the 

availability and uptake of CRC screening. The distribution of these characteristics in our cohort would 

more closely reflect their distribution in CRC populations with similar screening resources. The absolute 

values of the diagnostic interval observed in our study might not generalize to all CRC patients because of 

variations in health system organization and resources and their influence on the CRC diagnostic interval, 

although we would still expect to see relative variation in the interval. The relationships observed between 
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colonoscopy resource availability and quality and the CRC diagnostic interval can likely be generalized to 

other settings, at least in terms of the qualitative nature of the relationships. While there may be other 

health policy or system-level determinants acting on these relationships that were not in play in Ontario, 

we would still expect to see similar trends of longer intervals with poorer colonoscopy resource 

availability and/or quality. 

5.8 Clinical and policy implications of the thesis 

Our Phase One results underscore the substantial variation that exists across Ontario in residents’ 

colonoscopy resource availability and/or quality. While we cannot draw conclusions about whether 

specific colonoscopy networks are over- or under-resourced, the extent of the variation raises concerns 

that Ontario residents have unequal access to this service. Our findings can help target resource allocation 

and quality improvement initiatives by identifying networks with poor colonoscopy resource availability 

and/or quality. From our results we cannot make conclusions about what such initiatives should look like 

or whether there is greater benefit from focusing on improvements in one measure of colonoscopy 

resource availability or quality compared to another. However, we can use those networks that we 

identified as having high colonoscopy resource availability and/or quality to inform such initiatives. 

These networks may have different structures and processes in place for ensuring good resource 

availability and/or quality, such as minimum standards for colonoscopist volume, colonoscopy training 

procedures, or quality improvement or monitoring activities.  

Our Phase Two results identify a potential target for efforts to improve the timeliness of the CRC 

diagnostic interval. The measures of colonoscopy resource availability and quality that we examined are 

all amenable to change, for example through improvements in resource investment and allocation or 

clinical guidelines and standards for physicians who perform colonoscopies. While we recognize that 

such changes are not easy, the differences we observed in the diagnostic interval between patients 
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belonging to networks with low versus high colonoscopy resource availability and/or quality indicate that 

improved resources can have a positive impact on the diagnostic interval. Furthermore, improving 

patients’ colonoscopy resources may have positive effects on other aspects of health care utilization, such 

as CRC screening uptake and outcomes in other GI conditions. 

This study also points to the need to improve CRC screening uptake in Ontario. Previous reports 

from the CCO ColonCancerCheck screening program have identified shortcomings in uptake of the 

program, including the proportion of screen-eligible individuals who have received a gFOBT in the 

previous two years or who are up-to-date with CRC screening tests, estimated at 30% and 53% in 

2010/2011 (72). A potential consequence of this poor screening uptake may be observed in our study, 

with over 82% of our CRC cohort being symptomatic at diagnosis and 43% diagnosed with late stage 

CRC. Our results should provide further reason for CCO to evaluate and improve efforts to promote CRC 

screening in Ontario.  

5.9 Future research directions 

We demonstrated that CRC patients often face a protracted diagnostic interval. However, efforts 

to improve the timeliness of the diagnostic interval are limited because we still do not completely 

understand why the diagnostic interval is prolonged and how the care that patients receive within the 

diagnostic interval contributes to that delay. Future research needs to address this gap by identifying and 

describing the pathways to diagnosis for CRC patients, considering how these pathways correspond to 

guideline-recommended pathways, and exploring how determinants of the diagnostic interval may also be 

determinants of the pathway to diagnosis. While in this study, we conducted some exploratory, 

hypothesis-generating analyses that described characteristics of care within the diagnostic interval as well 

as the relationship between colonoscopy resource availability and quality and these characteristics of care, 

a more in-depth research program is needed to thoroughly examine this question. Such research would 
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benefit from a mixed methods approach using data from a variety of sources, including medical records, 

patient and physician questionnaires and interviews, and administrative data.  

Research is also needed to evaluate the impact of a prolonged CRC diagnostic interval on both 

the patient and health care system. We have demonstrated substantial variation in the care that CRC 

patients receive within the diagnostic interval in terms of the numbers and types of visits and procedures. 

All of these encounters are associated with a cost to the health care system. While evidence of a 

detrimental impact of the diagnostic interval on patient outcomes may be inconclusive, it is likely that a 

prolonged diagnostic interval contributes to increased health care costs. Future research needs to evaluate 

this relationship. The findings would likely be of great interest to health policy makers and planners, and 

may prompt greater efforts to improve the timeliness of the diagnostic interval.  

Further research is needed to better understand the risks and benefits of private clinic 

colonoscopy. We demonstrated that private clinic access has increased over time and that there are 

significant regional variations in private clinic access. Given previous research that has indicated that 

colonoscopy quality may be inferior in private clinics (35, 42), research is needed to evaluate whether 

increased uptake of private clinics for colonoscopies is contributing to poorer outcomes in colonoscopy 

patients and whether there is any benefit of private clinics in terms of colonoscopy wait times.  

The MAUP has long been recognized as a limitation of studies such as this one that examine 

contextual characteristics of health system resources. These studies must identify the most accurate 

catchment area definition with the caveat there is no perfect catchment area definition. We think further 

study of the MAUP is warranted, and in particular, research examining the extent to which the MAUP 

may bias study results. We think that our colonoscopy networks represent the most appropriate catchment 

area definition for colonoscopy resources as these networks were based on virtual physician networks 

derived from natural physician practice patterns and patient flow. However, the analyses required to 
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define these networks were substantial, which is perhaps part of the appeal of using pre-existing 

catchment definitions. It would be of interest to study the amount of error that might have resulted in our 

measures of colonoscopy resource availability and quality if we had used sub-LHINs or counties as the 

catchment area boundaries rather than colonoscopy networks. Such information could help researchers 

select catchment areas and understand the potential bias in their results due to the MAUP.   

5.10 Conclusion 

This study is one of the first to examine characteristics of the health care system in relation to the 

CRC diagnostic interval. In Phase One, we demonstrated substantial variation in the availability and 

quality of colonoscopy resources within Ontario and identified significant relationships between these 

colonoscopy resource characteristics and colonoscopy utilization. In Phase Two, we described the 

diagnostic and first procedure intervals and demonstrated significant relationships between CRC patients’ 

colonoscopy resource availability and quality and the diagnostic interval. Our findings supported our 

hypothesis that poor colonoscopy resource availability and quality is associated with longer diagnostic 

intervals. This study is an important first step towards improving our understanding of system-related 

determinants of the CRC diagnostic interval.   
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Appendix A 

Additional Literature Review Tables 

Table A-1: Diagnostic utility of common symptoms of CRC 

Symptom Sensitivity Specificity Positive Likelihood 

Ratio 

PPV in primary care 

population 

Rectal bleeding 17% to 64% (1-3) 52% to 89% (1-3) 1.3 to 1.9 (1, 2) 2% to 8% (3-6) 

Constipation 12% to 27% (1, 3) 89% (1, 3) 1.1 to 1.7 (1, 3) 0.4% (5) 

Diarrhea 15% to 19% (1-3, 7) 77% to 93% (1-3, 7) 0.7 to 2.4 (1-3) 1% (5) 

Change in bowel habit 32% to 86% (1, 2, 7) 27% to 76% (1, 2, 7) 1.3 to 1.4 (1, 2) 1.5% to 3% (6) 

Abdominal pain 19% to 35% (1, 3, 7) 45% to 91% (1, 3, 7) 0.8 to 2.5 (1, 3) 1.5% to 3% (3, 5, 6) 

Unexplained weight loss 11% to 22% (1-3, 7) 89% to 96% (1-3, 7) 2.0 to 3.5 (1-3) 1% to 5% (4, 5) 

Iron deficiency anemia 17% to 68% (2, 3) 83% to 92% (2, 3) 1.4 (2) 1% to 11% (3, 4, 6) 

Abdominal mass 5% (2) 97% (2) 1.5 (2) 4% (6) 

PPV=Positive predictive value 
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Table A-2: Summary of methods and results from previous studies describing the CRC diagnostic interval or sub-intervals 

First author 

(citation 

number) 

Country Study population, sample size 

(data source) 

Year(s) of 

CRC 

diagnosis 

Interval under study Results 

Hamilton (8) Canada 

(Ontario) 

CRC, n=27,942 (administrative 

data) 

2007-2012 Visit before first 

procedure to diagnosis 

Median 64 days, IQR 22-150 days, 

90
th
 percentile 288 days 

Helewa (9)  Canada 

(Manitoba) 

CRC, n=1,628 (administrative 

data) 

2004-2006 First presentation to 

diagnosis 

Median 69 days, IQR 25-133 days 

McConnell 

(10)  

Canada  

(Nova Scotia) 

CRC, excluding emergency cases, 

n=392 (patient interviews, medical 

records) 

2002-2004 First presentation to 

diagnosis 

Median 51 days, 34.9% met 

benchmark of 4 weeks 

Porter (11)  Canada  

(Nova Scotia) 

CRC, excluding emergency cases, 

n=1807 (administrative data) 

2001-2005 First presentation to 

diagnosis 

Median 44 days, 37.1% met 

benchmark of 4 weeks 

Singh (12)  Canada 

(Manitoba) 

CRC, residing in urban Manitoba, 

n=2,310 (administrative data) 

2004-2009 Visit before first 

procedure to diagnosis 

Median 81 days, 75
th
 percentile 161 

days, 90
th
 percentile 270 days 

Singh (13)  Canada 

(Manitoba) 

CRC, n=3,442 (administrative 

data) 

2001-2005 Visit before first 

procedure to diagnosis 

Results reported for each year: 

Median 44-64 days, 75
th
 percentile 

92-141 days, 90
th
 percentile 184-264 

days  

Barrett (14) United 

Kingdom 

Symptomatic CRC, n=151 

(medical records) 

2002 1. First consultation to 

diagnosis 

2. First consultation to 

referral 

3. Referral to 

diagnosis 

1. Median 69 days, IQR 35-188 days 

2. Median 6 days, IQR 0-56 days 

3. Median 42 days, IQR 21-76 days 

Damery (15)  United 

Kingdom 

CRC with IDA, n=578 (medical 

records) 

2000-2006 Low hemoglobin test 

to CRC diagnosis 

Median 3 months, IQR 1.3-9.1 

months, 18% waited >12 months 

Emery (16)  Australia Rural CRC, n=20 (medical 

records, patient interviews) 

2009-2010 1. First presentation to 

referral 

2. Referral to first 

specialist visit 

1. Median 9 days, IQR 0-49 days 

2. Median 17 days, IQR 13-37 days 

3. Median 13 days, IQR 5-43 days 
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First author 

(citation 

number) 

Country Study population, sample size 

(data source) 

Year(s) of 

CRC 

diagnosis 

Interval under study Results 

3. Specialist visit to 

diagnosis 

Esteva (17)  Spain Symptomatic CRC, n=795 

(medical records, patient 

interviews) 

2006-2008 First contact with 

physician to diagnosis 

Median 66 days, IQR 25-159 days, 

20.9% waited >6 months 

Fisher (18)  USA CRC, n=447 (patient survey, 

medical records) 

2003-2005 First presentation to 

diagnosis 

Screen-detected: Median 91 days, 

IQR 34-268 days 

Bleeding-detected: Median 74 days, 

IQR 22-150 days 

Other symptoms: Median 73 days, 

IQR 22-210 days 

Korsgaard 

(19)  

Denmark CRC, n=743 (patient 

questionnaire, medical records) 

2001-2002 1. First contact to 

referral 

2. Referral to 

diagnosis 

1. Median 3-5 days, IQR 0-59 days 

2. Median 12-16 days, IQR 5-36 days 

Langenbach 

(20)  

Germany CRC, n=123 (patient 

questionnaire) 

2005-2008 1. First visit to referral 

2. First specialist visit 

to hospital admission 

1. Mean 30 days 

2. Mean 7 days 

Lynch (21) Australia CRC, n=1,966 (patient interview) 2003-2004 First presentation to 

diagnosis 

12% < 1 week, 42% ≥1 week and < 1 

month, 18% 1-2 months, 28% > 2 

months 

Singh (22)  USA CRC, n=367 (medical records) 2001-2007 Colonoscopy referral 

to colonoscopy 

Median 57 days, 48.5% waited > 60 

days 

Stapley (23)  United 

Kingdom 

Symptomatic CRC, n=319 

(medical records) 

1998-2002 First presentation to 

diagnosis 

Median 97 days, IQR 44-128 days 

Torring (24)  Denmark Symptomatic CRC, n=268 

(physician questionnaire, medical 

records, administrative data) 

2004-2006 First presentation to 

diagnosis 

Median 44 days, IQR 23-77 days 
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First author 

(citation 

number) 

Country Study population, sample size 

(data source) 

Year(s) of 

CRC 

diagnosis 

Interval under study Results 

Van Hout 

(25)  

Netherlands Symptomatic CRC, n=197 

(medical records) 

1997-2007 1. First presentation to 

referral 

2. Referral to 

diagnosis 

1. Median 14 days, range 0-452 days 

2. Median 27 days, range 0-258 days 

Wattacheril 

(26)  

USA CRC, n=289 (medical records) 2000-2005 Referral to diagnosis Median 41 days, range 1-2063 days 

IQR= CRC=colorectal cancer interquartile range  
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Table A-3: Description of methods and results from previous studies investigating predictors of the colorectal cancer diagnostic interval 

First author, 

country 

(citation 

number) 

Study 

population, 

year(s) of dx 

(sample size) 

Data sources Analysis Interval definition Results 

Damery, UK 

(15) 

Patients with IDA 

and subsequent 

diagnosis of CRC 

in 286 GP 

practices, 2000-

2006 (578) 

GP electronic 

medical record 

database from 

286 GP 

practices 

Log rank test Time from first low 

hemoglobin test to 

CRC diagnosis 

Shorter interval in patients referred to relevant 

specialty (surgery and gastroenterology vs. 

other specialty), p=0.02  

Fisher, USA 

(18) 

CRC, excluding 

emergent 

obstruction 

and/or perforation 

in Veterans 

Affairs health 

care system, 

2003-2005, (447) 

Patient survey 

and medical 

records from 15 

Veterans Affairs 

medical centres 

Multivariable 

Cox proportional 

hazards model, 

HRs reported as 

delay factor, 

equal to the 

inverse of the 

HR, to allow for 

interpretation 

Time from first 

presentation to 

diagnosis,  

Older age: Longer interval, delay factor=1.15 

(1.05-1.27) per 10-year age increase 

Comorbidities: Longer interval, delay 

factor=1.69 (1.27-2.26) for mild vs. none, delay 

factor=1.38 (1.00-1.91) for moderate vs. none, 

delay factor=1.38 (1.00-1.90) for severe vs. 

none 

Geographic region: Shorter interval, delay 

factor=0.61 (0.47 to 0.78) for West-Midwest vs. 

Atlantic, delay factor=0.67 (0.53-0.86) for 

South vs. Atlantic 

Income: no association, p>0.25 

Education: no association, p>0.25 

Race: No association, delay factor=0.91 (0.75-

1.12) Caucasian vs. non-Caucasian 

Symptom status: No association, delay 

factor=0.97 (0.76-1.24) bleeding vs. screen-

detected, delay factor=0.93 (0.74-1.17) for 

other vs. screen-detected 

Langenbach, 

Germany 

CRC, 2005-2008, 

(123) 

Patient 

questionnaire 

Analysis of 

variance 

Time from first 

visit to referral to 

Insurance type: No association with either 

interval (p=0.27 for time from first visit to 
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First author, 

country 

(citation 

number) 

Study 

population, 

year(s) of dx 

(sample size) 

Data sources Analysis Interval definition Results 

(20) specialist; time 

from first consult 

with specialist to 

hospital admission 

referral to specialist; p=0.46 for time from first 

consult to hospital admission) 

Lynch, 

Australia (21) 

CRC, 2003-2004, 

(1,966) 

Patient 

interview 

Multinomial 

logistic 

regression 

Time from first 

presentation to 

diagnosis, 

categorized as <1 

week, 1 week to 1 

month, 1-2 months, 

>2 months 

Female sex: Longer interval, ORs=0.63 to 0.68 

for intervals ≤2 months (ref >2 months), 

p<0.0001 for overall effect 

Change in bowel habit: Longer interval, 

ORs=0.62 to 0.76 for intervals ≤2 months (ref 

>2 months), p=0.0002 for overall effect 

Abdominal pain: Longer interval, ORs=0.86 to 

1.44 for intervals ≤2 months (ref >2 months), 

p=0.04 for overall effect 

No health insurance: Longer interval, 

ORs=0.50-0.69 for intervals ≤2 months (ref >2 

months), p<0.0001 for overall effect 

Socioeconomic deprivation: No association, 

ORs=0.48 to 1.21 for intervals ≤2 months (ref 

>2 months), p=0.19 for overall effect 

Age: No association, ORs=0.60 to 1.72 for 

intervals ≤2 months (ref >2 months), p=0.78 for 

overall effect 

Rectal bleeding: No association, ORs=0.80 to 

1.04 for intervals ≤2 months (ref>2 months), 

p=0.52 for overall effect 

McConnell, 

Canada (10) 

CRC in a single 

health district, 

excluding 

Patient 

interviews, 

medical records 

Multivariable 

logistic 

regression 

Time from first 

presentation to 

diagnosis, ≤4 

Screen-detected: Shorter interval, RR=8.1, 

p<0.0001 

Age: No association, p>0.05 
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First author, 

country 

(citation 

number) 

Study 

population, 

year(s) of dx 

(sample size) 

Data sources Analysis Interval definition Results 

emergency cases, 

2002-2004, (392) 

weeks vs. >4 weeks Sex: No association, p>0.05 

Body mass index: No association, p>0.05 

Comorbidity: No association, p>0.05  

Surgeon caseload: No association, p>0.05 

Hospital type: No association, p>0.05  

Tumour location: No association, p>0.05 

Stage: No association, p>0.05 

Receipt of preoperative staging imaging: No 

association, p>0.05 

Receipt of preoperative full colon examination: 

No association, p>0.05 

Neal, UK 

(27) 

CRC patients 

within one NHS 

trust, 2000-2001, 

(216) 

Medical records Chi-square tests, 

analysis of 

variance 

Time from first GP 

referral to first 

hospital 

appointment, 

categorized as ≤2 

weeks vs. >2 

weeks; Time from 

first hospital 

appointment to 

diagnosis 

Referral through fast-track system vs. usual 

care: More likely to have first hospital 

appointment within 2 week, p<0.0001; longer 

time from first hospital appointment to 

diagnosis, p<0.0001 

Porter, 

Canada (11) 

All CRC cases in 

Nova Scotia, 

excluding 

emergency cases, 

2001-2005, 

(2,282) 

Administrative 

data 

Multivariate 

logistic 

regression 

Time from first 

presentation to 

diagnosis, 

categorized as ≤4 

weeks vs. >4 weeks 

Urban: Less likely to achieve 4 week time to 

diagnosis, OR=1.2 (1.0-1.5), p=0.03 

Female: Less likely to achieve 4 week time to 

diagnosis, OR=0.8 (0.6-0.9), p=0.004 

Receipt of complete preoperative colonoscopy: 

Less likely to achieve 4 week time to diagnosis, 

OR=0.8 (0.7-1.0), p=0.04 
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First author, 

country 

(citation 

number) 

Study 

population, 

year(s) of dx 

(sample size) 

Data sources Analysis Interval definition Results 

Age: No association, p>0.05 

Comorbidity: No association, p>0.05 

Cancer history: No association, p>0.05 

Tumour location: No association, p>0.05 

Ramsay, UK 

(28) 

CRC referred by 

primary care to a 

regional 

colorectal multi-

disciplinary team, 

2009-2010, (369) 

Hospital 

database 

Mann-Whitney 

U test 

Time from referral 

to diagnosis 

Referral through fast-track system vs. usual 

care: Shorter time from referral to diagnosis, 

p=0.0001 

Siminoff, 

USA (29) 

Symptomatic 

CRC patients 

from five 

academic and 

community 

oncology 

practices in two 

US states, years 

of dx not 

reported, (242) 

Patient 

interviews, 

medical records 

Multivariable 

logistic 

regression 

Time from first 

presentation to 

diagnosis, 

categorized as >2 

months vs. ≤2 

months 

Stage III/IV CRC: Increased risk of delay >2 

months, p=0.02 

Lower income: Increased risk of delay >2 

months, OR=0.56, p=0.03 

Has regular physician: Increased risk of delay 

>2 months, OR=2.52, p=0.03 

Received non-cancer diagnosis: Increased risk 

of delay >2 months, OR-3.36, p=0.004 

Physician uses temporizing communication 

strategies: Increased risk of delay >2 months, 

OR=2.41, p=0.02 

Age: No association, p>0.10 

Sex: No association, p>0.10 

Education: No association, OR=1.40, p=0.08 

Insurance type: No association, OR=1.14, 

p=0.79 (Medicare), OR=1.50, p=0.40 (private) 

Race: No association, OR=1.19, p=0.60 
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First author, 

country 

(citation 

number) 

Study 

population, 

year(s) of dx 

(sample size) 

Data sources Analysis Interval definition Results 

Singh, USA 

(22) 

CRC with 

colonoscopy in 

diagnostic 

interval in single 

Veterans Affairs 

hospital, 2001-

2007, (367) 

Medical records Multivariable 

quantile 

regression 

Time from 

colonoscopy 

referral to diagnosis 

Increased number of clues to indicate need for 

colonoscopy: Interval 21 days shorter for 3 

clues (vs. 1) p<0.0001; no association for 2 

clues vs. 1 (1 day difference, p=0.76(, or for 4+ 

clues vs 1 (0 day difference, p=1.0) 

Inpatient referral (vs. outpatient): Interval 56 

days shorter, p<0.0001 

Urgent referral: Interval 21 days shorter for 

referral with urgency marked <1 week (vs. 

routine) p=0.0002; interval 37 days shorter for 

referral with urgency marked <30 days (vs. 

routine p<0.0001; interval 32 days shorter for 

referral with urgency marked next available (vs. 

routine) p<0.0001 

Verbal contact between physicians: Interval 60 

to 760 days shorter with verbal contact, 

p<0.0001 

Patient adherent to first referral: Interval 231 

days longer for non-adherent patients, p<0.0001 

Age: No association, p>0.01 

Race: No association, p>0.01 

Sex: No association, p>0.01 

Medical comorbidities: No association, p>0.01 

Psychiatric comorbidities: No association, 

p>0.01 

Specialty of referring physician: No association, 

p>0.01 
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First author, 

country 

(citation 

number) 

Study 

population, 

year(s) of dx 

(sample size) 

Data sources Analysis Interval definition Results 

van der 

Geest, 

Netherlands 

(30) 

CRC patients 

from one region 

in Netherlands, 

2006-2008, 

(3,183) 

Medical records Multivariable 

logistic 

regression 

Time from first 

presentation to 

hospital visit, 

categorized as >1 

week vs. ≤1 week 

Tumour subsite: Increased risk of delay >1 

week in distal vs. proximal colon tumours, 

OR=1.5 (1.04-2.16) 

Sex: No association, p>0.10 

Age: No association, OR=1.09 (0.64-1.84) for 

60-74 (vs. <60) in colon cancer, OR=0.77 

(0.45-1.30) for ≥75 (vs. <60) in colon cancer, 

p>0.10 in rectal cancer 

Comorbidity: No association, p>0.10 in colon 

cancer, OR=0.77 (0.44-1.37) 1 comorbidity vs. 

0 in rectal cancer, OR=0.73 (0.39-1.36) 2+ 

comorbidities vs. 0 in rectal cancer 

Socioeconomic status: No association, p>0.10 

Grade: No association, OR=1.00 (0.61-1.64) 

poor/undifferentiated vs. well/moderate in 

colon cancer, OR=0.82 (0.50-1.34) unknown 

vs. well/moderate in colon cancer, p>0.10 in 

rectal cancer 

Van Hout, 

Netherlands 

(25) 

Symptomatic 

CRC in a network 

of 23 general 

practices, 1997-

2007, (197) 

Medical records Multivariable 

logistic 

regression 

Time from first 

presentation to 

referral, 

categorized as ≤60 

days vs. >60 days; 

time from referral 

to diagnosis, 

categorized as ≤14 

days vs. >14 days 

Psychiatric comorbidities: Longer time from 

first presentation to referral, OR=3.97 (1.14-

13.85), no association with time from referral to 

diagnosis, p>0.20 

Abdominal pain: No association with time from 

first presentation to referral, p>0.20; shorter 

time from referral to diagnosis, OR=0.40 (0.21-

0.78) 

Higher frequency of consultation: Shorter time 

from referral to diagnosis, OR=0.35 (0.18-
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First author, 

country 

(citation 

number) 

Study 

population, 

year(s) of dx 

(sample size) 

Data sources Analysis Interval definition Results 

0.67), No association with time from first 

presentation to referral, OR=1.61 (0.81-3.17) 

Age: No association with either interval, 

OR=1.30 (0.56-2.98) for time from first 

presentation to diagnosis, p>0.20 

Sex: No association with either interval, p>0.20 

Gastrointestinal comorbidities: No association 

with either interval, p>0.20 

Chronic comorbidities: No association with 

either interval, p>0.20 

Alarm symptoms: No association with either 

interval, p>0.20 

Major life event: No association with either 

interval, p>0.20 

Living arrangement: No association either 

interval, OR=1.06 (0.53-2.16) for time from 

first presentation to referral, p>0.20 for time 

from referral to diagnosis 

Wattacheril, 

USA (26) 

CRC patients at a 

single hospital, 

2000-2005, (289) 

Medical records t-test, analysis of 

variance, 

Wilcoxon test, 

Kruskal-Wallis 

test  

Time from first 

presentation to 

referral 

 

Reason for initiating referral: Longer interval in 

patients with family history; shorter interval in 

patients with symptoms or abnormal 

lab/imaging tests, p=0.005 

Sex: No association, p=0.91 

Age: No association, p=0.52 

Marital status: No association, p=0.18 

Race: No association, p=0.54 

Tumour subsite: No association, p=0.96 

Coronary artery disease: No association, p=0.25 
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First author, 

country 

(citation 

number) 

Study 

population, 

year(s) of dx 

(sample size) 

Data sources Analysis Interval definition Results 

Congestive heart failure: No association, 

p=0.86 

Hypertension: No association, p=0.71 

Diabetes: No association, p=0.25 

COPD: No association, p=0.99 

Psychiatric disorders: No association, p=0.09 

IDA=iron deficiency anemia, CRC=colorectal cancer, GP=general practitioner, HR=hazard ratio, OR=odds ratio, RR=relative risk, NHS=National 

Health Service
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Appendix B 

Summary of study variable data sources 

Table B-1: Description of the ICES database(s) used to define each study variable, the study phase(s) in which each variable was used, and 

the purpose of each variable 

Variable Study phase ICES databases Variable purpose 

One Two One 

and 

two 

R
B
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B
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D
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C
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O
H

IP
 

C
IH
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D

 

S
D

S
 

N
A

C
R

S
 

P
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Y
S

N
E

T
 

P
C

C
F

 

O
N

M
A

R
G

 

Physician network 

membership of study 

cohort 

               

Evaluated as a potential colonoscopy 

catchment area definition and used to 

define colonoscopy networks 

Colonoscopy network 

assignment of study 

cohort 

               

Final catchment area definition for 

measuring colonoscopy resource 

availability and quality 

Colonoscopy patient 
               

Used to define measures of colonoscopy 

resource availability and quality 

Colonoscopist 
               

Used to define measures of colonoscopy 

resource availability and quality 

Physician network 

assignment of physicians                

Evaluated as a potential colonoscopy 

catchment area definition and used to 

define colonoscopy networks 

Colonoscopy network 

assignment of physicians                

Final catchment area definition for 

measuring colonoscopy resource 

availability and quality 

Colonoscopist density                Exposure variable 
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Variable Study phase ICES databases Variable purpose 

One Two One 

and 

two 

R
B

D
B

 

IP
D

B
 

O
C

R
 

O
H

IP
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IH

I-
D

A
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D
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N
A

C
R

S
 

P
H

Y
S

N
E
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P
C

C
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O
N

M
A

R
G

 

Access to 

gastroenterologists 
               

Exposure variable 

Colonoscopy completion 

rate 
               

Exposure variable 

Polypectomy rate                Exposure variable 

Private clinic access                Exposure variable 

Distance to closest 

colonoscopist 
                 

Exposure variable 

Standardized 

colonoscopy utilization 

rates 

                

Outcome variable 

Rurality 
               

Covariate: Network-level colonoscopy 

resource availability and quality described 

in relation to network rurality 

LHIN, sub-LHIN and 

county of study cohort 
               

Evaluated as a potential colonoscopy 

catchment area definition 

LHIN, sub-LHIN and 

county of physicians 
               

Evaluated as a potential colonoscopy 

catchment area definition 

Diagnostic interval 

length 
                   

Outcome variable, Objectives 2(a) and 

2(b) 

First procedure interval 

length 
                   

Outcome variable, Objective 2(a) 

Index encounter type 
                  

Secondary outcome variable, Objective 

2(c) 

First procedure type                   Secondary outcome variable, Objective 
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Variable Study phase ICES databases Variable purpose 

One Two One 

and 

two 

R
B

D
B
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D
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R
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2(c) 

Receipt of colonoscopy 
                  

Secondary outcome variable, Objective 

2(c) 

Repeat colonoscopy 
                  

Secondary outcome variable, Objective 

2(c) 

Number of visits in 

diagnostic interval, 

before and after first 

colonoscopy 

                  

Secondary outcome variable, Objective 

2(c) 

Age at index contact 

               

Covariate: Analyzed in relation to 

diagnostic and first procedure intervals, 

included as confounder in Obj. 2b 

multivariable regression 

Sex 

               

Covariate: Analyzed in relation to 

diagnostic and first procedure intervals, 

included as confounder in Obj. 2b 

multivariable regression 

Comorbidity 

                 

Covariate: Analyzed in relation to 

diagnostic and first procedure intervals, 

included as confounder in Obj. 2b 

multivariable regression 

Socioeconomic status 
               

Covariate: Analyzed in relation to 

diagnostic and first procedure intervals 
CRC sub-site 

               
Covariate: Analyzed in relation to 

diagnostic and first procedure intervals, 
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Variable Study phase ICES databases Variable purpose 

One Two One 

and 

two 

R
B

D
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included as confounder in Obj. 2b 

multivariable regression 
Stage at diagnosis 

               

Covariate: Analyzed in relation to 

diagnostic and first procedure intervals, 

evaluated as effect modifier and included 

as confounder in Obj. 2b multivariable 

regression 
Symptom status 

                  

Covariate: Analyzed in relation to 

diagnostic and first procedure intervals, 

evaluated as effect modifier and included 

as confounder in Obj. 2b  

RPDB=Registered Persons Database, IPDB=ICES Physician Database, OCR=Ontario Cancer Registry, OHIP=Ontario Health Insurance Plan 

Database, CIHI-DAD=Canadian Institute for Health Information Discharge Abstract Database, SDS=Same Day Surgery Database, 

NACRS=National Ambulatory Care Reporting System, PHYSNET=Multispecialty Physician Network Database, PCCF=Postal Code Conversion 

File, ONMARG=Ontario Marginalization Index Database, LHIN=Local Health Integration Network, CRC=colorectal cancer
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Appendix C 

Methods Used to Define Responsible Physicians 

Of the 2,957,158 colonoscopies received by our study cohort, 2,278,194 (77.0%) had 

only one physician who billed for the colonoscopy (one physician number on all OHIP billing 

records for the colonoscopy). This physician was assigned as the responsible physician, 

regardless of the fee code and fee suffix.  

To assign the responsible physician for the remaining 678,964 (23.0%) colonoscopies in 

which there was more than one physician on the OHIP billing records, we created a hierarchy of 

fee codes and fee suffixes that gave priority to OHIP billing records in which the fee suffix=A. If 

there was only one physician with OHIP billing records with fee suffix=A for a colonoscopy, that 

physician was assigned as the responsible physician. If there was more than one physician with 

OHIP billing records with fee suffix=A for a colonoscopy, the responsible physician was 

assigned using the following hierarchy of fee code groupings: (1) the physician who billed for the 

colonoscopy (fee codes listed in section 2.8.1.2.1), (2) the physician who billed for the location of 

colonoscopy (fee codes listed in section 2.8.1.2.2), or (3) the physician who billed for the 

polypectomy (fee codes listed in section 2.8.1.2.3).  

If there were no OHIP billing records for the colonoscopy with a fee suffix=A, then 

OHIP billing records with a fee suffix=C were used to assign the colonoscopist. If there was only 

one physician with OHIP billing records with fee suffix=C for a colonoscopy, that physician was 

assigned as the responsible physician. If there was more than one physician with OHIP billing 

records with fee suffix=C for a colonoscopy, the responsible physician was assigned using the 

following hierarchy of fee code groupings: (1) the physician who billed for the colonoscopy (fee 

codes listed in section 2.8.1.2.1), or (2) the physician who billed for the polypectomy (fee codes 

listed in section 2.8.1.2.3), or (3) the physician who billed for the polypectomy (fee codes listed 
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in section 2.8.1.2.3). See Figure # for a description of the proportion of colonoscopies that were 

assigned their responsible physician based on the above hierarchy 

 

Figure C-1: Process of defining physicians who were responsible for colonoscopies 

  

2,957,158	colonoscopies	

2,278,194	(77.0%)	
Colonoscopies	with	only	
one	billing	physician	

678,964	(23.0%)	
Colonoscopies	with	>1	

billing	physician	

6	(0.001%)	
Responsible	physician	billed	for	
colonoscopy	with	fee	suffix=C	

987	(0.2%)	
Responsible	physician	billed	for	

loca on	of	colonoscopy	comple on	
with	fee	suffix=A	

677,367	(99.7%)	
Responsible	physician	billed	for	
colonoscopy	with	fee	suffix=A	

604	(0.1%)	
Responsible	physician	billed	for	
polypectomy	with	fee	suffix=A	
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Appendix D 

Methods to Define Physician Networks of Colonoscopists Who Were Not 

Assigned to a Physician Network 

We were able to identify the colonoscopy network membership for 1,891 of the 2,088 

(90.6%) physicians identified in our data in Phase One. For the remaining 197 physicians, 

colonoscopy network membership was assigned based on the most common colonoscopy 

network of their colonoscopy patients between 2007 and 2013. For each of these 197 physicians, 

we calculated the proportion of their colonoscopies that were performed in their newly assigned 

colonoscopy network. If this value was high, it would indicate that this was a valid approach to 

assigning colonoscopy networks for these physicians. As seen in Table D-1, over half (60.4%) of 

these 197 physicians performed over 80% of their colonoscopies in their newly assigned 

colonoscopy network, while very few (11.2%) performed ≤50% of their colonoscopies in their 

newly assigned colonoscopy network.  

Table D-1: Number and proportion of physicians who were missing their colonoscopy 

network assignment, by the proportion of colonoscopies they performed in their newly 

assigned network 

Proportion of colonoscopies performed in 

newly assigned network 

N (%) of physicians who were missing 

network assignment 

≤40% 10 (5.1%) 

>40% to ≤50% 12 (6.1%) 

>50% to ≤60 13 (6.6%) 

>60% to ≤70 16 (8.1%) 

>70% to ≤80% 27 (13.7%) 

>80% to ≤90 35 (17.8%) 

>90% to ≤100% 84 (42.6%) 
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Appendix E 

Colonoscopy Loyalty Across Potential Colonoscopy Catchment Areas 

Tables E-1 to E-4 provide the colonoscopy loyalty, colonoscopy patient loyalty, and 

number of non-local areas for each area within the four geographic classifications that were 

evaluated as potential colonoscopy catchment areas (LHINs, sub-LHINs, counties and physician 

networks). Table E-5 provides these statistics for the colonoscopy networks that were defined as 

the colonoscopy catchment area for this thesis.   

Table E-1: LHIN colonoscopy loyalty 

LHIN name (number) Colonoscopy 

loyalty 

Colonoscopy patient 

loyalty 

Number of non-local 

LHINs 

Erie St. Claire (1) 93.8% 95.0% 1 

South West (2) 91.1% 91.7% 4 

Waterloo Wellington (3) 83.0% 84.5% 6 

Hamilton Niagara 

Haldimand Brant (4) 

87.2% 88.2% 3 

Central West (5) 61.3% 62.9% 4 

Mississauga Halton (6) 67.2% 69.4% 6 

Toronto Central  (7) 73.3% 74.6% 4 

Central (8) 62.1% 64.7% 4 

Central East (9)  75.4% 77.9% 2 

South East (10) 85.7% 87.4% 3 

Champlain (11) 97.4% 97.6% 1 

North Simcoe Muskoka (12) 83.9% 86.6% 4 

North East (13) 92.5% 93.7% 2 

North West (14) 97.5% 98.2% 0 

Mean 82.2% 83.7% 3 

Median 84.8% 87.0% 4 

Minimum 61.3% 62.9% 0 

Maximum 97.5% 98.2% 6 

LHIN=Local Health Integration Network 
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Table E-2: Sub-LHIN colonoscopy loyalty 

SubLHIN name (number) Colonoscopy 

loyalty 

Colonoscopy 

patient loyalty 

Number of non-

local subLHINs 

Essex (101) 95.3% 96.3% 2 

Chatham-Kent (102) 86.9% 88.6% 3 

Lambton (103) 83.6% 84.8% 3 

Bruce (201) 11.7% 14.0% 6 

Grey (202) 79.6% 80.6% 5 

Huron (203) 49.3% 48.8% 4 

Perth (204) 77.7% 81.7% 4 

Middlesex (205) 85.1% 85.9% 5 

Oxford-Norfolk (206) 64.9% 66.8% 6 

Elgin (207) 72.2% 72.4% 2 

Urban Waterloo & Rural Waterloo 

South (301) 

85.3% 86.7% 4 

Urban Guelph (302) 75.6% 76.1% 5 

Rural Waterloo (303) 0.0% 0.0% 5 

Rural – South Grey and North 

Wellington (304) 

3.6% 4.7% 11 

Rural Wellington (305) 30.1% 33.9% 12 

Brant and Brantford (401) 79.6% 81.4% 3 

New Credit and Six Nations (402) 0.0% 0.0% 3 

Haldimand and Norfolk (403) 65.7% 68.0% 4 

Burlington (404) 55.2% 57.1% 7 

East Niagara (405) 69.6% 72.4% 4 

North Niagara (406) 72.4% 75.0% 4 

South Niagara (407) 61.9% 65.4% 5 

West Niagara (408) 44.6% 46.6% 8 

Stoney Creek (409) 0.0% 0.0% 6 

Glanbrook (410) 0.0% 0.0% 6 

Ancaster (411) 0.0% 0.0% 8 

Flamborough (412) 0.0% 0.0% 11 

Dundas (413) 0.0% 0.0% 5 

Hamilton Urban Core (414) 81.5% 83.0% 4 

Hamilton Outer Core (415) 6.8% 8.4% 3 

Dufferin County (501) 54.3% 58.2% 11 

Malton (Mississauga) (502) 0.0% 0.0% 13 

Caledon (503) 0.0% 0.0% 12 

Brampton (504) 57.4% 57.8% 10 

Rexdale (Toronto) (505) 38.0% 39.7% 13 

Woodbridge (Vaughan) (506) 0.0% 0.0% 14 

Milton (601) 51.8% 55.5% 8 
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SubLHIN name (number) Colonoscopy 

loyalty 

Colonoscopy 

patient loyalty 

Number of non-

local subLHINs 

Halton Hills (602) 34.8% 40.2% 8 

Oakville (603) 58.0% 59.0% 9 

Northwest Mississauga (604) 52.1% 54.0% 14 

Southeast Mississauga (605) 34.9% 36.6% 15 

South Etobicoke – Toronto (606) 8.6% 9.6% 15 

West (701) 25.4% 27.6% 12 

North West (702) 12.8% 14.2% 11 

South West (703) 39.8% 42.6% 9 

North Toronto (704) 22.7% 24.8% 12 

South East (705) 19.6% 20.3% 10 

East (706) 31.4% 33.3% 10 

North East (707) 0.1% 0.2% 11 

South Simcoe and Northern York 

Region (801) 

10.4% 11.0% 13 

Central York Region (802) 43.2% 45.0% 10 

Richmond Hill (803) 40.0% 42.5% 11 

South West York Region (804) 12.2% 14.2% 14 

North York West (805) 31.1% 33.0% 13 

North York Central (806) 19.2% 21.3% 13 

North York East (807) 11.9% 13.7% 11 

Markham (808) 35.3% 39.2% 9 

North East Cluster (901) 74.2% 77.1% 6 

Durham Cluster (902) 71.9% 74.1% 7 

Scarborough Cluster (903) 59.2% 62.6% 10 

Addington, N&C Frontenac (1001) 0.0% 0.0% 13 

Belleville (1002) 92.6% 93.5% 2 

Brockville (1003) 84.6% 87.5% 5 

Central Hastings (1004) 0.0% 0.0% 5 

Gananoque, Leeds (1005) 0.0% 0.0% 3 

Kingston & Islands (1006) 79.3% 80.5% 4 

North Hastings (1007) 0.0% 0.0% 7 

Prince Edward County (1008) 0.0% 0.0% 4 

Quinte West, Brighton (1009) 0.8% 1.1% 4 

Rideau Lakes (1010) 0.0% 0.0% 6 

SE Leeds & Grenville (1011) 0.0% 0.0% 6 

Smiths Falls, Perth, Lanark (1012) 69.5% 75.0% 6 

South Frontenac (1013) 0.0% 0.0% 5 

Stone Mills, Loyalist (1014) 0.0% 0.0% 4 

Tyendinaga, Napanee (1015) 60.1% 63.9% 2 
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SubLHIN name (number) Colonoscopy 

loyalty 

Colonoscopy 

patient loyalty 

Number of non-

local subLHINs 

Ottawa Centre (1101) 31.5% 32.9% 3 

Ottawa East (1102) 45.0% 47.7% 5 

Ottawa West (1103) 64.1% 68.0% 4 

Renfrew County (1104) 81.0% 84.8% 3 

North Lanark/North Grenville (1105) 2.3% 3.0% 7 

Eastern Counties (1106) 69.5% 72.9% 3 

Collingwood and area (1201) 59.5% 65.5% 8 

Barrie and area (1202) 76.3% 79.0% 6 

Orillia and area (1203) 74.6% 78.9% 6 

Midland and Penetanguishene area 

(1204) 

76.6% 80.5% 3 

Muskoka (1205) 79.9% 82.7% 5 

Algoma (1301) 92.6% 93.8% 2 

James and Hudson Bay Coasts 

(1302) 

48.3% 55.7% 11 

Nippissing (1303) 88.1% 90.4% 1 

Parry Sound (1304) 38.8% 40.8% 4 

Manitoulin-Sudbury (1305) 92.5% 93.9% 2 

Timiskaming (1306) 77.4% 82.5% 6 

Cochrane (1307) 86.1% 86.9% 2 

Kenora (1401) 90.5% 93.0% 2 

Rainy River (1402) 58.0% 61.3% 2 

Thunder Bay District (1403) 0.4% 0.5% 3 

Thunder Bay City (1404) 97.3% 98.1% 1 

Mean 43.4% 45.2% 7 

Median 45.0% 47.7% 6 

Minimum 0.0% 0.0% 1 

Maximum 97.3% 98.1% 15 

LHIN=Local Health Integration Network 
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Table E-3: County colonoscopy loyalty 

Patient County  Colonoscopy 

loyalty 

Colonoscopy 

patient loyalty 

Number of non-

local counties 

Brant County (1) 77.4% 79.3% 5 

Bruce County (2) 11.9% 14.2% 6 

Dufferin County (3) 53.9% 58.1% 7 

Elgin County (4) 71.5% 71.7% 2 

Essex County (5) 94.9% 95.9% 2 

Frontenac County (6) 74.1% 75.3% 6 

Grey County (7) 72.2% 73.1% 7 

Haldimand-Norfolk Regional 

Municipality (8) 

63.8% 66.4% 6 

Haliburton County (9) 0.0% 0.0% 9 

Halton Regional Municipality (10) 64.9% 66.9% 4 

Hastings County (11) 79.6% 81.0% 6 

Huron County (12) 48.2% 47.7% 4 

Kent County (13) 87.5% 89.3% 3 

Lambton County (14) 82.5% 83.9% 3 

Lanark County (15) 45.6% 49.6% 5 

Leeds and Grenville United Counties 

(16) 

55.9% 56.9% 4 

Lennox and Addington County (17) 47.8% 50.7% 4 

Toronto Metropolitan Municipality 

(18) 

86.4% 87.5% 3 

Middlesex County (19) 85.5% 86.3% 5 

Muskoka District Municipality (20) 79.7% 82.0% 5 

Niagara Regional Municipality (21) 82.8% 85.6% 4 

Northumberland County (23) 60.5% 65.3% 6 

Durham Regional Municipality (24) 71.5% 73.6% 2 

Ottawa-Carleton Regional 

Municipality (25) 

93.5% 93.8% 2 

Oxford County (26) 68.7% 70.6% 5 

Peel Regional Municipality (27) 63.8% 65.7% 3 

Perth County (28) 77.1% 81.6% 5 

Peterborough County (29) 81.9% 83.9% 5 

Prescott and Russell United Counties 

(30) 

31.0% 32.3% 2 

Prince Edward County (31) 0.0% 0.0% 5 

Renfrew County (32) 81.7% 85.5% 1 

Simcoe County (33) 75.4% 78.1% 3 

Stormont, Dundas and Glengarry 

United Counties (34) 

86.0% 89.6% 3 

Kawartha Lakes, City of (35) 53.2% 57.1% 5 
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Patient County  Colonoscopy 

loyalty 

Colonoscopy 

patient loyalty 

Number of non-

local counties 

Waterloo Regional Municipality (36) 84.9% 86.5% 5 

Wellington County (37) 70.8% 72.1% 8 

Hamilton-Wentworth Regional 

Municipality (38) 

81.4% 82.0% 3 

York Regional Municipality (39) 53.7% 56.7% 2 

Algoma District (40) 93.2% 94.2% 2 

Cochrane District (41) 92.0% 93.1% 2 

Kenora District (42) 90.9% 93.0% 2 

Manitoulin District (43) 20.7% 24.7% 3 

Nipissing District (44) 88.4% 90.5% 3 

Parry Sound District (45) 38.7% 40.5% 6 

Rainy River District (46) 58.0% 61.1% 2 

Sudbury Regional Municipality (47) 96.5% 97.4% 1 

Sudbury District (48) 0.0% 0.0% 5 

Thunder Bay District (49) 96.8% 97.6% 1 

Timiskaming District (50) 77.8% 82.9% 6 

Mean 66.4% 68.4% 4 

Median 74.1% 75.3% 4 

Minimum 0.0% 0.0% 1 

Maximum 96.8% 97.6% 9 
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Table E-4: Physician network colonoscopy loyalty 

Patient network (number) Colonoscopy 

loyalty 

Colonoscopy 

patient loyalty 

Number of 

non-local 

networks 

Thunder Bay (1) 91.2% 91.6% 2 

Thunder Bay Satellite Northwest (2) 85.9% 87.5% 2 

Thunder Bay Satellite South (3) 53.2% 56.6% 4 

Thunder Bay Satellite East (4) 0.5% 0.6% 3 

Moose Factory (5) 56.8% 62.2% 11 

Timmins Satellite (6) 53.3% 58.4% 7 

Timmins (7) 52.9% 60.2% 4 

Sault Ste. Marie (8) 91.2% 92.0% 2 

Sudbury Satellite (9) 56.6% 59.2% 6 

Sudbury (10) 90.9% 92.3% 1 

North Bay (11) 74.4% 77.9% 6 

Pembroke (12) 82.5% 86.1% 4 

Ottawa B (13) 26.7% 28.2% 8 

Ottawa A (14) 64.8% 66.5% 7 

Ottawa Children (15) 0.0% 0.0% 10 

Ottawa C (16) 45.7% 47.3% 8 

Ottawa D (17) 32.7% 34.8% 8 

Ottawa Satellite (18) 63.2% 66.6% 7 

Cornwall (19) 87.9% 90.2% 4 

Brockville (20) 82.9% 86.0% 5 

Perth and Smiths Falls (21) 81.9% 87.8% 5 

Kingston (22) 70.3% 72.5% 4 

Belleville (23) 82.9% 84.1% 2 

Cobourg (24) 76.4% 80.8% 5 

Peterborough (25) 79.6% 81.7% 6 

Lindsay (26) 76.8% 81.0% 4 

Muskoka (27) 86.5% 88.5% 3 

Orillia (28) 78.8% 82.0% 4 

Barrie (29) 89.4% 91.2% 2 

Georgian Bay (30) 83.9% 87.6% 1 

Collingwood (31) 68.3% 74.1% 5 

Owen Sound (32) 85.7% 86.9% 1 

Owen Sound Satellite (33) 43.2% 46.4% 4 

Oshawa (34) 81.8% 83.4% 3 

West Durham (35) 63.1% 65.5% 7 

Scarborough A (36) 61.8% 63.8% 10 

Scarborough B (37) 28.4% 30.1% 9 
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Patient network (number) Colonoscopy 

loyalty 

Colonoscopy 

patient loyalty 

Number of 

non-local 

networks 

Markham Stouffville (38) 62.2% 64.5% 10 

Scarborough C (39) 39.4% 41.6% 14 

Newmarket (40) 59.8% 62.4% 5 

York (41) 49.0% 51.5% 16 

North York (42) 28.8% 30.1% 19 

East Toronto (43) 33.8% 35.6% 14 

North Toronto (44)  18.7% 18.8% 17 

Downtown Toronto C (45)  19.1% 19.6% 18 

Downtown Toronto A (46) 18.0% 19.1% 14 

Toronto Children (47) 0.0% 0.0% 22 

Toronto Mental Health and Addictions (48) 2.2% 2.5% 18 

Downtown Toronto B (49) 38.0% 39.6% 14 

Southwest Toronto (50)  44.2% 46.9% 13 

Northwest Toronto B (51) 34.9% 36.6% 18 

Northwest Toronto A (52) 44.0% 45.8% 17 

Etobicoke (53) 54.6% 56.9% 13 

Brampton (54) 65.9% 66.6% 8 

Mississauga B (55) 50.1% 51.4% 12 

Mississauga A (56) 62.3% 63.5% 9 

Oakville (57) 67.8% 69.8% 11 

Burlington (58) 63.2% 64.5% 9 

Dufferin (59) 43.6% 46.4% 9 

Hamilton A (60) 54.4% 56.1% 9 

Hamilton B (61) 55.3% 56.2% 4 

St. Catharines (62) 70.7% 73.5% 7 

Niagara Falls (63) 71.9% 74.2% 4 

Welland (64) 74.0% 77.7% 4 

Norfolk (65) 81.9% 84.6% 4 

Brantford (66) 87.0% 89.1% 3 

Cambridge (67) 83.1% 87.7% 4 

Guelph (68) 83.5% 84.7% 4 

Kitchener-Waterloo (69) 74.6% 74.7% 6 

Woodstock (70) 83.8% 87.0% 2 

Stratford (71) 83.6% 87.1% 3 

London (72) 79.3% 79.4% 5 

St. Thomas (73) 84.2% 84.9% 2 

Sarnia (74) 88.1% 89.8% 3 

Chatham (75) 90.7% 92.9% 3 
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Patient network (number) Colonoscopy 

loyalty 

Colonoscopy 

patient loyalty 

Number of 

non-local 

networks 

Leamington (76) 64.7% 69.0% 4 

Windsor B (77) 43.5% 44.6% 2 

Windsor A (78) 63.3% 66.4% 3 

Mean 60.9% 63.1% 7 

Median 64.0% 66.5% 5 

Minimum 0.0% 0.0% 1 

Maximum 91.2% 92.9% 22 
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Table E-5: Colonoscopy network colonoscopy loyalty 

Patient network (number) Colonoscopy 

loyalty 

Colonoscopy 

patient loyalty 

Number of non-

local networks 

Thunder Bay (1) 92.3% 92.6% 2 

Moose Factory (2) 56.8% 62.2% 11 

Timmins (3) 61.0% 67.1% 4 

Sault Ste Marie (4) 91.2% 92.0% 3 

Sudbury (5) 89.1% 91.1% 3 

North Bay (6) 74.4% 77.9% 6 

Pembroke (7) 82.5% 86.1% 1 

Ottawa (8) 89.5% 90.0% 4 

Cornwall (9) 87.9% 90.2% 1 

Brockville (10) 82.9% 86.0% 3 

Perth & Smiths Falls (11) 81.9% 87.8% 3 

Kingston (12) 70.3% 72.5% 5 

Belleville (13) 82.9% 84.1% 3 

Cobourg (14) 76.4% 80.8% 6 

Peterborough (15) 79.6% 81.7% 6 

Lindsay (16) 76.8% 81.0% 5 

Muskoka (17) 86.5% 88.5% 4 

Orillia (18) 78.8% 82.0% 5 

Barrie (19) 89.4% 91.2% 4 

Georgian Bay (20) 83.9% 87.6% 2 

Collingwood (21) 68.3% 74.1% 6 

Owen Sound (22) 80.3% 82.1% 4 

Oshawa (23) 81.8% 83.4% 3 

GTA East (24) 72.3% 74.8% 3 

Newmarket (25) 59.8% 62.4% 4 

GTA Core (26) 70.6% 71.3% 6 

GTA West (27) 75.5% 77.4% 3 

Oakville (28) 67.8% 69.8% 5 

Burlington (29) 63.2% 64.5% 5 

Hamilton (30) 83.0% 83.7% 7 

Niagara (31) 84.4% 87.2% 4 

Norfolk (32) 81.9% 84.6% 4 

Brantford (33) 87.0% 89.1% 3 

Cambridge (34) 83.1% 87.7% 6 

Guelph (35) 83.5% 84.7% 5 

Waterloo (36) 74.6% 74.7% 7 

Woodstock (37) 83.8% 87.0% 2 

Stratford (38) 83.6% 87.1% 3 
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London (39) 79.3% 79.4% 5 

St Thomas (40) 84.2% 84.9% 3 

Sarnia (41) 88.1% 89.8% 3 

Chatham (42) 90.7% 92.9% 3 

Windsor (43) 94.5% 95.6% 2 

Mean 79.9% 82.3% 4 

Median 82.5% 84.6% 4 

Minimum 56.8% 62.2% 1 

Maximum 94.5% 95.6% 11 

 

  



 

 

 

245 

Appendix F 

Map of Original Physician Network Locations, with Colonoscopy 

Loyalty and Colonoscopy Travel Patterns 

Figure F-1 depicts the locations of each of the 78 physician networks and the travel of 

patients between physician networks for colonoscopies. The circle identifies the location of the 

largest hospital within each physician network; the circle colour represents the colonoscopy 

loyalty of that physician network. The blue lines represent patients travelling between physician 

networks for colonoscopies; the weight and colour of the blue line represents the proportion of 

patients travelling between physician networks. 
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Figure F-1: Map of original physician networks, with colonoscopy loyalty and colonoscopy travel patterns
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Appendix G 

Map of Colonoscopy Network Locations, with Colonoscopy Loyalty and 

Colonoscopy Travel Patterns  

Figure G-1 depicts the locations of each of the 43 colonoscopy networks and the travel of patients 

between colonoscopy networks for colonoscopies. The circle identifies the location of the largest hospital 

within each colonoscopy network; the circle colour represents the colonoscopy loyalty of that 

colonoscopy network. The blue lines represent patients travelling between colonoscopy networks for 

colonoscopies; the weight and colour of the blue line represents the proportion of patients travelling 

between colonoscopy networks.
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Figure G-1: Map of colonoscopy networks, with colonoscopy loyalty and colonoscopy travel patterns
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Appendix H 

Code Definitions 

OHIP diagnosis codes: 

009: Diarrhea, gastro-enteritis, viral gastro-enteritis 

152: Malignant neoplasms, small intestine, including duodenum 

153: Malignant neoplasms, large intestine, excluding rectum 

154: Malignant neoplasms, rectum, rectosigmoid and anus 

155: Malignant neoplasms, primary malignancy of liver (not secondary spread or metastatic disease) 

159: Malignant neoplasms, other and ill-defined sites within the digestive organs and peritoneum 

197: Malignant neoplasms, secondary neoplasm of respiratory and digestive systems 

198: Malignant neoplasms, metastatic or secondary malignant neoplasm, carcinomatosis 

199: Other malignant neoplasms 

211: Benign neoplasms, other parts of the digestive system, peritoneum 

229: Other benign neoplasms 

230: Carcinoma in situ, digestive organs 

235: Neoplasms of uncertain behaviour, digestive and respiratory systems 

269: Vitamin and other nutritional deficiencies 

280: Iron deficiency anaemia 

281: Pernicious anaemia 

284: Aplastic anaemia 

285: Other anaemias 

455: Haemorrhoids 

530: Esophagitis, cardiospasm, ulcer of esophagus; stricture, stenosis, or obstruction of esophagus 

531: Gastric ulcer, with or without haemorrage or perforation 

532: Duodenal ulcer, with or without haemorrhage or perforation 

535: Gastritis 

536: Hyperchlorhydria, hypochlorhydria, dyspepsia, indigestion 

537: Other disorders of stomach and duodenum 

540: Acute appendicitis, with or without abscess or peritonitis 

545: Colonoscopy positive FOBT 

546: Colonoscopy surveillance 

547: Colonoscopy family history of CRC 

548: Colonoscopy screening 

555: Regional enteritis, Crohn's disease 

556: Ulcerative colitis 

560: Intestinal obstruction, intussusception, paralytic ileus, volvulus, impaction of intestine 

562: Diverticulitis or diverticulosis of large or small intestine 

564: Spastic colon, irritable colon, mucous colitis, constipation 

565: Anal fissure, anal fistula 

567: Peritonitis, with or without abscess 

569: Anal or rectal polyp, rectal prolapse, anal or rectal stricture, rectal bleeding, other disorders of 

intestine 

574: Cholelithiasis (gall stones) with or without cholecystitis 
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595: Cystitis 

599: Other disorders of urinary tract 

780: Convulsions, ataxia, vertigo, headache, except tension headache and migraine 

785: Chest pain, tachycardia, syncope, shock, edema, masses 

786: Epistaxis, hemoptysis, cough, dyspnea, masses, shortness of breath, hyperventilation, sleep apnea 

787: Anorexia, nausea and vomiting, heartburn, dysphagia, hiccough, hematemesis, jaundice, ascites, 

abdominal pain, melena, masses 

788: Renal colic, urinary retention, nocturia, masses 

790: Non-specific findings on examination of blood 

796: Other non-specific abnormal findings 

799: Other ill-defined conditions 

917: Annual health examination adolescent/adult Well Vision Care 

 

OHIP procedure (fee) codes: 

A001: Minor assessment, FP/GP 

A003: General assessment, FP/GP 

A004: General re-assessment, FP/GP 

A005: Consultation, FP/GP 

A007: Intermediate assessment/well baby care, FP/GP/Paediatrician 

A033: Specific assessment, General Surgery 

A034: Partial assessment, General Surgery 

A035: Consult, General Surgery 

A036: Re-consult, General Surgery 

A131: Complex medical specific re-assessment, Internal Medicine 

A133: Medical specific assessment, Internal Medicine 

A134: Medical specific re-assessment, Internal Medicine 

A135: Consult, Internal Medicine 

A138: Partial assessment, Internal Medicine 

A413: Medical specific assessment, Gastroenterology 

A414: Medical specific re-assessment, Gastroenterology 

A415: Consult, Gastroenterology 

A418: Partial assessment, Gastroenterology 

A901: General/Family Practice – house call assessment 

C003: General assessment, FP/GP, in hospital 

C034: Specific re-assessment, General Surgery, in hospital 

C035: Consult, General Surgery, in hospital 

C135: Consult, Internal Medicine, in hospital 

C415: Consult, Gastroenterology, in hospital 

C935: Special surgical consultation in hospital setting 

E685: Intestines, endoscopy, total excision >3 cm sessile polyps 

E718: Intestines, excision, bowel resection after previous resection 

E719: Intestines, excision, fulguration of polyp, maximum of 4 

E720: Intestines, excision of polyps through colonoscope, maximum of 2 

G004: Occult blood 

J128: Diagnostic ultrasound, abdomen and retroperitoneum, limited study 

J135: Diagnostic ultrasound, abdomen and retroperitoneum, complete study 
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J138: Diagnostic ultrasound, pelvic, intracavity ultrasound 

J162: Diagnostic ultrasound, pelvic, complete study 

J163: Diagnostic ultrasound, pelvic, limited study 

J428: Diagnostic ultrasound, abdomen and retroperitoneum, limited study 

J435: Diagnostic ultrasound, abdomen and retroperitoneum, complete study 

J438: Diagnostic ultrasound, pelvic, intracavity ultrasound 

J462: Diagnostic ultrasound, pelvic, complete study 

J463: Diagnostic ultrasound, pelvic, limited study 

L179: ColonCancerCheck FOBT 

L181: Occult blood 

S149: Ileostomy 

S157: Colostomy 

S165: Resection of intestines with anastomosis, small intestine, other 

S166: Resection of intestines with anastomosis, small and large intestine terminal ileum, cecum and 

ascending colon (right hemicolectomy) 

S167: Resection of intestines with anastomosis, large intestine, any portion 

S168: Ileostomy, subtotal colectomy 

S169: Resection of intestines with anastomosis, total colectomy with ileo-rectal anastomosis 

S171: Resection of intestines with anastomosis, left hemicolectomy with anterior resection or 

proctosigmoidectomy 

S175: Intestinal obstruction (mechanical), one stage, without resection 

S177: Intestinal obstruction (mechanical), one stage, with resection 

S180: Intestinal obstruction (mechanical), one stage, with enterotomy 

S184: Suture of intestines 

S213: Rectum, proctectomy, anterior resection or proctosigmoidectomy 

S214: Rectum, proctectomy, abdomino-perineal resection or pull-through 

S217: Rectum, two surgeon team, Hartmann procedure 

S312: Abdomen, peritoneum and omentum, laparotomy, with or without biopsy or for Hirschsprung’s 

disease 

S314: Abdomen, peritoneum and omentum, abdominal peritoneal abscess 

X028: Lumbar or lumbosacral x-ray, two or three views 

X036: Pelvic and/or hip x-ray, one view 

X037: Pelvic and/or hip x-ray, two views 

X038: Pelvic and/or hip x-ray, three or more views 

X039: Chest x-ray, ribs, two or more views 

X090: Chest x-ray, single view 

X091: Chest x-ray, two views 

X100: Abdominal x-ray, single view 

X101: Abdominal x-ray, two or more views 

X103: Esophagus, stomach and duodenum, double contrast, including survey film, if taken, and small 

bowel 

X104: Esophagus, stomach and duodenum, double contrast, including survey film, if taken 

X112: Colon barium enema including survey film, if taken 

X113: Colon air contrast, primary or secondary, including survey films, if taken  

X197: Abdominal flouroscopy 

X205: Lumbar or lumbosacral x-ray, four or five views 
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X206: Lumbar or lumbosacral x-ray, six or more views 

X231: Pelvic CT, without IV contrast 

X232: Pelvic CT, with IV contrast 

X233: Pelvic CT, with and without IV contrast 

X234: CT colonography 

X400: Head CT, without IV contrast 

X402: Complex head CT, without IV contrast 

X406: Thorax CT, without IV contrast 

X407: Thorax CT, with IV contrast 

X409: Abdominal CT, without IV contrast 

X410: Abdominal CT, with IV contrast 

X415: Spine CT, without IV contrast 

X451: Abdominal MRI, multislice sequence 

X455: Abdominal MRI, repeat, maximum of 3 

X461: Pelvic MRI, multisplice sequence 

X465: Pelvic MRI, repeat, maximum of 3 

Z399: Esophagoscopy-gastroscopy, with or without duodenoscopy, elective 

Z400: Esophagoscopy-gastroscopy, with or without duodenoscopy, for active bleeding 

Z496: Colonoscopy, presence of signs or symptoms - sigmoid to descending colon 

Z497: Confirmatory colonoscopy - sigmoid to descending colon 

Z498: Surveillance colonoscopy - sigmoid to descending colon 

Z499: Colonoscopy, absence of signs or symptoms, family history of colon cancer in a first degree 

relative - sigmoid to descending colon 

Z527: Gastroscopy, may include biopsies, photography, and removal of polyps less than or equal to 1 cm 

Z535: Intestines – endoscopy – sigmoidoscopy with/without anoscopy 

Z536: Intestines – endoscopy – sigmoidoscopy without biopsy 

Z543: Anus – anoscopy  

Z555: Intestines – endoscopy – colonoscopy into descending colon 

Z570: Fulguration of first polyp through colonoscope 

Z571: Excision of first polyp greater than or equal to 3 mm through colonoscope 

Z571: Intestines – excision of polyps through colonoscope 

Z580: Intestine – endoscopy – using 60 cm. flexible endoscope 

Z765: Excision of obstructive tumour or stricture through colonoscopy, 2 cm or greater 

Z784: Excision of polyps or tumours of rectum or sigmoid, excision and suture, base 2 to 5 cm, inclusive 

Z785: Excision of polyps or tumours of rectum or sigmoid, excision and suture, base over 5 cm 

 

CCI procedure codes: 

1NM59^: Destruction, large intestine 

1NM87BA: Excision partial, large intestine endoscopic per orifice approach Simple excisional technique 

1NM87DA: Excision partial, large intestine endoscopic [laparoscopic, laparoscopic-assisted, hand-

assisted] approach simple excisional technique 

1NM87DE: Excision partial, large intestine endoscopic [laparoscopic, laparoscopic-assisted, hand-

assisted] approach colorectal anastomosis technique 

1NM87DF: Excision partial, large intestine endoscopic [laparoscopic, laparoscopic-assisted, hand-

assisted] approach colocolostomy anastomosis technique 
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1NM87DN: Excision partial, large intestine endoscopic [laparoscopic, laparoscopic-assisted, hand-

assisted] approach enterocolostomy anastomosis technique 

1NM87DX: Excision partial, large intestine stoma formation and distal closure 

1NM87DY: Excision partial, large intestine endoscopic [laparoscopic, laparoscopic-assisted, hand-

assisted] approach stoma formation with creation of mucous fistula 

1NM87LA: Excision partial, large intestine open approach Simple excisional technique 

1NM87PN: Excision partial, large intestine endoscopic [laparoscopic, laparoscopic-assisted, hand-

assisted] approach robotic assisted telemanipulation of tools [telesurgery] 

1NM87RD: Excision partial, large intestine open approach Colorectal anastomosis technique 

1NM87RE: Excision partial, large intestine open approach Enterocolostomy anastomosis technique 

1NM87RN: Excision partial, large intestine open approach Colocolostomy anastomosis technique 

1NM87TF: Excision partial, large intestine open approach Stoma formation with distal closure 

1NM87TG: Excision partial, large intestine open approach Stoma formation with creation of mucous 

fistula 

1NM89^: Excision total, large intestine 

1NM91^: Excision radical, large intestine 

1NQ59^: Destruction, rectum 

1NQ87BA: Excision partial, rectum endoscopic per orifice approach closure by apposition technique [e.g. 

suturing, stapling] or no closure required (for tissue regeneration) 

1NQ87BAFA: Excision partial, rectum endoscopic per orifice approach encirclage device 

1NQ87CA: Excision partial, rectum perineal [e.g. pull through, transanal, sacral or sphincteric] approach 

closure by apposition technique [e.g. suturing, stapling] or no closure required (for tissue regeneration) 

1NQ87DA: Excision partial, rectum endoscopic [laparoscopic, laparoscopic-assisted, hand-assisted] 

approach closure by apposition technique [e.g. suturing, stapling] or no closure required (for tissue 

regeneration) 

1NQ87DE: Excision partial, rectum endoscopic [laparoscopic, laparoscopic-assisted, hand-assisted] 

approach colorectal anastomosis technique 

1NQ87DF: Excision partial, rectum endoscopic [laparoscopic] approach colorectal anastomosis technique 

1NQ87DX: Excision partial, rectum endoscopic [laparoscopic, laparoscopic-assisted, hand-assisted] 

approach stoma formation with distal closure 

1NQ87LA: Excision partial, rectum open abdominal [e.g. anterior] approach closure by apposition 

technique [e.g. suturing, stapling] or no closure required (for tissue regeneration) 

1NQ87PB: Excision partial, rectum perineal (e.g. pull through, transanal, sacral or sphincteric) approach 

colorectal anastomosis technique 

1NQ87PF: Excision partial, rectum posterior [e.g. entering through incision between coccyx and anal 

verge with proctotomy] approach closure by apposition technique [e.g. suturing, stapling] or no closure 

required (for tissue regeneration) 

1NQ87PN: Excision partial, rectum endoscopic [laparoscopic, laparoscopic-assisted, hand-assisted] 

approach robotic assisted telemanipulation of tools [telesurgery] 

1NQ87RD: Excision partial, rectum open abdominal [e.g. anterior] approach colorectal anastomosis 

technique 

1NQ87TF: Excision partial, rectum open abdominal approach [e.g. anterior] stoma formation with distal 

closure 

1NQ89^: Excision total, rectum 

2NA70: Inspection, esophagus with stomach 

2NC70: Inspection, esophagus with stomach 
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2NF70: Inspection, stomach 

2NK70: Inspection, small intestine 

2NM70BABG: Inspection, large intestine, using endoscopic per orifice approach (or via stoma) and rigid 

sigmoidoscope 

2NM70BABH: Inspection, large intestine, using endoscopic per orifice approach (or via stoma) and 

flexible sigmoidoscope 

2NM70BABJ: Inspection, large intestine, using endoscopic per orifice approach (or via stoma) and 

colonoscope 

2NQ70^: Inspection, rectum 

3ER20^: Computerized tomography [CT], head NEC 

3GY10^: Xray, thoracic cavity NEC 

3GY30^: Computerized tomography [CT], thoracic cavity 

3NA10^: Xray, esophagus 

3NK10^: Xray, small intestine 

3NL10^: Xray, upper GI tract 

3NM10: Xray, large intestine 

3NM20^: CT, large intestine 

3NQ10^: Xray, rectum 

3NZ10: Xray, gastrointestinal tract NEC 

3OT10^: Xray, abdominal cavity 

3OT12^: Flouroscopy, abdominal cavity 

3OT20^: CT, abdominal cavity 

3OT30^: Ultrasound, abdominal cavity 

3OT40^: MRI, abdominal cavity 

3SC10^: Xray, spinal vertebrae 

3SC30: CT, spinal vertebrae 

3SL10^: Xray, ribs 

3SQ10^: Xray, pelvis 

3VA10^: Xray, hip joint 

4CU31^: Occult blood, stool 

 

ICD diagnosis codes: 

A09: Infectious gastroenteritis and colitis, unspecified 

C17^: Malignant neoplasm of small intestine 

C18^: Malignant neoplasm of colon 

C19^: Malignant neoplasm of rectosigmoid junction 

C20^: Malignant neoplasm of rectum 

C21.0^: Malignant neoplasm of anus, unspecified 

C21.1^: Malignant neoplasm of anal canal 

C21.8: Malignant neoplasm of overlapping sites of rectum, anus and anal canal 

C22^: Malignant neoplasm of liver and intrahepatic bile ducts 

C26^: Malignant neoplasm of other and ill-defined digestive organs 

C78^: Secondary malignant neoplasm of respiratory and digestive organs 

C79^: Secondary malignant neoplasm of other and unspecified sites 

C80^: Malignant neoplasm without specification of site 

D00^: Carcinoma in situ of oral cavity, esophagus and stomach 
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D01^: Carcinoma in situ of other and unspecified digestive organs 

D13^: Benign neoplasm of other and ill-defined parts of digestive system 

D37^: Neoplasm of uncertain behavior of oral cavity and digestive organs 

D38^: Neoplasm of uncertain behavior of middle ear and respiratory and intrathoracic organs 

D48.3^: Neoplasm of uncertain behavior of retroperitoneum 

D48.4^: Neoplasm of uncertain behavior of peritoneum 

D50^: Iron deficiency anemia 

D51^: Vitamin B12 deficiency anemia 

D52^: Folate deficiency anemia 

D53^: Other nutritional anemias 

D60^: Acquired pure red cell aplasia [erythroblastopenia] 

D61^: Other aplastic anemias and other bone marrow failure syndromes 

D62: Acute posthemorrhagic anemia 

D63^: Anemia in chronic diseases classified elsewhere 

D64^: Other anemias 

E56^: Other vitamin deficiencies 

E58: Dietary calcium deficiency 

E59: Dietary selenium deficiency 

E60: Dietary zinc deficiency 

E61^: Deficiency of other nutrient elements 

E63^: Other nutritional deficiencies 

G47.3^: Sleep apnea 

J86.0: Pyothorax with fistula 

K20^: Esophagitis 

K21^: Gastro-esophageal reflux disease 

K22^: Other diseases of esophagus 

K25^: Gastric ulcer 

K26^: Duodenal ulcer 

K29^: Gastritis and duodenitis 

K31.0: Acute dilatation of stomach 

K31.1: Adult hypertrophic pyloric stenosis 

K31.2: Hourglass stricture and stenosis of stomach 

K31.3: Pylorospasm, not elsewhere classified 

K31.4: Gastric diverticulum 

K31.5: Obstruction of duodenum 

K31.6: Fistula of stomach and duodenum 

K31.811: Angiodysplasia of stomach and duodenum, with bleeding 

K31.819: Angiodysplasia of stomach and duodenum, without bleeding 

K31.82: Dieulafoy lesion (hemorrhagic) of stomach and duodenum 

K31.83: Achlorhydria 

K31.84: Gastroparesis 

K31.89: Other diseases of stomach and duodenum 

K31.9: Disease of stomach and duodenum, unspecified 

K35^: Acute appendicitis 

K50^: Crohn's disease [regional enteritis] 

K51^: Ulcerative colitis 
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K52.2: Allergic and dietetic gastroenteritis and colitis 

K52.81: Eosinophilic gastritis or gastroenteritis 

K52.89: Other specified noninfective gastroenteritis and colitis 

K55.2^: Angiodysplasia of colon 

K56^: Paralytic ileus and intestinal obstruction without hernia 

K57^: Diverticular disease of intestine 

K58^: Irritable bowel syndrome 

K59^: Other functional intestinal disorders 

K60^: Fissure and fistula of anal and rectal regions 

K62^: Other diseases of anus and rectum 

K63.0: Abscess of intestine 

K63.1: Perforation of intestine (nontraumatic) 

K63.2: Fistula of intestine 

K63.3: Ulcer of intestine 

K63.4: Enteroptosis 

K63.81: Dieulafoy lesion of intestine 

K63.89: Other specified diseases of intestine 

K63.9: Disease of intestine, unspecified 

K64^: Hemorrhoids and perianal venous thrombosis 

K65^: Peritonitis 

K67^: Disorders of peritoneum in infectious diseases classified elsewhere 

K68.12: Psoas muscle abscess 

K68.19: Other retroperitoneal abscess 

K68.9: Other disorders of retroperitoneum 

K80^: Cholelithiasis 

K91.0: Vomiting following gastrointestinal surgery 

K91.1: Postgastric surgery syndromes 

K91.85^: Complications of intestinal pouch 

K91.89: Other postprocedural complications and disorders of digestive system 

K92.0: Hematemesis 

K92.1: Melena 

K94.0^: Colostomy complications 

K94.1^: Enterostomy complications 

K94.2: Gastrostomy complications 

K94.3^: Esophagostomy complications 

N23: Unspecified renal colic 

N30^: Cystitis 

N36^: Other disorders of urethra 

N39.0: Urinary tract infection, site not specified 

N39.8: Other specified disorders of urinary system 

N39.9: Disorder of urinary system, unspecified 

R00.0: Tachycardia, unspecified 

R04.0: Epistaxis 

R04.2: Hemoptysis 

R05: Cough 

R06.0^: Dyspnea, including shortness of breath 
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R06.4: Hyperventilation 

R06.6: Hiccough 

R07^: Pain in throat and chest 

R10^: Abdominal and pelvic pain 

R11^: Nausea and vomiting 

R12: Heartburn 

R13^: Aphagia and dysphagia 

R14^: Flatulence and related conditions 

R15^: Fecal incontinence 

R17: Unspecified jaundice 

R18^: Ascites 

R19.0^: Intra-abdominal and pelvic swelling, mass and lump 

R19.1^: Abnormal bowel sounds 

R19.2: Visible peristalsis 

R19.4: Change in bowel habit 

R19.5: Other fecal abnormalities 

R19.7: Diarrhea, unspecified 

R19.8: Other specified symptoms and signs involving the digestive system and abdomen 

R26.0: Ataxic gait 

R27.0: Ataxia, unspecified 

R31^: Hematuria 

R33^: Urinary retention 

R35.1: Nocturia 

R42: Dizziness and giddiness 

R51: Headache 

R55: Syncope and collapse 

R56^: Convulsions, not elsewhere classified 

R57^: Shock, not elsewhere classified 

R60^: Edema, not elsewhere classified 

R63.0: Anorexia 

R64: Cachexia 

R68.89: Other general signs and symptoms 

R69: Illness, unspecified 

R70^: Elevated erythrocyte sedimentation rate and abnormality of plasma viscosity 

R71^: Abnormality of red blood cells 

R73^: Elevated blood glucose level 

R74^: Abnormal serum enzyme levels 

R75^: Inconclusive laboratory evidence of human immunodeficiency virus (HIV) 

R76^: Other abnormal immunological findings in serum 

R77^: Other abnormalities of plasma proteins 

R78^: Findings of drugs and other substances, not normally found in blood 

R79^: Other abnormal findings of blood chemistry 
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Appendix I 

Control Charts 

 
Figure I-1: Colorectal cancer, 0 to 18 months before diagnosis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure I-2: Colorectal cancer, control period 
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Figure I-3: Other related cancer, 0 to 18 months before diagnosis 

 
Figure I-4: Other related cancer, control period 

 
Figure I-5: Benign neoplasm, 0 to 18 months before diagnosis 

 
Figure I-6: Benign neoplasm, control period 



 

 

 

260 

 
Figure I-7: Upper GI symptoms, 0 to 18 months before diagnosis 

 
Figure I-8: Upper GI symptoms, control period 

 
Figure I-9: Lower GI symptoms, 0 to 18 months before diagnosis 

 
Figure I-10: Lower GI symptoms, control period 
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Figure I-11: Anemia, 0 to 18 months before diagnosis 

 
Figure I-12: Anemia, control period 

 
Figure I-13: Nutritional deficiency, 0-18 months before diagnosis 

 
Figure I-14: Nutritional deficiency, control period 
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Figure I-15: Symptoms NOS, 0 to 18 months before diagnosis 

 
Figure I-16: Symptoms NOS, control period 

 
Figure I-17: Annual exam, 0 to 18 months before diagnosis 

 
Figure I-18: Annual exam, control period 
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Figure I-19: Colonoscopy, 0 to 18 months before diagnosis 

 
Figure I-20: Colonoscopy, control period 

 
Figure I-21: Other lower GI endoscopy, 0-18 months before 

diagnosis 

 
Figure I-22: Other lower GI endoscopy, control period 
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Figure I-23: Polypectomy, 0 to 18 months before diagnosis 

 
Figure I-24: Polypectomy, control period 

 
Figure I-25: gFOBT, 0 to 18 months before diagnosis 

 
Figure I-26: gFOBT, control period 
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Figure I-27: Surgical resection, 0 to 18 months before diagnosis 

 
Figure I-28: Surgical resection, control period 

 
Figure I-29: Upper GI endoscopy, 0-18 months before diagnosis 

 
Figure I-30: Upper GI endoscopy, control period 
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Figure I-31: General surgery consult or assessment, 0 to 18 

months before diagnosis 

 
Figure I-32: General surgery consult or assessment, control 

period 

 
Figure I-33: Gastroenterology consult or assessment, 0 to 18 

months before diagnosis

 
Figure I-34: Gastroenterology consult or assessment, control 

period 
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Figure I-35: Internal medicine consult or assessment, 0 to 18 

months before diagnosis 

 
Figure I-36: Internal medicine consult or assessment, control 

period 

 
Figure I-37: Abdominal ultrasound, 0 to 18 months before 

diagnosis 

 
Figure I-38: Abdominal ultrasound, control period 
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Figure I-39: Other ultrasound, 0 to 18 months before diagnosis 

 
Figure I-40: Other ultrasound, control period 

 
Figure I-41: Abdominal x-ray, 0 to 18 months before diagnosis 

 
Figure I-42: Abdominal x-ray, control period 
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Figure I-43: Other x-ray, 0 to 18 months before diagnosis 

 
Figure I-44: Other x-ray, control period 

 
Figure I-45: Abdominal/pelvic CT scan, 0 to 18 months before 

diagnosis 

 
Figure I-46: Abdominal/pelvic CT scan, control period 
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Figure I-47: Other CT scan, 0 to 18 months before diagnosis 

 
Figure I-48: Other CT scan, control period 

 
Figure I-49: Abdominal/pelvic MRI, 0 to 18 months before 

diagnosis 

 
Figure I-50: Abdominal/pelvic MRI, control period 
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Appendix J 

Minimal Detectable Effects from Dissertation Proposal 

Table J-1: Phase 1, power to detect a 10% difference between the provincial colonoscopy utilization 

rate and network-level colonoscopy utilization rate, for smallest and largest networks 

Provincial rate Difference to detect Network-level 

rate 

Alpha Sample size of 

smallest 

network 

Power 

385.7 per 

10,000
65 

10% above provincial 

rate 

424.3 per 10,000 0.05 43153 99% 

385.7 per 

10,000
65 

10% below provincial 

rate 

347.1 per 10,000 0.05 43153 96% 

Provincial rate Difference to detect Network-level 

rate 

Alpha Sample size of 

largest network 

Power 

385.7 per 

10,000
65 

10% above provincial 

rate 

424.3 per 10,000 0.05 323652 >99% 

385.7 per 

10,000
65 

10% below provincial 

rate 

347.1 per 10,000 0.05 323652 >99% 
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Table J-2: Phase 2, Objective 2(b), minimal detectable difference in the length of the CRC 

diagnostic interval in symptomatic patients for network-level variables of potential access to 

colonoscopy, in a stage-stratified analysis with an overall sample size of 5,312  

Power Zβ Z α/2 σ r N 

exposed 

Minimal 

detectable 

difference in log-

transformed 

days 

Minimal 

detectable 

difference 

(days) 

Assuming that only smallest network is exposed (smallest network has 0.4% of study population) 

0.80 -0.845 -1.96 1.17 245 21 0.7176 2.05 

0.90 -1.28 -1.96 1.17 245 21 0.8289 2.30 

Assuming that only smallest network is unexposed (smallest network has 0.4% of study population) 

0.80 -0.845 -1.96 1.17 0.004 5291 0.7148 2.04 

0.90 -1.28 -1.96 1.17 0.004 5291 0.8256 2.28 

Assuming that only largest network is exposed (largest network has 3% of study population) 

0.80 -0.845 -1.96 1.17 32.4 159 0.2642 1.30 

0.90 -1.28 -1.96 1.17 32.4 159 0.3052 1.36 

Assuming that only the largest network is unexposed (largest network has 3% of study population) 

0.80 -0.845 -1.96 1.17 0.03 5153 0.2679 1.31 

0.90 -1.28 -1.96 1.17 0.03 5153 0.3094 1.36 

Based on estimates of gastroenterologist distribution (1) 

0.80 -0.845 -1.96 1.17 0.2 1567 0.2031 1.22 

0.90 -1.28 -1.96 1.17 0.2 1567 0.2345 1.26 

Based on estimates of gastroenterologist distribution (1)
 

0.80 -0.845 -1.96 1.17 0.1 2906 0.2019 1.22 

0.90 -1.28 -1.96 1.17 0.1 2906 0.2332 1.26 

Based on distribution of active colonoscopists by Ontario county (2)
 

0.80 -0.845 -1.96 1.17 0.38 1311 0.1727 1.19 

0.90 -1.28 -1.96 1.17 0.38 1311 0.1995 1.22 

σ=standard deviation. Estimated using σ = 
𝑋−𝜇

𝑧
 where x is the 75

th
 or 90

th
 log-transformed percentile of 

the CRC diagnostic interval length, µ is the median log-transformed CRC diagnostic interval length, 

estimated from Singh et al.(3)  

r = the ratio of unexposed to exposed CRC patients. Various values of r were calculated based on various 

estimates from the literature, and from the distribution of the population within networks.  
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Table J-3: Phase 2, Objective 2(b), minimal detectable difference in the length of the CRC 

diagnostic interval in symptomatic patients for individual-level variable of potential access to 

colonoscopy (distance to colonoscopist), in a stage-stratified analysis with a sample size of 5,312  

Power Zβ Z α/2 σ r N 

exposed 

Minimal 

detectable 

difference in 

log-transformed 

days 

Minimal 

detectable 

difference 

(days) 

Based on distance estimates from Parsons and Askland (4) 

0.80 -0.845 -1.96 1.17 3.95 632 0.1461 1.16 

0.90 -1.28 -1.96 1.17 3.95 632 0.1688 1.18 

Based on distance estimates from Robertson et al. (5) 

0.80 -0.845 -1.96 1.17 1.76 903 0.1368 1.15 

0.90 -1.28 -1.96 1.17 1.76 903 0.1580 1.17 

Based on distance estimates from Helewa et al. (6) 

0.80 -0.845 -1.96 1.17 2.59 1206 0.1112 1.12 

0.90 -1.28 -1.96 1.17 2.59 1206 0.1285 1.14 

Based on distance estimates from Campbell et al. (7) 

0.80 -0.845 -1.96 1.17 1.14 1381 0.1210 1.13 

0.90 -1.28 -1.96 1.17 1.14 1381 0.1398 1.15 

Based on distance to teaching hospital estimates from Ng, Wilkins and Perras (8) 

0.80 -0.845 -1.96 1.17 0.85 977 0.1549 1.17 

0.90 -1.28 -1.96 1.17 0.85 977 0.1789 1.20 

Based on distance to hospital estimates from Ng, Wilkins and Perras (8) 

0.80 -0.845 -1.96 1.17 24.5 154 0.2698 1.31 

0.90 -1.28 -1.96 1.17 24.5 154 0.3116 1.36 

σ=standard deviation. Estimated using σ = 
𝑋−𝜇

𝑧
 where x is the 75

th
 or 90

th
 log-transformed percentile of 

the CRC diagnostic interval length, µ is the median log-transformed CRC diagnostic interval length, 

estimated from Singh et al.(3)  

r = the ratio of unexposed to exposed CRC patients. Various values of r were calculated based on various 

estimates from the literature, and from the distribution of the population within networks.  
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Appendix L 

Description of the Study Cohort, Phase One 

Table L-1 presents the mean age and sex distribution of the final study cohort, across the seven 

study years. Both characteristics were very stable across the study period, with a mean age of between 47 

and 48 years in every study year, and between 47.4% and 47.5% of the cohort being male.  

Table L-2 presents the rurality of the final study cohort, across the seven study years. Rurality 

was stable across the study period. The proportion of the study cohort in any of the six RIO categories 

differed by no more than 1.1% across any of the seven study years. The proportion of the study cohort 

with a missing RIO score was stable across 2007 to 2013, at 0.8%. 

Table L-1: Age and sex distribution, by year 

Year Mean age (SD) % Male % Female 

2007 47.2 (17.7) 47.4% 52.6% 

2008 47.4 (17.9) 47.4% 52.6% 

2009 47.5 (18.0) 47.4% 52.6% 

2010 47.7 (18.1) 47.4% 52.6% 

2011 47.9 (18.1) 47.4% 52.6% 

2012 48.1 (18.2) 47.5% 52.5% 

2013 48.4 (18.3) 47.5% 52.5% 

SD=Standard deviation 

Table L-2: RIO scores of study population, by year 

Year Mean 

RIO 

score* 

Median 

RIO 

score* 

% in 

RIO 0-

9 

% in 

RIO 

10-30 

% in 

RIO 

31-45 

% in 

RIO 

46-55 

% in 

RIO 

56-75 

% in 

RIO 

76-100 

% with 

unknown 

RIO 

2007 10.3 2 71.4% 14.9% 8.0% 2.0% 1.9% 1.0% 0.8% 

2008 10.2 2 71.7% 14.8% 7.9% 2.0% 1.9% 1.0% 0.8% 

2009 10.1 2 71.9% 14.7% 7.9% 1.9% 1.8% 0.9% 0.8% 

2010 10.0 2 72.2% 14.5% 7.8% 1.9% 1.8% 1.0% 0.8% 

2011 10.0 2 72.3% 14.5% 7.8% 1.9% 1.8% 0.9% 0.8% 

2012 10.0 2 72.4% 14.4% 7.8% 1.9% 1.8% 0.9% 0.8% 

2013 9.9 2 72.5% 14.4% 7.7% 1.9% 1.8% 0.9% 0.8% 

RIO=Rurality Index for Ontario 

*Based on study population members with known RIO score 
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Appendix M 

Cohort Representativeness, Phase One 

Table M-1 compares the age, sex, rurality and colonoscopy utilization of the final cohort 

members and individuals who were excluded due to having a missing colonoscopy network for each 

study year (2007 to 2013). For all study years, Individuals who did not have an assigned colonoscopy 

network were slightly younger (p<0.0001), more likely to be male (p<0.0001) and more likely to live in 

the most urban areas (RIO 0-9) or have unknown rurality (p<0.0001) than those with an assigned 

network. Individuals who did not have an assigned colonoscopy network were less likely to have had at 

least one colonoscopy in the year compared to individuals with an assigned network (p<0.0001).  
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Table M-1: Cohort representativeness, 2007 to 2013 

 2007 2008 2009 2010 

 Network 

assigned 

No 

network 

assigned 

p-value 

Χ
2
 

unless 

otherwise 

noted 

Network 

assigned 

No 

network 

assigned 

p-value 

Χ
2
 

unless 

otherwise 

noted 

Network 

assigned 

No 

network 

assigned 

p-value 

Χ
2
 

unless 

otherwise 

noted 

Network 

assigned 

No 

network 

assigned 

p-value 

Χ
2
 

unless 

otherwise 

noted 

Age, mean 

(SD) 

47.2 

(17.7) 

45.2 

(19.0) 

<0.0001* 47.4 

(17.9) 

43.6 

(17.5) 

<0.0001* 47.5 

(18.0) 

44.2 

(17.5) 

<0.0001* 47.7 

(18.1) 

44.6 

(17.6) 

<0.0001* 

Sex             

% male 47.4% 61.3% <0.0001 47.4% 62.2% <0.0001 47.4% 62.4% <0.0001 47.4% 62.5% <0.0001 

% female 52.6% 38.7%  52.6% 37.8%  52.6% 32.6%  52.6% 37.5%  

Rurality             

% RIO 0-9 71.4% 76.9% <0.0001 71.7% 77.6% <0.0001 71.9% 77.7% <0.0001 72.2% 77.9% <0.0001 

% RIO 10-30 14.9% 11.5%  14.8% 11.1%  14.7% 11.0%  14.5% 10.9%  

% RIO 31-45 8.0% 6.1%  7.9% 5.9%  7.9% 5.8%  7.8% 5.8%  

% RIO 46-55 2.0% 1.5%  1.9% 1.5%  1.9% 1.4%  1.9% 1.4%  

% RIO 56-75 1.9% 1.6%  1.9% 1.5%  1.8% 1.5%  1.85% 1.5%  

% RIO 76+ 1.0% 1.2%  1.0% 1.2%  0.9% 1.2%  0.9% 1.1%  

% missing 0.8% 1.3%  0.8% 1.3%  0.8% 1.3%  0.8% 1.3%  

Colonoscopy 

utilization 

            

% with ≥1 

colonoscopy 

3.8% 0.6% <0.0001 4.3% 0.04% <0.0001 4.3% <0.01% <0.0001 4.3% <0.01% <0.0001 

% with 0 

colonoscopy 

96.2% 99.4%  95.7% 99.96%  95.7% >99.99%  95.7% >99.99%  

RIO=Rurality Index for Ontario 
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Table M-1 (continued): Cohort representativeness, 2007 to 2013 

 2011 2012 2013 

 Network 

assigned 

No network 

assigned 

p-value 

Χ
2
 

unless 

otherwise 

noted 

Network 

assigned 

No network 

assigned 

p-value 

Χ
2
 

unless 

otherwise 

noted 

Network 

assigned 

No network 

assigned 

p-value 

Χ
2
 

unless 

otherwise 

noted 

Age, mean (SD) 47.9 (18.1) 44.6 (17.4) <0.0001* 48.1 (18.2) 44.3 (17.2) <0.0001* 48.4 (18.3) 44.0 (17.2) <0.0001* 

Sex          

% male 47.4% 61.9% <0.0001 47.5% 60.3% <0.0001 47.5% 59.0% <0.0001 

% female 52.6% 38.1%  52.5% 39.7%  52.5% 41.0%  

Rurality          

% RIO 0-9 72.3% 78.5% <0.0001 72.4% 79.8% <0.0001 72.5% 80.7%% <0.0001 

% RIO 10-30 14.5% 10.6%  14.4% 9.9%  14.4% 9.3%  

% RIO 31-45 7.8% 5.6%  7.7% 5.2%  7.7% 4.9%  

% RIO 46-55 1.9% 1.4%  1.9% 1.3%  1.9% 1.2%  

% RIO 56-75 1.8% 1.4%  1.8% 1.3%  1.8% 1.3%  

% RIO 76+ 0.9% 1.1%  0.9% 1.0%  0.9% 1.0%  

% missing 0.8% 1.4%  0.8% 1.4%  0.8% 1.6%  

Colonoscopy 

utilization 

         

% with ≥1 

colonoscopy 

4.5% 0.2% <0.0001 4.4% 0.6% <0.0001 4.2% 0.9% <0.0001 

% with 0 

colonoscopy 

95.5% 99.8%  95.6% 99.4%  95.8% 99.1%  

RIO=Rurality Index for Ontario 
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Appendix N 

Supplementary Results: Phase One 

Table N-1 provides the population of each colonoscopy network for each study year 

(2007 to 2013). In general, the population of the networks increased over time.  

Table N-2 describes the proportion of each network’s population that had a RIO score 

>45 for 2007 to 2013. This measure of network rurality was very stable over time. The proportion 

of the Ontario population with RIO>45 varied from only 4.6% to 4.9% between 2007 and 2013. 

In any year, there were three networks with at least 50% of the population with RIO>45, seven 

networks with ≥25% and <50% of the population with RIO>45, three networks with ≥10% and 

<25% of the population with RIO>45, four networks with ≥5% to <10% of the population with 

RIO>45, five networks with ≥1% to <5% of the population with RIO>45, and 21 networks with 

<1% of the population with RIO>45. 

Tables N-3 through N-8 reports the availability and quality of colonoscopy resources for 

each colonoscopy network and for the entire province in each study year, with the exception of 

distance to closest colonoscopist, which was calculated only among the 2013 study cohort and 

polypectomy rates which were calculated in 2012 and 2013 only. There was variation in the 

availability and quality of colonoscopy resources across the colonoscopy networks in any year. 

For example, in 2013 colonoscopist density ranged from 0.0 and 21.8 FTEs per 100,000 network 

residents, access to gastroenterologists varied from 0.0% to 53.8%, colonoscopy completion rates 

varied from 89.1 to 97.5%, polypectomy rates varied from 6.7% to 50.9%, and private clinic 

access varied from 1.2% to 55.9%. In 2013, median distance to the closest colonoscopist ranged 

from 2.4 km to 141.6 km. 

Table N-9 presents the colonoscopy utilization rates and 95% CIs for each colonoscopy 

network and the entire province for each study year. The network colonoscopy utilization rates 

are age- and sex-standardized. Colonoscopy utilization rates varied across colonoscopy networks 
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in any given year. For example, in 2013, the minimum and maximum utilization rates were 15.9 

colonoscopies per 1,000 network residents and 61.3 colonoscopies per 1,000 network residents. 

Colonoscopy utilization also varied over time. In Ontario, there was an inverted-u shape to the 

colonoscopy utilization rates, with the lowest rate of 39.7 colonoscopies per 1,000 population 

observed in 2007, and the highest rate of 47.3 colonoscopies per 1,000 population observed in 

2011. Utilization rates also varied within networks over time, although there was no apparent 

trend to the changes in utilization rates within networks over time. 
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Table N-1: Network population by year 

Colonoscopy network number and 

name 

2007 2008 2009 2010 2011 2012 2013 

1 Thunder Bay  164,118 167,161 169,072 170,799 172,117 172,900 173,700 

2 Moose Factory 3,286 3,390 3,436 3,524 3,594 3,645 3,678 

3 Timmins  70,913 71,963 72,701 73,269 73,727 74,079 74,295 

4 Sault Ste Marie 79,073 80,149 80,650 81,135 81,677 81,806 81,913 

5 Sudbury 168,995 171,357 172,561 173,639 174,371 174,883 175,228 

6 North Bay  87,551 89,047 89,740 90,438 90,835 91,081 91,292 

7 Pembroke  55,369 56,202 56,799 57,228 57,553 57,756 57,884 

8 Ottawa  734,249 754,659 770,938 785,700 797,405 802,872 808,404 

9 Cornwall  56,884 57,905 58,415 58,986 59,516 59,638 59,753 

10 Brockville  42,222 42,850 43,075 43,356 43,589 43,642 43,655 

11 Perth & Smiths Falls  31,689 32,181 32,400 32,662 32,840 32,894 32,929 

12 Kingston  149,684 152,975 154,951 156,472 157,581 158,144 158,549 

13 Belleville  117,802 119,543 120,303 121,124 121,796 122,029 122,342 

14 Cobourg 40,943 41,496 41,814 42,077 42,286 42,422 42,522 

15 Peterborough  116,976 118,564 119,302 119,916 120,338 120,558 120,735 

16 Lindsay 41,210 41,611 41,608 41,617 41,659 41,608 41,529 

17 Muskoka  49,580 50,249 50,481 50,671 50,836 50,945 51,010 

18 Orillia  48,113 48,725 48,970 49,182 49,352 49,424 49,531 

19 Barrie 125,257 127,946 130,079 131,969 133,726 135,090 136,559 

20 Georgian Bay 34,866 35,386 35,551 35,659 35,844 35,919 35,964 

21 Collingwood  38,525 39,105 39,448 39,700 39,834 39,967 40,055 

22 Owen Sound 102,832 104,211 104,827 105,330 105,713 105,968 106,015 

23 Oshawa 236,363 241,392 245,265 248,959 252,755 255,396 257,920 

24 GTA East 736,567 761,151 782,467 802,387 819,272 827,865 836,791 

25 Newmarket 180,170 184,309 187,599 190,747 193,607 195,784 197,928 

26 GTA Core 1,561,617 1,610,252 1,650,482 1,686,419 1,714,035 1,724,223 1,734,323 

27 GTA West 1,282,535 1,326,608 1,365,766 1,402,383 1,434,216 1,451,329 1,468,466 

28 Oakville 208,428 213,737 218,265 222,347 225,871 227,964 230,073 

29 Burlington 134,462 137,256 139,353 141,255 143,000 143,938 144,868 
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30 Hamilton  375,382 382,533 387,638 392,370 396,198 398,342 400,045 

31 Niagara  325,345 330,719 333,410 335,893 337,800 339,013 339,972 

32 Norfolk  42,899 43,424 43,625 43,866 44,011 44,085 44,188 

33 Brantford 91,081 92,455 93,302 94,076 94,668 95,060 95,554 

34 Cambridge  91,502 93,351 94,684 95,900 96,948 97,753 98,491 

35 Guelph  136,562 139,454 141,463 143,133 144,516 145,407 146,270 

36 Kitchener-Waterloo 250,720 257,060 261,920 266,063 269,612 271,657 273,823 

37 Woodstock  69,275 70,295 70,799 71,251 71,678 71,935 72,283 

38 Stratford  104,515 106,112 107,036 107,750 108,329 108,865 109,356 

39 London  334,813 341,992 346,905 351,753 355,577 357,897 359,973 

40 St Thomas  52,684 53,541 54,009 54,331 54,707 54,942 55,246 

41 Sarnia 83,043 84,417 85,109 85,540 85,996 86,327 86,529 

42 Chatham 74,029 75,058 75,577 76,025 76,359 76,636 76,867 

43 Windsor  281,248 287,162 290,953 294,686 297,797 299,902 301,764 

Ontario 9,013,377 9,238,953 9,412,748 9,571,587 9,703,141 9,771,590 9,838,272 
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Table N-2: Proportion with RIO >45 

Colonoscopy network number and 

name 

2007 2008 2009 2010 2011 2012 2013 

1 Thunder Bay  44.6% 44.8% 44.9% 44.9% 45.0% 45.2% 45.3% 

2 Moose Factory 77.4% 77.3% 77.2% 76.8% 76.7% 77.1% 77.2% 

3 Timmins  49.4% 49.3% 49.1% 48.9% 48.8% 48.7% 48.6% 

4 Sault Ste Marie 25.9% 25.9% 25.9% 25.9% 25.9% 26.0% 26.0% 

5 Sudbury 27.4% 27.4% 27.3% 27.2% 27.2% 27.1% 27.0% 

6 North Bay  38.6% 38.5% 38.5% 38.4% 38.3% 38.3% 38.3% 

7 Pembroke  82.8% 82.9% 83.0% 83.1% 83.2% 83.3% 83.3% 

8 Ottawa  2.0% 2.0% 2.0% 2.0% 2.0% 2.0% 2.0% 

9 Cornwall  0.7% 0.7% 0.7% 0.7% 0.7% 0.7% 0.7% 

10 Brockville  0.6% 0.6% 0.6% 0.6% 0.6% 0.6% 0.6% 

11 Perth & Smiths Falls  2.3% 2.3% 2.4% 2.4% 2.4% 2.3% 2.3% 

12 Kingston  1.9% 1.9% 1.9% 1.9% 1.8% 1.8% 1.8% 

13 Quinte  11.4% 11.3% 11.3% 11.2% 11.2% 11.2% 11.1% 

14 Cobourg 9.7% 9.7% 9.8% 9.8% 9.8% 9.9% 9.9% 

15 Peterborough  12.9% 12.9% 12.8% 12.7% 12.7% 12.7% 12.6% 

16 Lindsay 9.2% 9.2% 9.1% 9.1% 9.0% 9.0% 8.9% 

17 Muskoka  91.1% 91.1% 91.1% 91.1% 91.1% 91.1% 91.1% 

18 Orillia  18.9% 18.9% 19.0% 19.0% 19.1% 19.2% 19.3% 

19 Barrie 2.0% 2.0% 2.0% 2.0% 2.0% 2.0% 2.0% 

20 Georgian Bay 3.1% 3.0% 3.1% 3.0% 3.0% 3.0% 3.0% 

21 Collingwood  7.5% 7.4% 7.5% 7.5% 7.5% 7.5% 7.5% 

22 Grey Bruce - Owen Sound 44.9% 44.9% 44.9% 45.0% 45.0% 45.0% 45.0% 

23 Oshawa 0.8% 0.8% 0.8% 0.8% 0.8% 0.8% 0.8% 

24 GTA East 0.2% 0.2% 0.2% 0.2% 0.2% 0.2% 0.2% 

25 Newmarket 0.7% 0.7% 0.7% 0.7% 0.7% 0.7% 0.7% 

26 GTA Core 0.4% 0.4% 0.3% 0.3% 0.3% 0.3% 0.3% 

27 GTA West 0.4% 0.4% 0.4% 0.4% 0.4% 0.4% 0.4% 

28 Oakville 0.4% 0.4% 0.4% 0.4% 0.4% 0.4% 0.4% 

29 Burlington 0.4% 0.4% 0.4% 0.4% 0.4% 0.4% 0.4% 
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30 Hamilton  0.3% 0.3% 0.3% 0.3% 0.3% 0.3% 0.3% 

31 Niagara  0.3% 0.3% 0.3% 0.3% 0.3% 0.3% 0.3% 

32 Norfolk  0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 

33 Brantford 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 

34 Cambridge  0.6% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 

35 Guelph  5.8% 5.8% 5.8% 5.7% 5.7% 5.7% 5.7% 

36 Kitchener-Waterloo 0.9% 0.9% 0.9% 0.9% 0.9% 0.9% 0.8% 

37 Woodstock  0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 

38 Stratford  33.3% 33.3% 33.2% 33.2% 33.2% 33.2% 33.1% 

39 London  0.9% 0.9% 0.9% 0.9% 0.9% 0.9% 0.9% 

40 St Thomas-Elgin  0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 

41 Sarnia 0.4% 0.4% 0.4% 0.4% 0.4% 0.4% 0.4% 

42 Chatham 0.3% 0.3% 0.3% 0.3% 0.3% 0.3% 0.3% 

43 Windsor  0.2% 0.2% 0.2% 0.2% 0.2% 0.2% 0.2% 

Ontario 4.9% 4.8% 4.8% 4.7% 4.7% 4.6% 4.6% 

RIO=Rurality Index for Ontario 

Legend 

 >50% RIO >45 

  >25% to ≤50% RIO>45  

 >10% to ≤25% RIO >45 

 >5% to ≤10% RIO>45 

  >1% to ≤5% RIO>45 

 ≤1% RIO >45 
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Table N-3: Colonoscopist density (95% confidence interval) per network, 2007-2013  

Network 

number  

2007 2008 2009 2010 2011 2012 2013 

1 11.3 (6.1-16.4) 10.4 (5.5-15.3) 12.7 (7.3-18.1) 15.4 (9.5-21.2) 17.4 (11.2-23.7) 17.8 (11.5-24.1) 17.7 (11.4-23.9) 

2 30.9 (0.8-169.5) 24.8 (0.7-164.3) 0.0 (0.0-107.4) 0.0 (0.0-104.7) 0.0 (0.0-102.7) 0.0 (0.0-101.2) 0.0 (0.0-100.3) 

3 10.3 (4.0-20.3) 10.4 (3.9-20.0) 10.4 (4.7-21.7) 10.5 (4.7-21.5) 12.9 (5.6-23.2) 14.2 (5.6-22.7) 14.4 (5.8-23.0) 

4 10.4 (4.4-19.9) 11.8 (5.1-21.3) 11.6 (5.1-21.2) 14.8 (6.4-23.2) 13.7 (5.7-21.7) 10.8 (5.0-20.9) 11.9 (5.9-22.5) 

5 12.8 (7.4-18.2) 12.5 (7.2-17.8) 15.1 (9.3-20.9) 16.2 (10.2-22.2) 15.3 (9.5-21.1) 14.2 (8.6-19.8) 12.5 (7.3-17.7) 

6 10.1 (4.7-19.5) 9.8 (4.6-19.2) 9.4 (3.8-17.6) 9.5 (4.6-18.9) 10.4 (4.5-18.8) 11.7 (4.7-18.7) 11.1 (4.3-18.0) 

7 9.4 (2.9-21.1) 9.8 (2.9-20.8) 10.3 (3.9-23.0) 10.1 (3.8-22.8) 10.2 (3.8-22.7) 10.1 (3.8-22.6) 9.3 (2.8-20.2) 

8 7.2 (5.2-9.1) 7.6 (5.2-9.6) 7.5 (5.5-9.4) 7.4 (5.5-9.3) 7.6 (5.7-9.5) 7.4 (5.5-9.2) 7.7 (5.8-9.6) 

9 12.6 (4.9-25.3) 12.5 (4.8-24.9) 12.7 (4.8-24.7) 12.9 (5.8-26.7) 14.7 (6.9-28.7) 12.3 (4.7-24.2) 13.6 (5.8-26.4) 

10 6.2 (1.5-20.8) 6.9 (1.4-20.5) 7.2 (1.4-20.4) 8.8 (2.5-23.6) 8.7 (2.5-23.5) 8.5 (2.5-23.5) 10.0 (2.5-23.5) 

11 10.0 (1.9-27.7) 9.0 (1.9-27.2) 9.1 (1.9-27.1) 9.3 (1.9-26.8) 14.0 (4.9-35.5) 8.7 (1.9-26.7) 8.3 (1.9-26.6) 

12 9.4 (4.5-14.3) 10.3 (5.2-15.4) 9.3 (4.5-14.1) 9.7 (4.8-14.5) 10.5 (5.4-15.5) 11.2 (6.0-16.4) 9.4 (4.6-14.2) 

13 7.4 (3.5-14.5) 8.4 (3.2-13.6) 9.7 (4.2-15.3) 8.9 (3.6-14.2) 9.3 (3.9-14.7) 10.6 (4.8-16.3) 10.3 (4.6-16.0) 

14 7.8 (1.5-21.4) 7.5 (1.5-21.1) 7.4 (1.5-21.0) 7.1 (1.5-20.8) 7.3 (1.5-20.7) 7.4 (1.5-20.7) 9.7 (2.6-24.1) 

15 9.4 (3.8-14.9) 9.6 (4.0-15.1) 9.9 (4.3-15.6) 9.9 (4.2-15.5) 9.4 (3.9-14.9) 9.6 (4.0-15.1) 9.8 (4.2-15.3) 

16 8.9 (2.6-24.8) 8.4 (1.5-21.1) 8.3 (1.5-21.1) 8.3 (1.5-21.1) 11.3 (3.9-28.0) 12.5 (3.9-28.0) 12.7 (3.9-28.1) 

17 14.2 (5.7-29.1) 17.0 (8.2-34.0) 17.5 (8.2-33.8) 18.1 (8.1-33.7) 18.9 (9.4-36.2) 20.7 (8.2-33.2) 21.8 (9.0-34.6) 

18 10.5 (3.4-24.3) 10.6 (3.3-23.9) 10.3 (3.3-23.8) 11.6 (4.5-26.6) 11.2 (4.5-26.5) 10.6 (3.3-23.6) 9.6 (3.3-23.6) 

19 10.9 (5.1-16.7) 12.2 (6.1-18.2) 12.2 (6.2-18.2) 11.6 (5.8-17.3) 12.1 (6.2-18.0) 11.7 (5.9-17.5) 12.0 (6.2-17.9) 

20 14.2 (4.6-33.5) 13.6 (4.6-33.0) 10.1 (3.1-28.8) 11.9 (3.1-28.7) 13.8 (4.5-32.6) 13.2 (4.5-32.5) 12.7 (4.5-32.4) 

21 4.7 (0.6-18.7) 7.6 (1.6-22.4) 8.7 (1.6-22.2) 9.1 (2.7-25.8) 8.8 (1.6-22.0) 8.9 (2.7-25.6) 8.9 (2.7-25.6) 

22 10.6 (4.3-16.9) 10.5 (4.2-16.7) 10.4 (4.2-16.5) 11.4 (5.0-17.9) 10.1 (4.1-16.2) 10.7 (4.5-17.0) 10.7 (4.5-17.0) 

23 9.4 (5.5-13.3) 9.8 (5.8-13.7) 10.6 (6.5-14.7) 10.7 (6.6-14.7) 11.2 (7.1-15.4) 11.2 (7.1-15.3) 11.6 (7.4-15.8) 

24 7.5 (5.5-9.5) 7.7 (5.7-9.7) 7.8 (5.9-9.8) 7.7 (5.8-9.6) 8.2 (6.2-10.1) 8.0 (6.1-9.9) 8.5 (6.6-10.5) 

25 8.2 (4.0-12.3) 8.1 (4.0-12.2) 7.9 (3.9-11.9) 8.3 (4.2-12.4) 8.4 (4.3-12.5) 8.6 (4.5-12.7) 9.1 (4.9-13.3) 

26 8.5 (7.0-9.9) 8.6 (7.1-10.0) 8.7 (7.3-10.1) 8.2 (6.9-9.6) 8.2 (6.98-9.5) 8.1 (6.8-9.5) 8.2 (6.9-9.6) 

27 7.4 (5.9-8.9) 7.8 (6.3-9.3) 7.9 (6.4-9.4) 7.9 (6.5-9.4) 8.4 (6.9-9.9) 7.7 (6.3-9.1) 8.0 (6.5-9.4) 

28 9.1 (5.0-13.2) 8.8 (4.8-12.8) 9.4 (5.3-13.5) 10.3 (6.1-14.6) 10.7 (6.5-15.0) 10.3 (6.1-14.4) 9.9 (5.9-14.0) 

29 7.0 (3.1-12.7) 6.6 (3.0-12.4) 6.8 (3.4-13.2) 7.8 (3.2-12.4) 7.5 (3.0-12.0) 7.4 (2.9-11.8) 7.7 (3.2-12.2) 
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30 10.4 (7.1-13.6) 10.6 (7.3-13.8) 11.0 (7.7-14.3) 10.3 (7.1-13.5) 10.0 (6.8-13.1) 11.1 (7.9-14.4) 11.0 (7.7-14.2) 

31 7.3 (4.4-10.3) 7.3 (4.4-10.2) 6.9 (4.1-9.7) 7.1 (4.2-9.9) 8.2 (5.1-11.3) 7.5 (4.6-10.4) 7.2 (4.3-10.1) 

32 16.5 (6.5-33.6) 16.0 (6.5-33.2) 16.2 (6.4-33.0) 17.6 (7.9-35.9) 16.1 (6.4-32.8) 15.5 (6.4-32.7) 15.9 (6.4-32.6) 

33 10.0 (4.5-18.7) 10.1 (4.5-18.5) 10.4 (5.1-19.7) 10.0 (4.4-18.2) 9.5 (4.4-18.0) 9.7 (4.3-18.0) 9.0 (4.3-17.9) 

34 7.0 (2.4-14.3) 8.5 (3.7-16.9) 8.2 (3.6-16.6) 8.8 (3.6-16.4) 9.8 (5.0-19.0) 9.4 (4.2-17.5) 9.4 (4.2-17.3) 

35 11.0 (5.4-16.6) 9.8 (4.6-15.0) 9.8 (4.7-15.0) 11.1 (5.6-16.5) 11.2 (5.7-16.6) 10.6 (5.3-15.9) 9.9 (4.8-14.9) 

36 6.0 (3.0-9.1) 5.8 (2.9-8.8) 5.9 (2.9-8.8) 6.1 (3.2-9.1) 6.5 (3.5-9.5) 6.4 (3.4-9.4) 6.6 (3.5-9.6) 

37 16.2 (6.7-25.7) 16.9 (7.3-26.5) 16.7 (7.1-26.2) 15.3 (6.2-24.4) 15.8 (6.6-25.0) 14.5 (5.7-23.3) 16.5 (7.1-25.8) 

38 9.2 (4.6-17.6) 8.6 (3.9-16.1) 8.5 (3.8-16.0) 8.9 (4.4-17.1) 9.5 (3.7-15.3) 9.6 (3.8-15.5) 9.0 (4.4-16.8) 

39 8.7 (5.5-11.8) 8.8 (5.6-11.9) 8.4 (5.4-11.5) 8.9 (5.8-12.0) 9.4 (6.2-12.6) 9.9 (6.6-13.1) 11.0 (7.6-14.5) 

40 10.2 (3.1-22.1) 9.6 (3.0-21.8) 10.4 (4.1-24.2) 10.5 (4.0-24.0) 10.7 (4.0-23.9) 10.5 (4.0-23.8) 10.5 (4.0-23.6) 

41 9.9 (4.1-19.0) 12.5 (4.9-20.0) 14.0 (6.0-21.9) 13.3 (5.6-21.0) 13.4 (5.7-21.2) 13.1 (5.5-20.7) 13.5 (5.8-21.2) 

42 13.7 (5.3-22.2) 12.8 (6.4-24.5) 12.4 (5.5-22.6) 13.3 (5.1-21.6) 13.1 (6.3-24.1) 13.5 (5.3-21.7) 12.9 (6.2-23.9) 

43 8.7 (5.2-12.1) 8.6 (5.2-12.0) 9.1 (5.7-12.6) 9.7 (6.1-13.3) 9.7 (6.2-13.3) 9.7 (6.1-13.2) 9.2 (5.8-12.6) 

Ontario 8.7 (8.1-9.3) 8.9 (8.2-9.5) 9.0 (8.4-9.6) 9.1 (8.5-9.7) 9.4 (8.8-10.0) 9.3 (8.7-9.9) 9.4 (8.8-10.0) 
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Table N-4: Access to gastroenterologists (95% confidence interval) per network, 2007-2013 

Network 

number  

2007 2008 2009 2010 2011 2012 2013 

1 11.1 (3.1-32.8) 10.5 (2.9-31.4) 13.0 (4.5-32.1) 37.0 (21.5-55.8) 40.7 (24.5-59.3) 41.4 (25.5-59.3) 41.9 (26.4-59.2) 

2 0.0 (--) 0.0 (--) N/A* N/A* N/A* N/A* N/A* 

3 0.0 (--) 0.0 (--) 0.0 (--) 0.0 (--) 0.0 (0.0-27.8) 0.0 (--) 0.0 (--) 

4 12.5 (2.2-47.1) 18.2 (5.1-47.7) 20.0 (5.7-51.0) 18.2 (5.1-47.7) 18.2 (5.1-47.7) 25.0 (7.1-59.1) 22.2 (6.3-54.7) 

5 5.3 (0.9-24.6) 4.8 (0.9-22.7) 4.5 (0.8-21.8) 4.5 0.8-21.7) 4.5 (0.8-21.8) 4.5 (0.8-21.8) 11.1 (3.1-32.8) 

6 11.1 (2.0-43.5) 11.1 (2.0-43.5) 14.3 (2.6-51.3) 14.3 (2.6-51.3) 25.0 (7.1-59.1) 22.2 (6.3-54.7) 22.2 (6.3-54.7) 

7 0.0 (--) 0.0 (--) 0.0 (--) 0.0 (--) 0.0 (0.0-39.0) 0.0 (--) 0.0 (--) 

8 51.0 (37.7-64.1) 47.4 (35.0-60.1) 48.3 (36.2-60.7) 47.5 (35.3-60.0) 49.2 (37.5-61.1) 46.8 (34.9-59.0) 47.0 (35.4-58.8) 

9 16.7 (3.0-56.4) 16.7 (3.0-56.4) 16.7 (3.0-56.4) 14.3 (2.6-51.3) 12.5 (2.2-47.1) 16.7 (3.0-56.4) 14.3 (2.6-51.3) 

10 0.0 (--) 0.0 (--) 0.0 (--) 0.0 (--) 0.0 (0.0-49.0) 0.0 (--) 0.0 (--) 

11 0.0 (--) 0.0 (--) 0.0 (--) 0.0 (--) 0.0 (0.0-56.2) 0.0 (--) 0.0 (--) 

12 53.8 (29.1-76.8) 53.8 (29.1-76.8) 58.3 (32.0-80.7) 61.5 (35.5-82.3) 57.1 (32.6-78.6) 53.3 (30.1-75.2) 53.8 (29.1-76.8) 

13 28.6 (8.2-64.1) 25.0 (7.1-59.1) 30.0 (10.8-60.3) 30.0 (10.8-60.3) 20.0 (5.7-51.0) 40.0 (16.8-68.7) 40.0 (16.8-68.7) 

14 0.0 (--) 0.0 (--) 0.0 (--) 0.0 (--) 0.0 (0.0-56.2) 0.0 (--) 0.0 (--) 

15 30.0 (10.8-60.3) 30.0 (10.8-60.3) 30.0 (10.8-60.3) 30.0 (10.8-60.3) 40.0 (16.8-68.7) 40.0 (16.8-68.7) 36.4 (15.2-64.6) 

16 0.0 (--) 0.0 (--) 0.0 (--) 25.0 (4.6-69.9) 20.0 (3.6-62.4) 20.0 (3.6-62.4) 20.0 (3.6-62.4) 

17 16.7 (3.0-56.4) 12.5 (2.2-47.1) 12.5 (2.2-47.1) 12.5 (2.2-47.1) 11.1 (2.0-43.5) 10.0 (1.8-40.4) 9.1 (1.6-37.7) 

18 20.0 (3.6-62.4) 16.7 (3.0-56.4) 20.0 (3.6-62.4) 16.7 (3.0-56.4) 16.7 (3.0-56.4) 16.7 (3.0-56.4) 20.0 (3.6-62.4) 

19 9.1 (1.6-37.7) 7.7 (1.4-33.3) 14.3 (4.0-39.9) 21.4 (7.6-47.6) 21.4 (7.6-47.6) 21.4 (7.6-47.6) 20.0 (7.0-45.2) 

20 25.0 (4.6-69.9) 25.0 (4.6-69.9) 33.3 (6.1-79.2) 0.0 (--) 0.0 (0.0-49.0) 0.0 (--) 0.0 (--) 

21 0.0 (--) 0.0 (--) 0.0 (--) 0.0 (-) 0.0 (0.0-65.8) 0.0 (--) 0.0 (--) 

22 11.1 (2.0-43.5) 11.1 (2.0-43.5) 11.1 (2.0-43.5) 10.0 (1.8-40.4) 11.1 (2.0-43.5) 10.0 (1.8-40.4) 10.0 (1.8-40.4) 

23 33.3 (16.3-56.3) 35.0 (18.1-56.7) 38.1 (20.8-59.1) 38.1 (20.8-59.1) 31.8 (16.4-52.7) 30.4 (15.6-50.9) 29.2 (14.9-49.2) 

24 41.7 (28.8-55.7) 38.9 (27.1-52.2) 40.7 (28.7-54.0) 40.7 (28.6-54.0) 42.6 (31.0-55.1) 44.3 (32.5-56.7) 43.1 (31.8-55.2) 

25 38.5 (17.7-64.5) 42.9 (21.4-67.4) 40.0 (19.8-64.3) 42.9 (21.4-67.4) 46.7 (24.8-69.9) 46.7 (24.8-69.9) 46.7 (24.8-69.9) 

26 46.7 (38.1-55.5) 47.6 (39.0-56.3) 47.0 (38.7-55.4) 48.8 (40.3-57.4) 48.1 (39.6-56.6) 47.8 (39.5-56.2) 49.3 (40.9-57.6) 

27 35.4 (25.8-46.4) 33.7 (24.7-44.0) 37.5 (28.1-47.9) 36.7 (27.5-47.0) 34.0 (25.4-43.9) 37.4 (28.1-47.6) 36.8 (27.8-46.9) 

28 33.3 (15.2-58.3) 33.3 (15.2-58.3) 31.3 (14.2-55.6) 27.8 (12.5-50.9) 26.3 (11.8-48.8) 31.6 (15.4-54.0) 33.3 (16.3-56.3) 

29 37.5 (13.7-69.4) 37.5 (13.7-69.4) 40.0 (16.8-68.7) 40.0 (16.8-68.7) 40.0 (16.8-68.7) 40.0 (16.8-68.7) 33.3 (13.8-60.9) 



 

 

 

289 

30 39.5 (25.6-55.3) 48.8 (34.3-63.5) 45.2 (31.2-60.1) 45.2 (31.2-60.0) 45.0 (30.7-60.2) 42.9 (29.1-57.8) 40.0 (26.3-55.4) 

31 19.0 (7.7-40.0) 22.7 (10.1-43.4) 19.0 (7.7-40.0) 22.7 (10.1-43.4) 21.7 (9.7-41.9) 28.6 (13.8-50.0) 28.6 (13.8-50.0) 

32 0.0 (--) 0.0 (--) 0.0 (--) 0.0 (--) 0.0 (--) 0.0 (--) 0.0 (--) 

33 22.2 (6.3-54.7) 22.2 (6.3-54.7) 33.3 (12.1-64.6) 44.4 (18.8-73.3) 44.4 (18.9-73.3) 44.4 (18.9-73.3) 37.5 (13.7-69.4) 

34 16.7 (3.0-56.4) 14.3 (2.6-51.3) 28.6 (8.2-64.1) 28.6 (8.2-64.1) 28.6 (8.2-64.1) 28.6 (8.2-64.1) 28.6 (8.2-64.1) 

35 28.6 (11.7-54.6) 28.6 (11.7-54.7) 28.6 (11.7-54.6) 37.5 (18.5-61.4) 35.3 (17.3-58.7) 33.3 (15.2-58.3) 30.8 (12.7-57.6) 

36 46.2 (23.2-70.9) 46.2 (23.2-70.9) 46.2 (23.2-70.9) 40.0 (19.8-64.3) 37.5 (18.5-61.4) 46.7 (24.8-69.9) 46.7 (24.8-69.9) 

37 22.2 (6.3-54.7) 20.0 (5.7-51.0) 20.0 (5.7-51.0) 20.0 (5.7-51.0) 20.0 (5.7-51.0) 22.2 (6.3-54.7) 10.0 (1.8-40.4) 

38 10.0 (1.8-40.4) 10.0 (1.8-40.4) 10.0 (1.8-40.4) 9.1 (1.6-37.7) 0.0 (--) 0.0 (--) 0.0 (--) 

39 50.0 (32.1-67.9) 50.0 (32.1-67.9) 53.8 (35.5-71.2) 55.2 (37.6-71.6) 50.0 (33.6-66.4) 45.5 (29.8-62.0) 51.4 (35.9-66.6) 

40 20.0 (3.6-62.4) 20.0 (3.6-62.4) 16.7 (3.0-56.4) 20.0 (3.6-62.4) 20.0 (3.6-62.4) 20.0 (3.6-62.4) 16.7 (3.0-56.4) 

41 14.3 (2.6-51.3) 12.5 (2.2-47.1) 11.1 (2.0-43.5) 11.1 (2.0-43.5) 11.1 (2.0-43.5) 12.5 (2.2-47.1) 11.1 (2.0-43.5) 

42 12.5 (2.2-47.1) 12.5 (2.2-47.1) 14.3 (2.6-51.3) 12.5 (2.2-47.1) 12.5 (2.2-47.1) 0.0 (--) 0.0 (--) 

43 28.6 (13.8-50.0) 27.3 (13.2-48.2) 26.1 (12.5-46.5) 26.9 (13.7-46.1) 26.9 (13.7-46.1) 28.0 (14.3-47.6) 31.8 (16.4-52.7) 

Ontario 33.0 (31.4-36.6) 32.9 (29.6-36.4) 34.1 (30.8-37.6) 35.0 (31.7-38.4) 34.4 (31.2-37.7) 35.3 (32.1-38.6) 35.5 (32.3-38.8) 
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Table N-5: Colonoscopy completion rates (95% confidence interval) per network, 2007-2013 

Network 

number 

2007 2008 2009 2010 2011 2012 2013 

1 88.8 (88.0-89.6) 86.5 (85.7-87.3) 87.2 (86.5-87.9) 89.8 (89.3-90.4) 91.3 (90.9-91.8) 93.1 (92.7-93.5) 93.6 (93.2-94.0) 

2 80.7 (74.3-85.8) 80.5 (72.6-86.5) N/A* N/A* N/A* N/A* N/A* 

3 92.3 (91.2-93.3) 89.7 (88.5-90.8) 92.0 (90.9-93.0) 90.8 (89.7-91.8) 89.8 (88.7-90.7) 88.6 (87.6-89.5) 89.1 (88.2-90.1) 

4 90.0 (89.0-90.9) 89.5 (88.6-90.4) 89.4 (88.6-90.2) 91.2 (90.5-91.8) 92.1 (91.4-92.7) 91.8 (91.1-92.5) 92.3 (91.6-93.0) 

5 91.5 (90.9-92.1) 91.7 (91.1-92.2) 93.0 (92.4-93.5) 92.6 (92.1-93.1) 92.5 (91.9-93.0) 93.5 (93.0-94.0) 94.1 (93.6-94.6) 

6 90.0 (88.8-91.1) 92.1 (91.0-93.0) 94.1 (93.1-94.9) 93.0 (91.9-93.9) 94.4 (93.5-95.1) 92.6 (91.7-93.4) 93.4 (92.6-94.2) 

7 80.6 (78.7-82.5) 83.2 (81.7-84.6) 88.9 (87.9-89.9) 89.2 (88.2-90.2) 86.1 (84.8-87.3) 89.6 (88.4-90.6) 95.8 (94.9-96.5) 

8 84.4 (83.9-84.8) 86.4 (86.0-86.8) 87.7 (87.3-88.1) 88.8 (88.5-89.2) 89.7 (89.3-90.0) 91.0 (90.7-91.3) 91.8 (91.5-92.1) 

9 91.3 (90.0-92.4) 91.3 (90.1-92.4) 93.5 (92.4-94.4) 90.3 (89.1-91.4) 88.8 (87.6-89.9) 93.0 (92.0-94.0) 94.3 (93.3-95.2) 

10 87.7 (86.1-89.2) 88.5 (87.1-89.8) 89.9 (88.6-91.1) 89.2 (87.8-90.4) 91.7 (90.5-92.7) 91.9 (90.8-92.9) 93.8 (92.7-94.7) 

11 96.2 (95.0-97.1) 96.6 (95.5-97.4) 96.8 (95.7-97.6) 97.1 (96.0-97.8) 92.9 (91.5-94.1) 96.6 (95.6-97.4) 97.5 (96.5-98.2) 

12 88.5 (87.3-89.6) 87.8 (86.6-88.8) 90.4 (89.3-91.4) 90.1 (89.1-91.1) 92.0 (91.1-92.8) 90.5 (89.5-91.3) 89.8 (88.8-90.8) 

13 92.6 (91.8-93.3) 93.1 (92.4-93.8) 90.6 (89.8-91.3) 92.5 (91.8-93.1) 94.1 (93.5-94.6) 94.7 (94.1-95.2) 94.7 (94.2-95.2) 

14 90.4 (88.9-91.8) 89.5 (88.1-90.8) 90.3 (88.9-91.6) 91.6 (90.2-92.8) 91.7 (90.3-92.9) 93.3 (91.9-94.5) 92.2 (90.8-93.4) 

15 89.0 (88.1-89.8) 90.7 (89.9-91.4) 90.6 (89.9-91.4) 91.0 (90.2-92.7) 92.8 (92.1-93.5) 93.6 (92.9-94.2) 94.7 (94.1-95.3) 

16 94.2 (93.0-95.1) 93.9 (92.8-94.9) 94.8 (93.8-95.7) 94.0 (92.8-95.0) 93.0 (91.9-94.0) 94.4 (93.4-95.2) 93.4 (92.4-94.3) 

17 92.1 (90.9-93.1) 91.5 (90.4-92.4) 89.8 (88.7-90.9) 91.1 (90.0-92.0) 92.9 (92.0-93.8) 93.0 (92.1-93.8) 93.3 (92.4-94.1) 

18 92.0 (90.8-93.0) 92.7 (91.5-93.7) 91.2 (89.9-92.4)  91.3 (90.1-92.4) 92.9 (91.7-93.8) 92.0 (90.8-93.1) 93.6 (92.3-94.6) 

19 90.7 (89.9-91.4) 91.1 (90.4-91.7) 91.7 (91.0-92.3) 92.3 (91.7-92.9) 91.7 (91.1-92.3) 95.7 (95.2-96.1) 96.6 (96.2-96.9) 

20 90.4 (89.0-91.7) 92.1 (90.9-93.2) 94.9 (93.8-95.8) 95.7 (94.7-96.6) 93.9 (92.8-94.9) 93.6 (92.5-94.6) 95.1 (94.1-96.0) 

21 91.5 (89.9-92.8) 91.9 (90.6-93.1) 93.2 (92.1-94.1) 93.2 (92.1-94.2) 91.5 (90.2-92.6) 96.2 (95.3-97.0) 93.8 (92.7-94.8) 

22 92.2 (91.4-93.0) 93.4 (92.7-94.1) 94.4 (93.8-95.0) 92.3 (91.5-93.0) 92.6 (91.8-93.3) 94.2 (93.5-94.8) 94.3 (93.6-94.9) 

23 95.2 (94.8-95.6) 95.3 (95.0-95.7) 95.6 (95.2-95.9) 95.8 (95.5-96.1) 95.6 (95.2-95.9) 95.6 (95.2-95.9) 95.8 (95.5-96.2) 

24 93.9 (93.7-94.2) 94.6 (94.3-94.8) 94.6 (94.4-94.8) 94.5 (94.3-94.7) 94.8 (94.6-95.0) 95.4 (95.2-95.6) 95.9 (95.7-96.1) 

25 89.1 (88.3-89.9) 89.5 (88.8-90.2) 91.5 (90.8-92.1) 91.6 (91.0-92.2) 92.7 (92.1-93.2) 93.8 (93.3-94.3) 94.7 (94.2-95.1) 

26 90.7 (90.5-90.9) 90.8 (90.6-91.0) 91.5 (91.3-91.7) 91.7 (91.5-91.9) 92.5 (92.4-92.7) 92.9 (92.7-93.0) 94.2 (94.0-94.4) 

27 91.1 (90.8-91.4) 93.7 (93.4-93.9) 94.0 (93.8-94.1) 93.9 (93.7-94.1) 93.9 (93.7-94.0) 95.7 (95.6-95.9) 95.2 (95.1-95.4) 

28 93.7 (93.2-94.2) 95.0 (94.6-95.4) 94.0 (93.6-94.5) 92.9 (92.4-93.4) 91.7 (91.2-92.2) 93.1 (92.7-93.6) 94.0 (93.5-94.4) 

29 94.8 (94.1-95.4) 94.7 (94.0-95.3) 94.3 (93.7-95.0) 93.6 (92.9-94.2) 94.7 (94.1-95.2) 94.6 (94.0-95.1) 94.0 (93.3-94.7) 



 

 

 

291 

30 89.3 (88.8-89.7) 90.1 (89.7-90.6) 90.1 (89.7-90.6) 89.0 (88.5-89.5) 90.1 (89.6-90.5) 91.4 (91.0-91.8) 92.7 (92.3-93.1) 

31 92.2 (91.6-92.7) 92.7 (92.2-93.1) 93.3 (92.8-93.7) 93.8 (93.3-94.2) 94.1 (93.7-94.4) 95.2 (94.8-95.5) 95.6 (95.2-95.9) 

32 93.0 (91.7-94.0) 92.7 (91.6-93.7) 94.0 (92.9-94.9) 94.0 (93.0-94.9) 93.5 (92.6-94.4) 94.9 (94.0-95.8) 95.2 (94.3-95.9) 

33 86.9 (85.7-88.1) 87.1 (85.9-88.2) 87.4 (86.3-88.4) 86.5 (85.3-87.5) 88.3 (87.3-89.3) 88.2 (87.1-89.2) 90.1 (89.1-91.1) 

34 90.4 (88.8-91.8) 94.1 (93.1-94.9) 93.6 (92.7-94.4) 94.0 (93.2-94.7) 95.2 (94.6-95.7) 95.4 (94.8-96.0) 96.9 (96.4-97.4) 

35 90.6 (89.8-91.3) 91.7 (91.0-92.3) 91.8 (91.1-92.4) 91.8 (91.2-92.5) 92.7 (92.1-93.3) 93.9 (93.3-94.5) 93.7 (93.1-94.3) 

36 92.8 (92.2-93.4) 93.5 (92.9-94.0) 93.8 (93.2-94.3) 93.8 (93.2-94.3) 94.2 (93.7-94.7) 93.9 (93.4-94.4) 93.9 (93.3-94.4) 

37 86.5 (85.3-87.7) 90.1 (89.0-91.0) 90.1 (89.0-91.0) 90.5 (89.4-91.4) 89.9 (88.9-90.8) 90.8 (89.8-91.7) 89.5 (88.5-90.5) 

38 91.9 (91.0-92.6) 94.1 (93.4-94.8) 94.9 (94.2-95.5) 94.0 (93.3-94.7) 92.6 (91.9-93.3) 91.9 (91.1-92.6) 91.9 (91.0-92.7) 

39 87.1 (86.4-87.7) 87.7 (87.1-88.3) 86.6 (85.9-87.2) 86.5 (85.8-87.1) 88.0 (87.5-88.6) 89.6 (89.1-90.1) 91.6 (91.1-92.0) 

40 80.7 (78.9-82.3) 83.5 (81.9-85.1) 82.1 (80.4-83.6) 89.0 (87.6-90.3) 89.0 (87.6-90.3) 89.5 (88.1-90.7) 89.9 (88.6-91.0) 

41 94.7 (93.9-95.4) 95.5 (94.9-96.1) 95.5 (94.9-96.0) 94.8 (94.1-95.3) 96.3 (95.7-96.7) 96.5 (95.9-97.0) 96.2 (95.6-96.7) 

42 91.8 (90.9-92.6) 91.8 (91.0-92.6) 92.5 (91.7-93.3) 92.7 (91.9-93.4) 93.1 (92.3-93.8) 94.2 (93.4-94.8) 94.7 (93.9-95.3) 

43 92.7 (92.2-93.2) 93.0 (92.5-93.4) 92.0 (91.5-92.5) 91.9 (91.4-92.4) 93.2 (92.7-93.6) 94.4 (94.0-94.7) 95.2 (94.8-95.5) 

Ontario 90.8 (90.7-90.8) 91.6 (91.5-91.7) 92.0 (91.9-92.1) 92.2 (92.1-92.2) 92.6 (92.5-92.7) 93.6 (93.5-93.6) 94.2 (94.1-94.2) 

*No physicians in network 
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Table N-6: Polypectomy rates (95% confidence interval) per network, 2012-2013 

Network number 2012 2013 

1 35.1 (33.8-36.4) 40.7 (38.7-42.7) 

2 N/A  N/A 

3 22.3 (20.6-24.1) 28.8 (26.1-31.6) 

4 23.5 (22.0-25.1) 31.4 (28.7-34.2) 

5 29.3 (27.8-30.8) 31.9 (29.9-34.0) 

6 42.9 (40.2-45.6) 50.5 (46.0-54.9) 

7 30.6 (28.6-32.6) 50.9 (46.6-55.2) 

8 32.7 (31.9-33.5) 33.0 (31.8-34.2) 

9 25.8 (23.6-28.2) 27.0 (23.8-30.4) 

10 12.6 (11.1-14.3) 25.7 (20.9-31.2) 

11 8.9 (7.3-10.9) 6.7 (4.1-10.9) 

12 35.0 (33.3-36.8) 33.8 (28.9-39.1) 

13 35.1 (33.1-37.2) 37.6 (34.2-41.1) 

14 39.7 (36.5-43.0) 47.1 (41.6-52.7) 

15 32.0 (30.3-33.8) 37.6 (34.4-40.9) 

16 35.9 (33.4-38.5) 34.1 (29.7-38.8) 

17 30.9 (28.8-33.1) 31.4 (27.7-35.4) 

18 38.2 (35.7-40.7) 40.0 (35.3-44.9) 

19 29.0 (27.7-30.4) 32.4 (30.3-34.6) 

20 9.3 (7.9-10.9) 11.9 (9.5-14.8) 

21 40.4 (37.4-43.5) 44.7 (39.8-49.7) 

22 31.2 (29.7-32.8) 28.8 (25.4-32.5) 

23 27.6 (26.6-28.6) 34.4 (32.7-36.2) 

24 24.1 (23.5-24.7) 25.6 (24.6-26.6) 

25 35.3 (34.1-36.6) 36.9 (34.8-39.0) 

26 25.4 (25.0-25.8) 30.5 (29.8-31.2) 

27 32.1 (31.6-32.6) 37.8 (36.9-38.7) 

28 40.2 (39.0-41.4) 42.6 (40.7-44.5) 

29 33.4 (31.6-35.3) 33.5 (30.4-36.7) 

30 34.0 (33.0-35.0) 39.2 (37.6-40.8) 

31 29.7 (28.8-30.6) 31.9 (30.0-33.9) 

32 27.8 (26.0-29.7) 30.3 (27.1-33.7) 

33 21.4 (19.8-23.1) 35.7 (30.7-41.0) 

34 42.8 (40.3-45.4) 46.7 (43.2-50.2) 

35 39.9 (38.4-41.4) 46.4 (43.0-49.9) 

36 32.8 (31.2-34.5) 38.1 (35.3-41.0) 

37 28.9 (27.2-30.6) 30.3 (26.7-34.1) 

38 18.3 (16.4-20.4) 25.4 (22.0-29.2) 

39 25.5 (24.5-26.6) 27.8 (25.7-30.0) 

40 12.7 (9.8-16.3) 15.8 (11.2-21.8) 

41 29.6 (27.9-31.4) 34.4 (30.4-38.6) 

42 20.8 (19.2-22.5) 20.0 (16.3-24.3) 

43 26.4 (25.6-27.2) 30.6 (28.9-32.3) 

Ontario 29.2 (29.0-29.4) 33.5 (33.2-33.8) 

*No physicians in network
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Table N-7: Private clinic access (95% confidence interval) per network, 2007 to 2013 

Network 

number 

2007 2008 2009 2010 2011 2012 2013 

1 0.6 (0.5-0.8) 0.7 (0.5-0.9) 0.6 (0.5-0.8) 1.0 (0.8-1.2) 1.0 (0.9-1.3) 1.2 (1.0-1.5) 1.4 (1.2-1.7) 

2 1.5 (0.3-8.2) 1.1 (0.2-5.8) 4.3 (0.8-21.0) 0.0 (0.0-7.4) 6.5 (2.2-17.5) 5.7 (1.6-18.6) 6.3 (2.1-16.8) 

3 1.8 (1.4-2.2) 1.9 (1.5-2.4) 1.9 (1.6-2.4) 3.0 (2.5-3.5) 3.2 (2.7-3.7) 3.7 (3.2-4.3) 3.6 (3.1-4.2) 

4 53.9 (52.3-55.4) 55.0 (53.5-56.4) 60.6 (59.2-62.0) 57.5 (56.1-58.9) 56.0 (54.6-57.4) 53.7 (52.4-55.0) 55.9 (54.5-57.3) 

5 0.9 (0.7-1.2) 1.0 (0.8-1.2) 0.9 (0.8-1.2) 1.2 (1.0-1.4) 1.2 (1.0-1.5) 6.0 (5.5-6.5) 22.8 (22.0-23.6) 

6 1.4 (1.1-1.9) 1.3 (1.0-1.7) 1.8 (1.4-2.3) 2.3 (1.9-2.9) 2.4 (2.0-2.9) 1.7 (1.3-2.1) 2.5 (2.1-3.1) 

7 2.4 (1.8-3.1) 2.1 (1.6-2.7) 2.3 (1.8-2.9) 2.4 (1.9-3.0) 2.6 (2.1-3.3) 2.4 (1.9-3.0) 2.8 (2.3-3.5) 

8 25.6 (25.0-26.1) 26.3 (25.8-26.8) 28.8 (28.3-29.3) 30.6 (30.1-31.1) 30.7 (30.2-31.2) 30.1 (29.6-30.6) 29.8 (29.4-30.3) 

9 1.0 (0.7-1.5) 0.6 (0.3-1.0) 0.8 (0.5-1.3) 1.6 (1.2-2.2) 3.4 (2.8-4.1) 2.7 (2.2-3.4) 2.6 (2.1-3.3) 

10 2.1 (1.5-3.0) 1.4 (1.0-2.1) 1.6 (1.1-2.3) 1.6 (1.1-2.2) 2.1 (1.6-2.8) 2.1 (1.6-2.8) 3.9 (3.1-4.9) 

11 2.0 (1.3-3.0) 2.0 (1.3-2.9) 2.4 (1.7-3.4) 3.4 (2.5-4.5) 2.9 (2.2-4.0) 3.8 (2.9-5.0) 5.4 (4.3-6.8) 

12 2.1 (1.7-2.5) 1.4 (1.1-1.8) 1.5 (1.2-1.9) 2.5 (2.1-3.0) 2.5 (2.1-3.0) 2.5 (2.1-3.0) 2.3 (1.9-2.8) 

13 1.7 (1.4-2.0) 1.9 (1.6-2.2) 1.3 (1.0-1.6) 1.1 (0.8-1.3) 1.1 (0.8-1.3) 1.0 (0.8-1.3) 1.4 (1.2-1.7) 

14 3.1 (2.4-4.0) 2.4 (1.9-3.1) 3.1 (2.4-4.0) 3.6 (2.8-4.5) 4.2 (3.4-5.2) 5.6 (4.6-6.8) 5.9 (4.8-7.1) 

15 6.7 (6.1-7.4) 5.1 (4.5-5.7) 4.7 (4.1-5.3) 4.8 (4.3-5.4) 3.6 (3.2-4.2) 2.9 (2.5-3.4) 7.3 (6.6-8.0) 

16 2.8 (2.2-3.6) 2.6 (2.0-3.3) 3.1 (2.5-3.9)  5.3 (4.4-6.3) 4.4 (3.6-5.4) 2.8 (2.2-3.6) 3.3 (2.6-4.1) 

17 2.1 (1.6-2.7) 1.8 (1.3-2.3) 1.7 (1.3-2.3) 2.0 (1.6-2.6) 1.6 (1.2-2.1) 2.2 (1.7-2.8) 2.3 (1.8-2.9) 

18 1.9 (1.4-2.5) 1.9 (1.4-2.5) 2.6 (2.0-3.4) 2.7 (2.1-3.4) 4.4 (3.7-5.3) 3.2 (2.6-4.0) 3.3 (2.6-4.1) 

19 14.7 (13.8-15.7) 34.4 (33.3-35.6) 35.5 (34.4-36.7) 35.4 (34.2-36.5) 40.3 (39.2-41.4) 39.1 (38.0-40.3) 38.6 (37.5-39.8) 

20 2.3 (1.7-3.1) 2.2 (1.6-2.9)  2.1 (1.6-2.8) 2.4 (1.9-3.2) 3.6 (2.9-4.4) 4.1 (3.3-5.0) 4.0 (3.2-4.9) 

21 6.0 (5.1-7.0) 9.9 (8.8-11.1) 4.4 (3.7-5.3) 5.6 (4.8-6.6) 7.9 (6.9-9.1) 5.8 (4.9-6.9) 10.7 (9.4-12.0) 

22 2.1 (1.8-2.6) 2.0 (1.7-2.4) 1.6 (1.3-1.9) 1.4 (1.2-1.8) 2.1 (1.7-2.5) 2.2 (1.9-2.6) 2.3 (2.0-2.8) 

23 21.7 (21.0-22.4) 23.0 (22.3-23.7) 23.9 (23.2-24.6) 24.6 (23.9-25.3) 25.6 (24.9-26.4) 26.4 (25.7-27.1) 26.1 (25.3-26.9) 

24 42.4 (41.9-43.0) 44.0 (43.5-44.5) 44.6 (44.1-45.1) 43.4 (42.8-43.9) 44.3 (43.8-44.8) 44.7 (44.2-45.2) 44.7 (44.1-45.2) 

25 39.3 (38.3-40.3) 31.4 (30.5-32.3) 26.7 (25.9-27.6) 22.7 (21.9-23.5) 23.2 (22.4-24.0) 22.8 (22.0-23.6) 22.6 (21.7-23.4) 

26 44.4 (44.0-44.7) 46.1 (45.7-46.4) 48.9 (48.6-49.2) 49.8 (49.4-50.1) 51.8 (51.5-52.2) 51.0 (50.7-51.3) 49.7 (49.4-50.1) 

27 22.9 (22.5-23.3) 35.8 (35.5-36.2) 40.2 (39.8-40.6) 41.8 (41.4-42.2) 41.9 (41.5-42.2) 42.8 (42.4-43.2) 43.6 (43.2-44.0) 

28 32.0 (31.1-32.8) 31.7 (30.8-32.5) 31.5 (30.6-32.3) 33.2 (32.4-34.1) 34.4 (33.6-35.2) 38.3 (37.4-39.2) 41.2 (40.4-42.1) 

29 8.5 (7.8-9.4) 15.1 (14.2-16.0) 20.2 (19.2-21.2) 22.8 (21.7-23.8) 21.3 (20.3-22.3) 26.3 (25.2-27.4) 33.3 (32.2-34.4) 
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30 1.2 (1.0-1.4) 1.5 (1.3-1.7) 2.2 (1.9-2.4) 3.0 (2.7-3.3) 9.4 (8.9-9.8) 18.9 (18.3-19.5) 28.5 (27.8-29.2) 

31 4.3 (4.0-4.7) 7.8 (7.4-8.3) 5.1 (4.7-5.4) 5.0 (4.6-5.3) 4.6 (4.3-5.0) 4.8 (4.5-5.2) 5.1 (4.7-5.4) 

32 0.5 (0.2-0.9) 0.3 (0.1-0.5) 0.6 (0.4-1.1) 0.6 (0.3-1.0) 0.5 (0.3-0.9) 1.5 (1.1-2.1) 1.5 (1.0-2.0) 

33 0.8 (0.5-1.2) 1.4 (1.0-1.8) 1.1 (0.8-1.6) 1.6 (1.2-2.1) 1.7 (1.4-2.2) 2.7 (2.2-3.3) 4.1 (3.5-4.8) 

34 1.1 (0.8-1.6) 1.5 (1.1-2.0) 1.6 (1.2-2.1) 13.2 (12.2-14.3) 35.4 (24.0-26.8) 36.2 (34.7-37.7) 36.6 (35.0-38.1) 

35 6.8 (6.2-7.5) 7.2 (6.6-7.9) 8.0 (7.4-8.7) 13.3 (12.5-14.1) 15.3 (14.5-16.2) 16.2 (15.3-17.1) 12.3 (11.5-13.2) 

36 2.0 (1.7-2.3) 2.7 (2.4-3.1) 5.4 (4.9-5.9) 21.8 (21.1-22.6) 26.9 (26.2-27.7) 23.5 (22.7-24.3) 19.7 (18.9-20.5) 

37 0.5 (0.3-0.8) 0.5 (0.3-0.8) 0.5 (0.3-0.9) 3.3 (2.7-4.0) 1.3 (0.9-1.7) 1.5 (1.1-2.0) 1.2 (0.9-1.7) 

38 0.4 (0.3-0.7) 0.5 (0.3-0.7) 0.4 (0.3-0.7) 1.2 (0.9-1.5) 1.2 (0.9-1.6) 1.4 (1.1-1.8) 1.9 (1.5-2.4) 

39 1.0 (0.8-1.2) 0.8 (0.6-1.0) 1.0 (0.8-1.2) 6.1 (5.7-6.6) 13.7 (13.2-14.3) 17.1 (16.5-17.7) 16.6 (16.1-17.3) 

40 0.4 (0.2-0.8) 0.2 (0.1-0.6) 0.3 (0.1-0.6) 1.0 (0.7-1.5) 3.0 (2.3-3.8) 3.9 (3.2-4.8) 4.3 (3.6-5.2) 

41 0.4 (0.3-0.7) 15.4 (14.4-16.4) 37.3 (36.1-38.4) 29.2 (28.1-30.4) 20.9 (19.8-21.9) 10.5 (9.7-11.4) 9.2 (8.4-10.0) 

42 0.4 (0.2-0.6) 0.3 (0.1-0.5) 0.7 (0.5-1.0) 0.6 (0.5-0.9) 1.2 (0.9-1.5) 0.9 (0.7-1.2) 1.5 (1.2-1.9) 

43 0.4 (0.3-0.5) 0.3 (0.2-0.4) 0.3 (0.3-0.5) 8.3 (7.8-8.8) 11.4 (10.9-12.0) 14.0 (13.4-14.6) 18.3 (17.7-19.0) 

Ontario 21.2 (21.1-21.3) 24.0 (23.9-24.2) 26.0 (25.8-26.1) 27.1 (27.0-27.3) 28.4 (28.3-28.5) 28.7 (28.6-28.8) 29.5 (29.4-29.7) 
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Table N-8: Distance to closest colonoscopist per network, 2013  

Network number Mean distance (km) Median distance (km) 25
th

 percentile 75
th

 percentile 

1 41.9 3.1 1.6 29.1 

2 232.2 141.6 0.4 312.2 

3 35.8 3.4 1.3 30.3 

4 29.2 3.7 1.5 19.4 

5 30.5 10.8 2.4 23.5 

6 40.1 12.0 2.0 35.3 

7 37.2 16.1 2.8 39.2 

8 12.1 4.5 1.4 12.3 

9 26.9 4.1 1.1 26.1 

10 39.2 9.6 1.2 23.4 

11 36.5 18.8 12.6 33.7 

12 28.0 9.0 3.9 26.4 

13 32.2 17.1 4.2 32.5 

14 24.1 10.8 8.0 28.7 

15 28.2 9.3 2.1 22.9 

16 29.9 18.8 1.9 32.7 

17 35.0 14.6 5.9 30.6 

18 24.2 8.9 1.7 24.0 

19 21.9 4.3 2.5 15.1 

20 21.3 5.1 1.2 13.3 

21 27.8 12.9 2.5 22.0 

22 31.2 17.9 3.8 33.2 

23 14.1 3.2 1.8 6.4 

24 8.1 3.2 1.8 6.7 

25 20.8 10.8 3.0 22.0 

26 9.1 2.4 1.4 5.2 

27 9.0 2.8 1.7 4.8 

28 15.2 4.0 2.0 11.5 

29 15.3 4.2 2.3 9.3 

30 14.0 4.6 2.2 9.4 
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31 12.4 3.6 1.9 8.9 

32 23.6 11.2 4.1 24.7 

33 21.5 4.0 2.2 13.8 

34 16.0 3.1 1.9 9.8 

35 22.9 3.8 1.4 20.7 

36 15.0 4.7 3.0 11.0 

37 17.6 5.8 1.3 15.0 

38 24.8 16.5 2.1 31.3 

39 17.5 5.5 3.6 13.6 

40 25.0 10.4 1.7 24.0 

41 25.2 4.0 1.7 22.1 

42 28.8 16.1 1.7 26.3 

43 22.8 5.1 2.2 12.1 

Ontario 16.1 3.7 1.8 11.2 
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Table N-9: Age- and sex-standardized colonoscopy utilization rates (95% confidence intervals) 

Network 

number 

2007 2008 2009 2010 2011 2012 2013 

1 38.8 (37.9-39.8) 42.7 (41.7-43.7) 46 (45-47) 45.3 (44.3-46.3) 48.6 (47.6-49.6) 46.4 (45.4-47.4) 43 (42-43.9) 

2 25.1 (18.6-31.7) 34.6 (27.3-41.9) 8.3 (4.7-12) 17 (12.1-22) 16.2 (11.2-21.2) 11.3 (7.4-15.1) 15.9 (11.2-20.6) 

3 57 (55.3-58.7) 54.1 (52.4-55.8) 55.5 (53.9-57.2) 56.9 (55.2-58.6) 61.7 (60-63.5) 60.7 (59-62.5) 61.3 (59.5-63) 

4 44.7 (43.3-46.1) 47.7 (46.3-49.1) 51.2 (49.8-52.7) 51.3 (49.9-52.8) 52.7 (51.2-54.3) 60.4 (58.8-62) 52.4 (50.8-53.9) 

5 43.4 (42.4-44.3) 46 (45-47) 45.7 (44.8-46.7) 48.6 (47.6-49.6) 48.9 (47.9-49.9) 46.5 (45.5-47.5) 51 (50-52) 

6 32.9 (31.8-34.1) 36.1 (34.9-37.3) 34.1 (32.9-35.2) 35.1 (33.9-36.3) 40.8 (39.6-42.1) 41.7 (40.4-42.9) 41.4 (40.2-42.7) 

7 32.4 (31-33.8) 42.5 (40.9-44.1) 45.4 (43.8-47.1) 42.7 (41.1-44.3) 42.9 (41.3-44.5) 43.8 (42.1-45.4) 43 (41.4-44.6) 

8 33.4 (33-33.9) 36.6 (36.2-37.1) 39 (38.6-39.5) 40.5 (40.1-41) 43.3 (42.8-43.7) 42.2 (41.7-42.6) 41.5 (41.1-42) 

9 36.4 (34.9-37.9) 37.4 (35.9-38.9) 36.4 (34.9-37.9) 40.4 (38.9-42) 43.3 (41.7-44.9) 41.8 (40.2-43.4) 39.3 (37.8-40.8) 

10 32.5 (30.8-34.1) 39.6 (37.8-41.4) 39.1 (37.4-40.9) 37.6 (35.9-39.4) 43.4 (41.6-45.3) 42.9 (41-44.7) 39.6 (37.8-41.4) 

11 30.7 (28.9-32.5) 31.9 (30-33.7) 34.7 (32.8-36.6) 34.2 (32.2-36.1) 36.2 (34.3-38.2) 35.2 (33.3-37.1) 32.5 (30.6-34.3) 

12 24.6 (23.8-25.4) 27.2 (26.4-28) 25.4 (24.7-26.2) 27.4 (26.6-28.2) 30.6 (29.7-31.4) 29.8 (28.9-30.6) 27.6 (26.8-28.4) 

13 41.2 (40.1-42.3) 46.1 (44.9-47.2) 48.6 (47.4-49.8) 49.6 (48.3-50.8) 50.8 (49.6-52) 47.1 (45.9-48.3) 46.8 (45.7-48) 

14 42.4 (40.5-44.3) 49 (47-51.1) 44.2 (42.3-46.2) 42.7 (40.8-44.6) 41.1 (39.3-43) 35.1 (33.4-36.8) 36.6 (34.8-38.4) 

15 38.5 (37.4-39.5) 41 (39.9-42.1) 40.7 (39.6-41.8) 41 (39.9-42.1) 42 (40.9-43.1) 41.5 (40.4-42.7) 42.6 (41.5-43.8) 

16 42.9 (41-44.8) 47.2 (45.2-49.3) 48.4 (46.3-50.4) 43.3 (41.3-45.2) 45.8 (43.8-47.8) 49.6 (47.5-51.7) 48.1 (46-50.2) 

17 42 (40.4-43.7) 45.4 (43.6-47.1) 46.7 (44.9-48.4) 47.8 (46-49.7) 49.2 (47.3-51) 49.6 (47.8-51.5) 46.8 (45-48.6) 

18 43.4 (41.7-45.2) 45.9 (44.1-47.7) 40.7 (39-42.4) 44.5 (42.7-46.3) 50.1 (48.2-52.1) 44 (42.2-45.8) 40.6 (38.9-42.4) 

19 43.9 (42.7-45) 55.1 (53.8-56.4) 53.6 (52.3-54.9) 50.9 (49.7-52.2) 56.2 (54.9-57.5) 52.6 (51.4-53.9) 49.6 (48.4-50.8) 

20 50.9 (48.7-53.2) 52.7 (50.4-55) 54.5 (52.2-56.9) 50.5 (48.3-52.8) 56.1 (53.7-58.4) 53.2 (50.9-55.5) 47.8 (45.6-50) 

21 52.1 (49.9-54.2) 55.1 (52.9-57.3) 58.5 (56.2-60.8) 55.8 (53.5-58) 50.9 (48.8-53) 47.4 (45.4-49.5) 48.8 (46.7-50.9) 

22 43.1 (41.9-44.3) 50.2 (49-51.5) 50.5 (49.2-51.8) 48.3 (47-49.6) 49.1 (47.8-50.4) 49.6 (48.3-50.9) 47.9 (46.6-49.2) 

23 51.6 (50.7-52.5) 57.4 (56.5-58.4) 57.8 (56.8-58.7) 56.4 (55.5-57.4) 58.4 (57.5-59.4) 53.8 (52.8-54.7) 49.5 (48.6-50.3) 

24 44.5 (44-45) 49.9 (49.4-50.4) 46.9 (46.4-47.4) 45.1 (44.6-45.6) 46.9 (46.4-47.4) 43.3 (42.9-43.8) 40.8 (40.3-41.2) 

25 57 (55.8-58.1) 59.4 (58.2-60.5) 54.9 (53.8-56) 54.6 (53.5-55.7) 58.2 (57.1-59.2) 55.2 (54.1-56.2) 51.3 (50.3-52.3) 

26 45.9 (45.6-46.3) 49.9 (49.6-50.3) 49.8 (49.5-50.2) 49.1 (48.8-49.5) 51.3 (50.9-51.6) 47.9 (47.5-48.2) 45.2 (44.8-45.5) 

27 36 (35.7-36.3) 47.1 (46.8-47.5) 46.3 (46-46.7) 47.4 (47-47.8) 47.8 (47.4-48.2) 45.8 (45.4-46.1) 43.9 (43.5-44.2) 

28 56.2 (55.1-57.2) 60.1 (59.1-61.2) 54.3 (53.3-55.3) 56.2 (55.2-57.2) 57 (56-58) 54.6 (53.6-55.5) 54.9 (53.9-55.9) 
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29 37.4 (36.4-38.4) 44.7 (43.6-45.8) 45.6 (44.4-46.7) 44.8 (43.7-45.9) 42.6 (41.5-43.7) 45.2 (44.1-46.3) 45.1 (44-46.2) 

30 33.3 (32.7-33.9) 38 (37.4-38.6) 33.7 (33.2-34.3) 35.2 (34.6-35.8) 39.1 (38.5-39.7) 41.1 (40.4-41.7) 42.8 (42.2-43.5) 

31 35 (34.4-35.6) 40.6 (40-41.3) 38.5 (37.8-39.1) 39.4 (38.8-40.1) 41.7 (41-42.3) 42 (41.3-42.7) 39.8 (39.2-40.5) 

32 40 (38.2-41.8) 49.7 (47.7-51.7) 43.2 (41.3-45.1) 45.7 (43.7-47.6) 47.8 (45.9-49.8) 46.9 (44.9-48.8) 47.2 (45.3-49.2) 

33 29.2 (28.1-30.3) 33.1 (32-34.3) 34.6 (33.5-35.8) 35.3 (34.1-36.5) 39.7 (38.5-41) 37.1 (35.8-38.3) 37.8 (36.6-39.1) 

34 28.5 (27.4-29.6) 33.6 (32.4-34.8) 34 (32.8-35.2) 41.5 (40.2-42.8) 48.3 (46.9-49.7) 40 (38.7-41.2) 37.9 (36.6-39.1) 

35 39.9 (38.8-41) 45.2 (44.1-46.3) 45.2 (44-46.3) 48.6 (47.4-49.7) 51.3 (50.1-52.5) 46.6 (45.5-47.8) 42.3 (41.3-43.4) 

36 31.2 (30.5-31.9) 33.2 (32.5-33.9) 33.9 (33.1-34.6) 43 (42.2-43.8) 48.4 (47.5-49.2) 40.4 (39.7-41.2) 37.7 (37-38.4) 

37 35.5 (34.2-36.9) 38.1 (36.7-39.6) 37.6 (36.2-39) 37.2 (35.8-38.6) 43.1 (41.6-44.6) 42.4 (40.9-43.9) 42 (40.5-43.4) 

38 36.8 (35.7-38) 38.3 (37.1-39.4) 37.1 (35.9-38.2) 36.1 (34.9-37.2) 38.3 (37.1-39.4) 35.9 (34.8-37) 35.2 (34.1-36.3) 

39 30.4 (29.8-30.9) 33.8 (33.2-34.5) 32.1 (31.5-32.7) 31.7 (31.1-32.3) 37 (36.3-37.6) 40.9 (40.3-41.6) 41.8 (41.2-42.5) 

40 35.5 (33.9-37.1) 36.5 (34.9-38.1) 37.5 (35.9-39.1) 37.2 (35.6-38.8) 36.2 (34.7-37.8) 38.9 (37.2-40.5) 42.8 (41.1-44.5) 

41 38.1 (36.8-39.4) 51.7 (50.2-53.2) 68.7 (67-70.4) 63.3 (61.6-64.9) 63.4 (61.8-65.1) 55.9 (54.4-57.4) 49.8 (48.3-51.3) 

42 50 (48.4-51.5) 52.1 (50.5-53.6) 51 (49.5-52.6) 56.4 (54.8-58.1) 57.4 (55.7-59) 52.9 (51.3-54.5) 49.3 (47.7-50.8) 

43 36 (35.3-36.7) 41.2 (40.5-41.9) 40.3 (39.6-41) 42 (41.3-42.7) 44.2 (43.5-45) 46.8 (46-47.6) 45.4 (44.7-46.2) 

Ontario 39.7 (39.6-39.8) 45.0 (44.8-45.1) 44.5 (44.4-44.6) 45.0 (44.9-45.2) 47.3 (47.2-47.4) 45.4 (45.3-45.6) 43.8 (43.7-43.9) 
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Appendix O 

Cohort Representativeness: Phase Two 

Table O-1: Comparison of final cohort and patients missing index contact date 

 Final cohort % 

n=23,961 

unless 

otherwise 

noted 

Missing index 

contact % n=457 

unless otherwise 

noted 

p value 

Χ
2
 

unless 

otherwise 

noted 

Exposures  n=445*  

Colonoscopist density 

Category 1 (0.0 to <8.0) 

Category 2 (≥8.0 to <9.4) 

Category 3 (≥9.4 to <10.4) 

Category 4 (≥10.4 to <12.6) 

Category 5 (≥12.6 to ≤24.8) 

 

29.3 

32.2 

14.7 

13.8 

9.9 

 

30.6 

30.3 

17.3 

12.8 

9.0 

 

0.50 

Access to gastroenterologists 

Category 1 (0%) 

Category 2 (>0.0% to <18.0%) 

Category 3 (≥18.0% to <29.0%) 

Category 4 (≥29.0% to <42.0%) 

Category 5 (≥42.0% to ≤61.5%) 

n=23,946† 

6.1 

11.3 

15.7 

27.4 

39.6 

 

5.8 

16.2 

16.4 

27.4 

34.1 

 

 

0.01 

Colonoscopy completion rate 

Category 1 (≥80.5% to <90.0%) 

Category 2 (≥90.0% to <91.7%) 

Category 3 (≥91.7% to <93.0%) 

Category 4 (≥93.0% to <95.0%) 

Category 5 (≥95.0% to ≤97.1%) 

n=23,946† 

18.8 

21.4 

18.7 

32.9 

8.2 

 

28.3 

25.8 

14.6 

27.6 

3.6 

 

<0.0001 

Private clinic access 

Category 1 (0.0% to <2.0%) 

Category 2 (≥2.0% to <4.0%) 

Category 3 (≥4.0% to <15.0%) 

Category 4 (≥15.0% to <35.0%) 

Category 5 (≥35.0% to ≤60.6%) 

 

18.3 

11.4 

15.0 

20.7 

34.5 

 

26.7 

11.5 

13.3 

18.2 

30.3 

 

0.0003 

Distance to closest colonoscopist 

Category 1 (<5 km) 

Category 2 (≥5 km to <10 km) 

Category 3 (≥10 km to <30 km) 

Category 4 (≥30 km to <50 km) 

Category 5 & 6 (≥50 km to <200 

km, ≥200 km)** 

 

n=23,946† 

59.2 

13.4 

11.7 

11.3 

4.3 

 

 

58.0 

11.7 

12.6 

9.4 

8.3 

 

 

0.002 

Covariates    

Sex 

Male 

Female 

 

54.2 

45.8 

 

56.9 

43.1 

 

0.26 

Age Mean (SD) 68.6 Mean (SD) 67.7 0.15§ 
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 Final cohort % 

n=23,961 

unless 

otherwise 

noted 

Missing index 

contact % n=457 

unless otherwise 

noted 

p value 

Χ
2
 

unless 

otherwise 

noted 

(13.0) years (14.1) years 

Material deprivation index quintile 

1 (least deprived) 

2 

3 

4 

5 (most deprived) 

Missing 

 

22.9 

22.3 

21.0 

17.8 

14.6 

1.4 

 

21.4 

22.5 

23.9 

16.8 

13.8 

1.5 

 

0.75 

Major ADGs 

0 

1 

2 

3 

4+ 

 

41.8 

33.0 

15.5 

6.5 

3.2 

 

53.8 

27.8 

12.5 

3.7 

2.2 

 

<0.0001 

Minor ADGs 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10+ 

 

0.6 

5.2 

9.1 

12.7 

14.7 

14.1 

12.7 

10.8 

8.2 

5.4 

6.5 

 

12.2 

10.1 

17.9 

13.1 

13.3 

10.1 

6.6 

8.3 

2.2 

2.6 

3.5 

 

<0.0001 

Year of diagnosis 

2009 

2010 

2011 

2012 

 

26.1 

25.1 

25.0 

23.9 

 

25.8 

27.8 

21.0 

25.4 

 

0.21 

Tumour sub-site 

Proximal 

Distal 

Rectal 

NOS 

 

36.2 

23.5 

29.5 

10.8 

 

34.8 

21.9 

25.4 

17.9 

 

<0.0001 

Stage at diagnosis 

I 

II 

III 

IV 

Unknown 

 

21.2 

23.6 

26.8 

16.4 

12.0 

 

9.0 

16.6 

21.7 

23.4 

29.3 

 

<0.0001 

ADGs=Aggregated Diagnosis Groups, NOS=Not otherwise specified 

*due to 12 patients who were also missing their colonoscopy network assignment 
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†due to 15 patients who were excluded from the final cohort for all analyses of this exposure 

variable as it could not be assigned  

§p value from t-test 

**Categories collapsed for reporting due to small cell sizes, as per ICES policy 

 

Table O-2: Comparison of final cohort and 289 patients excluded due to missing 

colonoscopy network 

Variable Final cohort % 

n=23,961 

unless otherwise 

noted 

Not assigned to 

network %  

n=289 

unless otherwise 

noted 

p value 

Χ
2
 

unless otherwise 

noted 

Primary outcome   n=277*  

Diagnostic interval 

Median (IQR) 

84 days (32-296) 21 days (2-65) <0.0001† 

Covariates    

Sex 

Male 

Female 

 

54.2 

45.8 

 

73.0 

27.0 

 

<0.0001 

Age Mean 68.6 years 

SD 13.0 years 

Mean 60.2 years 

SD 11.7 years 

<0.0001§ 

Deprivation index quintile 

1 (least deprived) 

2 

3 

4 

5 (most deprived) 

Missing 

 

22.9 

22.3 

21.0 

17.8 

14.6 

1.4 

 

19.4 

21.4 

24.2 

17.7 

15.2 

2.1 

 

0.55 

Major ADGs 

0 

1 

2 

3 & 4+** 

 

41.8 

33.0 

15.5 

9.7 

 

78.9 

14.5 

3.8 

2.7 

 

<0.0001 

Minor ADGs 

0 

1 

2 

3 

4 

5 

6+** 

 

0.6 

5.2 

9.1 

12.7 

14.7 

14.1 

43.6 

 

10.7 

51.2 

16.6 

7.3 

7.3 

4.5 

2.4 

 

<0.0001 

Year of diagnosis 

2009-2011** 

2012 

 

76.2 

23.9 

 

32.9 

67.1 

 

<0.0001 

Tumour sub-site 

Proximal 

Distal 

Rectal 

NOS 

 

36.2 

23.5 

29.5 

10.8 

 

24.6 

22.1 

44.3 

9.0 

 

<0.0001 
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Variable Final cohort % 

n=23,961 

unless otherwise 

noted 

Not assigned to 

network %  

n=289 

unless otherwise 

noted 

p value 

Χ
2
 

unless otherwise 

noted 

Stage at diagnosis 

I 

II 

III 

IV 

Unknown 

 

21.2 

23.6 

26.8 

16.4 

12.0 

 

6.9 

22.1 

22.1 

30.8 

18.0 

 

<0.0001 

Symptom status at index 

contact* 

Symptomatic 

Asymptomatic 

 

 

82.4 

17.6 

 

 

88.8 

11.2 

 

0.005 

ADGs=Aggregated Diagnosis Groups, NOS=not otherwise specified 

*Analysis conducted on 477 patients not assigned to a colonoscopy network after excluding the 

12 patients in this group who also had an unknown index contact date 

†p value from Mann Whitney U test 

§p value from t-test 

**Categories collapsed for reporting due to small cell sizes, as per ICES policy 
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Appendix P 

Supplementary Results: Objective 2(a) 

Table P-1: Diagnostic interval, by patient characteristics 

 Diagnostic interval statistics, days 

Median, 90
th
 percentile, (IQR), 

[Range] 

Mean (SD) 

p value for 

comparison 

of median 

diagnostic 

interval 

p value for 

comparison of 

90
th

 percentile 

of diagnostic 

interval 

Final study cohort 

(n=23,961) 

84, 323, (32-196), [1-549] 

127.2 (121.4) 
N/A N/A 

Age <35 years (n=200) 111.5, 365.5, (32.5-265), [1-512] 

154.3 (134.7) 

<0.0001 0.0002 

Age ≥35 to <45 years 

(n=684) 

93.5, 336, (37-224.5), [1-546] 

138.5 (128.0) 

Age ≥45 to <50 years 

(n=1,018) 

73, 321, (30-192), [1-548] 

123.7 (123.8) 

Age ≥50 to <55 years 

(n=1,733) 

78, 316, (30-177), [1-542] 

120.3 (119.1) 

Age ≥55 to <60 years 

(n=2,185) 

83, 308, (31-169), [1-549] 

119.9 (116.2) 

Age ≥60 to <65 years 

(n=2,971) 

79, 319, (31-175), [1-532] 

121.1 (117.6) 

Age ≥65 to <70 years 

(n=3,182) 

79, 312, (34-174), [1-543] 

121.1 (116.0) 

Age ≥70 to <75 years 

(n=3,266) 

84, 322, (34-191), [1-540] 

127.6 (120.3) 

Age ≥75 to <80 years 

(n=3,233) 

88, 324, (34-204), [1-546] 

130.8 (123.0) 

Age ≥80 to <85 

(n=2,940) 

92.5, 336, (33-220), [1-543] 

135.4 (125.1) 

Age ≥85 to <90 

(n=1,820) 

94, 334, (29-233), [1-539] 

135.5 (127.0) 

Age ≥90 years (n=729) 92, 338, (19-222), [1-538] 

132.8 (129.0) 

Male (n=12,994) 79, 318, (31-184), [1-549] 

122.7 (119.4) 
<0.0001 0.002 

Female (n=10,967) 91, 329, (33-209), [1-546] 

132.6 (123.4) 

0 major ADGs 

(n=10,028) 

73, 291, (30-158), [1-546] 

112.1 (110.4) 

<0.0001 <0.0001 

1 major ADG (n=7,899) 88, 330, (35-205), [1-549] 

131.4 (123.1) 

2 major ADGs (n=3,716) 106, 345, (35-233), [1-548] 

143.7 (129.0) 

3 major ADGs (n=1,554) 111, 352, (31-249), [1-548] 
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 Diagnostic interval statistics, days 

Median, 90
th
 percentile, (IQR), 

[Range] 

Mean (SD) 

p value for 

comparison 

of median 

diagnostic 

interval 

p value for 

comparison of 

90
th

 percentile 

of diagnostic 

interval 

149.0 (136.6) 

4+ major ADGs (n=764) 133.5, 357, (15.5-267), [1-537] 

157.2 (141.9) 

0 minor ADGs (n=141) 53, 158, (11-112), [1-476] 

77.1 (87.2) 

<0.0001 <0.0001 

1 minor ADG (n=1,248) 50, 227, (17-111), [1-543] 

85.2 (100.8) 

2 minor ADGs 

(n=2,193) 

62, 254, (25-133), [1-549] 

96.7 (100.8) 

3 minor ADGs 

(n=3,039) 

69, 276, (28-143), [1-546] 

106.2 (108.4) 

4 minor ADGs 

(n=3,522) 

76, 293, (30-158), [1-537] 

112.2 (110.2) 

5 minor ADGs 

(n=3,373) 

82, 307, (33-183), [1-532] 

121.7 (114.9) 

6 minor ADGs 

(n=3,054) 

86, 324, (31-191), [1-538] 

126.7 (120.9) 

7 minor ADGs 

(n=2,584) 

105.5, 344, (39.5-233), [1-546] 

144.6 (127.9) 

8 minor ADGs 

(n=1,962) 

115, 350, (42-249), [1-517] 

152.6 (129.9) 

9 minor ADGs 

(n=1,291) 

145, 371, (51-280), [1-546] 

173.5 (137.1) 

10+ minor ADGs 

(n=1,554) 

188.5, 388, (67-314), [1-548] 

197.4 (139.9) 

Material deprivation 

quintile 1 (least 

deprived) (n=5,488) 

84, 319, (34-192), [1-548] 

126.2 (119.6) 

0.08 0.44 

Material deprivation 

quintile 2 (n=5,337) 

82, 328, (31-197), [1-546] 

128.0 (122.9) 

Material deprivation 

quintile 3 (n=5,024) 

84, 323, (33-190), [1-549] 

126.6 (121.3) 

Material deprivation 

quintile 4 (n=4,265) 

83, 321, (32-197), [1-540] 

126.2 (120.4) 

Material deprivation 

quintile 5 (most 

deprived) (n=3,506) 

90, 325, (30-207), [1-546] 

120.5 (122.9) 

IQR=interquartile range, SD=standard deviation, ADGs=Aggregated Diagnosis Groups 
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Table P-2: Diagnostic interval, by disease characteristics  

 Diagnostic interval statistics, days 

Median, 90
th
 percentile, (IQR), 

[Range] 

Mean (SD) 

p value for 

comparison 

of median 

diagnostic 

interval 

p value for 

comparison of 

90
th

 percentile 

of diagnostic 

interval 

Stage I (n=5,092) 104, 329, (46-210), [1-534] 

149.5 (119.6) 

<0.0001 <0.0001 

Stage II (n=5,567) 83, 319, (32-187), [1-548] 

124.9 (119.6) 

Stage III (n=6,410) 80, 318, (31-189), [1-546] 

123.6 (119.8) 

Stage IV (n=3,934) 62, 305, (19-167), [1-542] 

110.1 (119.0) 

Unknown stage 

(n=2,868) 

94, 345, (30-230), [1-549] 

139.7 (130.5) 

Symptomatic (n=19,750) 92, 335, (30-220), [1-549] 

134.9 (126.6) 
<0.0001 <0.0001 

Asymptomatic (n=4,211) 68, 182, (38-115), [1-546] 

91.1 (84.0) 

Stage I symptomatic 

(n=3,727) 

124, 346, (49-249), [1-534] 

155.7 (126.7) 

<0.0001 <0.0001 

Stage I asymptomatic 

(n=1,365) 

78, 190, (43-127), [1-534] 

98.8 (84.6) 

Stage II symptomatic 

(n=4,717) 

91, 331, (30-213), [1-548] 

132.7 (124.7) 

Stage II asymptomatic 

(n=940) 

62, 159, (36.5-109), [1-543] 

85.4 (79.3) 

Stage III symptomatic 

(n=5,275) 

87, 331, (30-215), [1-546] 

131.9 (125.0) 

Stage III asymptomatic 

(n=1,135) 

63, 164, (35-107), [1-546] 

85.4 (81.7) 

Stage IV symptomatic 

(n=3,571) 

62, 312, (17-180), [1-542] 

112.5 (121.7) 

Stage IV asymptomatic 

(n=363) 

62, 154, (36-106), [1-526] 

86.8 (85.4) 

Unknown stage 

symptomatic (n=2,460) 

106, 350.5, (29-247), [1-549] 

146.7 (134.2) 

Unknown stage 

asymptomatic (n=408) 

68, 216, (36-124), [1-528] 

97.8 (95.1) 

Proximal sub-site 

(n=8,664) 

90, 331, (31-212), [1-546] 

132.4 (124.8) 

<0.0001 <0.0001 

Distal sub-site  

(n=5,634) 

81, 314, (33-182), [1-543] 

123.0 (117.5) 

Rectal sub-site 

(n=7,069) 

78, 312, (32-177), [1-548] 

120.8 (117.1) 

Sub-site NOS  

(n=2,594) 

94, 339, (31-220), [1-549] 

136.4 (128.1) 

IQR=interquartile range, SD=standard deviation, NOS=not otherwise specified 
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Table P-3: Diagnostic interval by colonoscopy resource availability and quality 

 Diagnostic interval statistics, days 

Median, 90
th
 percentile, (IQR), 

[Range] 

Mean (SD) 

p value for 

comparison 

of median 

diagnostic 

interval 

p value for 

comparison of 

90
th

 percentile 

of diagnostic 

interval 

Colonoscopist density 

<0.0001 0.02 

Category 1 (0.0 to <8.0) 

(n=7,032) 

90, 330, (35-209), [1-546] 

121.0 (119.6) 

Category 1 (≤8.0 to 

<9.4) (n=7,720) 

84, 324, (32-199), [1-548] 

135.7 (128.2) 

Category 1 (≤9.4 to 

<10.4) (n=3,526) 

85, 322, (34-191), [1-543] 

129.0 (121.2) 

Category 1 (≥10.4 to 

<12.6) (n=3,304) 

77, 312, (29-176), [1-546] 

126.9 (120.1) 

Category 1 (≥12.6 to 

<24.8) (n=2,379) 

77, 313, (29-176), [1-549] 

125.3 (120.4) 

Access to gastroenterologists 

0.02 <0.0001 

Category 1 (0%) 

(n=1,462) 

77, 317, (32-177), [1-540] 

121.0 (119.6) 

Category 2 (>0.0% to 

<18.0%) (n=2,697) 

91, 343, (33-213), [1-539] 

135.7 (128.2) 

Category 3 (≥18.0% to 

<29.0%) (n=3,754) 

86, 322, (36-199), [1-549] 

129.0 (121.2) 

Category 4 (≥29.0% to 

<42.0%) (n=6,557) 

84, 320, (33-197), [1-543] 

126.9 (120.1) 

Category 5 (≥42.0% to 

≤61.5%) (n=9,476) 

83, 321, (30-192), [1-546] 

125.3 (120.4) 

Colonoscopy completion rate 

<0.0001 <0.0001 

Category 1 (≥80.5% to 

<90.0%) (n=4,511) 

98, 342, (37-222), [1-546] 

139.8 (127.6) 

Category 2 (≥90.0% to 

<91.7%) (n=5,121) 

86, 331, (32-209), [1-549] 

130.9 (124.4) 

Category 3 (≥91.7% to 

<95.0%) (n=4,474) 

78, 320, (30-182), [1-548] 

122.2 (120.3) 

Category 4 (≥95.0% to 

<97.0%) (n=7,877) 

85, 321, (34-197), [1-537] 

127.6 (119.8) 

Category 5 (≥95.0% to 

≤97.1%) (n=1,963) 

64, 252, (24-142), [1-542] 

99.1 (100.0) 

Private clinic access 

<0.0001 <0.0001 

Category 1 (0.0% to 

<2.0%) (n=4,380) 

97, 345, (38-225), [1-548] 

141.2 (129.5) 

Category 2 (≥2.0% to 

<4.0%) (n=2,742) 

78, 315, (29-270), [1-534] 

117.5 (116.4) 

Category 3 (≥4.0% to 

<15.0%) (n=3,599) 

83, 314, (34-188), [1-543] 

124.6 (118.0) 

Category 4 (≥15.0% to 

<35.0%) (n=4,973) 

80, 316, (30-186), [1-546] 

122.5 (118.8) 

Category 5 (≥35.0% to 84, 321, (31-197), [1-549] 



 

 

 

307 

 Diagnostic interval statistics, days 

Median, 90
th
 percentile, (IQR), 

[Range] 

Mean (SD) 

p value for 

comparison 

of median 

diagnostic 

interval 

p value for 

comparison of 

90
th

 percentile 

of diagnostic 

interval 

≤60.6%) (n=8,267) 127.0 (120.9) 

Distance to closest colonoscopist 

0.01 0.03 

Category 1 (<5 km) 

(n=14,187) 

86, 327, (32-203), [1-549] 

129.5 (122.5) 

Category 2 (≥5 to <10 

km) (n=3,215) 

86, 324, (34-200), [1-546] 

129.5 (121.8) 

Category 3 (≥10 to <30 

km) (n=2,790) 

79, 311.5, (33-182), [1-543] 

121.5 (117.6) 

Category 4 (≥30 to <50 

km) (n=2,714) 

80, 319, (32-177), [1-533] 

122.1 (119.0) 

Category 5 (≥50 to <200 

km) (n=886) 

78, 306, (27-176), [1-525] 

118.1 (118.0) 

Category 6 (≥200 km) 

(n=154) 

78, 338, (16-179), [1-496] 

121.8 (130.1) 

IQR=interquartile range, SD=standard deviation 

Table P-4: First procedure interval among symptomatic CRC patients by patient 

characteristics 

 First procedure interval statistics, 

in days 

Median, 90
th
 percentile, (IQR), 

[Range] 

Mean (SD) 

p value for 

comparison 

of median 

diagnostic 

interval 

p value for 

comparison of 

90
th

 percentile 

of diagnostic 

interval 

Symptomatic CRC 

patients (n=18,863) 

24, 251, (3-113), [0-538] 

77.6 (107.7) 
N/A N/A 

Age <35 years (n=181) 42, 283, (3-149), [0-401] 

91.8 (111.5) 

0.01 0.09 

Age ≥35 to <45 years 

(n=596) 

35.5, 265, (2-133.5) 

87.3 (115.1) 

Age ≥45 to <50 years 

(n=859) 

29, 253, (6-112), [0-479] 

77.9 (106.3) 

Age ≥50 to <55 years 

(n=1,332) 

26, 249, (3-104), [0-522] 

75.5 (106.4) 

Age ≥55 to <60 years 

(n=1,625) 

23, 244, (3-100), [0-524] 

75.6 (108.9) 

Age ≥60 to <65 years 

(n=2,206) 

24, 244, (3-106), [0-462] 

75.8 (105.5) 

Age ≥65 to <70 years 

(n=2,349) 

25, 242, (4-108), [0-538] 

75.1 (104.9) 

Age ≥70 to <75 years 

(n=2,481) 

26, 263, (4-125), [0-531] 

80.9 (108.8) 

Age ≥75 to <80 years 

(n=2,631) 

24, 240, (3-108), [0-511] 

75.8 (105.6) 

Age ≥80 to <85 25, 255, (3-120), [0-526] 
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 First procedure interval statistics, 

in days 

Median, 90
th
 percentile, (IQR), 

[Range] 

Mean (SD) 

p value for 

comparison 

of median 

diagnostic 

interval 

p value for 

comparison of 

90
th

 percentile 

of diagnostic 

interval 

(n=2,453) 79.0 (107.0) 

Age ≥85 to <90 

(n=1,525) 

20, 267, (1-115), [0-503] 

77.6 (110.6) 

Age ≥90 years (n=624) 18, 263, (0-120), [0-497] 

79.4 (116.0) 

Male (n=10,041) 22, 247, (3-105), [0-538] 

75.3 (106.5) 
<0.0001 0.09 

Female (n=8,822) 27, 256, (3-122), [0-526] 

80.3 (108.8 

0 major ADGs (n=7,535) 23, 231, (4-96), [0-538] 

71.2 (101.3) 

0.0001 <0.0001 

1 major ADG (n=6,264) 27, 257, (4-119), [0-518] 

79.9 (109.3) 

2 major ADGs (n=3,106) 29, 267, (2-138), [0-522] 

85.9 (113.3) 

3 major ADGs (n=1,286) 22, 268, (0-130), [0-503] 

82.6 (115.3) 

4+ major ADGs (n=672) 15, 266, (0-138), [0-531] 

81.3 (115.5) 

0 minor ADGs (n=82) 0, 118, (0-18), [0-386] 

32.6 (75.9) 

<0.0001 <0.0001 

1 minor ADG (n=882) 9, 141, (0-44), [0-538] 

45.1 (86.2) 

2 minor ADGs 

(n=1,568) 

17, 187, (2-70.5), [0-503] 

58.0 (90.3) 

3 minor ADGs 

(n=2,240) 

19, 211.5, (3-78), [0-520] 

64.1 (97.1) 

4 minor ADGs 

(n=2,747) 

22, 220, (3-91), [0-524] 

69.2 (99.5) 

5 minor ADGs 

(n=2,667) 

25, 237, (3-105), [0-531] 

74.9 (104.2) 

6 minor ADGs 

(n=2,437) 

24, 252, (3-111), [0-503] 

76.2 (106.3) 

7 minor ADGs 

(n=2,118) 

34, 270, (4-144), [0-490] 

89.1 (113.6) 

8 minor ADGs 

(n=1,646) 

35, 283, (5-146), [0-462] 

91.5 (115.7) 

9 minor ADGs 

(n=1,120) 

45, 316.5, (4-178.5), [0-511] 

106.4 (127.1) 

10+ minor ADGs 

(n=1,356) 

62.5, 315, (6-196), [0-526] 

113.3 (124.5) 

Material deprivation 

quintile 1 (least 

deprived) (n=4,262) 

25, 248, (3-113), [0-520] 

76.8 (106.0) 0.16 0.22 
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 First procedure interval statistics, 

in days 

Median, 90
th
 percentile, (IQR), 

[Range] 

Mean (SD) 

p value for 

comparison 

of median 

diagnostic 

interval 

p value for 

comparison of 

90
th

 percentile 

of diagnostic 

interval 

Material deprivation 

quintile 2 (n=4,130) 

27, 260, (4-119), [0-531] 

80.7 (110.7) 

Material deprivation 

quintile 3 (n=3,974) 

24, 245, (3-107), [0-492] 

76.0 (106.2) 

Material deprivation 

quintile 4 (n=3,354) 

25, 247, (3-111), [0-538] 

77.1 (105.9) 

Material deprivation 

quintile 5 (most 

deprived) (n=2,871) 

22, 259, (2-119), [0-498] 

78.0 (109.3) 

IQR=interquartile range, SD=standard deviation, ADGs=Aggregated Diagnosis Groups 

Table P-5: First procedure interval among symptomatic patients by disease characteristics 

 First procedure interval statistics, 

in days 

Median, 90
th
 percentile, (IQR), 

[Range] 

Mean (SD) 

  

Stage I (n=3,612) 39, 267, (7-137), [0-502] 

88.4 (109.7) 

<0.0001 0.001 

Stage II (n=4,530) 24, 250, (3-108), [0-524] 

76.7 (107.1) 

Stage III (n=5,059) 26, 250, (3-118), [0-538] 

78.1 (106.5) 

Stage IV (n=3,371) 14, 229, (1-78), [0-521] 

65.3 (103.6) 

Unknown stage 

(n=2,291) 

22, 264, (1-120), [0-503] 

79.5 (112.0) 

Proximal sub-site 

(n=7,027) 

20, 250, (2-112), [0-538] 

76.0 (108.1) 

<0.0001 0.25 

Distal sub-site (n=4,331) 25, 245, (3-112), [0-524] 

76.1 (105.1) 

Rectal sub-site (n=5,413) 31, 255, (5-112), [0-520] 

80.0 (106.8) 

Sub-site NOS (n=2,092) 23, 263, (2-119), [0-492] 

80.3 (113.2) 

IQR=interquartile range, SD=standard deviation, NOS=not otherwise specified 
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Table P-6: First procedure interval among symptomatic patients by colonoscopy resource 

availability and quality 

 First procedure interval statistics, 

in days 

Median, 90
th
 percentile, (IQR), 

[Range] 

Mean (SD) 

p value for 

comparison 

of median 

diagnostic 

interval 

p value for 

comparison of 

90
th

 percentile 

of diagnostic 

interval 

Colonoscopist density 

0.004 0.001 

Category 1 (0.0 to <8.0) 

(n=5,570) 

27, 263, (3-126), [0-531] 

82.5 (111.8) 

Category 1 (≤8.0 to 

<9.4) (n=6,052) 

28, 253, (3-115.5), [0-522] 

77.9 (107.6) 

Category 1 (≤9.4 to 

<10.4) (n=2,807) 

28, 251, (4-112), [0-538] 

78.4 (107.0) 

Category 1 (≥10.4 to 

<12.6) (n=2,558) 

23, 233, (2-105), [0-499] 

73.1 (102.6) 

Category 1 (≥12.6 to 

<24.8) (n=1,876) 

21, 218, (1-85), [0-518] 

67.4 (101.9) 

Access to gastroenterologists 

0.007 0.03 

Category 1 (0%) 

(n=1,145) 

27, 223, (3-95), [0-498] 

72.0 (102.5) 

Category 2 (>0.0% to 

<18.0%) (n=2,132) 

28, 265, (4-120), [0-538] 

82.3 (111.9) 

Category 3 (≥18.0% to 

<29.0%) (n=2,987) 

27, 251, (3-113), [0-518] 

78.4 (107.4) 

Category 4 (≥29.0% to 

<42.0%) (n=5,183) 

23, 254, (3-115), [0-531] 

78.0 (108.4) 

Category 5 (≥42.0% to 

≤61.5%) (n=7,405) 

23, 249, (2-112), [0-511] 

76.7 (106.7) 

Colonoscopy completion rate 

<0.0001 <0.0001 

Category 1 (≥80.5% to 

<90.0%) (n=3,553) 

31, 280, (3-137), [0-511] 

87.2 (115.1) 

Category 2 (≥90.0% to 

<91.7%) (n=4,023) 

25, 262, (3-121), [0-518] 

81.0 (111.0) 

Category 3 (≥91.7% to 

<95.0%) (n=3,529) 

22, 238, (2-104), [0-538] 

73.5 (104.9) 

Category 4 (≥95.0% to 

<97.0%) (n=6,220) 

25, 249, (3-111), [0-531] 

77.2 (106.5) 

Category 5 (≥95.0% to 

≤97.1%) (n=1,527) 

16, 190, (2-76), [0-520] 

57.9 (86.9) 

Private clinic access 

0.0005 <0.0001 

Category 1 (0.0% to 

<2.0%) (n=3,469) 

31, 273, (4-129), [0-538] 

85.5 (113.8) 

Category 2 (≥2.0% to 

<4.0%) (n=2,158) 

25, 232, (2-100), [0-479] 

73.1 (103.1) 

Category 3 (≥4.0% to 

<15.0%) (n=2,858) 

25, 237, (3-103), [0-487] 

73.4 (102.9) 

Category 4 (≥15.0% to 

<35.0%) (n=3,825) 

22, 243, (2-99), [0-524] 

73.6 (105.3) 
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 First procedure interval statistics, 

in days 

Median, 90
th
 percentile, (IQR), 

[Range] 

Mean (SD) 

p value for 

comparison 

of median 

diagnostic 

interval 

p value for 

comparison of 

90
th

 percentile 

of diagnostic 

interval 

Category 5 (≥35.0% to 

≤60.6%) (n=6,553) 

23, 254, (3-121), [0-531] 

79.2 (108.9) 

Distance to closest colonoscopist 

0.13 0.001 

Category 1 (<5 km) 

(n=11,285) 

24, 256, (3-117), [0-526] 

78.8 (108.8) 

Category 2 (≥5 to <10 

km) (n=2,502) 

26, 259, (3-126), [0-538] 

81.1 (110.3) 

Category 3 (≥10 to <30 

km) (n=2,138) 

23, 226, (4-98), [0-531] 

72.3 (103.0) 

Category 4 (≥30 to <50 

km) (n=2,109) 

27, 237, (3-104), [0-479] 

74.9 (103.4) 

Category 5 (≥50 to <200 

km) (n=695) 

22, 218, (1-100), [0-456] 

71.6 (102.4) 

Category 6 (≥200 km) 

(n=123) 

11, 274, (0-122), (0-452) 

78.8 (121.7) 

IQR=interquartile range, SD=standard deviation 
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Appendix Q 

Bivariate associations between colonoscopy resource availability and 

quality and covariates 

Colonoscopy resource availability and quality and patient sex (Table Q-1) 

There was no evidence of a difference in the distribution of patient sex across categories 

of colonoscopist density (p=0.07), access to gastroenterologists (p=0.9), colonoscopy completion 

rates (p=0.5), and private clinic access (p=0.1), with a maximum difference of 1.2% in the 

proportion of males and females in any access category. Slightly more females than males had to 

travel shorter distances to reach a colonoscopist, with 60.6%% of females travelling <5 km, 

compared to 58.1% of males (p=0.0003). 

Colonoscopy resource availability and quality and patient age (Table Q-2) 

In general, older patients tended to belong to colonoscopy networks with higher 

colonoscopist density (p=0.0004), with a 4.8% difference in the proportions of patients in the 

lowest category of colonoscopist density between the youngest and oldest age group. Older 

patients also had lower access to gastroenterologists (p<0.0001), belong to networks with lower 

colonoscopy completion rates (p=0.0005), and belong to networks with poorer private clinic 

access (p<0.0001). Older patients tended to live closer to colonoscopist, with 66.0% of patients 

age ≥80 years living <5 km from a colonoscopist, compared to 56.6% of patients age <45 years 

(p<0.0001). 

Association between colonoscopy resource availability and quality and comorbidity (Tables 

Q-3 and Q-4) 

Patients with more comorbid conditions, according to the number of major or minor 

ADGs, tended to live closer to colonoscopists; 64.8% of patients with 4+ ADGs lived <5 km 

from a colonoscopist, compared to 57.3% of patients with zero major ADGs, while 66.9% of 

patients with 10+ minor ADGs lived <5 km from a colonoscopist, compared to 48.2% of patients 
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with zero minor ADGs (p<0.0001). While patients with more minor ADGs tended to belong to 

networks with lower colonoscopist density (p<0.0001), higher access to gastroenterologists 

(p=0.001) and higher private clinic access (p<0.0001), no such trend was evident with the number 

of major ADGs (p=0.04, p<0.0001, p<0.0001, respectively). There was no evidence of a trend in 

the distribution of major or minor ADGs across categories of colonoscopy completion (p=0.4, 

p=0.004, respectively). 

Association between colonoscopy resource availability and quality and disease sub-site 

(Table Q-5) 

Differences observed in the proportion of patients in each disease sub-site across 

categories of colonoscopy resource availability and quality were mainly within patients with sub-

site NOS compared to the other three sub-sites. Compared to patients with proximal, distal or 

rectal cancer, greater proportions of patients with sub-site NOS belonged to networks with lower 

colonoscopist density (p<0.0001) and travel shorter distances to a colonoscopist (p=0.01), while 

lower proportions of patients with sub-site NOS belonged to networks with higher access to 

gastroenterologists (p<0.0001), lower colonoscopy completion rates (p<0.0001), and lower 

private clinic access (p<0.0001).  

Association between colonoscopy resource availability and quality and stage at diagnosis 

(Table Q-6) 

Differences observed in the proportion of patients in each stage group across categories 

of colonoscopy resource availability and quality were mainly within patients with unknown stage 

compared to stages I to IV. Compared to patients with stage I to IV CRC, greater proportions of 

patients with unknown stage CRC belonged to networks with lower colonoscopist density 

(p<0.0001), high colonoscopy completion rates (p<0.0001), and high private clinic access 

(p<0.0001), whereas fewer patients with unknown stage belonged to networks with high access to 

gastroenterologists (p<0.0001). There was no difference in the distribution of stage groups across 

categories of distance to colonoscopists (p=0.1). 
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Association between colonoscopy resource availability and quality and symptom status 

(Table Q-7) 

Symptomatic patients were more likely to live closer to a colonoscopist than 

asymptomatic patients, with a 3.7% difference in the proportions of symptomatic and 

asymptomatic patients living <5 km from a colonoscopist (p=0.0001). There was no evidence of a 

trend in the relationship between symptom status and private clinic access; while more 

symptomatic patients belonged to networks with the highest private clinic access (34.0% 

compared to 32.7%), more asymptomatic patients belonged to networks with the second highest 

private clinic access (23.1% compared to 20.2%) (p=0.0001). There was no difference in the 

distribution of symptom status across categories of colonoscopist density (p=0.1), access to 

gastroenterologists (p=0.1), or colonoscopy completion rates (p=0.6). 
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Table Q-1: Associations between colonoscopy resource availability and quality and patient 

sex 

 Sex 

Male 

% 

Female 

% 

Colonoscopist density p=0.07 

n 12,994 10,967 

Category 1 (0.0 to 8.0) 38.0 39.2 

Category 2 (≥8.0 to <9.4) 23.6 22.2 

Category 3 (≥9.4 to <10.4) 14.7 14.7 

Category 4 (≥10.4 to <12.6) 13.7 14.2 

Category 5 (≥23.6 to ≤24.8) 9.8 9.7 

Access to gastroenterologists p=0.9 

n 12,894 10,962 

Category 1 (0%) 6.2 6.0 

Category 2 (>0.0% to <18.0%) 11.2 11.3 

Category 3 (≥18.0% to <29.0%) 15.7 15.6 

Category 4 (≥29.0% to <42.0%) 27.3 27.4 

Category 5 (≥42.0% to ≤61.5%) 39.5 39.7 

Colonoscopy completion rate p=0.5 

n 12,894 10,962 

Category 1 (0%) 19.1 18.5 

Category 2 (>0.0% to <18.0%) 21.2 21.6 

Category 3 (≥18.0% to <29.0%) 18.4 19.0 

Category 4 (≥29.0% to <42.0%) 33.1 32.6 

Category 5 (≥42.0% to ≤61.5%) 8.2 8.2 

Private clinic access p=0.1 

n 12,994 10,967 

Category 1 (0.0% to <2.0%) 18.3 18.2 

Category 2 (≥2.0% to <4.0%) 11.9 10.9 

Category 3 (≥4.0% to <15.0%) 14.9 15.1 

Category 4 (≥15.0% to <35.0%) 20.5 21.1 

Category 5 (≥35.0% to ≤60.6%) 34.4 34.6 

Distance to the closest colonoscopist p=0.0003 

n 12,894 10,962 

Category 1 (<5 km) 58.1 60.6 

Category 2 (≥5 km to <10 km) 13.4 13.5 

Category 3 (≥10 km to <30 km) 12.3 10.9 

Category 4 (≥30 km to <50 km) 11.7 10.9 

Category 5 (≥50 km to <200 km) 3.9 3.5 

Category 6 (≥200 km) 0.6 0.7 
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Table Q-2: Associations between colonoscopy resource availability and quality and patient 

age at index contact 

 Age at index contact 

<45 

% 

<55 

% 

<60 

% 

<70 

% 

<80 

% 

≥80 

% 

Colonoscopist density p=0.0004 

n 884 2,751 2,185 6,153 6,499 5,489 

Category 1 (0.0 to 8.0) 42.4 41.2 39.9 38.4 37.5 37.6 

Category 2 (≥8.0 to <9.4) 24.3 22.0 23.5 22.5 22.8 23.8 

Category 3 (≥9.4 to <10.4) 12.1 14.3 13.6 15.1 14.9 15.1 

Category 4 (≥10.4 to <12.6) 13.7 14.2 14.2 14.0 13.8 13.8 

Category 5 (≥23.6 to ≤24.8) 7.5 8.3 8.8 9.9 11.0 9.7 

Access to gastroenterologists p<0.0001 

n 880 2,750 2,184 6,147 6,496 5,489 

Category 1 (0%) 4.4 4.6 5.2 6.9 6.9 5.7 

Category 2 (>0.0% to <18.0%) 8.7 9.3 10.5 11.7 12.2 11.4 

Category 3 (≥18.0% to <29.0%) 13.1 14.8 15.1 15.6 15.7 16.7 

Category 4 (≥29.0% to <42.0%) 33.4 28.8 27.1 26.3 27.6 26.7 

Category 5 (≥42.0% to ≤61.5%) 40.3 42.5 42.2 39.4 37.6 39.4 

Colonoscopy completion rate p=0.0005 

n 880 2,750 2,184 6,147 6,496 5,489 

Category 1 (0%) 14.8 18.0 19.2 20.4 18.9 18.0 

Category 2 (>0.0% to <18.0%) 21.7 22.3 21.7 20.8 21.0 21.9 

Category 3 (≥18.0% to <29.0%) 17.3 18.6 17.8 18.0 19.0 19.6 

Category 4 (≥29.0% to <42.0%) 38.3 32.6 32.8 32.0 33.6 32.4 

Category 5 (≥42.0% to ≤61.5%) 7.9 8.4 8.5 8.9 7.4 8.1 

Private clinic access p<0.0001 

n 884 2,751 2,185 6,153 6,499 5,489 

Category 1 (0.0% to <2.0%) 14.9 15.0 17.6 18.6 19.8 18.6 

Category 2 (≥2.0% to <4.0%) 7.7 9.8 10.9 12.5 12.2 11.0 

Category 3 (≥4.0% to <15.0%) 12.0 12.8 14.5 14.8 15.7 16.3 

Category 4 (≥15.0% to <35.0%) 21.9 23.6 21.8 21.1 19.2 20.2 

Category 5 (≥35.0% to ≤60.6%) 43.4 38.7 35.2 33.0 33.2 33.9 

Distance to the closest colonoscopist p<0.0001 

n 880 2,750 2,184 6,147 6,496 5,489 

Category 1 (<5 km) 56.6 57.4 55.7 55.3 59.6 66.0 

Category 2 (≥5 km to <10 km) 14.5 15.4 14.5 14.3 13.2 11.1 

Category 3 (≥10 km to <30 km) 12.7 11.9 12.7 12.7 11.5 9.9 

Category 4 (≥30 km to <50 km) 10.3 10.9 12.5 13.0 11.2 9.5 

Category 5 (≥50 km to <200 km) 4.7 3.6 3.9 4.0 3.8 2.9 

Category 6 (≥200 km) 1.1 0.7 0.6 0.6 0.7 0.5 
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Table Q-3: Associations between colonoscopy resource availability and quality and number 

of major ADGs 

 Number of major ADGs 

0 

% 

1 

% 

2 

% 

3 

% 

4+ 

% 

Colonoscopist density p=0.04 

n 10,028 7,899 3,716 1,554 764 

Category 1 (0.0 to 8.0) 39.8 37.4 37.6 36.6 38.6 

Category 2 (≥8.0 to <9.4) 23.1 23.1 22.2 21.9 24.9 

Category 3 (≥9.4 to <10.4) 14.1 15.0 15.5 16.3 13.0 

Category 4 (≥10.4 to <12.6) 13.3 14.4 14.5 14.3 13.3 

Category 5 (≥23.6 to ≤24.8) 9.6 9.6 10.2 10.9 10.2 

Access to gastroenterologists p<0.0001 

n 10,021 7,893 3,714 1,554 764 

Category 1 (0%) 6.0 6.0 6.8 5.9 5.8 

Category 2 (>0.0% to <18.0%) 10.6 11.8 11.2 12.9 10.7 

Category 3 (≥18.0% to <29.0%) 14.3 16.3 17.3 17.3 15.6 

Category 4 (≥29.0% to <42.0%) 27.7 27.6 27.2 24.7 27.4 

Category 5 (≥42.0% to ≤61.5%) 41.4 38.2 37.5 39.1 40.6 

Colonoscopy completion rate p=0.4 

n 10,021 7,893 3,714 1,554 764 

Category 1 (0%) 19.1 18.7 18.4 18.9 19.1 

Category 2 (>0.0% to <18.0%) 21.9 21.1 20.5 21.6 21.1 

Category 3 (≥18.0% to <29.0%) 18.1 18.9 19.3 20.3 19.9 

Category 4 (≥29.0% to <42.0%) 32.7 33.4 33.1 31.0 32.2 

Category 5 (≥42.0% to ≤61.5%) 8.1 7.9 8.7 8.2 9.7 

Private clinic access p<0.0001 

n 10,028 7,899 3,716 1,554 764 

Category 1 (0.0% to <2.0%) 17.0 19.1 19.0 20.3 18.6 

Category 2 (≥2.0% to <4.0%) 11.0 11.8 12.0 11.8 9.8 

Category 3 (≥4.0% to <15.0%) 14.5 15.4 14.9 16.4 15.7 

Category 4 (≥15.0% to <35.0%) 21.8 19.9 20.7 17.9 20.8 

Category 5 (≥35.0% to ≤60.6%) 35.6 33.8 33.3 33.6 35.1 

Distance to the closest colonoscopist p<0.0001 

n 10,021 7,893 3,714 1,554 764 

Category 1 (<5 km) 57.3 59.5 61.3 62.9 64.8 

Category 2 (≥5 km to <10 km) 14.3 13.0 12.7 12.3 12.0 

Category 3 (≥10 km to <30 km) 12.1 11.9 10.4 10.2 11.5 

Category 4 (≥30 km to <50 km) 11.7 11.3 11.6 10.6 7.3 

Category 5 (≥50 km to <200 km) 4.0 3.6 3.3 3.3 3.5 

Category 6 (≥200 km) 0.6 0.6 0.6 0.7 0.8 

ADG=Aggregated Diagnosis Group
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Table Q-4: Associations between colonoscopy resource availability and quality and number of minor ADGs 

 Number of minor ADGs 

0 

% 

1 

% 

2 

% 

3 

% 

4 

% 

5 

% 

6 

% 

7 

% 

8 

% 

9 

% 

10+ 

% 

Colonoscopist density p<0.0001 

n 141 1,248 2,193 3,039 3,522 3,373 3,054 2,584 1,962 1,291 1,554 

Category 1 (0.0 to 8.0) 27.7 36.9 34.8 35.6 38.3 38.4 39.6 41.0 40.1 40.8 43.5 

Category 2 (≥8.0 to <9.4) 22.0 21.6 22.2 22.1 22.7 23.7 22.4 23.8 24.0 24.2 23.6 

Category 3 (≥9.4 to <10.4) 17.7 14.6 16.1 16.0 14.8 14.9 15.1 13.6 14.3 12.6 13.2 

Category 4 (≥10.4 to <12.6) 15.6 15.2 15.9 15.0 13.7 14.0 13.4 13.5 13.3 13.7 11.0 

Category 5 (≥23.6 to ≤24.8) 17.0 11.6 11.0 11.4 10.5 9.1 9.6 8.1 8.4 8.6 8.8 

Access to gastroenterologists p=0.001 

n 141 1,245 2,192 3,038 3,517 3,370 3,053 2,584 1,961 1,291 1,554 

Category 1 (0%) 9.2 8.0 6.0 7.2 6.2 6.5 6.2 5.3 5.6 4.7 4.3 

Category 2 (>0.0% to <18.0%) 17.0 12.5 12.6 12.2 11.5 11.0 10.8 11.3 10.8 9.8 9.0 

Category 3 (≥18.0% to <29.0%) 17.0 15.5 15.6 15.8 16.2 16.0 15.1 15.4 15.6 15.0 16.0 

Category 4 (≥29.0% to <42.0%) 22.0 24.5 26.2 26.6 26.9 27.2 28.0 28.4 28.6 28.5 29.7 

Category 5 (≥42.0% to ≤61.5%) 34.8 39.6 39.6 38.3 39.2 39.4 39.9 39.6 39.5 42.1 41.0 

Colonoscopy completion rate p=0.04 

n 141 1,245 2,192 3,038 3,517 3,370 3,053 2,584 1,961 1,291 1,554 

Category 1 (0%) 17.7 20.3 20.0 20.1 19.2 18.5 18.7 17.1 18.2 18.0 18.3 

Category 2 (>0.0% to <18.0%) 24.8 22.1 22.4 20.8 21.2 21.6 21.0 21.1 21.2 23.2 20.4 

Category 3 (≥18.0% to <29.0%) 20.6 19.1 19.6 20.4 17.0 18.8 18.8 18.6 17.2 18.6 19.0 

Category 4 (≥29.0% to <42.0%) 27.0 30.8 30.0 30.9 34.7 32.7 33.2 35.0 34.4 32.8 33.6 

Category 5 (≥42.0% to ≤61.5%) 9.9 7.7 8.1 7.9 8.0 8.3 8.4 8.1 9.0 7.4 8.8 

Private clinic access p<0.0001 

n 141 1,248 2,193 3,039 3,522 3,373 3,054 2,584 1,962 1,291 1,554 

Category 1 (0.0% to <2.0%) 25.5 21.3 20.0 20.6 19.6 18.2 17.2 16.1 16.1 16.7 15.3 

Category 2 (≥2.0% to <4.0%) 15.6 11.5 13.2 12.8 11.7 12.1 11.3 10.0 10.4 11.0 8.3 

Category 3 (≥4.0% to <15.0%) 15.6 15.3 15.3 14.9 15.5 15.0 15.2 15.4 15.3 12.0 14.7 

Category 4 (≥15.0% to <35.0%) 16.3 21.6 21.6 20.7 20.4 21.0 19.8 20.6 20.2 22.2 21.2 

Category 5 (≥35.0% to ≤60.6%) 27.0 30.3 29.9 30.9 32.9 33.7 36.4 37.9 38.0 38.1 40.5 
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 Number of minor ADGs 

0 

% 

1 

% 

2 

% 

3 

% 

4 

% 

5 

% 

6 

% 

7 

% 

8 

% 

9 

% 

10+ 

% 

Distance to the closest colonoscopist <0.0001 

n 141 1,245 2,192 3,038 3,517 3,370 3,053 2,584 1,961 1,291 1,554 

Category 1 (<5 km) 48.2 52.1 55.3 55.0 57.8 58.8 61.0 62.0 65.0 62.0 66.9 

Category 2 (≥5 km to <10 km) 7.1 13.3 13.0 13.7 13.1 13.7 13.3 14.0 13.1 13.6 14.1 

Category 3 (≥10 km to <30 km) 13.5 14.2 13.1 13.0 12.0 12.1 11.5 11.0 8.7 11.1 8.6 

Category 4 (≥30 km to <50 km) 25.5 14.0 13.6 13.3 12.7 11.3 10.2 9.3 9.5 9.4 7.3 

Category 5 (≥50 km to <200 

km) 5.7* 5.4 4.0 4.2 3.8 3.5 3.6 3.4 3.0 3.4 2.8 

Category 6 (≥200 km) 1.0 1.1 0.8 0.6 0.6 0.5 0.4 0.8 0.5 0.4 

*Cells collapsed due to small cell sizes, as per ICES policies 

ADG=Aggregated Diagnosis Group
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Table Q-5: Associations between colonoscopy resource availability and quality and disease sub-site 

 Disease sub-site 

Proximal 

% 

Distal 

% 

Rectal 

% 

NOS 

% 

Colonoscopist density p<0.0001 

n 8,664 5,634 7,069 2,594 

Category 1 (0.0 to 8.0) 37.2 39.9 38.4 40.8 

Category 2 (≥8.0 to <9.4) 21.9 23.1 23.0 26.2 

Category 3 (≥9.4 to <10.4) 15.4 14.5 14.7 12.9 

Category 4 (≥10.4 to <12.6) 14.6 13.5 14.2 11.9 

Category 5 (≥23.6 to ≤24.8) 10.9 9.0 9.7 8.1 

Access to gastroenterologists p<0.0001 

n 8,660 5,631 7,063 2,592 

Category 1 (0%) 6.4 6.0 6.0 5.9 

Category 2 (>0.0% to <18.0%) 12.2 10.6 11.0 10.4 

Category 3 (≥18.0% to <29.0%) 15.8 15.0 16.3 14.8 

Category 4 (≥29.0% to <42.0%) 26.9 27.4 26.0 32.6 

Category 5 (≥42.0% to ≤61.5%) 38.7 41.0 40.7 36.3 

Colonoscopy completion rate p<0.0001 

n 8,660 5,631 7,063 2,592 

Category 1 (0%) 19.3 19.3 19.9 13.5 

Category 2 (>0.0% to <18.0%) 21.0 21.1 21.8 22.4 

Category 3 (≥18.0% to <29.0%) 18.9 18.7 18.3 18.9 

Category 4 (≥29.0% to <42.0%) 32.2 32.4 32.4 37.6 

Category 5 (≥42.0% to ≤61.5%) 8.6 8.6 7.6 7.6 

Private clinic access p<0.0001 

n 8,664 5,634 7,069 2,594 

Category 1 (0.0% to <2.0%) 19.4 17.9 18.2 15.5 

Category 2 (≥2.0% to <4.0%) 11.8 11.2 11.8 10.0 

Category 3 (≥4.0% to <15.0%) 15.2 14.6 16.0 12.6 

Category 4 (≥15.0% to <35.0%) 21.8 21.9 20.3 16.0 

Category 5 (≥35.0% to ≤60.6%) 31.9 34.4 33.7 45.8 

Distance to the closest colonoscopist p=0.01 

n 8,660 5,631 7,063 2,592 

Category 1 (<5 km) 59.0 59.1 58.2 63.0 

Category 2 (≥5 km to <10 km) 13.4 13.2 14.0 12.4 

Category 3 (≥10 km to <30 km) 12.0 11.8 11.6 10.1 

Category 4 (≥30 km to <50 km) 11.2 11.6 11.4 10.8 

Category 5 (≥50 km to <200 km) 3.8 3.4 4.1 3.0 

Category 6 (≥200 km) 0.6 0.8 0.6 0.7 

NOS=not otherwise specified 
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Table Q-6: Associations between colonoscopy resource availability and quality and stage at 

diagnosis 

 Stage at diagnosis 

I 

% 

II 

% 

III 

% 

IV 

% 

Unknown 

% 

Colonoscopist density p<0.0001 

n 5,092 5,657 6,410 3,934 2,868 

Category 1 (0.0 to 8.0) 38.6 37.6 39.6 37.0 40.6 

Category 2 (≥8.0 to <9.4) 22.0 23.4 23.5 24.5 20.5 

Category 3 (≥9.4 to <10.4) 14.9 15.1 14.4 15.6 13.1 

Category 4 (≥10.4 to <12.6) 14.5 13.7 13.3 13.7 14.8 

Category 5 (≥23.6 to ≤24.8) 9.9 10.2 9.1 9.2 11.0 

Access to gastroenterologists p<0.0001 

n 5,091 5,651 6,404 3,933 2,867 

Category 1 (0%) 5.7 6.4 5.8 6.4 6.3 

Category 2 (>0.0% to <18.0%) 11.8 11.5 11.4 10.5 10.5 

Category 3 (≥18.0% to <29.0%) 16.1 14.8 14.9 16.0 18.1 

Category 4 (≥29.0% to <42.0%) 27.7 27.0 26.8 26.4 30.2 

Category 5 (≥42.0% to ≤61.5%) 38.7 40.3 41.1 40.7 24.9 

Colonoscopy completion rate p<0.0001 

n 5,091 5,651 6,404 3,933 2,867 

Category 1 (0%) 18.6 20.1 19.9 18.8 14.5 

Category 2 (>0.0% to <18.0%) 21.5 22.5 21.0 22.5 18.4 

Category 3 (≥18.0% to <29.0%) 18.6 18.4 18.3 19.2 19.4 

Category 4 (≥29.0% to <42.0%) 33.2 31.5 32.8 32.6 35.9 

Category 5 (≥42.0% to ≤61.5%) 8.1 7.5 8.0 6.9 11.8 

Private clinic access p<0.0001 

n 5,092 5,657 6,410 3,934 2,868 

Category 1 (0.0% to <2.0%) 18.1 19.2 18.0 18.4 17.2 

Category 2 (≥2.0% to <4.0%) 10.8 11.8 10.8 12.0 12.7 

Category 3 (≥4.0% to <15.0%) 15.6 14.5 14.5 16.0 14.6 

Category 4 (≥15.0% to <35.0%) 21.2 20.8 22.6 19.9 16.9 

Category 5 (≥35.0% to ≤60.6%) 34.3 33.6 34.2 33.6 38.6 

Distance to the closest colonoscopist p=0.1 

n 5,091 5,651 6,404 3,933 2,867 

Category 1 (<5 km) 58.5 59.8 59.2 59.5 59.1 

Category 2 (≥5 km to <10 km) 13.8 13.4 14.0 13.2 11.8 

Category 3 (≥10 km to <30 km) 11.6 11.4 11.5 12.1 12.0 

Category 4 (≥30 km to <50 km) 11.8 11.3 11.2 10.8 11.7 

Category 5 (≥50 km to <200 km) 3.6 3.6 3.6 3.6 4.4 

Category 6 (≥200 km) 0.6 0.6 0.5 0.7 1.0 
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Table Q-7: Associations between colonoscopy resource availability and quality and symptom status 

 Symptom status 

Asymptomatic 

% 

Symptomatic 

% 

Colonoscopist density p=0.1 

n 4,211 19,750 

Category 1 (0.0 to 8.0) 38.1 38.7 

Category 2 (≥8.0 to <9.4) 23.4 22.9 

Category 3 (≥9.4 to <10.4) 13.9 14.9 

Category 4 (≥10.4 to <12.6) 15.0 13.7 

Category 5 (≥23.6 to ≤24.8) 9.6 9.8 

Access to gastroenterologists p=0.1 

n 4,210 19,736 

Category 1 (0%) 5.9 6.1 

Category 2 (>0.0% to <18.0%) 11.1 11.3 

Category 3 (≥18.0% to <29.0%) 14.7 15.9 

Category 4 (≥29.0% to <42.0%) 27.0 27.5 

Category 5 (≥42.0% to ≤61.5%) 41.3 39.2 

Colonoscopy completion rate p=0.6 

n 4,210 19,736 

Category 1 (0%) 19.3 18.7 

Category 2 (>0.0% to <18.0%) 21.9 21.3 

Category 3 (≥18.0% to <29.0%) 18.2 18.8 

Category 4 (≥29.0% to <42.0%) 32.1 33.1 

Category 5 (≥42.0% to ≤61.5%) 8.4 8.1 

Private clinic access p=0.001 

n 4,211 19,750 

Category 1 (0.0% to <2.0%) 18.3 18.3 

Category 2 (≥2.0% to <4.0%) 11.3 11.5 

Category 3 (≥4.0% to <15.0%) 14.5 15.1 

Category 4 (≥15.0% to <35.0%) 23.1 20.2 

Category 5 (≥35.0% to ≤60.6%) 32.7 34.9 

Distance to the closest colonoscopist p=0.0001 

n 4,210 19,736 

Category 1 (<5 km) 56.2 59.9 

Category 2 (≥5 km to <10 km) 14.3 13.2 

Category 3 (≥10 km to <30 km) 13.3 11.3 

Category 4 (≥30 km to <50 km) 12.0 11.2 

Category 5 (≥50 km to <200 km) 3.5 3.7 

Category 6 (≥200 km) 0.7 0.6 

 

  



 

 

 

323 

Appendix R 

Fully Adjusted Quantile Regression Models: Objective 2(b) 

Table R-1: Colonoscopist density: Fully adjusted median regression results 

 
% 

n=23,961 

Fully adjusted median 

regression parameter 

estimate (95% CI) 

Colonoscopist density   

Category 1 (0.0 to <8.0) 29.3 9.1 (3.8 to 14.4) 

Category 2 (≥8.0 to <9.4) 32.2 4.4 (-0.9 to 9.7) 

Category 3 (≥9.4 to <10.4) 14.7 8.6 (2.5 to 14.8) 

Category 4 (≥10.4 to <12.6) 13.8 0.7 (-4.9 to 6.3) 

Category 5 (≥12.6 to ≤24.8) 9.9 Ref 

Age at index contact   

≥80 years 22.9 -3.7 (-8.6 to 1.1) 

<80 years 27.1 -3.6 (-7.7 to 0.5) 

<70 years 25.7 Ref 

<60 years 9.1 3.0 (-2.1 to 8.2) 

<55 years 11.5 -0.7 (-5.4 to 4.0) 

<45 years 3.7 17.6 (7.2 to 28.0) 

Disease sub-site   

Proximal  36.2 5.0 (1.1 to 8.9) 

Distal  23.5 1.8 (-2.2 to 5.7) 

Rectal  29.5 Ref 

Sub-site NOS 10.8 9.1 (2.8 to 15.4) 

Sex   

Female 45.8 3.2 (-0.1 to 6.5) 

Male 54.2 Ref 

Number of major ADGs - 4.0 (1.9 to 6.2) 

Number of minor ADGs - 9.3 (8.5 to 10.2) 

Stage at diagnosis   

Stage IV 16.4 -38.8 (-43.8 to -33.8) 

Stage III 26.8 -21.2 (-25.8 to -16.5) 

Stage II  23.6 -20.8 (-25.7 to -15.8) 

Stage I 21.2 Ref 

Unknown stage 12.0 -10.0 (-16.8 to -3.3) 

Symptom status   

Asymptomatic 17.6 -16.8 (-19.6 to -14.1) 

Symptomatic 82.4 Ref 

CI=confidence interval, NOS=not otherwise specified, ADG=Aggregated Diagnosis Group  
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Table R-2: Colonoscopist density: Fully adjusted 90
th

 percentile regression results 

 
% 

(n=23,961) 

Fully adjusted 90
th

 percentile 

regression parameter 

estimate (95% CI) 

Colonoscopist density   

Category 1 (0.0 to <8.0) 29.3 12.1 (1.0 to 23.2) 

Category 2 (≥8.0 to <9.4) 32.2 11.7 (0.1 to 23.2) 

Category 3 (≥9.4 to <10.4) 14.7 11.8 (-2.4 to 26.1) 

Category 4 (≥10.4 to <12.6) 13.8 5.7 (-6.6 to 18.1) 

Category 5 (≥12.6 to ≤24.8) 9.9  

Age at index contact   

≥80 years 22.9 -10.0 (-19.9 to -0.1) 

<80 years 27.1 -4.0 (-13.2 to 5.1) 

<70 years 25.7 Ref 

<60 years 9.1 7.9 (-5.5 to 21.4) 

<55 years 11.5 9.0 (-4.6 to 22.6) 

<45 years 3.7 31.7 (13.1to 50.4) 

Disease sub-site   

Proximal  36.2 10.1 (1.7 to 18.4) 

Distal 23.5 -2.1 (-11.5 to 7.2) 

Rectal  29.5 Ref 

Sub-site NOS 10.8 13.5 (2.2 to 24.8) 

Sex   

Female 45.8 -2.8 (-9.3 to 3.8) 

Male 54.2 Ref 

Number of major ADGs - 4.9 (1.3 to 8.5) 

Number of minor ADGs - 12.2 (10.8 to 13.5) 

Stage at diagnosis   

Stage IV 16.4 -34.1 (-44.5 to -23.7) 

Stage III 26.8 -19.9 (-29.3 to -10.5) 

Stage II  23.6 -12.1 (-21.8 to -2.5) 

Stage I 21.2 Ref 

Unknown stage 12.0 5.0 (-6.4 to 16.4) 

Symptom status   

Asymptomatic 17.6 -125.8 (-135.6 to -116.0) 

Symptomatic 82.4 Ref 

CI=confidence interval, NOS=not otherwise specified, ADG=Aggregated Diagnosis Group  
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Table R-3: Access to gastroenterologists: Fully adjusted median regression results 

 
% 

n=23,946 

Fully adjusted median 

regression parameter 

estimate (95% CI) 

Access to gastroenterologists   

Category 1 (0%) 6.1 -1.4 (-7.9 to 5.2) 

Category 2 (>0.0% to <18.0%) 11.3 8.0 (2.2 to 13.7) 

Category 3 (≥18.0% to <29.0%) 15.7 3.4 (-1.0 to 7.9) 

Category 4 (≥29.0% to <42.0%) 27.4 -1.7 (-5.4 to 2.0) 

Category 5 (≥42.0% to ≤61.5%) 39.6 Ref 

Age at index contact   

≥80 years 22.9 -3.6 (-8.7 to 1.4) 

<80 years 27.1 -3.6 (-8.0 to 0.8) 

<70 years 25.7 Ref 

<60 years 9.1 3.2 (-2.1 to 8.6) 

<55 years 11.5 -0.5 (-5.1 to 4.1) 

<45 years 3.7 18.0 (7.1 to 29.0) 

Disease sub-site   

Proximal  36.2 4.8 (0.9 to 8.7) 

Distal  23.5 1.7 (-2.4 to 5.8) 

Rectal  29.5 Ref 

Sub-site NOS 10.8 9.2 (2.3 to 16.1) 

Sex   

Female 45.8 3.3 (-0.02 to 6.6) 

Male 54.2 Ref 

Number of major ADGs - 3.7 (1.6 to 5.8) 

Number of minor ADGs - 9.4 (8.6 to 10.2) 

Stage at diagnosis   

Stage IV 16.4 -38.6 (-43.4 to -33.8) 

Stage III 26.7 -21.5 (-26.2 to -17.0) 

Stage II  23.6 -20.4 (-25.4 to -15.5) 

Stage I 21.3 Ref 

Unknown stage 12.0 -10.4 (-17.3 to -3.5) 

Symptom status   

Asymptomatic 17.6 -17.0 (-19.9 to -14.1) 

Symptomatic 82.4 Ref 

CI=confidence interval, NOS=not otherwise specified, ADG=Aggregated Diagnosis Group  
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Table R-4: Access to gastroenterologists: Fully adjusted 90
th

 percentile regression results 

 
% 

n=23,946 

Fully adjusted 90
th

 percentile 

regression parameter 

estimate (95% CI) 

Access to gastroenterologists   

Category 1 (0%) 6.1 2.7 (-15.3 to 20.8) 

Category 2 (>0.0% to <18.0%) 11.3 24.0 (10.7 to 37.3) 

Category 3 (≥18.0% to <29.0%) 15.7 -0.2 (-10.3 to 9.8) 

Category 4 (≥29.0% to <42.0%) 27.4 -3.7 (-11.6 to 4.2) 

Category 5 (≥42.0% to ≤61.5%) 39.6 Ref 

Age at index contact   

≥80 years 22.9 -9.0 (-18.8 to 0.8) 

<80 years 27.1 -3.1 (-12.4 to 6.1) 

<70 years 25.7 Ref 

<60 years 9.1 10.8 (-3.3 to 25.0) 

<55 years 11.5 11.0 (-2.0 to 24.1) 

<45 years 3.7 36.0 (19.4 to 52.6) 

Disease sub-site   

Proximal  36.2 9.9 (1.5 to 18.3) 

Distal  23.5 -0.9 (-10.1 to 8.3) 

Rectal  29.5 Ref 

Sub-site NOS 10.8 15.5 (3.5 to 27.5) 

Sex   

Female 45.8 -2.1 (-9.0 to 4.7) 

Male 54.2 Ref 

Number of major ADGs - 4.3 (0.8 to 7.7) 

Number of minor ADGs - 12.4 (11.1 to 13.8) 

Stage at diagnosis   

Stage IV 16.4 -32.6 (-44.1 to -21.1) 

Stage III 26.7 -18.2 (-28.2 to -9.2) 

Stage II  23.6 -14.9 (-25.3 to -4.6) 

Stage I 21.3 Ref 

Unknown stage 12.0 1.8 (-10.1 to 13.8) 

Symptom status   

Asymptomatic 17.6 -125.8 (-135.8 to -115.9) 

Symptomatic 82.4 Ref 

CI=confidence interval, NOS=not otherwise specified, ADG=Aggregated Diagnosis Group  
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Table R-5: Colonoscopy completion rates: Fully adjusted median regression results 

 
% 

n=23,946 

Fully adjusted median 

regression parameter 

estimate (95% CI) 

Colonoscopy completion rates   

Category 1 (≥80.5% to <90.0%) 18.8 36.1 (29.9 to 42.3) 

Category 2 (≥90.0% to <91.7%) 21.4 22.0 (16.0 to 28.1) 

Category 3 (≥91.7% to <93.0%) 18.7 15.4 (9.7 to 21.1) 

Category 4 (≥93.0% to <95.0%) 32.9 19.2 (13.5 to 24.8) 

Category 5 (≥95.0% to ≤97.1%) 8.2 Ref 

Age at index contact   

≥80 years 22.9 -4.4 (-9.3 to 0.4) 

<80 years 27.1 -3.9 (6.3 to 29.7) 

<70 years 25.7 Ref 

<60 years 9.1 4.0 (-1.0 to 9.0) 

<55 years 11.5 -1.8 (-6.9 to 3.3) 

<45 years 3.7 18.0 (6.3 to 29.7) 

Disease sub-site   

Proximal  36.2 5.8 (1.8 to 9.8) 

Distal  23.5 1.5 (-2.6 to 5.6) 

Rectal  29.5 Ref 

Sub-site NOS 10.8 10.9 (4.6 to 17.2) 

Sex   

Female 45.8 3.1 (-0.03 to 6.2) 

Male 54.2 Ref 

Number of major ADGs - 3.8 (1.9 to 5.7) 

Number of minor ADGs - 9.3 (8.6 to 10.1) 

Stage at diagnosis   

Stage IV 16.4 -39.4 (-44.2 to -34.6) 

Stage III 26.7 -21.6 (-25.9 to -17.3) 

Stage II  23.6 -22.0 (-26.6 to -17.4) 

Stage I 21.3 Ref 

Unknown stage 12.0 -9.2 (-16.2 to -2.2) 

Symptom status   

Asymptomatic 17.6 -17.9 (-20.7 to -15.1) 

Symptomatic 82.4 Ref 

CI=confidence interval, NOS=not otherwise specified, ADG=Aggregated Diagnosis Group  
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Table R-6: Colonoscopy completion rates: Fully adjusted 90
th

 percentile regression results 

 
% 

n=23,946 

Fully adjusted 90
th

 percentile 

regression parameter 

estimate (95% CI) 

Colonoscopy completion rates   

Category 1 (≥80.5% to <90.0%) 18.8 76.4 (63.5 to 89.4) 

Category 2 (≥90.0% to <91.7%) 21.4 60.5 (47.5 to 73.5) 

Category 3 (≥91.7% to <93.0%) 18.7 50.1 (37.1 to 63.0) 

Category 4 (≥93.0% to <95.0%) 32.9 50.3 (38.0 to 62.7) 

Category 5 (≥95.0% to ≤97.1%) 8.2 Ref 

Age at index contact   

≥80 years 22.9 -8.0 (-17.6 to 1.7) 

<80 years 27.1 -3.4 (-12.4 to 5.6) 

<70 years 25.7 Ref 

<60 years 9.1 8.7 (-5.6 to 23.0) 

<55 years 11.5 11.0 (-1.3 to 22.3) 

<45 years 3.7 39.0 (19.5 to 58.6) 

Disease sub-site   

Proximal  36.2 11.8 (3.7 to 19.9) 

Distal  23.5 1.5 (-7.4 to 10.5) 

Rectal  29.5 Ref 

Sub-site NOS 10.8 15.9 (4.2 to 27.5) 

Sex   

Female 45.8 -2.9 (-9.7 to 3.8) 

Male 54.2 Ref 

Number of major ADGs - 4.6 (1.4 to 7.9) 

Number of minor ADGs - 12.4 (10.9 to 13.8) 

Stage at diagnosis   

Stage IV 16.4 -31.6 (-43.5 to -19.6) 

Stage III 26.7 -18.3 (-27.4 to -9.2) 

Stage II  23.6 -15.4 (-25.8 to -5.1) 

Stage I 21.3 Ref 

Unknown stage 12.0 3.6 (-8.0 to 15.2) 

Symptom status   

Asymptomatic 17.6 -120.4 (-129.8 to -111.0) 

Symptomatic 82.4 Ref 

CI=confidence interval, NOS=not otherwise specified, ADG=Aggregated Diagnosis Group  
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Table R-7: Private clinic access: Fully adjusted median regression results 

 % 

n=23,961 

 

Fully adjusted median 

regression parameter 

estimate (95% CI) 

Private clinic access   

Category 1 (0.0% to <2.0%) 18.3 18.7 (13.7 to 23.7) 

Category 2 (≥2.0% to <4.0%) 11.4 -0.6 (-5.0 to 3.9) 

Category 3 (≥4.0% to <15.0%) 15.0 4.3 (-0.5 to 9.0) 

Category 4 (≥15.0% to <35.0%) 20.7 -0.3 (-4.1 to 3.5) 

Category 5 (≥35.0% to ≤60.6%) 34.5 Ref 

Age at index contact   

≥80 years 22.9 -3.0 (-8.2 to 2.1) 

<80 years 27.1 -3.8 (-8.0 to 0.3) 

<70 years 25.7 Ref 

<60 years 9.1 4.1 (-0.8 to 8.9) 

<55 years 11.5 0.3 (-4.6 to 5.2) 

<45 years 3.7 17.8 (6.7 to 28.9) 

Disease sub-site   

Proximal  36.2 4.5 (0.6 to 8.3) 

Distal  23.5 1.5 (-2.2 to 5.1) 

Rectal  29.5 Ref 

Sub-site NOS 10.8 9.6 (3.3 to 15.9) 

Sex   

Female 45.8 3.0 (-0.1 to 6.2) 

Male 54.2 Ref 

Number of major ADGs - 3.1 (0.8 to 5.3) 

Number of minor ADGs - 9.5 (8.8 to 10.3) 

Stage at diagnosis   

Stage IV 16.4 -39.5 (-44.1 to -34.9) 

Stage III 26.7 -21.7 (-26.2 to -17.3) 

Stage II  23.6 -21.7 (-26.7 to -16.6) 

Stage I 21.3 Ref 

Unknown stage 12.0 -10.5 (-17.5 to -3.5) 

Symptom status   

Asymptomatic 17.6 -18.4 (-21.1 to -15.7) 

Symptomatic 82.4 Ref 

CI=confidence interval, NOS=not otherwise specified, ADG=Aggregated Diagnosis Group  
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Table R-8: Private clinic access: Fully adjusted 90
th

 percentile regression results 

 % 

n=23,961 

 

Fully adjusted 90
th

 percentile 

regression parameter 

estimate (95% CI) 

Private clinic access   

Category 1 (0.0% to <2.0%) 18.3 32.7 (22.3 to 43.2) 

Category 2 (≥2.0% to <4.0%) 11.4 4.4 (-8.7 to 17.5) 

Category 3 (≥4.0% to <15.0%) 15.0 2.6 (-7.4 to 12.6) 

Category 4 (≥15.0% to <35.0%) 20.7 2.3 (-6.3 to 10.8) 

Category 5 (≥35.0% to ≤60.6%) 34.5 Ref 

Age at index contact   

≥80 years 22.9 -6.4 (-16.4 to 3.7) 

<80 years 27.1 -2.5 (-11.4 to 6.4) 

<70 years 25.7 Ref 

<60 years 9.1 13.7 (-0.3 to 27.6) 

<55 years 11.5 13.7 (1.1 to 26.3) 

<45 years 3.7 38.1 (19.9 to 56.3) 

Disease sub-site   

Proximal  36.2 9.0 (0.4 to 17.7) 

Distal  23.5 -0.3 (-9.3 to 8.7) 

Rectal  29.5 Ref 

Sub-site NOS 10.8 16.7 (4.8 to 28.5) 

Sex   

Female 45.8 -2.0 (-8.8 to 4.7) 

Male 54.2  

Number of major ADGs - 4.1 (-.9 to 7.3) 

Number of minor ADGs - 12.6 (11.3 to 14.0) 

Stage at diagnosis   

Stage IV 16.4 -31.3 (-42.9 to -19.7) 

Stage III 26.7 -18.5 (-28.2 to -8.9) 

Stage II  23.6 -15.2 (-25.4 to -5.0) 

Stage I 21.3 Ref 

Unknown stage 12.0 1.9 (-10.1 to 14.0) 

Symptom status   

Asymptomatic 17.6 -125.2 (-135.1 to -115.4) 

Symptomatic 82.4 Ref 

CI=confidence interval, NOS=not otherwise specified, ADG=Aggregated Diagnosis Group  
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Table R-9: Distance to closest colonoscopist: Fully adjusted median regression results 

 
% 

n=23,946 

Fully adjusted median 

regression parameter 

estimate (95% CI) 

Distance to closest colonoscopist   

Category 1 (<5 km) 59.2 Ref 

Category 2 (≥5 km to <10 km) 13.4 2.3 (-2.5 to 7.2) 

Category 3 (≥10 km to <30 km) 11.7 -2.4 (-7.2 to 2.4) 

Category 4 (≥30 km to <50 km) 11.3 -0.8 (-5.5 to 3.8) 

Category 5 (≥50 km to <200 km) 3.7 -4.1 (-11.8 to 3.6) 

Category 6 (≥200 km) 0.6 -10.1 (-38.1 to 17.8) 

Age at index contact   

≥80 years 22.9 -4.4 (-9.3 to 0.4) 

<80 years 27.1 -4.1 (-8.5 to 0.2) 

<70 years 25.7 Ref 

<60 years 9.1 2.8 (-2.3 to 8.0) 

<55 years 11.5 -1.2 (-6.1 to 3.7) 

<45 years 3.7 18.7 (8.1 to 29.3) 

Disease sub-site   

Proximal  36.2 4.6 (0.7 to 8.6) 

Distal  23.5 1.9 (-2.1 to 5.9) 

Rectal  29.5 Ref 

Sub-site NOS 10.8 9.2 (3.0 to 15.4) 

Sex   

Female 45.8 3.1 (-0.3 to 6.4) 

Male 54.2 Ref 

Number of major ADGs - 4.1 (1.9 to 6.2) 

Number of minor ADGs - 9.3 (8.4 to 10.1) 

Stage at diagnosis   

Stage IV 16.4 -38.6 (-43.7 to -33.6) 

Stage III 26.7 -21.2 (-25.9 to -16.6) 

Stage II  23.6 -20.5 (-25.2 to -15.8) 

Stage I 21.3 -10.4 (-16.9 to -3.9) 

Unknown stage 12.0 Ref 

Symptom status   

Asymptomatic 17.6 -17.3 (-20.3 to -14.3) 

Symptomatic 82.4 Ref 

CI=confidence interval, NOS=not otherwise specified, ADG=Aggregated Diagnosis Group  
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Table R-10: Distance to closest colonoscopist: Fully adjusted 90
th

 percentile regression results 

 
% 

n=23,946 

Fully adjusted 90
th

 percentile 

regression parameter 

estimate (95% CI) 

Distance to closest colonoscopist   

Category 1 (<5 km) 59.2 Ref 

Category 2 (≥5 km to <10 km) 13.4 3.5 (-6.5 to 13.5) 

Category 3 (≥10 km to <30 km) 11.7 -3.4 (-14.8 to 7.9) 

Category 4 (≥30 km to <50 km) 11.3 -4.2 (-16.2 to 7.8) 

Category 5 (≥50 km to <200 km) 3.7 -9.5 (-24.9 to 5.9) 

Category 6 (≥200 km) 0.6 20.5 (-14.0 to 55.1) 

Age at index contact   

≥80 years 22.9 -9.0 (-18.8 to 0.8) 

<80 years 27.1 -2.5 (-11.4 to 6.3) 

<70 years 25.7 Ref 

<60 years 9.1 10.1 (-3.9 to 24.0) 

<55 years 11.5 12.5 (-0.5 to 25.6) 

<45 years 3.7 34.5 (16.4 to 52.6) 

Disease sub-site   

Proximal  36.2 10.7 (2.2 to 19.0) 

Distal  23.5 -1.4 (-10.5 to 7.6) 

Rectal  29.5 Ref 

Sub-site NOS 10.8 13.1 (1.2 to 25.0) 

Sex   

Female 45.8 -3.0 (-9.7 to 3.7) 

Male 54.2  

Number of major ADGs - 4.6 (1.2 to 8.1) 

Number of minor ADGs - 12.3 (10.9 to 13.7) 

Stage at diagnosis   

Stage IV 16.4 -32.3 (-43.6 to -21.1) 

Stage III 26.7 -20.3 (-30.4 to -10.2) 

Stage II  23.6 -13.6 (-23.4 to -3.7) 

Stage I 21.3 Ref 

Unknown stage 12.0 3.7 (-7.6 to 15.0) 

Symptom status   

Asymptomatic 17.6 -126.4 (-136.0 to -116.7) 

Symptomatic 82.4 Ref 

CI=confidence interval, NOS=not otherwise specified, ADG=Aggregated Diagnosis Group  
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Table R-11: Colonoscopy utilization rates: Fully adjusted median regression results 

 % 

n=23,961 

 

Fully adjusted 90
th

 percentile 

regression parameter 

estimate (95% CI) 

Colonoscopy utilization rate   

Category 1 (8.3 to <37.0) 13.4 24.6 (18.4 to 30.8) 

Category 2 (≥37.0 to <42.0) 19.7 8.4 (3.0 to 13.7) 

Category 3 (≥42.0 to <47.0) 24.7 -2.9 (-7.9 to 2.2) 

Category 4 (≥47.0 to <52.0) 30.5 6.6 (-7.9 to 2.2) 

Category 5 (≥52.0 to 68.7) 11.7 Ref 

Age at index contact   

≥80 years 22.9 -2.8 (-8.1 to 2.4) 

<80 years 27.1 -3.4 (-7.6 to 0.9) 

<70 years 25.7 Ref 

<60 years 9.1 3.2 (-2.2 to 8.6) 

<55 years 11.5 1.2 (-3.9 to 6.2) 

<45 years 3.7 16.9 (6.7 to 27.1) 

Disease sub-site   

Proximal  36.2 4.5 (0.5 to 8.5) 

Distal  23.5 1.9 (-2.0 to 5.9) 

Rectal  29.5 Ref 

Sub-site NOS 10.8 9.4 (2.5 to 16.3) 

Sex   

Female 45.8 3.5 (0.2 to 6.8) 

Male 54.2 Ref 

Number of major ADGs - 3.8 (1.7 to 5.9) 

Number of minor ADGs - 9.3 (8.5 to 10.2) 

Stage at diagnosis   

Stage IV 16.4 -40.0 (-45.0 to -35.0) 

Stage III 26.7 -22.7 (-27.4 to -18.1) 

Stage II  23.6 -21.9 (-26.3 to -17.4) 

Stage I 21.3 Ref 

Unknown stage 12.0 -10.7 (-18.0 to -3.3) 

Symptom status   

Asymptomatic 17.6 -17.8 (-20.6 to -15.0) 

Symptomatic 82.4 Ref 

CI=confidence interval, NOS=not otherwise specified, ADG=Aggregated Diagnosis Group  

  



 

 

 

334 

Table R-12: Colonoscopy utilization rates: Fully adjusted median regression results 

 % 

n=23,961 

 

Fully adjusted 90
th

 percentile 

regression parameter 

estimate (95% CI) 

Colonoscopy utilization rate   

Category 1 (8.3 to <37.0) 13.4 39.2 (26.4 to 52.0) 

Category 2 (≥37.0 to <42.0) 19.7 5.4 (-6.0 to 16.8) 

Category 3 (≥42.0 to <47.0) 24.7 -11.1 (-22.7 to 0.5) 

Category 4 (≥47.0 to <52.0) 30.5 7.0 (-4.3 to 18.2) 

Category 5 (≥52.0 to 68.7) 11.7 Ref 

Age at index contact   

≥80 years 22.9 -8.2 (-17.0 to 0.7) 

<80 years 27.1 -3.0 (-12.0 to 6.1) 

<70 years 25.7 Ref 

<60 years 9.1 9.6 (-2.9 to 22.1) 

<55 years 11.5 12.0 (-0.5 to 24.4) 

<45 years 3.7 37.6 (19.7 to 55.4) 

Disease sub-site   

Proximal  36.2 11.0 (2.5 to 19.5) 

Distal  23.5 -3.5 (-12.0 to 5.0) 

Rectal  29.5 Ref 

Sub-site NOS 10.8 16.5 (5.2 to 27.8) 

Sex   

Female 45.8 -2.3 (-8.9 to 4.3) 

Male 54.2 Ref 

Number of major ADGs - 3.8 (0.8 to 6.8) 

Number of minor ADGs - 12.7 (11.4 to 14.1) 

Stage at diagnosis   

Stage IV 16.4 -32.8 (-43.8 to -21.9) 

Stage III 26.7 -21.1 (-30.4 to -11.7) 

Stage II  23.6 -13.8 (-23.1 to -4.4) 

Stage I 21.3 Ref 

Unknown stage 12.0 4.2 (-6.7 to 15.2) 

Symptom status   

Asymptomatic 17.6 -121.9 (-130.6 to -113.1) 

Symptomatic 82.4 Ref 

CI=confidence interval, NOS=not otherwise specified, ADG=Aggregated Diagnosis Group  
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Appendix S 

Quantile Regression Standardized Robust Residual Plots 

We plotted histograms of the quantile regression standardized robust residuals in order to evaluate model 

fit of the main effects median and 90
th
 percentile regression models. Residuals represent the difference 

between an observed data point and the expected value of that data point from the regression model. In 

quantile regression, these residuals are scaled by dividing the raw residuals by the corrected median of the 

absolute residuals. These scaled residuals are referred to as the standardized robust residuals. Plots of 

these residuals should be relatively normally distributed to indicate ideal model fit. Histograms of the 

standardized robust residuals, with normal density curved overlaid, are shown in Figures S-1 to S-10. 

There was a slight positive skew in the median regression residuals, while the distribution of the 90
th
 

percentile regression residuals was relatively normally distributed.  

 

Figure S-1: Standardized robust residual plot for median regression model evaluating colonoscopist 

density. 
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Figure S-2: Standardized robust residual plot for 90
th

 percentile regression model evaluating 

colonoscopist physician density. 

 

 

Figure S-3: Standardized robust residual plot for median regression model evaluating access to 

gastroenterologists 
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Figure S-4: Standardized robust residual plot for median regression model evaluating access to 

gastroenterologists 

 

 

Figure S-5: Standardized robust residual plot for median regression model evaluating colonoscopy 

completion rates 
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Figure S-6: Standardized robust residual plot for 90
th

 percentile regression model evaluating 

colonoscopy completion rates 

 

 

Figure S-7: Standardized robust residual plot for median regression model evaluating private clinic 

access 
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Figure S-8: Standardized robust residual plot for 90
th

 percentile regression model evaluating 

private clinic access 

 

 

Figure S-9: Standardized robust residual plot for median regression model evaluating distance to 

closest colonoscopist 
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Figure S-10: Standardized robust residual plot for 90
th

 percentile regression model evaluating 

distance to closest colonoscopist 
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Appendix T 

Sensitivity Analysis: Objective 2(c) 

Table T-1: Association between colonoscopist density and redefined outcomes for Objective 2(c) 

sensitivity analysis  

Colonoscopist density Received any 

lower GI 

endoscopy % 

n=23,961 

First procedure in 

symptomatic patients 

% 

Number of visits before first 

colonoscopy in symptomatic 

patients with ≥1 lower GI 

endoscopy n=13,781 Any lower GI 

endoscopy 

n=19,750 

Category 1  

(0.0 to <8.0) 

74.5 33.0 Median 3, IQR 2 to 5, 

Range 0 to 55 

Category 2  

(≥8.0 to <9.4) 

73.4 32.7 Median 3, IQR 2 to 5, 

Range 0 to 43 

Category 3  

(≥9.4 to <10.4) 

73.4 32.3 Median 3, IQR 2 to 5, 

Range 0 to 34 

Category 4  

(≥10.4 to <12.6) 

76.0 34.8 Median 3, IQR 1 to 4, 

Range 0 to 46 

Category 5  

(≥12.6 to ≤24.8) 

73.1 34.1 Median 3, IQR 1 to 4, 

Range 0 to 56 

p-value 0.5† 0.07† <0.0001§ 

GI=gastrointestinal, IQR=interquartile range 

†P value from two-sided Cochran-Armitage test for trend 

§P value from Kruskal-Wallis one-way analysis of variance 
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Table T-2: Association between access to gastroenterologists and redefined outcomes for Objective 

2(c) sensitivity analysis  

Access to 

gastroenterologists 

Received any 

lower GI 

endoscopy % 

n=23,946 

First procedure in 

symptomatic patients 

% 

Number of visits before first 

colonoscopy in symptomatic 

patients with ≥1 lower GI 

endoscopy n=13,777 Any lower GI 

endoscopy 

n=19,736 

Category 1 (0%) 72.8 35.4 Median 3, IQR 1 to 4, 

Range 0 to 38 

Category 2  

(>0.0% to <18.0%) 

75.0 34.4 Median 3, IQR 2 to 5, 

Range 0 to 56 

Category 3  

(≥18.0% to <29.0%) 

74.1 33.1 Median 3, IQR 2 to 5, 

Range 0 to 27 

Category 4  

(≥29.0% to <42.0%) 

75.1 32.6 Median 3, IQR 2 to 5, 

Range 0 to 55 

Category 5  

(≥42.0% to ≤61.5%) 

73.3 32.9 Median 3, IQR 1 to 5, 

Range 0 to 46 

p-value 0.2† 0.02† <0.0001§ 

GI=gastrointestinal, IQR=interquartile range 

†P value from two-sided Cochran-Armitage test for trend 

§P value from Kruskal-Wallis one-way analysis of variance 

 

Table T-3: Association between colonoscopy completion rates and redefined outcomes for Objective 

2(c) sensitivity analysis  

Colonoscopy completion rates Received >1 lower GI 

endoscopy among 

patients who received 

≥1 lower GI 

endoscopy% 

n=17,743 

Number of visits after first lower GI 

endoscopy, among patients who 

received ≥1 lower GI endoscopy 

n=17,743 

Category 1  

(≥80.5% to <90.0%) 

25.3 Median 0, IQR 0 to 1, 

Range 0 to 62 

Category 2  

(≥90.0% to <91.7%) 

26.5 Median 0, IQR 0 to 2, 

Range 0 to 40 

Category 3  

(≥91.7% to <93.0%) 

21.8 Median 0, IQR 0 to 1, 

Range 0 to 53 

Category 4  

(≥93.0% to <95.0%) 

19.5 Median 0, IQR 0 to 1, 

Range 0 to 33 

Category 5  

(≥95.0% to ≤97.1%) 

19.4 Median 0, IQR 0 to 1, 

Range 0 to 25 

p-value <0.0001† 0.07§ 

GI=gastrointestinal, IQR=interquartile range 

†P value from two-sided Cochran-Armitage test for trend 

§P value from Kruskal-Wallis one-way analysis of variance 
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Table T-4: Association between private clinic access and redefined outcomes for Objective 2(c) 

sensitivity analysis  

Private clinic access Received any 

lower GI 

endoscopy % 

n=23,961 

First procedure in 

symptomatic patients 

% 

Number of visits before first 

lower GI endoscopy in 

symptomatic patients with 

≥1 lower GI endoscopy 

n=13,781 
Any lower GI 

endoscopy 

n=19,750 

Category 1  

(0.0% to <2.0%) 

74.5 33.7 Median 3, IQR 2 to 5, 

Range 0 to 56 

Category 2  

(≥2.0% to <4.0%) 

72.5 34.4 Median 3, IQR 1 to 4, 

Range 0 to 32 

Category 3  

(≥4.0% to <15.0%) 

73.4 32.5 Median 3, IQR 2 to 5, 

Range 0 to 27 

Category 4  

(≥15.0% to <35.0%) 

75.3 32.7 Median 3, IQR 1 to 5, 

Range 0 to 52 

Category 5  

(≥35.0% to ≤60.6%) 

73.9 33.0 Median 3, IQR 2 to 5, 

Range 0 to 55 

p-value 0.4† 0.1† 0.01§ 

GI=gastrointestinal, IQR=interquartile range 

†P value from two-sided Cochran-Armitage test for trend 

§P value from Kruskal-Wallis one-way analysis of variance 
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Table T-5: Association between distance to the closest colonoscopist and redefined outcomes for 

Objective 2(c) sensitivity analysis  

Distance to the closest 

colonoscopist 

Received any 

lower GI 

endoscopy % 

n=23,946 

First procedure in 

symptomatic patients 

% 

Number of visits before first 

lower GI endoscopy in 

symptomatic patients with 

≥1 lower GI endoscopy 

n=13,777 
Any lower GI 

endoscopy 

n=19,736 

Category 1  

(<5 km) 

72.9 32.0 Median 3, IQR 2 to 5, 

Range 0 to 56 

Category 2  

(≥5 km to <10 km) 

76.0 33.7 Median 3, IQR 1 to 5, 

Range 0 to 46 

Category 3  

(≥10 km to <30 km) 

75.9 34.5 Median 3, IQR 1 to 5, 

Range 0 to 38 

Category 4  

(≥30 km to <50 km) 

76.6 36.9 Median 3, IQR 1 to 5, 

Range 0 to 33 

Category 5  

(≥50 km to <200 km) 

73.2 32.9 Median 3, IQR 1 to 4, 

Range 0 to 20 

Category 6  

(≥200 km) 

72.1 39.2 Median 3, IQR 1 to 4, 

Range 0 to 11 

p-value <0.0001† <0.0001† <0.0001§ 

GI=gastrointestinal, IQR=interquartile range 

†P value from two-sided Cochran-Armitage test for trend 

§P value from Kruskal-Wallis one-way analysis of variance 

 

 


