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ABSTRACT
Objective There is substantial variation in colonoscopy 
use and evidence of long wait times for the procedure. 
Understanding the role of system- level resources 
in colonoscopy utilisation may point to a potential 
intervention target to improve colonoscopy use. This study 
characterises colonoscopy resource availability in Ontario, 
Canada and evaluates its relationship with colonoscopy 
utilisation.
Design We conducted a population- based study using 
administrative health data to describe regional variation in 
colonoscopy availability for Ontario residents (age 18–99) in 
2013. We identified 43 colonoscopy networks in the province 
in which we described variations across three colonoscopy 
availability measures: colonoscopist density, private clinic 
access and distance to colonoscopy. We evaluated associations 
between colonoscopy resource availability and colonoscopy 
utilisation rates using Pearson correlation and log binomial 
regression, adjusting for age and sex.
Results There were 9.4 full- time equivalent 
colonoscopists per 100 000 Ontario residents (range 
across 43 networks 0.0 to 21.8); 29.5% of colonoscopies 
performed in the province were done in private 
clinics (range 1.2%–55.9%). The median distance to 
colonoscopy was 3.7 km, with 5.9% travelling at least 
50 km. Lower colonoscopist density was correlated with 
lower colonoscopy utilisation rates (r=0.53, p<0.001). 
Colonoscopy utilisation rates were 4% lower in individuals 
travelling 50 to <200 km and 11% lower in individuals 
travelling ≥200 km to colonoscopy, compared to <10 km. 
There was no association between private clinic access 
and colonoscopy utilisation.
Conclusion The substantial variations in colonoscopy 
resource availability and the relationship demonstrated 
between colonoscopy resource availability and use 
provides impetus for health service planners and decision- 
makers to address these potential inequalities in access 
in order to support the use of this medically necessary 
procedure.

INTRODUCTION
Colonoscopy is a common medical proce-
dure used to screen for, diagnose and support 

the ongoing management of malignant and 
non- malignant gastrointestinal conditions, 
including colorectal cancer and inflamma-
tory bowel disease. Data from Canada as well 
as international studies have documented 
substantial variations in colonoscopy utilisa-
tion rates which are not explained by differ-
ences in casemix or clinical indicators of 
need.1–3 Further, wait times for colonoscopy 
have been found to exceed medically accept-
able wait times.4–11 For example, while the 
Canadian Association of Gastroenterologists 
(CAG) recommends that colorectal cancer 
screening colonoscopies be performed 
within 6 months of referral, the 2012 national 
median wait time for screening colonoscopies 
was over 9 months.6 Individuals presenting 
with colorectal cancer symptoms waited a 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ There is limited evidence of the extent to which ac-
cess to colonoscopy varies geographically and its 
association with colonoscopy utilisation.

WHAT THIS STUDY ADDS
 ⇒ There was substantial variation in access to colo-
noscopy across Ontario. Reduced colonoscopy ac-
cess, as measured by colonoscopist density and 
travel distance to colonoscopy, was associated with 
lower colonoscopy utilisation rates.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE AND/OR POLICY

 ⇒ Poor access to colonoscopy may be detrimen-
tal to patients through its impact on colonoscopy 
utilisation.

 ⇒ Future research is needed to better understand re-
lationships between colonoscopy access, use and 
patient outcomes.
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median of 3–5 months for colonoscopy, despite the CAG- 
recommended wait time of 2 months.6

The Aday and Andersen Framework for the Study 
of Access to Care provides a conceptual framework to 
understand the factors influencing colonoscopy wait 
times and utilisation.12 According to this framework, 
colonoscopy use and wait times are indicators of real-
ised access to care. Factors which may influence real-
ised access include health system resources and their 
organisation, which are defined as indicators of poten-
tial access to care. Thus, characteristics of colonoscopy 
resources within the healthcare system, including the 
density of physicians who perform this procedure and 
the geographical distribution of these resources may 
explain, at least in part, colonoscopy wait times and 
variations in colonoscopy utilisation. Previous Canadian 
research supports this hypothesis. A 2001 study reported 
substantial geographical variation and undersupply of 
endoscopists in Ontario, with 11 of 49 counties with an 
endoscopist density rate that was at least 25% lower than 
the provincial rate. Further, there was a strong, positive 
correlation (r=0.82) between colonoscopist density and 
colonoscopy utilisation.1

This prior evidence was produced prior to the intro-
duction of the population- based, publicly funded 
colorectal cancer screening programme in 2007 which 
was expected to greatly increase the demand for and 
utilisation of colonoscopy.13 14 Through this programme, 
all average- risk adults age 50–74 are offered routine 
colorectal cancer screening via a faecal immunochemical 
test (previously via faecal occult blood test) every 2 years 
or flexible sigmoidoscopy every 10 years, with abnormal 
tests followed up via colonoscopy, while those at increased 
risk of colorectal cancer are screened directly via colo-
noscopy at an interval defined by their care provider. 
There has also been expansion of private endoscopy 
clinics in Ontario, which may improve access to colo-
noscopy by increasing system capacity and reducing wait 
times. At the same time, there are concerns around the 
quality of procedures performed in these private facili-
ties, with evidence of lower completion rates and missed 
colorectal cancers.15–17 Thus, the objective of this study 
was to measure and describe the availability of colonos-
copy resources in Ontario, Canada in the screening era 
and to evaluate the relationship between colonoscopy 
resource availability and utilisation. As the population 
ages and demand for colonoscopy continues to grow, this 
study provides important evidence of system- level deter-
minants of colonoscopy utilisation and points to poten-
tial targets for intervention to promote more timely and 
equitable use of colonoscopy.

MATERIALS AND METHODS
This is a population- based cross- sectional descriptive study 
of the availability and utilisation of colonoscopy resources 
in Ontario, Canada. Ontario is Canada’s largest province 
with a universal healthcare system in which all citizens 

and permanent residents eligible for coverage under 
the Ontario Health Insurance Programme (OHIP). We 
evaluated three colonoscopy availability measures: colo-
noscopist density, private clinic access and travel distance 
to colonoscopy, as well as colonoscopy utilisation rates. 
Colonoscopy resource availability and use was measured 
using colonoscopy networks that were determined by 
starting with an existing health services area classifica-
tion, which we modified to reflect colonoscopy utilisation 
patterns.18–20 We report colonoscopy network- level vari-
ations in resource availability and associations between 
resource availability and utilisation in 2013.

Study population
The study population included all Ontario residents 
aged 18–99 who were covered under the publicly funded 
provincial health insurance programme (OHIP) in 2013, 
excluding those we were not able to assign to a colonos-
copy network.

Data sources
We used administrative data housed at ICES (formerly 
known as the Institute for Clinical Evaluative Sciences). 
ICES is an independent, non- profit research institute 
whose legal status under Ontario’s health information 
privacy law allows it to collect and analyse healthcare and 
demographic data, without consent, for health system 
evaluation and improvement. ICES databases used in this 
study included the Registered Persons Database which 
contains demographic information on all Ontario resi-
dents, the OHIP physician claims database which contains 
billing claims for all Ontario physicians, including fee 
codes that represent the billable service, the ICES Physi-
cian Database which contains specialty and workload data 
on all physicians in Ontario, the Postal Code Conversion 
File to compute distance between postal codes, and the 
Ontario Multispecialty Physician Networks database that 
identified physician network membership for Ontario 
residents, physicians and acute care hospitals for fiscal 
years 2008/2009–2010/2011.18 These datasets were 
linked using unique encoded identifiers and analysed at 
ICES.

Development of colonoscopy networks
We used previously developed Ontario physician 
networks18 to create colonoscopy networks in which to 
measure colonoscopy resource availability and utilisa-
tion. Briefly, the original 78 physician networks were 
developed by linking (1) residents to their usual provider 
of primary care via rostering and primary care utilisation 
patterns, (2) primary care providers and their patients 
to acute care hospitals via non- maternal medical admis-
sion patterns and (3) specialists to acute care hospitals 
via their volume of inpatient services. These networks 
were developed based on patterns of health services util-
isation observed from April 2008 to March 2011. These 
networks are not geographically or spatially bound but 
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rather capture the providers and institutions that tend to 
share care for a common group of residents.

We used OHIP claims to identify all colonoscopies 
received by physician network residents (see online 
supplemental table 1) for colonoscopy fee codes). We 
calculated the colonoscopy loyalty for each physician 
network, defined as the proportion of colonoscopy 
recipients who received their procedure from a physi-
cian in their home network. Across the 78 physician 
networks, the mean colonoscopy loyalty was 60.9% 
and two networks had 0% loyalty. We mapped the 
physician network locations, their colonoscopy loyalty 
and between- network colonoscopy travel patterns. We 
amalgamated physician networks with low colonoscopy 
loyalty, close proximity to neighbouring networks, and 
strong patterns of between- network travel for colonosco-
pies to form 43 colonoscopy networks.19 20 This amalga-
mation identified 43 colonoscopy networks with higher 
mean colonoscopy loyalty (79.9%) than the original 
physician networks and no networks with 0% loyalty 
(online supplemental table 2).

Study variables
Colonoscopist density was defined as the number of full- 
time equivalent (FTE) colonoscopists, per 100 000 colo-
noscopy network residents in 2013. Colonoscopists were 
physicians who performed more than 50 colonoscopies 
in 2013, regardless of specialty. FTE measures a physi-
cian’s workload based on their total billings for 2013, 
in relation to the same- year total billings of other physi-
cians of the same specialty.21 An FTE of >1 indicates that 
a physician has higher OHIP billings than their peers, 
while an FTE of <1 indicates that a physician has lower 
OHIP billings than their peers.

Private clinic access was defined as the proportion of 
colonoscopies received by colonoscopy network residents 
that were performed in a private clinic. Physicians who 
perform colonoscopies in a private clinic are eligible to 
claim an additional fee, represented by fee code E749 
(colonoscopy, sigmoidoscopy or endoscopy rendered 
in a private office).17 Colonoscopy recipients who had 
this fee code billed on the same date as their colonos-
copy were defined as having received a colonoscopy in 
a private clinic, while all others were defined as having 
occurred in hospital.

Travel distance to colonoscopy was calculated as the 
straight- line distance, in kilometres (km), between an 
individual’s postal code centroid and the postal code 
centroid for each colonoscopist in that individual’s colo-
noscopy network, keeping the shortest distance if there 
was more than one colonoscopist in the individual’s colo-
noscopy network.22 23

Colonoscopy network utilisation rates were calculated 
as the number of colonoscopies received by network resi-
dents, per 1000 network residents. Rates were age and 
sex standardised using direct standardisation, with the 
study population as the standard population.

Analysis
We described the availability and utilisation of colonos-
copy in Ontario in 2013 and characterised the variation 
in colonoscopist density, private clinic access, travel 
distance to colonoscopy and colonoscopy utilisation 
across the 43 colonoscopy networks. The relationships 
between the contextual effects of colonoscopist density 
and private clinic access, both measured at the network 
level, and age- standardised and sex- standardised colo-
noscopy utilisation rates were evaluated using Pearson 
correlation coefficients. The relationship between the 
individual- level effects of travel distance to colonos-
copy and colonoscopy was evaluated using log- binomial 
regression, with adjustment for age and sex. All analyses 
were completed using SAS V.9.3.24

RESULTS
The eligible population included 10 943 884 Ontario 
adults, of which 1 105 612 (10.1%) were excluded as 
they could not be assigned to one of the 43 colonoscopy 
networks, leaving a final study population that included 
9 838 272 individuals. The mean age was 48.4 years (SD 
18.3) and 52.5% were female. There were 430 938 colo-
noscopies received by the study population, with 4.2% of 
individuals receiving at least one colonoscopy in 2013. 
There were 1024 physicians who performed at least one 
colonoscopy in 2013, with 825 (80.6%) performing at 
least 50 colonoscopies in the year. These colonoscopists 
performed a median of 438 (IQR 240–700) colonosco-
pies in 2013.

Regional variations in colonoscopy resource availability 
and utilisation
In 2013, there were 9.4 FTE colonoscopists per 100 000 
residents of Ontario. Across the 43 colonoscopy networks, 
colonoscopist density varied from a low of 6.6 FTEs per 
100 000 residents to a high of 21.8 FTEs per 100 000 resi-
dents (table 1). In addition, there was one colonoscopy 
network that had no active colonoscopists in 2013. In the 
same year, 29.5% of colonoscopies received by Ontario 
adults were performed in private clinics, with colonos-
copy network- level private clinic use ranging from a low 
of 1.2% to a high of 55.9%.

The median travel distance to the closest colonosco-
pist for the study population was 3.7 km, with 7 191 023 
(73.1%) residing less than 10 km from the closest colo-
noscopist, 2 069 534 (21.0%) residing between 10 and 
49 km, 443 824 (4.5%) residing between 50 and 199 km, 
and 133 505 (1.4%) residing more than 200 km from the 
closest colonoscopist.

The 2013 provincial age- standardised and sex- 
standardised colonoscopy utilisation rate was 43.8 
colonoscopies per 1000 residents, with colonoscopy 
network- level utilisation rates that ranged from a low of 
15.9 colonoscopies per 1000 residents to a high of 61.3 
colonoscopies per 1000 residents (table 1).
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Table 1 Network- level colonoscopy resource availability, quality and utilisation

Colonoscopy network
Colonoscopist density, 
FTEs per 100 000 Private clinic access %

Age- standardised and sex- standardised 
colonoscopy utilisation rates, per 1000

1 17.7 1.4 43.0

2 0.0 6.3 15.9

3 14.4 3.6 61.3

4 11.9 55.9 52.4

5 12.5 22.8 51.0

6 11.1 2.5 41.4

7 9.3 2.8 43.0

8 7.7 29.8 41.5

9 13.6 2.6 39.3

10 10.0 3.9 39.6

11 8.3 5.4 32.5

12 9.4 2.3 27.6

13 10.3 1.4 46.8

14 9.7 5.9 36.6

15 9.8 7.3 42.6

16 12.7 3.3 48.1

17 21.8 2.3 46.8

18 9.6 3.3 40.6

19 12.0 38.6 49.6

20 12.7 4.0 47.8

21 8.9 10.7 48.8

22 10.7 2.3 47.9

23 11.6 26.1 49.5

24 8.5 44.7 40.8

25 9.1 22.6 51.3

26 8.2 49.7 45.2

27 8.0 43.6 43.9

28 9.9 41.2 54.9

29 7.7 33.3 45.1

30 11.0 28.5 42.8

31 7.2 5.1 39.8

32 15.9 1.5 47.2

33 9.0 4.1 37.8

34 9.4 36.6 37.9

35 9.9 12.3 42.3

36 6.6 19.7 37.7

37 16.5 1.2 42.0

38 9.0 1.9 35.2

39 11.0 16.6 41.8

40 10.5 4.3 42.8

41 13.5 9.2 49.8

42 12.9 1.5 49.3

43 9.2 18.3 45.4

Ontario 9.4 29.5 43.8

.FTE, full- time equivalent.
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Associations between colonoscopy resource availability and 
utilisation
Network- level colonoscopist density was moderately 
positively correlated with age- standardised and sex- 
standardised colonoscopy utilisation rates (r=0.53, 
p<0.001), indicating that networks with higher colonosco-
pist density also had higher colonoscopy utilisation rates 
(figure 1). When the network with no active colonosco-
pists in 2013 was excluded from this analysis, the correla-
tion decreased slightly (r=0.36, p=0.02). The correlation 
between private clinic access and age- standardised and 
sex- standardised colonoscopy utilisation rates was weak 
and not statistically significant (r=0.24, p=0.12) (figure 2).

The unadjusted colonoscopy utilisation rate varied 
depending on how far residents lived from the closest 
colonoscopist, with the lowest rate (28.8 colonoscopies 
per 1000 residents) among individuals residing ≥200 km 
from the closest colonoscopist (table 2). Compared with 
individuals who lived less than 10 km from a colonos-
copist, the age- adjusted and sex- adjusted colonoscopy 
utilisation rate was 4% lower among those who lived 
50–199 km from a colonoscopist (rate ratio (RR) 0.96, 
95% CI 0.94 to 0.97) and 11% lower among individ-
uals who lived at least 200 km from a colonoscopist (RR 
0.89, 95% CI 0.86 to 0.92) (table 2). In contrast, the age- 
adjusted and sex- adjusted colonoscopy utilisation rate 

Figure 1 Scatterplot of colonoscopist density and age- standardised and sex- standardised colonoscopy utilisation rates 
across 43 colonoscopy networks in Ontario, 2013.

Figure 2 Scatterplot of private clinic access and age- standardised and sex- standardised colonoscopy utilisation rates across 
43 colonoscopy networks in Ontario, 2013.
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was 3% higher among individuals who lived 10–49 km 
from a colonoscopist in contrast to those who lived less 
than 10 km from a colonoscopist (RR 1.03, 95% CI 1.02 
to 1.03).

DISCUSSION
This population- based study characterised the availability 
of colonoscopy resources in Ontario, Canada in 2013. 
There was substantial geographical variation in these 
resources across the province, with network- level colo-
noscopist density that ranged from 0.0 to 21.8 FTEs per 
100 000 network residents, and private clinic access that 
ranged from 1.2% to 55.9% of colonoscopies performed 
in private clinics. While the majority of Ontario adults 
lived close to colonoscopy, with a median distance of less 
than 5 km, a small minority (5.9%) had to travel at least 
50 km to reach a colonoscopist. Colonoscopy utilisation 
rates were positively correlated with colonoscopist density, 
indicating that networks with higher resource availability 
had higher colonoscopy utilisation rates, although this 
finding was attenuated after excluding a network that 
had no active colonoscopists in 2013. A travel distance 
greater than 50 km to the closest colonoscopist was associ-
ated with reduced colonoscopy utilisation. Private clinic 
access was not correlated with colonoscopy utilisation 
rates.

This is the first study to describe in detail regional varia-
tions in the availability of colonoscopy resources in Canada 
or other developed countries. Much of the existing liter-
ature focuses on a single measure of resources, predom-
inantly physician density. These previous studies support 
our findings of geographical variations in the density of 
specialists who perform colonoscopies.25 26 An Ontario 
study from 2001 reported county- level colonoscopist 
density rates from 1.3 to 10 colonoscopists per 100 000 
residents, with an overall Ontario rate of 4.0 colonosco-
pists per 100 000 residents.1 We observed higher rates 
of colonoscopist density, suggesting that access to colo-
noscopy may have improved in the province since 2001. 
However, this increased availability of colonoscopists 
may have been offset by increased colonoscopy demand 
that was expected with the introduction of the provincial 
colorectal screening programme in 2007.13 14 Further-
more, methodological differences between the two 

studies may explain the increased density observed in 
our study. Specifically, we used FTEs to calculate colonos-
copist density rather than physician head counts, which 
improves physician density measures as physicians may 
work more or less than 1.0 FTE. We also defined colonos-
copists as physicians who performed at least 50 colonosco-
pies in a year, while the 2001 study used a more restrictive 
definition requiring at least 200 colonoscopies a year.27 
Finally, the 2001 study reported county- level physician 
density, while we used colonoscopy networks to capture 
resource availability. Unlike the colonoscopy networks, 
the geographical boundaries that define Ontario coun-
ties likely do not reflect colonoscopy utilisation, which 
could potentially reduce observed variations in physician 
density between counties.

Consistent with the Aday and Andersen Framework for 
the Study of Access to Care, increased potential access 
to care, reflected in higher colonoscopist density and 
shorter travel distance, were associated with increased 
colonoscopy utilisation. The relationship between colo-
noscopist density and colonoscopy utilisation is in line 
with previous research that demonstrated colonoscopy 
utilisation increases with greater physician availability.1 
More broadly, both higher gastroenterologist and 
general surgeon density and shorter travel times to colo-
noscopy have been associated with greater colorectal 
cancer screening uptake28–30 and shorter time to diag-
nosis of colorectal cancer.20 Higher gastroenterologist 
and primary care physician density is associated with an 
earlier stage at colorectal cancer diagnosis,25 31 a higher 
odds of 5- year survival after colorectal cancer diagnosis,31 
and decreased colorectal cancer mortality.32 Our find-
ings, together with these previous studies, point to the 
importance of colonoscopist availability and travel times 
on healthcare utilisation, with a potential downstream 
effect on health outcomes.

There is evidence to indicate that private clinic access 
has increased in Ontario over time. A previous Ontario 
study reported that the proportion of colonoscopies 
performed in private clinics increased from 10% to 15% 
between 1993 and 2005.17 By 2013, that figure was 29%. 
However, it is not clear the extent to which this increase 
may have resulted in substantial improvements in access 
to colonoscopy for Ontario residents. These changes may 

Table 2 Association between distance to closest colonoscopist and colonoscopy utilisation

Distance, km N (%)
Unadjusted colonoscopy utilisation 
rate, per 1000 residents

Adjusted RR (95% CI)* of 
colonoscopy utilisation

<10 7 191 023 (73.1) 43.9 1.00

10 to <50 2 069 534 (21.0) 45.8 1.03 (1.02 to 1.03)

50 to <200 443 824 (4.5) 38.0 0.96 (0.94 to 0.97)

≥200 133 505 (1.4) 28.8 0.89 (0.86 to 0.92)

Overall 9 837 886 43.8

*Adjusted for age and sex.
RR, rate ratio.
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reflect a redistribution of existing resources from hospitals 
to private clinics rather than an absolute increase in colo-
noscopy capacity in the province. Further, many of these 
private clinics are likely located in urban areas, leaving 
more rural and remote areas relatively underserved. 
Additional research is needed to better understand 
the impact of private clinics on colonoscopy utilisation 
and outcomes considering the concerns around quality 
of colonoscopies performed in private clinics, and the 
barriers that individuals may face in accessing private 
clinics given the extra fees often charged to patients at 
these clinics.15–17 33 34

Our use of colonoscopy networks to measure colonos-
copy resources addresses a common problem in studies 
of health system resources, namely the use of arbitrary 
catchment areas to identify the population served by 
resources within the catchment. Previous research has 
often used predefined geographical areas, such as census 
areas or counties, despite evidence that healthcare util-
isation does not follow arbitrary geographical bound-
aries.35 36 Any catchment area border crossing that occurs 
when individuals use healthcare can result in biased 
estimates of populations and resources.36 The colonos-
copy networks used in this study were derived based on 
observed colonoscopy utilisation patterns, thereby mini-
mising border crossing and maximising the likelihood 
that a network’s population accurately identify the indi-
viduals served by the providers and institutions within the 
network. While outside the scope of this paper, we also 
evaluated the use of counties, local health integration 
networks (LHINs) and smaller sub- LHINS to measure 
colonoscopy resources, with none performing as well as 
the colonoscopy networks on measures of colonoscopy 
loyalty.19

This study had several strengths and limitations. 
First, our population- based study and use of admin-
istrative data allowed us to capture all colonoscopies 
provided to the study population. Our development 
and use of colonoscopy networks minimised the impact 
of boundary crossing on our measures of colonoscopy 
resources and more accurately reflect catchments for 
colonoscopy resources by defining networks based on 
individuals’ use of colonoscopy rather than geograph-
ical boundaries or travel times. However, it remains a 
possibility for individuals to seek care from physicians 
outside of their home network and for physicians to 
provide care to patients outside of their home network. 
Thus, we have not completely eliminated the border 
crossing issue and so there may be misclassification in 
our colonoscopy resource measures from miscounting 
the population and physicians serving a given network. 
Second, we computed our measure of colonoscopy 
travel distance using straight- line distance between resi-
dents’ and physicians’ postal code centroids. In rural 
areas where postal codes cover large geographical areas, 
these postal code centroids are rough approximations 
of individuals’ residences and physicians’ practice 
locations, resulting in misclassification in our distance 

calculations.23 Particularly, this measurement approach 
would underestimate the distance between residents and 
colonoscopists who share postal codes yet are geograph-
ically distant. These measures of travel distance also 
do not represent road distance and do not account for 
variations in travel time. Third, we adjusted for age and 
sex in evaluating differences in colonoscopy availability 
and use, although there may be other clinical and non- 
clinical factors influencing use that we did not account 
for, such as family history of colorectal cancer or educa-
tion. Fourth, two measures of colonoscopy access were 
contextual measures, measured at the network- level and 
evaluated via correlations with network- level colonos-
copy utilisation rates. These analyses may be prone to 
the ecological fallacy, wherein the associations observed 
at the network- level may differ than those that exist at 
the individual level. Fifth, this is a cross- sectional study 
and therefore we cannot draw conclusions about tempo-
rality of the associations between colonoscopy resource 
availability and quality and colonoscopy utilisation. 
Sixth, we excluded approximately 10% of eligible indi-
viduals because they were not assigned to one of the 
physician networks that were used to create the colonos-
copy networks, either because they were very low health-
care users or because they were not residing in Ontario 
during the time the networks were created. We do not 
expect that these excluded individuals would have 
disproportionately belonged to specific networks, but 
rather have reflected the distribution of the final study 
population across the 43 networks. We; therefore, do 
not think this exclusion resulted in selection bias within 
our study. However, it may have resulted in slight over-
estimates in our measures of colonoscopist density and 
colonoscopy utilisation. Seventh, individuals may have 
received other gastrointestinal investigations, including 
flexible sigmoidoscopy or CT colonoscopy, instead 
of colonoscopy, particularly if they lived in areas with 
limited colonoscopy availability. This may be contrib-
uting to the lower levels of colonoscopy use in areas with 
limited colonoscopy resources that we observed in this 
study. Eighth, there may be other system- level factors that 
are influencing colonoscopy use aside from colonoscopy 
resource availability. Specifically, as patients are typically 
referred for colonoscopy by primary care physicians, 
areas with limited availability of primary care physicians 
may have fewer referrals and thus lower utilisation rates. 
Further, variations in primary care physicians’ likelihood 
to refer patients for screening colonoscopy may also 
contribute to variations in use. Finally, despite examining 
health system resources in 2013, we think the findings of 
this study are still relevant today. There is no evidence 
to suggest that there have been any substantial changes 
in colonoscopy resource availability or utilisation in 
Ontario that would change the associations observed in 
this study and so we expect that the availability of colo-
noscopy resources remains an important determinant of 
colonoscopy utilisation.37
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CONCLUSION
Problems of poor access to colonoscopy may be detri-
mental to patients through its impact on colonoscopy 
utilisation. While prior studies have documented long 
colonoscopy wait times and unexplained variations in 
colonoscopy utilisation in Ontario, few studies have inves-
tigated system- level determinants of those outcomes, 
particularly since the introduction of the population- 
based colorectal cancer screening programme that was 
expected to substantially increase demand for colonos-
copy. In this study, we used colonoscopy networks to 
evaluate three measures of potential colonoscopy access: 
colonoscopist density, private clinic access and distance 
to colonoscopy. These networks were developed from 
actual colonoscopy referral and utilisation patterns in 
Ontario and so are better measures of the resources 
available to network residents than other geographical 
catchment areas. Our findings indicate that there were 
substantial geographical variations in the availability of 
colonoscopy resources in Ontario in 2013, with evidence 
to suggest that reduced colonoscopist density and longer 
travel distance to colonoscopy are associated with lower 
use of this important procedure. Future research is 
needed to further investigate the impact of colonoscopy 
resource availability on healthcare utilisation and health-
care outcomes, including individual- level studies using 
methods to evaluate both individual and contextual 
effects. These studies will have important implications on 
health system planning and resource allocation with the 
goal of improving the care and outcomes of patients with 
gastrointestinal conditions in which colonoscopy plays a 
key role in diagnosis and management.
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Supplemental Table 1: OHIP billing codes for colonoscopy 

OHIP fee code Description  

Z555 Colonoscopy with absence of signs or symptoms or risk factors 50 years of age or 

older.  

Z491 Colonoscopy for follow-up of incomplete polyp resection 

Z492 Colonoscopy for five-year follow up of normal colonoscopy 

Z493 Colonoscopy for ten-year follow up of normal colonoscopy 

Z494 Colonoscopy for diagnosis or ongoing management of hereditary or other bowel 

disorders associated with an increased risk of malignancy 

Z495 Colonoscopy for follow-up of unsatisfactory colonoscopy 

Z496 Colonoscopy for diagnosis or ongoing management of signs and symptoms 

Z497 Confirmatory colonoscopy after positive fecal occult blood test, sigmoidoscopy, 

barium enema, CT abdomen or pelvis or CT colonography 

Z498 Colonoscopy for follow-up after abnormal colonoscopy 

Z499 Colonoscopy with absence of signs or symptoms, family history associated with an 

increased risk of malignancy 

OHIP: Ontario Health Insurance Program; CT: computed tomography 
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Supplemental Table 2: Comparison of colonoscopy loyalty in physician networks and colonoscopy 
networks 

 Number of 

networks 

Colonoscopy loyalty % Networks 

(%) with 

loyalty=0% 
Mean Minimum Maximum 

Physician  

networks 

78 60.9 0.0 91.2 2 (2.6) 

Colonoscopy 

networks 

43 79.9 56.8 94.5 0 (0.0) 
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