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Abstract
Background: A population-based program promoting the
Fecal Occult Blood Test (FOBT) for colorectal cancer screening
was introduced in 2008 in Ontario, Canada, where opportunistic
screening with colonoscopy had been increasing in frequency. We
evaluated the impact of the program on income and immigrationrelated disparities in screening.
Methods: We used linked administrative data to calculate
colorectal cancer screening rates for eligible Ontarians in each
year between 2001/02 (n ¼ 2,852,619) and 2013/14 (n ¼
4,139,304). We quantiﬁed disparities using an "inequality ratio"
of screening rates in the most disadvantaged group relative to the
most advantaged group. We performed segmented logistic regression analyses stratiﬁed by screening modality and adjusted for
age, sex, rurality, comorbidity, and morbidity.
Results: Between 2001/02 and 2013/14, the income and
immigration inequality ratios narrowed from 0.74 to 0.80 and
0.55 to 0.69, respectively. Before the screening program, the

Introduction
Colorectal cancer is the third most common cancer and fourth
leading cause of cancer-related death worldwide (1). Mortality
and morbidity can be reduced through regular screening with a
Fecal Occult Blood Test (FOBT) every 2 years (2, 3). In some
jurisdictions, screening every 10 years via colonoscopy is recommended as an alternative to FOBT (4), but other guidelines
recommend against colonoscopy, citing lack of evidence (5).
Screening for colorectal cancer has been recommended for
more than a decade, yet disparities in screening persist. Patients
living in low-income neighborhoods (6–9), racial and ethnic
minority groups (9–11), and foreign-born and immigrant populations (12, 13) are less likely to be screened. These disparities
have been persistent over time and have been well-documented in
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income inequality ratio was widening by 1% per year (95% CI 1%
to 1%); in the year it was introduced, it narrowed by 4% (95%
CI 2% to 7%) and in the years following, it remained stable [0%
decrease (95% CI 1% decrease to 0% decrease) per year]. Results
were similar for immigration-related disparities. After program
introduction, disparities in receiving FOBT were narrowing at a
faster rate while disparities in receiving colonoscopy were widening at a slower rate.
Conclusions: Introduction of a population-based screening
program promoting FOBT for colorectal cancer was associated
with only modest improvements in immigration and incomerelated disparities.
Impact: Reducing immigration and income-related disparities should be a focus for future research and policy work.
Disparities in Ontario seem to be driven by a higher uptake of
colonoscopy among more advantaged groups. Cancer Epidemiol
Biomarkers Prev; 26(9); 1401–10. Ó2017 AACR.

a number of high-income countries, including those with
universal health care (6, 9) as well as in subpopulations with
insurance coverage (14). Targeted clinic-based outreach to
underscreened populations shows promise (15, 16), but it is
still unclear how disparities can be addressed at the larger
system level.
International evidence suggests that population-based screening programs can reduce inequities in screening (17). Ontario
introduced Canada's ﬁrst provincial population-based colorectal
cancer screening program, Colon Cancer Check, in April 2008.
The program primarily promoted FOBT for patients of average risk
with a central role for family doctors who were asked to counsel
and order tests for patients. Early evidence suggests that Colon
Cancer Check increased uptake of FOBT (18), but its impact on
screening inequities in Ontario is less clear (13).
We conducted a retrospective analysis to determine the impact
of Ontario's population-based screening program for colorectal
cancer on disparities related to income and immigration.

Materials and Methods
Setting
Ontario is Canada's largest province with a population of
approximately 13.8 million in 2015 (19). All permanent residents
are fully insured for necessary health care services through the
Ontario Health Insurance Plan (OHIP). Physician services and
cancer screening investigations are free at the point-of-care with
no copayments or deductibles.
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Ontario introduced a province-wide, population-based screening program for colorectal cancer, Colon Cancer Check, in April
2008 (20). The program recommended biennial FOBT for persons aged 50 to 74 who were at average risk of colorectal cancer
and colonoscopy for those at higher risk. Initially, the Colon
Cancer Check program relied on family physicians to identify
eligible patients and recommend the appropriate screening test,
or patients to self-identify and visit their family physician to
discuss screening. Patients who did not have a family physician
could obtain an FOBT screening kit from a local pharmacy or by
calling an information line. In the months preceding the program
launch, there was a multi-faceted awareness campaign for both
family physicians and the public about the screening program. In
late 2010, Colon Cancer Check began mailing invitation letters to
newly eligible adults turning 50 and recall letters to adults with a
previous negative FOBT who were due for repeat testing. Although
the program promoted FOBT as the recommended screening test
for average risk individuals, opportunistic screening via colonoscopy also occurs and predated introduction of the program.
Study design and patient population
We conducted a retrospective analysis using linked administrative claims data held at the Institute for Clinical Evaluative
Sciences (ICES). For all Ontarians eligible for health care, data is
available dating back to 1991 for all publicly funded health
services as well as some services outside health. Data are linked
at the individual level using unique, encoded identiﬁers and
analyzed at ICES. This study was approved by the Research Ethics
Board of Sunnybrook Research Institute in Toronto, Ontario.
We performed a patient-level analysis and included all Ontarians eligible for colorectal cancer screening in any year between
2001/02 and 2013/14. 2001/02 was the ﬁrst year we had complete data for our study outcomes. Ontarians were eligible for
colorectal cancer screening if they were between the ages of 50 and
74 per Ontario's health care registry. They were excluded if they
had a history of inﬂammatory bowel disease, as noted by physician and lab service claims, or known colorectal cancer, as
determined by physician service claims and data from the provincial cancer registry.
We determined whether patients eligible for colorectal cancer
screening in a given year were up-to-date with screening. Patients
were considered up-to-date if they received at least one FOBT in
the previous 30 months or colonoscopy in the previous 10 years
based on physician and laboratory service claims. We measured
FOBT completion but did not assess whether a patient was offered
an FOBT kit but chose not to complete it. Our analyses focused on
overall screening participation because opportunistic screening
with colonoscopy predated introduction of the screening program and FOBT participation alone would underestimate colorectal cancer screening participation. We stratiﬁed all of our
analyses by type of screening test to understand their contribution
to overall screening participation. This approach is consistent with
internal evaluations of the screening program by Cancer Care
Ontario (21). Flexible sigmoidoscopy is also a recommended
screening test for colorectal cancer, however we did not include it
in our analysis as examination of OHIP billing data revealed that
they occur in less than 0.5% of the screen-eligible population and
rates were declining during the study time period from 23,590 in
2001 to 18,497 in 2014.
We constructed an "inequality ratio" to quantify disparities
related to income and recent residence, an approach used by
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others studying inequities (22). The inequality ratio is calculated
by dividing the percentage of individuals up-to-date with screening in the most disadvantaged group by the percentage up-to-date
in the most advantaged group. A ratio of 1 denotes perfect
equality, a ratio above 1 means the most disadvantaged group
is more likely to receive the test, and a ratio below 1 means they are
less likely to receive the test.
We calculated the income inequality ratio by dividing the
percentage up-to-date in the lowest neighborhood income quintile by those up-to-date in the highest neighborhood income
quintile. We linked patient residential postal code, obtained from
the health care registry, with 2006 census data to determine
neighborhood income quintile for the dissemination area, the
smallest census area that contained socioeconomic data. We
calculated the immigration inequality ratio by dividing the percentage up-to-date among recent residents (those who registered
with the provincial health plan within the last 10 years) by those
up-to-date among long-term residents (those who registered with
the provincial health plan more than 10 years ago). Recent
registration has been shown previously to be a good proxy for
recent immigration in Ontario (23).
Other data sources
Age and sex were determined from the health care registry. We
used the Rurality Index of Ontario (RIO) to categorize patients as
living in major urban areas (RIO score, 0–9), smaller cities (RIO
score, 10–39), or rural areas (RIO score, 40þ; ref. 24). We
measured comorbidity using Adjusted Diagnosis Groups (ADG)
derived from the Johns Hopkins Adjusted Clinical Group (ACG)
Case-Mix System (25). The ACG system is a disease-based risk
adjustment system and is based on the observation that patients
with certain groups of conditions have similar health care use. The
system uses ICD-9 and ICD-10 codes to assign Individuals to one
of 32 diagnostic clusters (ADGs) based on ﬁve clinical dimensions: duration of the condition, severity of the condition, diagnostic certainty, etiology of the condition, and specialty care
involvement. ADGs provided us with a measure of comorbidity
and were also used to assign patients to a Resource Utilization
Band based on similar expected health care use (1 ¼ low, 5 ¼
high), a measure of morbidity. We used validated algorithms
based on physician billings and/or hospital records to assess
whether patients had diabetes (26), hypertension (27), congestive
heart failure (28), an acute myocardial infarction (29), asthma
(30), chronic obstructive pulmonary disease (31), or mental
illness (32). We measured the number of primary care visits using
physician billings. We determined whether a patient was attached
to a primary care physician based on whether he or she was either
formally enrolled to a primary care physician or made any primary
care visit in the preceding two years.
Analysis
For each year of the study period, we determined which patients
were screen-eligible, their characteristics, and whether they were
up-to-date for screening (based on whether they had received
FOBT or colonoscopy in the speciﬁed time frame). We used
descriptive statistics to examine the characteristics of individuals
eligible for and up-to-date for colorectal cancer screening at the
start and end of the study time period. For 2013/14, we determined the crude percentage of patients up-to-date with screening
stratiﬁed by patient sex, neighborhood income quintile, and
immigration. We then constructed a logistic regression model to
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Table 1. Characteristics of Ontarians receiving colorectal cancer screening by modality, 2001/2002 and 2013/14
2001/2002
Percentage up-to-date
Number eligible
FOBT within
Colonoscopy
Number eligible
for screening
Overall
30 months
within 10 years
for screening
All
2,852,619
20.58
10.14
12.55
4,139,304
Sex
Female
1,458,751
21.31
10.38
13.17
2,109,911
Male
1,393,868
19.81
9.90
11.90
2,029,393
Age
50–54
830,064
15.96
7.64
9.62
1,136,951
55–59
661,795
19.74
9.61
12.01
990,500
60–64
513,835
22.39
11.22
13.55
823,368
65–69
445,920
24.31
12.30
14.85
691,980
70–74
401,005
25.03
12.42
15.63
496,505
Income quintile
Missing
16,392
15.76
6.72
10.46
24,195
Q1 (lowest)
506,380
17.66
8.26
11.12
731,193
Q2
560,295
19.39
9.63
11.74
794,761
Q3
571,592
20.38
10.36
12.12
814,635
Q4
573,381
21.39
10.84
12.76
874,766
Q5 (highest)
624,579
23.57
11.38
14.69
899,754
Long-term resident
Yes
2,617,455
21.35
10.38
13.20
3,897,864
No
235,164
11.92
7.57
5.34
241,440
Rurality (RIO)
Major urban (0–9)
1,948,251
20.66
10.76
12.09
2,860,546
Nonmajor urban (10–39)
598,799
21.20
9.72
13.64
867,224
Rural (40þ)
270,175
19.12
7.10
13.60
365,531
Adjusted diagnostic groups
No utilization
274,071
2.29
0.52
1.81
428,225
1–4 (low comorbidity)
969,691
12.74
7.59
5.82
1,555,111
5–9
1,208,537
25.05
12.65
14.95
1,667,328
10þ (high comorbidity)
400,320
38.57
15.35
28.94
488,640
Resource Utilization Band
0 (no utilization)
274,030
2.29
0.52
1.81
427,318
1
87,137
8.06
4.79
3.58
127,096
2
314,426
11.68
7.00
5.28
521,456
3
1,554,706
21.95
11.56
12.48
2,245,056
4
426,247
31.17
13.54
21.72
563,188
5 (high utilization)
196,073
32.04
12.43
23.78
255,190
Comorbidities:
Diabetes
360,015
22.09
10.50
13.93
771,284
Hypertension
1,065,753
24.06
11.88
14.82
1,701,298
CHF
76,371
24.86
9.80
17.94
97,082
AMI
65,159
20.97
9.50
13.66
101,079
Asthma
252,201
26.41
11.63
17.80
470,927
COPD
301,578
24.86
10.52
17.09
506,450
Mental health
526,862
26.40
11.98
17.48
627,444
Psychotic
31,528
22.94
9.20
16.47
61,819
Nonpsychotic
480,215
26.84
12.16
17.82
554,412
Number of primary care visits:
0
385,569
5.92
1.66
4.58
595,352
1–4
624,313
14.63
7.21
8.40
1,273,370
5–9
729,858
22.17
11.68
12.55
1,160,581
10þ
1,112,879
27.95
13.72
17.64
1,110,001
Attachment to primary care physician
Yes
2,491,482
22.83
11.42
13.80
3,775,789
No
361,137
5.05
1.35
3.95
363,515

understand the association between patient characteristics and
being up-to-date for screening. Model variables included age,
rurality, Adjusted Diagnosis Groups (comorbidity), and Resource
Utilization Band (morbidity). For all analyses, our primary outcome was being up-to-date for colorectal cancer screening but we
also examined associations for FOBT and colonoscopy separately.

www.aacrjournals.org

2013/2014
Percentage up-to-date
FOBT with
Colonoscopy
Overall
30 months
with 10 years
55.70
27.67
35.10
58.53
52.75

29.73
25.53

36.39
33.76

41.99
55.58
60.77
65.07
65.85

21.32
26.62
29.36
32.80
34.38

24.09
35.28
39.72
42.29
42.24

38.14
48.76
53.3
55.76
58.21
61.44

18.52
26.63
28.49
28.60
28.27
26.63

23.52
28.09
31.59
34.34
37.41
42.63

56.73
38.98

27.62
28.46

36.41
13.82

55.38
57.52
55.39

27.54
28.68
27.12

34.96
36.26
34.44

11.44
50.8
66.77
72.28

3.85
28.05
32.65
30.36

7.97
27.46
43.47
54.60

11.32
38.95
47.59
62.73
68.46
64.89

3.82
20.44
26.19
32.14
31.12
27.32

7.87
21.29
25.42
38.64
48.06
47.51

60.08
63
56.6
55.09
61.78
59.09
61.71
54.26
62.75

30.42
31.42
26.1
26.59
28.05
27.56
28.65
25.98
28.95

37.90
40.37
38.08
35.3
42.36
39.59
41.71
35.27
42.71

20.03
54.03
64.97
67.05

8.27
27.08
32.83
33.36

13.14
32.25
40.51
44.47

59.81
13.02

29.80
5.58

37.65
8.56

For each year of the study, we calculated the inequality ratio
related to (i) income and (ii) recent residence by dividing the
percentage of screen-eligible individuals up-to-date in the most
disadvantaged group by the percentage up-to-date in the most
advantaged group. We also examined changes in the proportion
of individuals up-to-date for screening after standardizing for age
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Figure 1.
Colorectal screening rates stratiﬁed by sex,
immigration, and income quintile 2013/14.
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and sex, stratiﬁed by neighborhood income quintile and recent
residence.
We performed a longitudinal segmented regression analyses to
assess the changes in the level and slope of the inequality ratio
related to (i) income and (ii) recent residence after introduction of
the Colon Cancer Check program in April 2008 (33). The analyses
assessing changes in income inequality was stratiﬁed by immigration and vice versa. We used logistic regression to model
whether individuals were up-to-date with colorectal cancer
screening. We used the Generalized Estimation Equation method
with an AR(1) covariance structure to account for repeated measures over time. The regression analyses adjusted for age, sex,
rurality, comorbidity (Adjusted Diagnosis Groups), and morbidity (Resource Utilization Band). All analyses were performed
using Unix SAS Enterprise Guide 6.1.

Results
The percentage of adults up-to-date with colorectal cancer
screening increased from 20.6% (n ¼ 587,068) in 2001/02 to
55.7% (n ¼ 2,305,592) in 2013/14 (Table 1). Recent immigrants
and individuals living in low income neighborhoods had lower
rates of colonoscopy and overall screening. Males, younger individuals, those not attached to primary care, those with fewer
primary care visits, and lower comorbidity or morbidity also had
lower overall screening rates.
In 2013/14, male recent residents living in low income neighborhoods had the lowest colorectal cancer screening rate at 35.6%
and female long-term residents in high income neighborhoods
had the highest screening rate at 65.0% (Fig. 1). Individuals living
in the lowest income neighborhood were less likely to be up-todate with screening compared those in the highest income quintile and this association was stronger for long-term residents than
for recent immigrants, even after adjustment for other patient
characteristics (Table 2). For example, after adjustment, the odds
of males in the lowest income quintile being up-to-date compared
with males in the highest income quintile was 0.55 [95% conﬁdence interval (CI), 0.54–0.56] for long-term residents and 0.79
(95% CI, 0.75–0.82) for recent immigrants. Those living in lower
income neighborhoods were much less likely to receive colonoscopy than those living in higher income neighborhoods, but there
was little difference in FOBT rates by income quintile.
The income inequality ratio for colorectal cancer screening
narrowed from 0.74 to 0.80 between 2001–02 and 2013–14
(Fig. 2A) with a narrowing of the ratio for FOBT from 0.71 to
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1.01 but a widening of the ratio for colonoscopy from 0.74 to
0.66. The immigration inequality ratio for colorectal cancer
screening narrowed from 0.55 to 0.69 between 2001–02 and
2013–14 (Fig. 2A) with a narrowing of the ratio for FOBT from
0.72 to 1.02 and a widening of the ratio for colonoscopy from
0.40 to 0.37. Figure 2B and C shows the change in age and sex
standardized FOBT, colonoscopy, and overall colorectal screening rates in Ontario between 2001 and 2013, stratiﬁed by
neighborhood income quintile and immigration, respectively.
Colonoscopy and overall colorectal screening rates increased
over the time period whereas FOBT rates seemed to peak in
2008/09.
The income inequality ratio was widening by 1% per year (95%
CI, 1%–1%) before Colon Cancer Check (Table 3A). In the year
Colon Cancer Check was introduced, the income inequality ratio
narrowed by 4% (95% CI, 2%–7%) and in the years following, the
ratio remained stable [0% decrease (95% CI, 1% decrease to 0%
decrease) per year]. For FOBT, the income inequality ratio was
narrowing at a faster rate after Colon Cancer Check compared with
before; for colonoscopy, the income inequality ratio was widening at a slower rate after Colon Cancer Check compared with
before. Trends were similar for both long-term residents and
recent immigrants.
The immigration inequality ratio was widening by 2% per year
(95% CI, 1%–3%) before Colon Cancer Check (Table 3B). In the
year Colon Cancer Check was introduced, the immigration
inequality ratio narrowed by 4% (95%CI, 0%–8%) and in the
years following, the ratio narrowed by 1% per year (95% CI, 0%–
2%). For FOBT, the immigration inequality ratio was fairly stable
(95% CI, 1% decrease to 1% increase per year) before Colon
Cancer Check and was narrowing by 6% per year after (95% CI,
5%–7%). For colonoscopy, the immigration inequality ratio was
widening by 4% per year (95% CI, 3%–5%) before Colon Cancer
Check but stabilized after (95% CI, 1% decrease to 1% increase
per year). Trends were similar for both long-term residents and
recent immigrants.

Discussion
We found that a population-based screening program for
colorectal cancer screening was associated with a modest narrowing of immigration and income-related disparities. Despite
improvements, screening rates for male recent immigrants
living in the lowest neighborhood income quintile were almost
half the rate of female long-term residents living in the highest
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0.84 (0.806–0.875)
0.904 (0.867–0.943)
0.941 (0.902–0.982)
0.974 (0.933–1.016)
Reference
0.625 (0.619–0.631)
0.732 (0.725–0.739)
0.799 (0.792–0.807)
0.875 (0.867–0.883)
Reference

0.785 (0.752–0.819)
0.866 (0.829–0.905)
0.894 (0.856–0.934)
0.917 (0.877–0.958)
Reference
0.549 (0.544–0.555)
0.663 (0.656–0.669)
0.743 (0.736–0.75)
0.837 (0.829–0.845)
Reference

0.651 (0.645–0.657)
0.761 (0.755–0.768)
0.826 (0.819–0.834)
0.9 (0.892–0.908)
Reference

0.884 (0.85–0.918)
0.944 (0.908–0.982)
0.993 (0.955–1.034)
0.995 (0.956–1.035)
Reference

0.542 (0.537–0.547)
0.67 (0.664–0.676)
0.756 (0.749–0.762)
0.851 (0.843–0.858)
Reference

Adjusted
OR (95% CI)

0.961 (0.926–0.998)
0.99 (0.952–1.029)
1.03 (0.991–1.071)
1.04 (1–1.082)
Reference

Overall
Unadjusted
OR (95% CI)

Abbreviations: Q1, lowest income quintile; Q5, highest income quintile.

Female
Recent immigrant
Q1
40.04
Q2
40.74
Q3
41.71
Q4
41.95
Q5
40.99
Long-term resident
Q1
53.81
Q2
57.66
Q3
59.64
Q4
61.69
Q5
64.14
Male
Recent immigrant
Q1
35.58
Q2
37.11
Q3
38.30
Q4
38.34
Q5
38.46
Long-term resident
Q1
45.41
Q2
50.68
Q3
53.69
Q4
56.62
Q5
60.54

Crude %
up-to-date

23.81
26.09
26.46
26.36
24.73

26.66
27.19
27.98
26.84
24.47

28.99
30.68
30.52
30.06
28.49

30.84
31.11
31.24
30.41
28.17

Crude %
up-to-date

0.951 (0.941–0.961)
1.075 (1.064–1.086)
1.096 (1.085–1.107)
1.09 (1.079–1.101)
Reference

1.122 (1.075–1.171)
1.153 (1.103–1.204)
1.199 (1.148–1.253)
1.132 (1.083–1.184)
Reference

1.025 (1.015–1.035)
1.11 (1.1–1.121)
1.102 (1.092–1.113)
1.079 (1.069–1.089)
Reference

1.137 (1.092–1.184)
1.152 (1.105–1.201)
1.158 (1.111–1.208)
1.115 (1.068–1.163)
Reference

1.041 (1.03–1.053)
1.13 (1.118–1.142)
1.129 (1.118–1.141)
1.106 (1.095–1.117)
Reference

1.064 (1.017–1.114)
1.107 (1.057–1.16)
1.129 (1.078–1.184)
1.073 (1.023–1.125)
Reference

1.061 (1.05–1.072)
1.129 (1.118–1.14)
1.112 (1.101–1.123)
1.079 (1.069–1.09)
Reference

1.043 (0.999–1.089)
1.086 (1.04–1.135)
1.086 (1.039–1.136)
1.057 (1.011–1.106)
Reference

FOBT within 30 months
Unadjusted
Adjusted
OR (95% CI)
OR (95% CI)

27.00
30.89
34.03
37.56
43.45

11.88
13.15
13.83
14.77
17.34

31.76
34.67
37.12
39.7
44.04

12.70
12.98
13.89
14.98
16.33

Crude %
up-to-date

0.481 (0.477–0.486)
0.582 (0.576–0.587)
0.671 (0.665–0.677)
0.783 (0.776–0.79)
Reference

0.643 (0.61–0.677)
0.722 (0.684–0.761)
0.765 (0.725–0.807)
0.826 (0.784–0.871)
Reference

0.592 (0.586–0.597)
0.674 (0.668–0.68)
0.75 (0.744–0.757)
0.837 (0.829–0.844)
Reference

0.746 (0.708–0.785)
0.764 (0.724–0.806)
0.826 (0.784–0.873)
0.903 (0.856–0.952)
Reference

0.479 (0.474–0.484)
0.569 (0.563–0.574)
0.655 (0.649–0.662)
0.768 (0.761–0.776)
Reference

0.573 (0.542–0.606)
0.665 (0.629–0.702)
0.694 (0.657–0.733)
0.775 (0.733–0.819)
Reference

0.557 (0.551–0.562)
0.641 (0.635–0.647)
0.721 (0.714–0.728)
0.812 (0.805–0.82)
Reference

0.662 (0.627–0.699)
0.707 (0.669–0.748)
0.767 (0.726–0.811)
0.861 (0.815–0.909)
Reference

Colonoscopy within 10 years
Unadjusted
Adjusted
OR (95% CI)
OR (95% CI)

Table 2. Colorectal cancer screening rates in 2013/14 stratiﬁed by age, immigration, and income quintile with and without adjustment for other patient characteristics (age, rurality, comorbidity, and morbidity)
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0.3
0.2
0.1
0

Screening rate in the lowest neighbourhood income quinle relave to the highest
Screening rate among recent residents relave to long-term residents

C
50

Percentage receiving screening
test

Percentage receiving screening
test

B
40
30
20
10
0

50
40
30
20
10
0

FOBT: lowest income quinle

FOBT: highest income quinle

FOBT: recent residence

FOBT: long-term residence

Colonoscopy: lowest income quinle

Colonoscopy: highest income quinle

Colonoscopy: recent residence

Colonoscopy: long-term residence

Figure 2.
A, Change in inequality ratios between 2001/02 and 2013/14 for the percentage of screen-eligible individuals up-to-date for colorectal cancer screening
( ), by income and recent residence.  , Screening rates are age-sex adjusted;   , Inequality ratios are calculated by dividing the percentage of up-to-date in the
most disadvantaged group by the percentage of up-to-date in the most advantaged group. A ratio of 1 indicates perfect equality. B, Comparison of the
percentage of screen-eligible individuals up-to-date for colorectal cancer screening in the lowest and highest neighborhood income quintiles, stratiﬁed by screening
modality ( , Screening rates are age-sex adjusted). C, Comparison of the percentage of screen-eligible individuals up-to-date for colorectal cancer screening
among recent and long-term residents, stratiﬁed by screening modality. ( , Screening rates are age-sex adjusted).

income neighborhood. Gaps in screening were largest for recent
immigrants and seemed to relate largely to differences in screening
by colonoscopy, a modality not promoted by the program. The
introduction of the screening program was associated with a slight
narrowing in the gap in FOBT screening between recent immigrants and long-term residents, although this change seemed to
coincide with a secular decrease in FOBT screening rates. In
contrast, introduction of the program was associated with a
reduced widening of the gap in colonoscopy screening.
Our ﬁndings are consistent with research from the UK and
Australia that has found that uptake from organized colorectal
cancer screening programs is lower among patients from deprived
neighborhoods (9, 34–36). These other studies did not assess the
association with recent immigration, but studies from the UK have
shown that patients from a nonwhite ethnic background, particularly those from the Indian subcontinent, have had persistently
low colorectal screening rates (11) and lower uptake in the
organized screening program (35). The population-based screening program in Australia was a pilot but the UK program has been
implemented across the country. As in Ontario, these programs
mailed invitations promoting FOBT screening to patients in a
speciﬁc age range. In the UK, the FOBT kit itself was mailed along
with the invitation, a strategy been shown to increase uptake (37).
Our ﬁndings suggest that immigration and income-related
disparities in colorectal cancer screening in Ontario are largely
driven by differences in use of FOBT (organized screening)

1406 Cancer Epidemiol Biomarkers Prev; 26(9) September 2017

versus colonoscopy (opportunistic screening). Other Ontario
studies have found that long-term residents and those living in
wealthier neighborhoods are more likely to be screened by
colonoscopy (38) even though colonoscopy is not recommended in Canadian clinical practice guidelines (5) and ﬁnancial incentives reward FOBT but not colonoscopy (39). Screening by colonoscopy seems to be inﬂuenced by patient, physician, and system factors including more afﬂuent patients'
"normative assumptions about colonoscopy as a rite of passage" (38). That colonoscopy is a ﬁrst-line screening choice in
the neighboring U.S. (4) likely also inﬂuences uptake in
Canada. Ontario's screening program promoted FOBT for average-risk individuals but even so, we found that the program's
introduction coincided with a secular decrease in FOBT rates
and an increase in colonoscopy rates.
Current patterns of screening likely perpetuate inequities and
will be challenging for a population-based program to address.
FOBT requires repeat testing every 2 years and a recent study
estimated that only about a third of recipients received a followup FOBT in the recommended time frame (40). In contrast,
colonoscopy provides screening clearance for 10 years, which
may mean it is more advantaged recipients are more likely to stay
up-to-date. Integrating colonoscopy as a choice in the screening
program is likely impractical given cost-effectiveness considerations. But, the status quo is an inherently unfair situation, whereby more advantaged patients are more likely to receive a more
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Colorectal screening (overall)
FOBT
Colonoscopy
Colorectal screening (overall)
FOBT
Colonoscopy
Colorectal screening (overall)
FOBT
Colonoscopy

Trendb after
screening program
was introduced
(95% CI)
0.02 (0.01–0.03)
0.06 (0.05–0.07)
0.01 (0.00–0.02)
0.02 (0.01–0.03)
0.05 (0.04–0.07)
0.01 (0.01–0.00)
0.01 (0.00–0.02)
0.06 (0.05–0.07)
0.00 (0.01–0.01)

Net change in
trendb after
screening program
introduced (95% CI)
0.03 (0.02–0.05)
0.06 (0.05–0.07)
0.03 (0.02–0.05)
0.03 (0.02–0.05)
0.05 (0.04–0.07)
0.02 (0.01–0.03)
0.03 (0.02–0.04)
0.06 (0.04–0.07)
0.04 (0.02–0.06)

NOTE: Income inequality ratio: colorectal cancer screening rate in lowest income quintile divided by colorectal cancer screening rate in highest income quintile. Immigration inequality ratio: colorectal cancer screening rate
in recent immigrants divided by colorectal cancer screening rate in long-term residents.
a
Average change in inequality ratio per year (e.g., 0.01 denotes a 1% narrowing of the ratio per year; 0.03 denotes a 3% widening in the ratio per year).
b
Average change in inequality ratio per year (e.g., 0.01 denotes a 1% narrowing of the ratio per year; 0.03 denotes a 3% widening in the ratio per year).

All residents in lowest and highest
income quintiles

Highest income quintile

Lowest income quintile

B. Effect of program on immigration inequality ratio
Trendb before
Step change the
screening program
year screening
was introduced
program was
Intercept (95% CI)
(95% CI)
introduced (95% CI)
0.79 (0.75–0.82)
00.01 (0.02–0.00)
0.05 (0.00–0.10)
0.88 (0.85–0.92)
0.00 (0.01–0.01)
0.01 (0.06–0.03)
0.76 (0.72–0.81)
0.03 (0.04 to 0.01)
0.06 (0.01–0.12)
0.79 (0.75–0.82)
00.01 (0.02–0.00)
0.05 (0.00–0.10)
0.89 (0.84–0.94)
0.00 (0.01 to 0.01)
0.05 (0.12 to 0.02)
0.84 (0.82–0.87)
0.03 (0.03 to 0.02)
0.03 (0.00–0.06)
0.04 (0.00–0.08)
0.81 (0.79–0.84)
0.02 (0.03 to 0.01)
0.80 (0.76–0.84)
0.00 (0.01–0.01)
0.00 (0.06–0.05)
0.89 (0.84–0.93)
0.04 (0.05 to 0.03)
0.04 (0.02–0.10)

Table 3. Parameter estimates from segmented regression model assessing the change in trend for the income and immigration inequality ratio for colorectal cancer screening after introduction of a population-based
screening program in Ontario in April 2008
A. Effect of program on income inequality ratio
Trenda before
Step change the
Net change in
Trenda after
screening program
screening program
year screening
trenda after
screening program
was introduced
was introduced
program was
introduced (95% CI)
Intercept (95% CI)
(95% CI)
(95% CI)
introduced (95% CI)
Recent immigrants
Colorectal screening (overall)
0.81 (0.77–0.85)
0.01 (0.01–0.00)
0.06 (0.01–0.11)
0.01 (000–0.02)
0.02 (0.01–0.03)
FOBT
0.78 (0.73–0.84)
0.01 (0.00–0.02)
0.08 (0.01–0.15)
0.02 (0.01–0.04)
0.02 (0.00–0.03)
Colonoscopy
0.96 (0.93–0.99)
0.03 (0.03 to 0.02)
0.04 (0.00–0.08)
0.00 (0.01–0.01)
0.03 (0.02–0.04)
Long-term resident
Colorectal screening (overall)
0.92 (0.90–0.93)
0.01 (0.01 to 0.01)
0.04 (0.02–0.06)
0.01 (0.01–0.00)
0.00 (0.00–0.01)
FOBT
0.82 (0.79–0.85)
0.01 (0.00–0.02)
0.05 (0.00–0.09)
0.02 (0.01–0.03)
0.01 (0.00–0.02)
Colonoscopy
1.06 (1.04–1.08)
0.03 (0.03 to 0.02)
0.02 (0.01–0.04)
0.01 (0.01–0.00)
0.02 (0.01–0.02)
All residents in lowest and highest
Colorectal screening (overall)
0.91 (0.89–0.93)
0.01 (0.01 to 0.01)
0.04 (0.02–0.07)
0.00 (0.01–0.00)
0.01 (0.00–0.01)
income quintiles
FOBT
0.80 (0.77–0.83)
0.01 (0.00–0.02)
0.04 (0.00–0.08)
0.02 (0.01–0.03)
0.01 (0.00–0.02)
Colonoscopy
1.08 (1.05–1.10)
0.03 (0.03 to 0.02)
0.02 (0.01–0.05)
0.01 (0.01–0.00)
0.02 (0.01–0.03)
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expensive test that is perceived by some physicians and patients as
the gold standard (38).
The current program relies on patients visiting their family
physician and their physician counseling them appropriately.
Moving to directly mailed kits could eliminate the need for a
physician visit and also allow for more standardize messaging to
improve uptake of FOBT (37). Use of Fecal Immunochemical
Tests (FIT) instead of guaiac-based tests may further enhance
uptake (41). However, to be successful, these strategies will need
to explicitly address known barriers to FOBT including patients'
perceived risk of handling feces (42). Other promising strategies
for reducing disparities include tailored messaging (43, 44),
linking invitations with primary care physicians (42, 45), telephone outreach (43, 46), and multifaceted interventions based in
primary care clinics (15, 16, 47).

ated with modest improvements in immigration and incomerelated disparities. Recent immigrants experienced the greatest
gaps in care. Disparities seemed to be driven by a higher
uptake of opportunistic screening with colonoscopy among
more advantaged groups. Addressing disparities in this context will be challenging and will require contesting normative
assumptions of both patients and physicians. Promising program enhancements include direct mailing of screening kits to
patients and more intensive outreach to underscreened
groups. Future research should examine potential disparities
in follow-up testing and access to deﬁnitive treatment for
those who screen positive and ultimately evaluate whether the
screening program has reduced disparities in colon cancer
mortality.

Disclosure of Potential Conﬂicts of Interest
Strengths and limitations
Our study included data for all Ontarians over a 12-year period
and used several complimentary analyses to understand the
interplay between a population-based screening program, income
and immigration-related disparities, and mode of colorectal
cancer screening. In contrast, studies from other jurisdictions have
evaluated pilot programs (35), the impact of a program on a
speciﬁc region (34, 35), or have been cross-sectional (9). Unlike
our study, others' studies have not accounted for trends in
screening disparities before program introduction or conducted
longitudinal statistical analyses.
Despite these strengths, our study has two notable limitations.
First, we were limited by the administrative data available to us.
We used registration with the health insurance plan within 10
years as a proxy for recent immigration. This approach captures
interprovincial migrants that we estimate comprise approximately 5% of recent registrants. Also, we attributed neighborhood
income quintile, an area-level variable, to individuals. For all
years, we assigned neighborhood income quintile based on 2006
census data, which may not have reﬂected true neighborhood
income levels near the start and ends of the study period. However, these methods for measuring immigration and income are
well accepted and have been used by several other researchers
studying disparities (23, 48). In our study, recent immigrants are a
heterogeneous group and we were unable to distinguish country
of origin or ethnicity, both of which may inﬂuence screening
attitudes.
Second, we conducted a retrospective evaluation of a natural
experiment so were unable to isolate the effect of the populationbased screening program and were limited in our ability to infer
causation. Financial incentives were introduced for primary care
physicians 2 years before the screening program was launched and
may have confounded our results. A post-hoc evaluation of the
incentive found it had only a modest impact on colorectal cancer
screening rates (39), but it is unclear how it impacted equity. Our
segmented regression analysis evaluated the impact of the program launch in 2008, although mailed screening invitations
began in 2010. However, an increase in screening following
2010 would have inﬂuenced screening trends between 2008 and
2014, which were captured in our analyses.
Conclusion
The introduction of a population-based screening program
promoting FOBT screening for colorectal cancer was associ-
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