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           Colorectal cancer (CRC) incidence in Canada has been declin-

ing since 2000 at least partly due to the removal of precancerous 

polyps identifi ed through screening ( 1 ). Th e most commonly 

used CRC screening tests include fecal occult blood tests 

(FOBTs), fl exible sigmoidoscopy (FS), and colonoscopy. In 

2001, the National Committee of Health Canada recommended 

CRC screening using an FOBT test every 2 years for individu-

als aged 50–74 years ( 2 ). In 2004, the Canadian Association of 

Gastroenterology recommended an FOBT every 2 years, FS 

every 5 years, or colonoscopy every 10 years ( 3 ).

  Until recently, CRC screening in Canada was provided oppor-

tunistically, which relies on the recommendation and provi-

sion of the screening test by a health-care provider. Since 2007, 

all Canadian provinces have launched, piloted, or are planning 

population-based CRC screening programs ( 4 ). In August 2007, 

the province of Manitoba started a population-based, organized 
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CRC screening program (ColonCheck) for average risk individu-

als 50–74 years of age using the higher sensitive FOBT Hemoc-

cult II SENSA. Th e FOBT and instructions are mailed to eligible 

individuals and also distributed by health-care providers. One of 

the primary aims of organized screening is to reduce the impact 

of socioeconomic status disparities that can occur with opportun-

istic screening ( 5 ). Disparities in cancer screening participation 

by income level have been shown in several studies in countries 

both with and without universal health-care insurance ( 6–10 ). 

However, data are limited on the impact of organized screening 

on income groups. To date, up-to-date CRC screening over time 

in Canada has only been evaluated in Ontario ( 11 ). Moreover, 

the Ontario screening program requires individuals to visit their 

health-care providers to obtain an FOBT, a strategy not employed 

by most other CRC screening programs. We examined CRC 

screening time trends and diff erences in screening by income in a 

province with an established, organized CRC screening program.

    Methods

   Data sources

  Four data sources were used: the Manitoba Health Population 

Registry, the Manitoba Health Medical Claims database, the 

ColonCheck registry, and Statistics Canada 2006 census data. 

Manitoba Health, the publically funded provincial health insur-

ance agency, provides comprehensive health coverage for all 

hospitalizations, procedures, tests, and physician visits. Th e Popu-

lation Registry contains demographic, migration, and vital status 

information. Unique personal health identifi cation number for 

provincial residents allows the linking of provincial databases and 

tracking of individuals’ longitudinal health-care utilization.

  Medical Claims was used to identify individuals who had non-

ColonCheck FOBT, colonoscopy, or FS from 1 April 1984 to 31 

December 2012. Medical Claims is generated by claims fi led by 

physicians or laboratories for payment of services. Th e Population 

Registry and Medical Claims have been previously validated for 

accuracy and used to study many health outcomes ( 12,13 ). Th e 

ColonCheck Registry was used to identify individuals who com-

pleted a ColonCheck FOBT. Statistics Canada 2006 census data 

were used to estimate household income (categorized into quin-

tiles from Q1, the lowest income quintile to Q5, the highest income 

quintile) based on the dissemination area (DA) of residence as a 

proxy measure for individual-level income.

    Study population

  Th e province of Manitoba has a population of ~1.27 million (in 

2013). Two-thirds of the population lives in the capital city of 

Winnipeg. Th is study included all individuals 50–74 years of age 

who lived in Winnipeg from 1984 to 2012. Individuals who lived 

outside of Winnipeg were excluded from the analyses because 

many FOBTs in rural and northern areas of Manitoba are not reg-

istered in the Medical Claims database.

    Outcomes

  Rates of up-to-date CRC screening coverage, FOBT coverage, and 

colonoscopy/FS coverage were determined by sex, age group, and 

income quintile. Up-to-date CRC screening coverage was defi ned 

as any FOBT in the previous 2 years, a FS in the previous 5 years, 

 Table 1  .     Characteristics of the population eligible for CRC screening in 1995, 2001, 2007, and 2012 

  Characteristics    1995 (   n   =131,751)    2001 (   n   =145,131)    2007 (   n   =167,159)    2012 (   n   =192,285)  

  Gender, %  

  Men  44.2  44.9  45.3  46.4 

  Women  55.8  55.1  54.7  53.6 

  Age group (years), %  

  50–54  18.4  22.5  22.0  21.2 

  55–59  18.2  21.4  23.8  23.1 

  60–64  20.5  18.7  21.9  22.3 

  65–69  21.1  18.8  17.3  19.1 

  70–74  21.6  18.7  15.1  14.3 

  Income quintile, %  

  Q1: lowest  12.2  11.4  13.2  13.6 

  Q2  18.7  14.0  16.1  16.1 

  Q3  18.6  19.0  18.6  17.6 

  Q4  17.7  21.2  22.5  23.1 

  Q5: highest  14.8  24.6  26.1  26.8 

  Missing  18.2  9.8  2.6  2.8 

 CRC, colorectal cancer; Q1, income quintile level 1 (lowest); Q2, income quintile level 2; Q3, income quintile level 3; Q4, income quintile 4; Q5, income quintile 5 

(highest). 
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and/or a colonoscopy in the previous 10 years. FOBT coverage 

was defi ned as any FOBT in the previous 2 years and colono-

scopy/FS coverage as a colonoscopy in the previous 10 years and/

or a FS in the previous 5 years.

    Statistical analysis

  Trends over time, the average percentage change, the average 

annual percentage change, and 95% confi dence intervals were 

calculated using the Joinpoint Regression program version 4.1.1.1 

(Surveillance Epidemiology and End Results, National Can-

cer Institute, Bethesda MD). Joinpoint regression is a statistical 

method that describes changing trends over successive segments 

of time. Th e average annual percentage change is a summary 

weighted measure of the trend over the entire time period. Rates 

were age standardized to the 2001 Canadian population.

  Logistic regression was performed to assess diff erences in CRC 

screening between 1996 and 2012, stratifi ed by income quintile 

and adjusted for sex and age, as CRC screening rates increase 

with age and are higher for women compared with men ( 10,14 ). 

Logistic regression was also performed to explore the association 

between CRC screening and income quintile in each study year. 

SAS version 9.2 (SAS Institute, Cary, NC) was used for data man-

agement and statistical analyses.

  Th is study was approved by the University of Manitoba’s Health 

Research Ethics Board and Manitoba Health’s Health Information 

and Privacy Committee.

     Results

  Th e number of individuals eligible for CRC screening increased 

from 131,751 in 1995 to 192,285 in 2012 ( Table 1 ). Th e percent-

age of the population in diff erent age groups and income quin-

tiles remained relatively stable over time. Overall, up-to-date CRC 

screening increased steadily over time from 20.5% in 1995 to 

56.9% in 2012 ( Figure 1 ,  Table 1 ). Th e average annual percentage 

change from 1995 to 2012 was 7.0% for men and 6.8% for women. 
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 Figure 1 .     Age-standardized up-to-date CRC screening coverage rates 

for men and women, Winnipeg, Manitoba, 1995–2012. CRC, colorectal 

cancer.

        

 Table 2  .     Number and percentage of individuals who had up-to-date CRC screening coverage by year, sex, age group, and income quintile, 

Winnipeg, Manitoba 

    1995    2001    2007    2012  

 Total (%)  26,964 (20.5)  42,162 (29.1)  72,591 (43.4)  109,488 (56.9) 

  Men  11,923 (19.4)  18,922 (27.4)  32,902 (40.9)  50,826 (54.6) 

  Women  15,041 (21.4)  23,240 (30.5)  39,689 (45.7)  58,662 (59.2) 

  Age group (years)  

  50–54  4,968 (15.2)  9,479 (21.5)  15,960 (32.5)  23,202 (43.2) 

  55–59  4,919 (18.5)  9,007 (28.1)  17,252 (40.8)  25,298 (53.5) 

  60–64  5,531 (21.8)  7,872 (31.7)  15,891 (49.3)  24,440 (61.4) 

  65–69  5,728 (23.7)  7,938 (34.6)  12,537 (53.5)  20,904 (69.7) 

  70–74  5,818 (25.2)  7,866 (37.0)  10,951 (54.3)  15,644 (73.2) 

  Income quintile  

  Q1: lowest  3,275 (14.7)  4,818 (21.1)  9,552 (32.8)  14,847 (45.4) 

  Q2  5,032 (19.2)  5,911 (24.3)  11,718 (38.5)  17,645 (51.7) 

  Q3  5,009 (20.8)  7,988 (30.0)  13,463 (43.6)  19,264 (56.4) 

  Q4  4,767 (23.6)  8,931 (30.8)  17,030 (46.9)  25,280 (59.9) 

  Q5: highest  3,988 (24.3)  10,365 (34.3)  18,947 (49.0)  29,338 (61.9) 

 CRC, colorectal cancer; Q1, income quintile level 1 (lowest); Q2, income quintile level 2; Q3, income quintile level 3; Q4, income quintile 4; Q5, income quintile 5 

(highest). 
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However, the rate of increase slowed down in 2009 (Men: pre-

2009 average percentage change 9.8%, post-2009 4.6%; Women: 

pre-2009 average percentage change 9.0%, post-2009 4.1%.

  Up-to-date CRC coverage increased over time for men and 

women, all age groups, and all income quintiles ( Table 2 ). By 

2012, up-to-date coverage was 69.7% and 73.2% for individu-

als 65–69 and 70–74 years of age, respectively. Additional data 

describing FOBT and colonoscopy/FS coverage are available  in 

 Supplementary Table 1  online. Th e age-standardized rate of up-

to-date, FOBT, colonoscopy/FS coverage increased for all income 

quintiles ( Figure 2 ). Th e change in FOBT coverage was highest 

for Q1 and lowest for Q5 and leveled off  for all income quintiles 

in 2010. Colonoscopy/FS coverage by income quintile diverged 

over time: beginning in 2007, there was a slight increase in the 

rate of colonoscopy/FS coverage (i.e., slope) for individuals in Q5 

and a slight decrease in the rate for individuals in Q1 (average 

percentage change, average annual percentage change, and 95% 

confi dence interval are available in  Supplementary Table 2 ).

  Th ere was little variation among the income quintiles in odds 

ratio for up-to-date coverage between 2012 and 1996 ( Table 3 ). 

Odds ratios by year are available in  Supplementary Table 3 . 

However, the odds ratios for FOBT coverage (2012 vs. 1996) were 

highest for Q1 and for colonoscopy/FS coverage highest among 

Q5. Th e odds of up-to-date coverage comparing income quintiles 

Q1–Q4 with Q5 (reference) remained almost uniform from 2004 

onward ( Figure 3 ). However, the diff erence for FOBT for individ-

uals in Q1–Q3 vs. Q4 was less pronounced in 2012 than in 1995 or 

2004. Th e change in the odds ratios for colonoscopy/FS coverage 

suggested a widening diff erence by income quintile ( Figure 3 ), so 

that by 2012 the likelihood of an individual in Q1–Q4 having had 

a colonoscopy/FS was lower than in previous years.

    Discussion

  We found that up-to-date CRC screening increased signifi cantly 

from 1995 to 2012. Th ese rates, particularly for older individu-

als, are among the highest reported in Canada, comparable to 

high rates reported from elsewhere, and close to the goal of 

80% coverage by 2018 set by the US National Colorectal Can-

cer Round Table ( 15–19 ). FOBT coverage also increased and by 

2012 approached the Canadian target of 60% ( 4 ). Importantly, 

individuals in the lowest income quintile showed the great-

est increase in FOBT coverage. Nevertheless, individuals with 

lower income levels continued to be less likely to be screened 

with no reductions in up-to-date coverage disparity. We also 

did not observe a change in the increase in the rate of up-to-

date or FOBT coverage aft er the introduction of the provincial 

CRC screening program.

  As there are no deductibles or co-payments for health-care 

visits or investigations in Manitoba, there are no direct economic 

barriers for CRC screening in the province. Other potential 

barriers include a lack of knowledge about the importance of CRC 

screening, cultural barriers, and new immigration ( 14,17,20–23 ). 

Providing CRC screening as part of an organized program should 

take care of some barriers by addressing all fi ve dimensions of 

service accessibility (approachability, acceptability, availability and 

accommodation, aff ordability, and appropriateness) ( 24 ). How-

ever, a study that examined trends in FOBT participation found 
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 Figure 2 .     Age-standardized rates of up-to-date CRC screening, FOBT, 

and colonoscopy/FS coverage for men and women by income quintile, 

Winnipeg, 1995–2012: ( a ) up-to-date, ( b ) FOBT, and ( c ) colonoscopy/

FS. CRC, colorectal cancer; FOBT, fecal occult blood test; FS, fl exible 

sigmoidoscopy.
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the increase in FOBT coverage among individuals in the lowest 

income quintile may be due to the screening program mailing an 

FOBT to eligible individuals. Nevertheless, it remains a matter of 

concern that the groups with higher CRC mortality (i.e., lower 

a similar lack of enhanced increase aft er the start of Ontario’s 

organized CRC screening program ( 11 ). It is possible that, with-

out these organized screening programs, there might have been 

a more pronounced leveling off  of FOBT coverage. In addition, 

 Table 3  .     Association between up-to-date CRC screening, FOBT, and colonoscopy/FS coverage and year of the study time period (1996 vs. 

2012), stratifi ed by income quintile* 

    Income quintile  

    Q1: lowest    Q2    Q3    Q4    Q5: highest  

    OR (95% CI)    OR (95% CI)    OR (95% CI)    OR (95% CI)    OR (95% CI)  

 1996 (reference)  1.00  1.00  1.00  1.00  1.00 

  2012  

  Up-to-date  5.40 (5.16–5.64)  5.41 (5.20–5.63)  5.75 (5.53–5.99)  5.36 (5.16–5.58)  5.50 (5.27–5.73) 

  FOBT  6.12 (5.80–6.47)  5.44 (5.20–5.70)  5.50 (5.25–5.75)  4.68 (4.48–4.88)  4.54 (4.33–4.75) 

  Colonoscopy/FS  2.91 (2.75–3.07)  2.88 (2.74–3.02)  3.21 (3.06–3.37)  3.25 (3.10–3.42)  3.26 (3.10–3.43) 

 CI, confi dence interval; CRC, colorectal cancer; FOBT, fecal occult blood test; FS, fl exible sigmoidoscopy; Q1, income quintile level 1 (lowest); Q2, income quintile level 2; 

Q3, income quintile level 3; Q4, income quintile 4; Q5, income quintile 5 (highest). All are signifi cant at  P <0.0001. 

 *Adjusted for gender and age. 

 Figure 3 .     Change in the odds of up-to-date CRC screening, FOBT, and colonoscopy/FS coverage by income quintile, Winnipeg, Manitoba, 1995–2012: 

( a ) up-to-date, ( b ) FOBT, and ( c ) colonoscopy/FS. CRC, colorectal cancer; FOBT, fecal occult blood test; FS, fl exible sigmoidoscopy.
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income) have persistently lower CRC screening rates, with mini-

mal reduction in overall CRC screening disparities so far ( 25 ). It 

is likely that more targeted eff orts are required to improve CRC 

screening for low-income individuals.

  Although colonoscopy/FS coverage increased for all age 

groups, the disparity between income groups increased over time. 

During most of the study years, organizations from both Canada 

and the US recommended colonoscopy every 10 years or FS every 

5 years as an option for CRC screening ( 3,26,27 ). It is possible 

that individuals with higher income levels were more aware of 

these recommendations. Th e shift  toward the use of an FOBT 

rather than colonoscopy/FS for individuals in the lower income 

quintiles is another potential explanation for the increase in 

colonoscopy/FS coverage disparity by income quintile over time. 

However, given that only one-third of individuals were covered by 

colonoscopy/FS by 2012, a massive increase in resources would 

be required to preferentially promote and provide endoscopic-

based CRC screening to the entire population. Increasing CRC 

screening using an FOBT, or the potentially more eff ective fecal 

immunochemical test, is a more feasible and a practical approach, 

especially given current budgetary constraints. Importantly, any 

implications of preferential endoscopy-based CRC screening 

among the higher socioeconomic status will only be known aft er 

the randomized controlled trials comparing colonoscopy with 

FOBT are published ( 28 ).

  Th e results of this study should be interpreted in the context 

of its strengths and limitations. Unlike previous studies that used 

survey data, which are subject to recall and response bias, this 

study used data from several previously validated administrative 

health databases ( 12,13,29,30 ). Th is is an observational study and 

therefore may be prone to bias from unrecognized or unmeas-

ured factors. As some FOBTs performed in rural and northern 

Manitoba are not captured by Medical Claims, the analysis was 

limited to Winnipeg, which may limit the generalizability of the 

results. We were not able to distinguish between colonoscopies/

FS performed for diagnostic purposes vs. those performed for 

the screening of asymptomatic individuals—prior studies sug-

gest that the indication for endoscopy cannot be reliably dis-

cerned in administrative health-care data or even from reports 

by patients ( 31 ). We used DA-level income as a proxy measure for 

individual-level income, which may have attenuated the associa-

tion between individual income and CRC screening due to the 

misclassifi cation of a few individual’s actual income. However, 

DAs are the smallest unit for which census data are collected 

(2,100 DAs in Manitoba with ~700 persons per DA), are more 

homogeneous than other units, and prior provincial studies have 

shown a substantial correlation between a person’s neighborhood 

(DA) average income and a self-reported household income 

( 32–35 ). Finally, in 1995, more individuals were missing income 

data because, at that time, census data were reported by an enu-

meration area, and 29.6% of enumeration areas in Manitoba were 

below the minimum required for reporting and thus suppressed 

( 36 ). Th is improved in 2001 when DAs were implemented.

  In conclusion, in a universal health-care setting with an organ-

ized screening program, CRC screening increased over time, 

although disparities by income persisted. Tailored CRC screening 

materials may be required to improve CRC participation. Resource 

implications dictate that FOBT be the preferred test for popula-

tion-based CRC screening in Canada.
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