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Influence of chronic comorbidities on colorectal 

cancer screening adherence in Ontario, Canada: 

A population-based cohort study
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• Regular CRC screening is associated with improved survival.

• Ontario ColonCancerCheck: Canada’s first province-wide

organized CRC screening program launched in April 2008.

• 2001 Canadian Task Force on Preventive Healthcare guideline:

In Canada, colorectal cancer (CRC) is:

FOBT
every 2 years

Sigmoidoscopy
every 5 years

Colonoscopy
every 10 years

For average-risk adults aged 50-74 years:

Abbreviation: FOBT=fecal occult blood test
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• Diabetes
• Heart disease
• Renal disease
• Chronic respiratory disease
• Metabolic syndrome

?

To determine if having certain chronic conditions and the number

of comorbidities are associated with a lower rate of becoming

adherent with CRC screening.

• Design: Population-based

retrospective cohort study using

province-level linked healthcare

administrative databases.

• Population: Ontario residents

aged 50-74 y eligible and due

for screening between April 1,

2004 and March 31, 2016.

• Chronic conditions: validated algorithms for diabetes, congestive

heart failure (CHF), chronic obstructive pulmonary disease

(COPD), end-stage renal disease (ESRD), cardiovascular disease

(CVD), mental illness, hypertension.

• Comorbidity: count 1-4 of diabetes, CHF, COPD, ESRD.

• Outcome: relative rate (RR) of repeatedly becoming adherent

with CRC screening throughout study period.

• Statistical analysis: Andersen-Gill (AG) recurrent events

regression model with age time scale, counting process data

structure, and robust sandwich variance estimator.

7,383,101 Ontarians aged 50-74  y between 
April 1, 2004-March 31, 2016

4,642,422 Ontarians ever non-adherent with CRC 
screening during study period

4,782,718 Ontarians eligible for routine CRC screening 
during study period

Excluded:
140,296 Ontarians always adherent with CRC 
screening during study period

Excluded:

697,607 less than 10 y of OHIP eligibility

13,827 non-Ontario residents

324,927 history of malignant cancer

5,415 total colectomy 

11,162 history of IBD

6,087 LTC residents

156,497 history of dementia

FINAL COHORT

Table 1. Baseline characteristics (at index date).

VARIABLE EVER NON-ADHERENT ALWAYS ADHERENT
Age (mean ± SD) 55.7 ± 7.3 58.2 ± 9.0

Male sex (n, %)* 2,311,060 (49.8) 65,618 (46.8)

Immigrant or refugee (n, %)* 491,999 (10.6) 12,092 (8.6)

Lowest income quintile (n, %) 830,764 (17.9) 21,643 (15.4)

Highest income quintile (n, %) 1,021,861 (22.0) 35,509 (25.3)

Rural residence (n, %) 630,055 (13.6) 18,328 (13.1)

# PCP visits (mean ± SD) 7.9 ± 9.8 12.3 ± 11.5

# specialist visits (mean ± SD) 0.9 ± 3.5 1.8 ± 4.9

Diabetes (n, %) 535,998 (11.5) 3,542 (2.5)

ESRD (n, %) 4,783 (0.1) 232 (0.2)

COPD (n, %) 418,051 (9.0) 2,737 (2.0)

CHF (n, %) 72,390 (1.6) 913 (0.7)

CVD (n, %) 232,682 (5.0) 12,267 (8.7)

Hypertension (n, %) 1,438,044 (31.0) 20,004 (14.3)

Mental illness (n, %) 325,780 (7.0) 13,484 (9.6)

# comorbidities*: 1-4 (n, %) 909,850 (19.6) 7,066 (5.0)

Total (n, %) 4,642,422 140,296

Total person-years of follow-up 19,818,050 –

All chi-square p<.0001; *Baseline-fixed covariates; all unmarked are time-varying (updated annually using a 2y look-back)

Index date
• Never screened (50th bday)
• > 2 y since last FOBT
• > 5 y since last FS
• > 10 y since last CS

Age at Screen 1
0

Age at Screen 2

Discontinuous risk interval

Adherent period

Cohort re-entry

FOBT FS CS

2 y 5 y 10 y

Censoring criteria:
1. Age ≥ 75 y
2. Loss of OHIP eligibility
3. Total colectomy
4. Admission to LTC
5. Diagnosis of cancer, IBD, or dementia
6. Death
7. March 31, 2016

Abbreviations: OHIP=Ontario Health Insurance Plan; LTC=long-term care; IBD=inflammatory bowel disease

Non-
adherent Adherent

Increased CRC burden in individuals with chronic conditions:

Figure 1. Cohort identification.
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Figure 2. AG regression: Individual chronic conditions.

Figure 3. AG regression: Number of major comorbidities.

Referent category=no condition of interest or comorbidity=0; all covariates are time-varying, except sex and migration status (baseline-fixed).
Multivariable models adjusted for all sociodemographic factors, # primary care and specialty visits, primary care model type, time of organized program launch 
(April 2008), and number of prior screening events (Markov assumption); all p<.0001, except ESRD with kidney transplantation (p=.9546)

3rd most commonly-

diagnosed cancer:

13% of new cancers
2nd leading cause of 

cancer-related death:

12% of cancer deaths

Ethics statement: Institutional review boards at the Sunnybrook Health Sciences

Centre and the University of Toronto have approved this study.
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• Having major chronic disease is associated with ↓ CRC screening rate.

• ↑ number of comorbidities is associated with ↓ CRC screening rate.

• Future studies should explore reasons for and appropriateness of lower

screening rates in individuals with chronic conditions and comorbidities.

Cancer 
screening

Chronic disease 
management

CRC-specific 
mortality

All-cause 
mortality

VS.Lack of screening benefit?Competing/fragmented care? VS.


