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Colorectal cancer (CRC) is the most common cause
of cancer-related death among nonsmokers in
North America. In 2004 an estimated 19 200

Canadians will receive a diagnosis of CRC and 8400 will
die from the disease.1 Although the age-standardized inci-
dence and mortality of CRC have been decreasing, the
number of new cases is increasing because of the growing
size of the elderly population.

CRC screening reduces the incidence and disease-
specific mortality,2–6 is cost-effective7,8 and is endorsed by

many professional societies.9–15 In 1994 the Canadian Task
Force on the Periodic Health Examination (now the Can-
adian Task Force on Preventive Health Care) concluded
that there was insufficient evidence to support CRC
screening in asymptomatic people over the age of 40
years.16 In the 2001 update of these guidelines9 fecal occult
blood testing (FOBT) every 1 or 2 years or flexible sigmoi-
doscopy every 5 years was recommended for screening av-
erage-risk people 50 years of age or older; there was judged
to be insufficient evidence to support colonoscopy as the
initial screening test. Despite these endorsements the use of
CRC screening remains suboptimal.17–19

The Canadian health care system covers all medically
necessary services without user fees. Although equity has
been achieved in certain areas,20,21 low socioeconomic status
(SES) is associated with a lower rate of use of cardiovascu-
lar procedures22,23 and screening tests for breast and cervical
cancer.24–26 It is unknown whether SES affects the receipt of
CRC screening investigations. This study assessed the asso-
ciation of neighbourhood income (a marker of SES) with
the receipt of colorectal investigations in people eligible for
screening who lived in Ontario.

Methods

Data were obtained from the Ontario Registered Persons
Database (RPDB), the Ontario Health Insurance Plan (OHIP)
database and the Canadian Institute for Health Information
(CIHI) database. The RPDB contains demographic information
on all Ontario residents ever covered under OHIP. The OHIP
database records all physician claims in Ontario. The CIHI data-
base contains diagnostic and procedural information on all pa-
tients discharged from hospitals and same-day surgery units.
These databases have high rates of reliability for demographic, di-
agnostic and procedural information.27

Inclusion and exclusion criteria for the study cohort are sum-
marized in Box 1. People aged 50 to 70 years living in Ontario on
Jan. 1, 1997, who had a valid OHIP number were identified in
the RPDB. Those who in the previous 5 years had had CRC, in-
flammatory bowel disease or colorectal investigation were ex-
cluded. The remainder approximated a cohort at average risk of
CRC. People with missing geographic or suppressed income data
were excluded.
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Abstract

Background: Although the Canadian health care system was de-
signed to ensure equal access, inequities persist. It is not
known if inequities exist for receipt of investigations used to
screen for colorectal cancer (CRC). We examined the associa-
tion between socioeconomic status and receipt of colorectal
investigation in Ontario.

Methods: People aged 50 to 70 years living in Ontario on Jan. 1,
1997, who did not have a history of CRC, inflammatory bowel
disease or colorectal investigation within the previous 5 years
were followed until death or Dec. 31, 2001. Receipt of any
colorectal investigation between 1997 and 2001 inclusive was
determined by means of linked administrative databases. In-
come was imputed as the mean household income of the per-
son’s census enumeration area. Multivariate analysis was per-
formed to evaluate the relationship between the receipt of any
colorectal investigation and income.

Results: Of the study cohort of 1 664 188 people, 21.2% received
a colorectal investigation in 1997–2001. Multivariate analysis
demonstrated a significant association between receipt of any
colorectal investigation and income (p < 0.001); people in the
highest-income quintile had higher odds of receiving any col-
orectal investigation (adjusted odds ratio [OR] 1.38; 95% con-
fidence interval [CI] 1.36–1.40) and of receiving colonoscopy
(adjusted OR 1.50; 95% CI 1.48–1.53).

Interpretation: Socioeconomic status is associated with receipt of
colorectal investigations in Ontario. Only one-fifth of people
in the screening-eligible age group received any colorectal in-
vestigation. Further work is needed to determine the reason for
this low rate and to explore whether it affects CRC mortality.
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A longitudinal record was created, and each person was fol-
lowed until death or Dec. 31, 2001. People were classified as liv-
ing in urban or rural areas according to 1996 Statistics Canada
Census definitions28 applied to the postal code of the primary ad-
dress. Health status on Jan. 1, 1997, was assessed with the Deyo
score, as follows. Weights were assigned for specific comorbid
conditions (e.g., myocardial infarction, diabetes mellitus without
complications, renal disease), and a score was calculated for each
person in the cohort with the use of codes of the International
Classification of Diseases, 9th revision, recorded in the hospital
discharge abstracts between Jan. 1, 1992, and Dec. 31, 1996, ac-
cording to the method described by Deyo, Cherkin and Ciol.29

With this approach, a score of 0 indicates no comorbidity, and
higher scores denote higher levels of comorbidity.

People who received any colorectal investigation (FOBT,
barium-enema radiography, sigmoidoscopy, colonoscopy) were
identified in both the OHIP and CIHI databases; Appendix 1
lists the procedural and diagnostic codes. Using administrative

data, one cannot distinguish between screening and diagnostic
investigations; however, identifying these procedures in an
average-risk population approximates identifying screening
procedures.

Because personal income is not included in Ontario adminis-
trative databases, we used 1996 Statistics Canada Census data to
calculate the mean household income of the enumeration area in
which the person lived. An enumeration area is the geographic
area canvassed by 1 census representative; in 1996 the number of
dwellings in each enumeration area varied from 125 to 440. The
enumeration areas were classified into quintiles, each containing
approximately 20% of the Ontario population, that were based on
the mean household income: $34 370 for the first quintile,
$47 792 for the second, $56 244 for the third, $65 949 for the
fourth and $95 066 for the fifth. Census data have previously been
used as a surrogate for personal income.21–23,26,30,31

We used analysis of variance (for continuous variables) and χ2

tests (for categorical variables) to determine if any statistically sig-
nificant difference existed across income quintiles and between
the group that received colorectal investigations and the group
that did not. We used multivariate logistic regression to evaluate
the independent association of income and receipt of any investi-
gation, adjusting for age, sex, location of primary address (rural or
urban) and the Deyo score; we calculated 95% confidence inter-
vals (CIs) for each value. We performed separate analyses for peo-
ple who received colonoscopy and those who did not. The level of
statistical significance was set at p < 0.05.

We obtained approval for the study from the Sunnybrook and
Women’s College Health Sciences Centre Research Ethics
Board.

Results

Of the 1 810 702 people in the inception cohort, 3.2%
had missing geographic data, and 4.9% had suppressed in-
come data. The remaining 1 664 188 (91.9%) constituted
the study cohort.

The mean age of the study cohort was 58.6 years, 49.9%
were male, 14.3% lived in rural areas, and 91% had a Deyo
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Box 1: Inclusion and exclusion criteria for the
study cohort

Inclusion criteria
Age 50 to 70 years inclusive on Jan. 1, 1997

Valid Ontario Health Insurance Plan number

Living in Ontario, Canada, on Jan. 1, 1997

Registered in the Ontario Registered Persons Database

Exclusion criteria

Colorectal cancer diagnosed between Jan. 1, 1992,
and Dec. 31, 1996

Inflammatory bowel disease between Jan. 1, 1992,
and Dec. 31, 1996

Colorectal investigation between Jan. 1, 1992, and
Dec. 31, 1996

Missing or invalid address or suppressed income data

Table 1: Baseline characteristics of the study cohort (n  = 1 664 188)

Income quintile

Variable 1 2 3 4 5 p value*

Mean income, Can$ 34 370 47 792 56 244 65 949 95 066
No. (and %) of people 314 988 (18.9) 335 054 (20.1) 338 799 (20.4) 328 922 (19.8) 346 425 (20.8)
Age, mean (and SD), yr 59.0 (6.1) 59.1 (6.1) 58.8 (6.1) 58.4 (6.0) 58.0 (6.0) < 0.001
Male, % 48.6 49.2 49.9 50.8 51.1 < 0.001
Rural residence, % 15.4 22.9 18.7 11.4   3.5 < 0.001

Deyo score,† % < 0.001

0 89.1 89.8 90.6 91.5 92.9
1   5.9   5.5   5.1   4.6   3.7

2   3.0   2.9   2.7   2.5   2.3

≥ 3   2.0   1.8   1.6   1.4   1.1

Note: SD = standard deviation.
*In analysis of variance for continuous variables and χ2 tests for categorical variables.
†Determined by summing weights for comorbid conditions, as coded in hospital discharge abstracts between Jan. 1, 1992, and Dec. 31, 1996, for each person in the cohort,
according to the method described by Deyo et al.29
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score of 0. There were no imbalances in age, sex or Deyo
score between the groups with and without complete data.
During follow-up, 151 854 died.

Table 1 summarizes the baseline characteristics of the
study cohort. For all demographic characteristics there
were small differences among the income quintiles: people
in higher-income quintiles tended to be younger, be male,
live in urban areas and have a lower Deyo score.

Table 2 compares the 21.2% of the study cohort who
received any colorectal investigation during the follow-up
period with those who did not. There were small but sig-
nificant differences between the 2 groups: those who re-
ceived any colorectal investigation tended to be older, be
female, live in urban areas and have a higher Deyo score.
Of those who received any colorectal investigation, a
greater proportion had higher incomes.

Table 3 displays the results of the multivariate analysis
for receipt of any colorectal investigation in the follow-up
period. Higher age, female sex, urban residence and a
moderate Deyo score (1 or 2) were independent predic-
tors of receiving colorectal investigations. After adjust-
ment for all variables, people in higher-income quintiles
had increased odds of receiving any colorectal investiga-
tion. Those in the highest-income quintile had 1.38
higher odds of receiving any investigation than those in
the lowest.

Table 4 displays the results of the multivariate analysis
for receipt of colonoscopy in the follow-up period. Higher
age, female sex and rural residence were independent pre-
dictors of receiving colonoscopy. After adjustment for these
variables, people in higher-income quintiles had increased
odds of receiving colonoscopy. Those in the highest-
income quintile had 1.50 higher odds of receiving colo-
noscopy than those in the lowest.

Interpretation

We observed a marked association between income and
receipt of colorectal investigations in a screening-eligible
age group in Ontario. Increased income was associated
with 1.38 higher odds of receiving any colorectal investiga-
tion and 1.50 higher odds of receiving colonoscopy. In ad-
dition, during a 5-year period about one-fifth of people in
the screening-eligible age group in Ontario received any
colorectal investigation. As we could not distinguish
screening from diagnostic investigations, this value repre-
sents the upper extent of CRC screening.

Despite universal health care, Canadians of higher SES
still have greater access to certain medical procedures than
Canadians of lower SES;22–26 our findings add to the earlier
work. In addition, the rate of screening for CRC in Ontario
is low; in the United States in 2001, by comparison, about
20% of the population received FOBT, and 43% had un-
dergone lower endoscopy in the previous 10 years.18

Screening rates may be suboptimal owing to factors affect-
ing decision-making by physicians19,32–35 and patients.36–40

Universal health insurance alone may not reduce SES dif-
ferences in health care;41 organized screening programs
may be necessary to reduce the disparity.26

It is important to acknowledge the limitations of our
methodology. First, our results do not pertain strictly to
screening, because administrative databases do not distin-
guish screening from diagnostic investigations. To approxi-
mate an average-risk cohort, we studied people in the
screening-eligible age group who had no history of previ-
ous CRC, inflammatory bowel disease or colorectal investi-
gations. Although not perfect, our analysis reasonably esti-
mated the receipt of screening investigations. For certain,
the proportion screened was less than 21%. Second, al-

Socioeconomic status and receipt of colorectal investigations in Ontario

Table 2:  Comparison of those who received any colorectal investigation* between
Jan. 1, 1997, and Dec. 31, 2001, and those who did not

Variable Any investigation No investigation p value*

No. (and %) of people 352 930 (21.2) 1 311 258 (78.8)
Age, mean (and SD), yr 59.2 ( 6.1) 58.5 ( 6.1) < 0.001
Male, % 48.6 50.3 < 0.001

Rural residence, % 13.8 14.4 < 0.001
Deyo score, % < 0.001

0 89.7 91.1
1   5.7   4.7

2   3.1   2.6

≥ 3   1.5   1.6

Income quintile, % < 0.001
1 16.7 19.5
2 19.3 20.4

3 20.4 20.4
4 20.4 19.6
5 23.3 20.2

*Fecal occult blood testing, barium-enema radiography, sigmoidoscopy, colonoscopy.



though census data have been used as a surrogate for per-
sonal income in the past, total wealth may be a more ap-
propriate marker of financial resources in the elderly.
Finally, our main outcome was receipt of colorectal investi-

gations, not quality of life, survival or death. Previous work
has demonstrated a small improvement in survival rates for
patients of higher SES with CRC in Ontario.42 It will be
important to determine whether a decreased risk of death
from CRC was conferred on the people who received colo-
rectal investigations in our cohort.

In conclusion, inequities in receipt of colorectal investi-
gations exist in Ontario. In addition, fewer than 21% of
people in the screening-eligible age group were screened
for CRC between 1997 and 2001. Further work is neces-
sary to determine why this disparity exists, explore its ef-
fects on CRC mortality and move forward with an orga-
nized screening program to improve CRC screening.
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Table 3: Results of multivariate logistic regression analysis for
receipt of any colorectal investigation in the follow-up period
(n  = 1 664 188)

Variable
Unadjusted OR
(and 95% CI)

Adjusted OR
(and 95% CI)

Age 1.02 (1.02–1.02) 1.02 (1.02–1.02)
Sex

Female 1.00 1.00
Male 0.93 (0.93–0.94) 0.93 (0.92–0.94)

Primary residence
Urban 1.00 1.00
Rural 0.95 (0.94–0.96) 0.98 (0.97–1.00)

Deyo score
0 1.00 1.00
1 1.22 (1.20–1.24) 1.20 (1.18–1.22)
2 1.21 (1.18–1.23) 1.16 (1.14–1.19)

≥ 3 1.01 (0.98–1.04) 0.97 (0.94–1.00)

Income quintile
1 1.00 1.00
2 1.11 (1.10–1.12) 1.10 (1.10–1.12)
3 1.17 (1.15–1.18) 1.18 (1.16–1.19)
4 1.22 (1.20–1.23) 1.24 (1.22–1.25)
5 1.35 (1.33–1.36) 1.38 (1.36–1.40)

Note: OR = odds ratio, CI = confidence interval.

Table 4: Results of multivariate logistic regression analysis
for receipt of colonoscopy in the follow-up period
(n = 1 664 188)

Variable
Unadjusted OR
(and 95% CI)

Adjusted OR
(and 95% CI)

Age 1.018 (1.018–1.019) 1.017 (1.016–1.018)
Sex

Female 1.00 1.00
Male 0.95 (0.94–0.96) 0.94 (0.93–0.95)

Primary residence
Urban 1.00 1.00
Rural 1.16 (1.14–1.18) 1.22 (1.20–1.24)

Deyo score
0 1.00 1.00
1 1.40 (1.36–1.43) 1.37 (1.34–1.41)
2 1.38 (1.34–1.42) 1.33 (1.29–1.37)

≥ 3 1.31 (1.26–1.37) 1.27 (1.22–1.33)

Income quintile
1 1.00 1.00
2 1.14 (1.12–1.16) 1.12 (1.10–1.14)
3 1.17 (1.14–1.19) 1.17 (1.15–1.19)
4 1.21 (1.18–1.23) 1.24 (1.22–1.26)
5 1.42 (1.40–1.45) 1.50 (1.48–1.53)
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Appendix 1: Procedural and diagnostic codes

Classification Code

OHIP procedural codes
Fecal occult blood testing L181, G004
Barium-enema radiography
Single-contrast X112
Double-contrast X113
Sigmoidoscopy
Rigid Z535
Rigid + biopsy Z536
Flexible; 60-cm scope Z580
Flexible to splenic flexure Z580 + E740
Colonoscopy
To hepatic flexure Z555 + E740 + E741
To cecum Z555 + E740 + E741 + E747
To terminal ileum Z555 + E740 + E741 + E747 + E705
CIHI CPP procedural codes
Sigmoidoscopy 01.24
Colonoscopy 01.2, 01.22
CIHI ICD-9 diagnostic codes
Colorectal cancer 153.0 to 153.4, 153.6 to 154.1
Inflammatory bowel disease
Ulcerative colitis 556, 556.0 to 556.9
Crohn’s disease 555, 555.0 to 555.9

Note: OHIP = Ontario Health Insurance Plan, CIHI = Canadian Institute for Health
Information, CPP = Canadian Classification of Diagnostic, Therapeutic, and Surgical
Procedures, ICD-9 = International Classification of Diseases, 9th revision.


