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Colorectal cancer (CRC) continues to be the second most com-
mon cause of cancer deaths in North America (1), although 

many of these deaths could be prevented by removal of precancerous 
precursor lesions or by detection of CRC at early and curable stages 
(2,3). Although there has been a recent emphasis on lowering the 
incidence of CRC, reduction in CRC mortality is the primary object-
ive of CRC screening activities. An apparent increase in incidence is 
witnessed after the initiation of screening programs due to the identi-
fication of prevalent cases and, subsequently, due to overdiagnosis of 
indolent cases, inherent in most screening activities (4). Hence, CRC 

mortality remains the primary outcome of interest for public health 
programs aiming to reduce the burden of CRC and, accordingly, was 
the focus of the present study.

Exploring geographical variation in CRC mortality and predictors 
of CRC mortality could help in developing risk-tailored approaches for 
CRC screening by rapidly expanding CRC screening programs. 
Several studies have investigated the variation in CRC mortality 
among small geographical areas, but few explored the effect of socio-
economic factors in jurisdictions with universal health care systems 
such as Canada (5,6). Universal health care systems are expected to 
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Objective: To investigate the geographical variation and small 
geographical area level factors associated with colorectal cancer 
(CRC) mortality. 
Methods: Information regarding CRC mortality was obtained from 
the population-based Manitoba Cancer Registry, population counts 
were obtained from Manitoba’s universal health care plan Registry and 
characteristics of the area of residence were obtained from the 2001 
Canadian census. Bayesian spatial Poisson mixed models were used to 
evaluate the geographical variation of CRC mortality and Poisson 
regression models for determining associations with CRC mortality.  
Time trends of CRC mortality according to income group were plotted 
using joinpoint regression.
Results: The southeast (mortality rate ratio [MRR] 1.31 [95% CI 
1.12 to 1.54) and southcentral (MRR 1.62 [95% CI 1.35 to 1.92]) 
regions of Manitoba had higher CRC mortality rates than suburban 
Winnipeg (Manitoba’s capital city). Between 1985 and 1996, CRC 
mortality did not vary according to household income; however, 
between 1997 and 2009, individuals residing in the highest-income 
areas were less likely to die from CRC (MRR 0.77 [95% CI 0.65 to 
0.89]). Divergence in CRC mortality among individuals residing in 
different income areas increased over time, with rising CRC mortality 
observed in the lowest income areas and declining CRC mortality 
observed in the higher income areas. 
Conclusions: Individuals residing in lower income neighbour-
hoods experienced rising CRC mortality despite residing in a jurisdic-
tion with universal health care and should receive increased efforts to 
reduce CRC mortality. These findings should be of particular interest 
to the provincial CRC screening programs, which may be able to 
reduce the disparities in CRC mortality by reducing the disparities in 
CRC screening participation.
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La variation géographique et les facteurs associés à 
la mortalité causée par le cancer colorectal dans un 
système de santé universel

OBJECTIF : Examiner la variation géographique et les facteurs liés à 
une petite région géographique associés à la mortalité causée par le can-
cer colorectal (CCR). 
MÉTHODOLOGIE : Les chercheurs ont obtenu l’information relative 
à la mortalité causée par le CCR dans le Registre du cancer du Manitoba 
(un registre en population), le décompte de la population dans le registre 
d’assurance-maladie universelle du Manitoba et les caractéristiques des 
régions de résidence dans le recensement du Canada de 2001. Ils ont 
utilisé des modèles bayésiens mixtes de Poisson avec généralisation spa-
tiale pour évaluer la variation géographique de la mortalité causée par le 
CCR et des modèles de régression de Poisson pour déterminer les associa-
tions avec la mortalité causée par le CCR. Ils ont consigné les tendances 
de la mortalité causée par le CCR dans le temps selon le groupe de revenu 
d’après la régression Joinpoint.
RÉSULTATS : Les régions du sud-est (ratio des taux de mortalité [RTM] 
1,31 [95 % IC 1,12 à 1,54) et du centre-sud (RTM 1,62 [95 % IC 1,35 à 
1,92]) du Manitoba présentaient des taux de mortalité causée par le CCR 
plus élevés que la région suburbaine de Winnipeg (capitale du Manitoba). 
Entre 1985 et 1996, le taux de mortalité causée par le CCR ne variait 
pas selon le revenu familial, mais entre 1997 et 2009, les personnes qui 
habitaient dans les régions au revenu le plus élevé étaient moins suscep-
tibles de mourir d’un CCR (RTM 0,77 [95 % IC 0,65 à 0,89]). La diver-
gence du taux de mortalité causée par le CCR chez les personnes qui 
habitent dans des régions aux revenus variés augmentait au fil du temps, 
le taux de mortalité causée par le CCR s’accroissant dans les régions à 
faible revenu et diminuant dans les régions au revenu le plus élevé. 
CONCLUSIONS : Les personnes qui habitaient dans des quartiers à 
faible revenu présentaient un taux de mortalité croissant causée par le 
CCR, même si le système de santé universel était offert dans leur terri-
toire de compétence et aurait dû s’associer à plus d’efforts pour réduire la 
mortalité causée par le CCR. Ces observations devraient susciter l’intérêt 
des programmes provinciaux de dépistage du CCR, qui pourront peut-
être réduire les disparités en matière de mortalité causée par le CCR en 
atténuant les écarts de participation au dépistage du CCR.
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provide equitable access to health care services to different sections of 
the population and, thereby, reduce disparities in disease outcomes 
such as CRC mortality. Review of outcomes in such health care sys-
tems is of increasing relevance, even to the jurisdictions without such 
systems (such as the United States) because they are initiating pro-
grams aiming to increase health care coverage in their populations. 

Manitoba, a central Canadian province, has a universal health care 
plan without premiums that covers all residents irrespective of their age 
or socioeconomic status (SES) (7). In addition, efforts are continuously 
made to reduce any potential disparities in access to health care services 
across the province (eg, providing diagnostic imaging such as computed 
tomography scanning and onsite chemotherapy at remote areas in the 
province). We hypothesized that CRC mortality rates would be compar-
able across the different socioeconomic strata in the province and would 
change at a comparable rate over time.

The objectives of the current study were to determine the geo-
graphical and temporal variation in CRC mortality in Manitoba and 
to identify population-level factors associated with CRC mortality.

Methods
Data sources and study measures
Manitoba is a central Canadian province with a relatively stable popu-
lation (1.11 million in 1985 and 1.21 million in 2009). Manitoba 
Health is the publicly funded health insurance agency providing com-
prehensive universal health insurance to all residents of Manitoba 
(except inmates, and members of the Armed Forces and Royal 
Canadian Mounted Police) and maintains a population registry of 
permanent residents in the province. The population registry is a 
demographic, vital status and migration status database, and was used 
to determine the population size and distribution across the province.  

Information regarding deaths from CRC was obtained from the 
Manitoba Cancer Registry (MCR), a population-based database act-
ively recording all cancers diagnosed in residents of the province since 
1956. Reporting to the MCR is mandated by law. The coding and 
capture of cancer data are audited regularly by the North American 
Association of Central Cancer Registries and the Canadian Cancer 
Registry. The quality of the MCR data is high, with consistently high 
levels of reporting completeness and histological verification (8,9). 
The MCR receives reports from Manitoba Vital Statistics on cause of 
death and investigates and documents all cases in which the reported 
cause of death is cancer.

Information regarding cause and date of death was obtained from 
the MCR for all Manitoba residents who died from CRC between 
1985 and 2009, and who had a diagnosis of CRC. Cases of CRC  were 
identified using International Classification of Diseases, Ninth Revision, 
Clinical Modification (ICD-9-CM) codes 153.0-153.4, 153.6-154.1 
and 159.0 (for cases diagnosed before 2002) and ICD-10-CA codes  
C18.0, C18.2-C18.9, C19, C20 and C26.0 (from 2002 onward). Also 
included were CRC patients whose cause of death was listed as 
another cancer (lung, liver, primary unknown) but had no record of 
diagnosis of a cancer other than CRC.  

There are differences in the biology and phenotype of CRC occur-
ring in the proximal (upper/right) part of the colon compared with 
those occurring in the distal (lower/left) colon (10,11). Several recent 
studies suggest that in routine clinical practice, all commonly used 
CRC screening tests are less effective in reducing proximal CRC inci-
dence and mortality (12-15). The incidence of CRC occurring in the 
proximal part of the colon has been increasing in Canada (16). 
Therefore, geographical variation in mortality due to proximal colon 
CRCs (cancers occurring in and proximal to the splenic flexure) and 
distal colon CRCs (cancers distal to the splenic flexure) were deter-
mined separately. To determine the CRC subsite, the subsite at the 
time of cancer diagnosis as recorded in the MCR was used. 

A combination of the six-digit postal code and the municipal code 
of residence at time of diagnosis was used to geocode each CRC death 
to one of the 230 neighbourhoods in Winnipeg (average population 
during the study years 653,100) or to one of the 268 municipalities in 

rural Manitoba (average population during the study years 500,977). 
For the population included in the denominator, the residential codes 
used were those recorded on July 1 of each year. These 498 areas were 
the geographical units used in the analyses. Areas within Winnipeg – 
the only urban centre in Manitoba with a population >50,000 – were 
considered to be urban. All other areas were considered to be rural. 
Sociodemographic characteristics, such as mean household income, 
proportion of recent immigrants, Jewish ethnicity (increased CRC 
incidence has been reported in some studies among those of Jewish 
ethnicity [17]), visible minority status and unemployment status, were 
obtained for each area from the 2001 Canadian census microdata files.  

Statistical analysis
To visualize geographical variation in CRC mortality, a spatial Poisson 
mixed model was used to calculate age- and sex-standardized rates, 
using the 1991 general Canadian population as the standard. To con-
trol for potentially unstable rate estimates resulting from small case 
counts in areas with small populations, rate estimates were smoothed 
using Bayesian spatial Poisson hierarchical models incorporating two 
random variables indicating geographical variation and any other 
unspecified variation across study areas (15). Using hierarchical mod-
els, the mortality  rate in each area is smoothed by pooling information 
from the neighbouring areas to generate stable rate estimates (18). 
Details of the Bayesian models used in this analysis are discussed else-
where (19). The deviance information criterion was used for model 
diagnostics. ArcGIS version 10.0 (Environmental Systems Research 
Institute, USA) was used to produce choropleth maps of rates.

To model the relationship between CRC mortality and the charac-
teristics of the geographical units, two approaches were taken, both 
using age- and sex-adjusted Poisson regression models. First, a series of 
Bayesian Poisson regression models were implemented for each char-
acteristic with adjustment for age and sex to control for differences in 
demographic structures. Second, a saturated Bayesian Poisson regres-
sion model containing multiple predictor variables was developed. All 
models were fitted to individual cases, whereby cases were assigned the 
ecological characteristics (eg, average income level) of the geograph-
ical unit to which they were geocoded. Variables were categorized 
using Jenks natural breaks classification method, which attempts to 
find natural break points in the data when identifying category cut-offs 
(20). In the saturated model, a variable for the region of residence in 
the province (Winnipeg urban core; Winnipeg areas outside the urban 
core [suburban]; Northern Manitoba, Southwestern Manitoba, 
Southcentral Manitoba; and Southeastern Manitoba) was included. 
Some of the ecological variables, such as the proportion of Jewish or 
visible minorities and urban/rural residence, were not included in the 
saturated model to avoid multicollinearity. Potential overdispersion in 
the models was managed by incorporating a random variable to cap-
ture unspecified variation across small areas. The results are based on 
posterior probability and presented as mortality rate ratios (MRR) and 
corresponding 95% credible intervals (equivalent to confidence inter-
vals in non-Bayesian analyses). The WinBUGS software package 
(MRC Biostatistics unit, Institute of Public Health, United Kingdom) 
was used for all Bayesian analyses.

All analyses (choropleth maps and regression models) were separ-
ately repeated for proximal and distal colon CRC mortality and for 
two different periods (1985 to 1996; 1997 to 2009). The year 1997 has 
been previously noted to be the year with potentially sharper increase 
in CRC screening in the province (16) and the year at which CRC 
mortality started decreasing in Canada (21).  

To further explore the findings of the main Bayesian analyses, the 
linear time trends of CRC mortality in the different income groups 
were assessed by the Joinpoint Regression program developed by SEER 
(Surveillance Epidemiology and End Results, National Cancer 
Institute, USA). The average annual percentage changes (APC) in 
CRC mortality were calculated. The APC gives the estimated average 
annual rate of change in the rates and is equal to 100*(em−1), in 
which m is the slope of the corresponding regression line. The P value 
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presented with the APC estimates assesses the statistical significance 
of the estimates slope derived from the log-linear regression model. 
Pairwise comparability tests were performed to compare the different 
sets of trend data (22).

Results
The number of deaths from CRC totalled 7249 between 1985 and 
2009, with an average of 25.1 fatalities per 100,000 population per 
year (Table 1). The number of deaths from distal and proximal colon 
CRCs was 4008 and 2408, respectively. The annual mortality rates (per 
100,000) from distal colon CRC ranged from 10.5 in 1989 to 16.8 in 
2004, and for proximal colon CRC from 5.4 in 1986 to 10.9 in 2007. 
Men ≥70 years of age had the highest CRC mortality rates, regardless 
of the site of CRC in the colon (Table 1). The differences in rates 
between men and women were smaller for deaths due to proximal 
colon CRC than for distal colon CRC.

The choropleth maps depict the smoothed rates of CRC mortality 
across Manitoba, which ranged between 8.1 to 43.2 (per 100,000) in 
1985 to 2009 (Figure 1). The highest CRC mortality rates were 
observed in the Northcentral part of Winnipeg and in rural areas in 
Southwestern and Eastern Manitoba, while Northern Manitoba had 
the lowest CRC mortality rates. Mortality rates from distal colon CRC 
ranged from 4.1 to 23.3 (per 100,000), with the highest distal colon 
CRC mortality rates in the northern part of Winnipeg and in discrete 
rural areas in eastern Manitoba (data not shown). The mortality rates 
from proximal colon CRC (1985 to 2009) ranged from 1.6 to 14.6 (per 
100,000), with the highest rates observed in discrete areas of southern 
Winnipeg (data not shown). The mortality rates (overall, proximal 
colon and distal colon CRC) across Manitoba for the two different 
time periods 1985 to 1996 and 1997 to 2009 suggested that in the 
second time period of the study, there was an increase in the CRC 
mortality in the northern part of the province and in the northern part 
of Winnipeg (an area with higher proportion of immigrants from 
Southeast Asia and Indian subcontinent).

Overall, CRC mortality rates tended to decrease for both men and 
women over the study period (Table 2). However, changes in rates dif-
fered substantially depending on the mean household income of the  

area where individuals resided. Although men and women residing in 
areas with the highest annual income (>$85,000) had higher CRC 
mortality in the 1980s than those residing in the other neighbourhoods, 
they had a significant decrease in CRC mortality between 1985 and 
2009 (APC approximately −1.8%), while those residing in areas 
with the lowest annual income (<$47,000) experienced an 
increase (APC men 1985 to 2009:  +0.95; APC women 1985 to 
1992: +8.07 and 1992 to 2009: +0.04) (Table 2; Figures 2A and 2B). 
The pairwise comparability tests suggest that the trend for the lowest 
income group was statistically significantly different than that of the 
other two income groups.

In the age- and sex-adjusted Poisson regression models for CRC 
mortality 1985 to 2009, the overall, proximal colon and distal colon 
CRC mortality rates among those living in the highest-income areas 

Figure 1) Smoothed colorectal cancer mortality rates (per 100,000) (all sites 
combined), province of Manitoba and city of Winnipeg, Manitoba, 1985 to 
2009, age- and sex-adjusted to the 1991 Canadian population

Table 1
Colorectal cancer mortality counts and rates (per 100,000) according to site, sex and age, 1985 to 2009

Age group, 
years

Overall mortality Distal colon Proximal colon
Female Male Female Male Female Male

Count Rate Count Rate Count Rate Count Rate Count Rate Count Rate
Overall 3411 23.4 3838 26.9 1695 11.6 2313 16.2 1262 8.6 1146 8.0
<50 139 1.4 169 1.6 84 0.8 106 1.0 44 0.4 47 0.4
50–69 906 32.1 1348 49.7 515 18.2 863 31.8 317 11.2 369 13.6
≥70 2366 155.7 2321 228.8 1096 72.1 1344 132.5 901 59.3 730 72.0

Table 2
Time trends in overall colorectal cancer mortality rate according to sex and income

Annual income, $ Time period APC (P)
Pairwise  

comparisons
P for pairwise comparisons*

Coincident Parallel
Men
All 1985–2009 −0.41 (0.48)
   <47,000 (low) 1985–2009 +0.95 (0.03) Low versus high <0.01 0.01
   47,000 to 85,000 (average) 1985–2009 −0.44 (0.19) Low versus average <0.01 <0.01
   >85,000 (high) 1985–2009 −1.83 (0.03) Average versus high 0.04 0.15
Women
All 1985–2009 −0.24 (0.37)
   <47,000 (low) 1985–1992 +8.07 (0.01) Low versus high 0.01 0.02

1992–2009 +0.04 (0.94)
   47,000 to 85,000 (average) 1985–2009 −0.63 (0.05) Low versus average <0.01 <0.01
   >85,000 (high) 1985–2009 −1.86 (0.07) Average versus high 0.38 0.20

*The test of coincidence assesses whether two Joinpoint regression functions are identical and the test of parallelism assesses whether the two regression mean 
functions are parallel
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were approximately 20% lower than those residing in the lowest-
income areas (Table 3). There was no relationship to recent immigrant 
status or higher visible minorities’ status. Areas with higher proportion 
of individuals of Jewish ethnicity did not experience increased CRC 
mortality. Individuals residing in the southern parts of the province 
had higher rates of death from proximal colon CRC.

The saturated Poisson regression analysis suggested that between 
1985 and 2009, the highest CRC mortality rates occurred in South-
central Manitoba (MRR 1.62) and Southeastern Manitoba (MRR 
1.31) (regions of the province with higher proportion of individuals of 
Dutch-German Mennonite ethnic descent and farming communities) 
(Table 4). While the mean household income was not associated with 
CRC mortality rate in 1985 to 1996, areas with higher income experi-
enced lower CRC mortality in 1997 to 2009. The impact of income 
was similar for deaths due to distal colon CRC and deaths due to 
proximal colon CRC. Geographical areas with a higher proportion of 
recent immigrants had lower CRC mortality; this reduction was essen-
tially related to lower mortality due to distal colon CRC. 

Discussion
The present analysis highlights that individuals residing in higher-
income areas in Manitoba experienced a decrease in CRC mortality 
over the study period while people residing in lower income areas 
experienced an increase. In the mid-1980s, individuals residing in 
lower income areas had lower mortality rates from CRC than people in 
higher income areas, which reversed over time.

We are not aware of a similar analysis in Canada, but comparable 
observations have been  reported from the United States (5). Saldana-
Ruiz et al (5) reported that before 1980, people living in counties with 
higher average SES were at greater risk for dying from CRC than 

individuals living in counties with lower SES. In that study, the gradient 
also reversed direction over time. Our initial hypothesis was that income 
would not be significantly associated with the risk of dying from CRC in 
Manitoba because of the universal health care system and because of 
efforts to diminish social inequity in the province. Far from supporting 
that notion, our results suggest a disconcerting scenario of widening SES 
gap in CRC mortality over time. In their study, Saldana-Ruiz et al (5) 
suggest that a framework of fundamental social causes (“resources that 
can be used to avoid risks or to minimize the consequences of disease 
once it occurs” [23]), including “money, knowledge, status and avail-
ability of social support” (5) may be used to understand gaps in health 
outcomes such as CRC mortality. The framework predicts that when a 
new resource becomes available (eg, screening for cancer), it will be 
more readily accessed by people who already have resources, leading to 
earlier and more rapid reduction in disease incidence and mortality in 
that group. Our results suggest that this framework could also be applic-
able to a jurisdiction with a universal health care system.The widening 
gap in CRC mortality among socioeconomic groups could be due to 
earlier access to knowledge regarding screening among the higher 
income groups. A recent report from Ontario (24) suggests that the 
inequities in CRC screening participation according to SES in Ontario 
may have increased between 2005 and 2011, despite the launch of 
province-wide CRC screening program in 2008.

Our observation that the differences with income were no more 
marked for deaths from distal colon CRC suggests there may be addi-
tional contributing factors because CRC screening in usual clinical 

Figure 2) A Time trends of overall colorectal cancer mortality among men in 
different income groups (1985 to 2009), joinpoint regression analysis. B Time 
trends of overall colorectal cancer mortality among women in different income 
groups (1985 to 2009); joinpoint regression analysis

Table 3
Age- and sex-adjusted Poisson regression analyses of 
colorectal cancer (CRC) mortality, 1985 to 2009

All CRC Distal colon Proximal colon
Region (Manitoba)
Urban* 1.03 (0.98–1.0) 1.02 (0.95–1.09) 1.07 (0.98–1.17)
Rural 1.00 (–) 1.00 (–) 1.00 (–)
Winnipeg  
   (excl core)

1.00 (–) 1.00 (–) 1.00 (–)

Winnipeg core 0.95 (0.85–1.06) 0.82 (0.71–0.95) 1.21 (0.96–1.51)
Northern 0.89 (0.78–1.01) 0.80 (0.68–0.94) 1.12 (0.86–1.44)
Southwestern 1.09 (0.97–1.21) 0.94 (0.81–1.08) 1.43 (1.14–1.78)
Southcentral 1.19 (1.07–1.34) 1.04 (0.89–1.19) 1.54 (1.23–1.93)
Southeastern 0.98 (0.88–1.08) 0.86 (0.76–0.98) 1.27 (1.03–1.56)
Annual income, $ 
<47,000 1.00 (–) 1.00 (–) 1.00 (–)
47,000 to  
   85,000

0.89 (0.84–0.94) 0.84 (0.78–0.90) 0.96 (0.87–1.06)

>85,000 0.80 (0.72–0.88) 0.79 (0.69–0.90) 0.79 (0.65–0.93)
Unemployment rate, %
<9 1.00 (–) 1.00 (–) 1.00 (–)
9 to <19 1.12 (1.05–1.21) 1.22 (1.11–1.33) 1.00 (0.88–1.14)
19 to 35 1.09 (0.97–1.21) 1.28 (1.11–1.46) 0.69 (0.54–0.88)
Recent immigrants, %
<9 1.00 (–) 1.00 (–) 1.00 (–)
9 to <20 0.97 (0.92–1.02) 0.94 (0.87–1.00) 1.06 (0.97–1.16)
20 to <40 0.95 (0.88–1.01) 0.93 (0.85–1.02) 1.06 (0.93–1.19)
Jewish ethnicity, %
<4 1.00 (–) 1.00 (–) 1.00 (–)
4 to <13 1.01 (0.90–1.13) 0.87 (0.73–1.02) 1.20 (0.98–1.43)
13 to <30 0.84 (0.72–0.88) 0.85 (0.68–1.04) 0.87 (0.65–1.12)
Visible minorities, %
<6 1.00 (–) 1.00 (–) 1.00 (–)
6 to <19 1.06 (1.00–1.11) 1.04 (0.97–1.11) 1.12 (1.02–1.23)
19 to <48 0.98 (0.91–1.05) 0.99 (0.90–1.09) 1.01 (0.89–1.14)

Data presented as mortality rate ratio (95% CI). *Urban-rural differences were 
evaluated in a separate model. excl Excluding
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Table 4
Adjusted saturated Poisson regression analysis of colorectal cancer (CRC) mortality

Time period Parameter
All CRC Distal colon Proximal colon

MRR 95% CI MRR 95% CI MRR 95% CI
1985–2009 Region (Manitoba)

   Winnipeg excluding core 1.00 – 1.00 – 1.00 –
   Winnipeg core 1.03 0.90–1.18 0.96 0.81–1.13 1.04 0.82–1.32
   Northern 1.00 0.86–1.16 0.99 0.81–1.18 0.96 0.73–1.24
   Southwestern 1.13 0.99–1.30 1.04 0.87–1.22 1.22 0.95–1.54
   Southcentral 1.62 1.35–1.92 1.50 1.19–1.87 1.39 1.01–1.87
   Southeastern 1.31 1.12–1.54 1.33 1.08–1.63 1.11 0.84–1.46
Annual income, $ 
   <47,000 1.00 – 1.00 – 1.00 –
   47,000 to 85,000 0.95 0.89–1.01 0.91 0.83–1.00 0.95 0.85–1.07
   >85,000 0.84 0.75–0.94 0.85 0.73–0.99 0.76 0.61–0.92
Unemployment rate, %
   <9 1.00 – 1.00 – 1.00 –
   9 to <19 1.00 0.92–1.09 1.10 0.98–1.22 0.89 0.76–1.03
   19 to 35 1.06 0.92–1.23 1.17 0.96–1.40 0.71 0.52–0.94
Recent immigrants, %
   <9 1.00 – 1.00 – 1.00 –
   9 to <20 0.82 0.74–0.91 0.76 0.66–0.87 1.04 0.86–1.24
   20 to <40 0.71 0.62–0.80 0.68 0.57–0.79 0.93 0.74–1.15

1985–1996 Region (Manitoba)
   Winnipeg excluding core 1.00 – 1.00 – 1.00 –
   Winnipeg core 1.11 0.89–1.36 1.25 0.92–1.67 1.03 0.68–1.52
   Northern 1.15 0.90–1.44 1.51 1.09–2.07 0.95 0.59–1.47
   Southwestern 1.33 1.08–1.64 1.56 1.15–2.09 1.39 0.93–2.02
   Southcentral 1.94 1.46–2.50 2.20 1.47–3.10 1.47 0.85–2.40
   Southeastern 1.55 1.21–1.97 2.02 1.41–2.77 1.08 0.66–1.69
Annual income, $ 
   <47,000 1.00 – 1.00 – 1.00 –
   47,000 to 85,000 1.04 0.94–1.15 1.00 0.88–1.15 0.99 0.83–1.19
   >85,000 1.03 0.86–1.21 1.04 0.81–1.29 1.00 0.73–1.33
Unemployment rate, %
   <9 1.00 – 1.00 – 1.00 –
   9 to <19 1.02 0.90–1.16 1.17 0.98–1.38 0.87 0.68–1.09
   19 to 35 0.86 0.66–1.08 0.91 0.63–1.25 0.27 0.13–0.48
Recent immigrants, %
   <9 1.00 – 1.00 – 1.00 –
   9 to <20 0.82 0.70–0.95 0.77 0.61–0.94 1.07 0.79–1.40
   20 to <40 0.71 0.58–0.85 0.70 0.54–0.88 0.90 0.63–1.26

1997–2009 Region (Manitoba)
   Winnipeg excluding core 1.00 – 1.00 – 1.00 –
   Winnipeg core 1.06 0.90–1.25 0.94 0.76–1.17 1.04 0.76–1.13
   Northern 0.98 0.81–1.17 0.88 0.69–1.11 0.91 0.64–1.28
   Southwestern 1.11 0.93–1.30 0.93 0.74–1.16 1.10 0.80–1.50
   Southcentral 1.48 1.19–1.83 1.34 0.98–1.79 1.28 0.83–1.87
   Southeastern 1.23 1.01–1.48 1.16 0.88–1.50 1.07 0.73–1.53
Annual income, $
   <47,000 1.00 – 1.00 – 1.00 –
   47,000 to 85,000 0.88 0.81–0.96 0.83 0.74–0.94 0.92 0.79–1.08
   >85,000 0.77 0.65–0.89 0.77 0.63–0.94 0.68 0.52–0.87
Unemployment rate, %
   <9% 1.00 – 1.00 – 1.00 –
   9 to <19 0.99 0.88–1.11 1.05 0.91–1.22 0.92 0.75–1.13
   19 to 35 1.34 1.12–1.60 1.41 1.11–1.77 1.07 0.75–1.47
Recent immigrants, %
   <9 1.00 – 1.00 – 1.00 –
   9 to <20 0.84 0.73–0.95 0.76 0.63–0.91 1.06 0.84–1.33
   20 to <40 0.74 0.63–0.89 0.98 0.55–0.84 1.00 0.75–1.30

CI Credible interval; MRR Mortality rate ratio
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practice is more effective in preventing deaths from distal colon CRC 
(12). These factors may include changes over time in CRC lifestyle 
risk factors (eg, obesity), receipt of treatment and survival after CRC 
diagnosis, and should be investigated. The important implication of 
the fundamental social causes framework for policy makers includes 
significantly more emphasis when introducing new organized screen-
ing programs and treatments on ensuring equal uptake among lower 
socioeconomic groups. To the best of our knowledge, the Canadian 
provincial CRC screening programs have not, to date, made extra 
efforts to encourage CRC screening among lower SES groups. Our 
results, combined with that from the recent study from Ontario (24), 
emphasize the urgent need for such efforts. We suggest that all recently 
established Canadian provincial CRC screening should investigate 
the SES inequities in CRC screening participation in their jurisdic-
tions and develop measures to reduce any such disparities.

In the saturated regression models, we found that southcentral and 
southeastern regions in the province had a higher CRC mortality rate.  
Differences in the ethnic composition of the populations could be 
contributing to this pattern. There are a higher proportion of individ-
uals of Dutch-German Mennonite ethnic descent in these regions. A 
specific genetic  mutation  has been described in several families of 
Mennonite background in Manitoba (25), which has been associated 
with Lynch syndrome, a hereditary syndrome with very high risk for 
developing CRC. Although a 40% to 60% lifetime risk of CRC has 
been suspected in families with this mutation (26), we do not know 
the prevalence of this mutation in our population. Additional studies 
should investigate the reasons for the regional variations in CRC mor-
tality and assess whether there are variations in CRC incidence, stage 
at presentation and survival after CRC diagnosis.

It is interesting to note that areas with higher proportions of recent 
immigrants had lower mortality rates from CRC in the analysis 
adjusted for income, but not in the analysis adjusted for age and sex 
only. This finding may have some implications for the CRC screening 
programs, which may be concerned about potentially lower rates of 
CRC screening among the immigrant populations. Our results suggest 
the focus should be on areas with lower income, irrespective of the 
proportion of recent immigrants among their inhabitants.

The results of our study should be interpreted in the context of its 
strengths and limitations. We used Bayesian Poisson mixed models to 
obtain stable rate estimates for areas with small case counts. We used 
the population-based MCR, which has been found to have very high 
data quality (8,9). We accessed the Manitoba Population Registry, 
which is regularly updated and, hence, had comprehensive follow-up. 
Our multiple regression analysis to determine the effect of average 
household income included variables indicating different regions of 
the province, thereby adjusting for potential regional variations in 
delivery of health care. The cause-of-death data from Manitoba Vital 
Statistics was supplemented by the data on CRC mortality by an algo-
rithm to identify additional cases of CRC mortality. The routine, care-
ful evaluation of each cancer death by the Manitoba Cancer Registry 
has enabled us to develop and use such an algorithm in this and previ-
ous studies (12). 

On the other hand, the present study was an ecological analysis 
and additional studies are needed to confirm its findings. Although 
previous studies from Manitoba have shown a substantial correlation 
between self-reported household income and an individual’s neigh-
bourhood average income (27), the increase in CRC mortality among 
those residing in the lowest income neighbourhood found in the 
present study should be interpreted in the context of average neigh-
bourhood household income and suggests the potential importance of 
focusing on lower-income neighbourhoods. The present study was 
observational in nature, a study design that has the potential for resid-
ual confounding by unmeasured or unrecognized factors. We were not 
able to evaluate the effect of ethnicity independent of income. We 
used the data from a single census year (2001) to determine the eco-
logical characteristics. However, most important variables, such as 
relative average neighbourhood income, have not changed over time. 

We did not adjust our analyses for CRC stage at diagnosis because for 
most of the study, period stage information was not collected reliably 
by the Registry (routinely collected from 2004 onward). However, 
stage is likely a mediator of the effects of SES differences on mortality; 
therefore, adjusting for it will only serve to explain at least some of the 
differences, but will not change the conclusions.
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