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Abstract
Aims/hypothesis Diabetes is associated with an increased incidence of colorectal cancer (CRC). There exists conflicting
evidence regarding the impact of diabetes on CRC-specific mortality (herein also referred to as cancer-specific mortality). The
objectives of this study were to determine whether diabetes is associated with a more advanced CRC stage at diagnosis and with
higher all-cause and cancer-specific mortality.
Methods This retrospective cohort study used linked, population-based health databases from Ontario, Canada. Among indi-
viduals diagnosed with CRC from 2007 to 2015, we compared the likelihood of presenting with later- (III or IV) vs early- (I or II)
stage CRC between patients with and without diabetes adjusting for relevant covariates. We then determined the association
between diabetes and all-cause and CRC-specific mortality, after adjusting for CRC stage at diagnosis and other covariates.
Results Of the 44,178 individuals with CRC, 11,822 (26.7%) had diabetes. After adjustment for CRC screening and other
covariates, individuals with diabetes were not more likely to present with later-stage CRC (adjusted OR 0.97, 95% CI 0.93,
1.01). Over a median follow-up of 2.63 (interquartile range [IQR] 0.97–5.10) years, diabetes was associated with higher all-cause
mortality (adjusted HR 1.08, 95% CI 1.04, 1.12) but similar cancer-specific survival (adjusted HR 1.0, 95% CI 0.95, 1.06).
Conclusions/interpretation Individuals with diabetes who develop CRC are not more likely to present with a later stage of CRC
and have similar cancer-specific mortality compared with those without diabetes. Diabetes was associated with higher all-cause
mortality in CRC patients, indicating that greater attention to non-cancer care is needed for CRC survivors with diabetes.
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Abbreviations
CCO Cancer Care Ontario
CHF Congestive heart failure
CRC Colorectal cancer

FOBT Faecal occult blood test
GI Gastrointestinal
IQR Interquartile range
MI Myocardial infarction
MOHLTC Ministry of Health and Long-Term Care
OCR Ontario Cancer Registry
OHIP Ontario Health Insurance Plan
ORG Office of the Registrar General

Introduction

Diabetes is associated with an increased incidence of several
cancers, particularly malignancies of the colorectum, endome-
trium and breast [1–7]. Colorectal cancer (CRC) is the third
most commonly diagnosed cancer, representing over 6% of all
cancers globally [8]. While the association between diabetes
and cancer has been partly attributed to detection bias [1, 9], a
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recent European cohort study found that individuals with diabe-
tes had an increased risk of gastrointestinal cancers compared
with controls even after applying a 1 year lag period to adjust
for detection bias [10]. The presence of insulin resistance and
compensatory hyperinsulinaemia has been proposed as a mech-
anism of increased cancer risk, through the tumour growth-
promoting effects of insulin and IGF-1 [11].

Diabetes has also been associated with increased all-cause
mortality after cancer diagnosis, with the strongest relation-
ship seen for colorectal, breast and endometrial cancers [12].
However, the extent to which diabetes affects cancer vs non-
cancer mortality risk is uncertain, particularly for CRC. Some
studies have shown decreased cancer-specific survival for
diabetes patients with CRC [13, 14], whereas two studies
found that diabetes status was not associated with a worse
CRC-specific mortality [15, 16]. These conflicting results
may be a reflection of methodological variations, differences
in populations studied and heterogeneity in diabetes care, as
well as in geographical locations in which previous studies
were conducted.

One of the most important prognostic factors in CRC is
stage at diagnosis [17]. CRC may be curable in stages I, II
and III, with 10 year CRC-specific survival rates estimated at
89%, 80% and 63%, respectively [18]. Stage IV CRC is not
curable, with a significantly poorer 10 year survival rate of
approximately 10% [18, 19]. Evidence suggests that overall
cancer screening rates may be lower among individuals with
diabetes, which may lead to later cancer detection and more
advanced stage at diagnosis [20]. For example, we and others

have shown that women with diabetes have lower breast and
cervical cancer screening rates [21–24], and more advanced-
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stage breast cancer [25] compared with women without diabe-
tes. Evidence regarding CRC cancer screening rates among
people with diabetes is more conflicting [20, 24, 26, 27]. It is
estimated that up to 14% of individuals with CRC have
comorbid diabetes, up to 40% of whom have both diabetes
and cardiovascular disease [28]. This underscores the need for
a better understanding of how diabetes affects CRC and non-
CRC mortality risk to guide appropriate interventions.

In light of this knowledge gap, we sought to determine
whether people with diabetes who develop CRC are more
likely to present with a later stage at diagnosis than those
without diabetes, and the overall impact of diabetes on all-
cause and CRC-specific mortality (herein also referred to as

cancer-specific mortality) after accounting for differences in
stage at diagnosis and other potential confounders.

Methods

Data sources and setting This study used population-based,
linked health administrative databases from Ontario, Canada,
which include the health records of over 13 million residents
covered by the universal healthcare insurance programme.We
used the Cancer Care Ontario (CCO) and Ontario Cancer
Registry (OCR) datasets to identify individuals with CRC,
determine CRC stage at diagnosis and capture cancer-

Table 1 Baseline characteristics
of study cohort Variable Total

(n = 44,178)
No diabetes
(n = 32,356)

Diabetes
(n = 11,822)

Std diff

Mean agea ± SD (years) 68.7 ± 12.7 67.6 ± 13.3 71.7 ± 10.5 0.35

Median agea (IQR, years) 70 (60–79) 68 (58–78) 73 (65–80) 0.32

<40 years 797 (1.8) 761 (2.4) 36 (0.3) 0.18

40–49 years, n (%) 2701 (6.1) 2426 (7.5) 275 (2.3) 0.24

50–59 years, n (%) 7507 (17.0) 6165 (19.1) 1342 (11.4) 0.22

60–69 years, n (%) 11,620 (26.3) 8386 (25.9) 3235 (27.4) 0.03

70–79 years, n (%) 12,255 (27.7) 8148 (25.2) 4107 (34.7) 0.21

80+ years, n (%) 9298 (21.0) 6470 (20.0) 2828 (23.9) 0.09

Age ≥50 yearsa, n (%) 40,680 (92.1) 29,169 (90.1) 11,511 (97.3) 0.30

Male sex, n (%) 24,613 (55.7) 17,420 (53.8) 7193 (60.8) 0.14

Rural residence, n (%) 6489 (14.7) 4757 (14.7) 1732 (14.7) 0

Income quintile, n (%)

1 (lowest) 8683 (19.7) 6061 (18.7) 2622 (22.2) 0.09

2 9124 (20.7) 6515 (20.1) 2609 (22.1) 0.05

3 8854 (20.0) 6510 (20.1) 2344 (19.8) 0.01

4 8753 (19.8) 6526 (20.2) 2227 (18.8) 0.03

5 (highest) 8612 (19.5) 6644 (20.5) 1968 (16.6) 0.10

Any PC visit in 2 years prior
to CRC diagnosis, n (%)

42,924 (97.2) 31,236 (96.5) 11,688 (98.9) 0.16

Up-to-date CRC screening, n (%) 16,010 (36.2) 11,352 (35.1) 4658 (39.4) 0.09

FOBT 10,695 (24.2) 7666 (23.7) 3029 (25.6) 0.04

Sigmoidoscopy 5030 (11.4) 3480 (10.8) 1550 (13.1) 0.07

Colonoscopy 6719 (15.2) 4632 (14.3) 2087 (17.7) 0.09

History of comorbidity 5 years before CRC diagnosis, n (%)

Stroke 336 (0.8) 179 (0.6) 157 (1.3) 0.08

MI 1174 (2.7) 614 (1.9) 560 (4.7) 0.16

CHF 974 (2.2) 440 (1.4) 534 (4.5) 0.19

Diabetes duration in years

Mean ± SD 9.1 ± 6.3 9.1 ± 6.3

Median (IQR) 8 (4–14) 8 (4–14)

Incident diabetes, n (%) 1781 (4.0) 1781 (15.1)

a Age at CRC diagnosis

Significance denoted by standard difference equal to or greater than 0.1

PC, primary care; Std diff, standard difference
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specific deaths. These are robust databases with high capture
rates of cancer; for example, the OCR captures 99% of cancer
cases in Ontario [29]. Non-cancer deaths were captured by the
Registered Persons Database (RPDB) that is enriched with
death registry records. Health services use was determined
using data from the Canadian Institute for Health
Information Discharge Abstract Database/Same-Day Surgery
database (CIHI-DAD/SDS) and the Ontario Health Insurance
Plan (OHIP) physician billing claims database. The validated
Ontario Diabetes Database (ODD) was used to identify indi-
viduals with diagnosed types 1 and 2 diabetes based on physi-
cian claims and hospital discharge abstracts with a positive
predictive value of 80% [30]. These datasets were linked,
anonymised, encoded and analysed at ICES. This study was
approved by the Research Ethics Board of Sunnybrook
Hospital (Toronto, ON, Canada).

Study design and population This retrospective cohort study
included all Ontario men and women aged 18 years and older
diagnosed with CRC between 1 January 2007 and 31
December 2015, for whom data on cancer stage at diagnosis
was available. This study was limited to Ontario residents who

had health insurance coverage for at least 10 years prior to the
date of CRC diagnosis to capture prior CRC screening history.
Individuals with CRC stage 0 (‘in situ’) and those with inflam-
matory bowel disease, previous bowel resection, previous
cancer and residing in long-term or complex continuing care
were excluded, as CRC detection patterns and cancer-specific
mortality may differ in these patients.

Exposure and covariates The main exposure was pre-existing
diabetes at the time of CRC diagnosis. Diabetes was then
further characterised as either prevalent diabetes (diabetes
duration of at least 2 years) or incident diabetes (diabetes
duration of less than 2 years) to isolate the effect of chronic
(prevalent) from newly diagnosed (incident) diabetes on CRC
stage and cancer-specific mortality.

The following covariates were recorded at baseline: age at
CRC diagnosis, sex, median neighbourhood income quintile,
urban vs rural residence, number of primary care visits in the
2 years prior to CRC diagnosis, comorbidities (including
stroke, myocardial infarction [MI], congestive heart failure
[CHF]) and CRC screening history. Screening history was
categorised as up-to-date or not prior to the CRC diagnosis

Table 2 Logistic regression
comparing likelihood of later-
stage (stage III or IV) vs early-
stage (stage I or II) CRC at diag-
nosis between diabetes (all, inci-
dent, prevalent) and no diabetes,
adjusted and unadjusted analysis

Unadjusted Adjusted 1 Adjusted 2

Diabetes OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

All 0.89 (0.85, 0.93) <0.0001 0.97 (0.93, 1.01) 0.1596 0.98 (0.94, 1.02) 0.2911

Incident 0.91 (0.83, 1) 0.0458 0.96 (0.87, 1.05) 0.3553 0.96 (0.87, 1.06) 0.3984

Prevalent 0.89 (0.85, 0.93) <0.0001 0.97 (0.93, 1.02) 0.2234 0.98 (0.93, 1.03) 0.3912

Incident diabetes, duration ≤2 years; prevalent diabetes, duration >2 years

Adjusted 1: adjusted for year of diagnosis, age at diagnosis, sex, income quintile, number of primary care visits in
the 2 years prior to CRC diagnosis, history of MI and CHF

Adjusted 2: adjusted for year of diagnosis, age at diagnosis, sex, income quintile, number of primary care visits in
the 2 years prior to CRC diagnosis, history of MI and CHF, excluding patients <50 years of age
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period (at least 6 months before CRC diagnosis) as per
Canadian screening guidelines operational during our study
period [31]. Individuals were considered up-to-date if they
have had at least one of the following: (1) faecal occult blood
test (FOBT) within 2 years to 6 months, (2) sigmoidoscopy
within 5 years to 6 months or (3) colonoscopy within 10 years
to 6 months prior to CRC diagnosis. Indications for endosco-
py were not captured by our databases. We considered these
tests performed within 6 months of CRC diagnosis as poten-
tially diagnostic in nature and excluded them from CRC
screening history. While FOBT itself is not considered a diag-
nostic test, a positive FOBT may trigger colonoscopy or other
follow-up investigations and a subsequent diagnosis of CRC.
In fact, Ontario provincial guidelines currently recommend
that a positive FOBT be followed up by colonoscopy within
8 weeks [32].

Outcomes The primary outcome was CRC stage at diagnosis
(categorical: stage I, II, III or IV), which was evaluated in a
cross-sectional manner as a binary outcome categorised as
early-stage (I and II) or later-stage (III and IV). The secondary
outcomes were time to cancer-specific mortality and time to
all-cause mortality. For these outcomes, patients were follow-
ed from CRC diagnosis until death. Patients alive at the end of
the study period were censored at that time. Patients without
diabetes were censored if they developed diabetes during the
study period.

Statistical analysis The distributions of baseline characteristics
among our study cohort were explored, and differences in the
distributions between individuals with and without diabetes

were compared using standardised differences. For the primary
outcome, we performed a cross-sectional analysis using multi-
variable logistic regression to compare the odds of having a
later-stage vs early-stage of CRC at diagnosis between patients
with and without diabetes. Models were adjusted for covariates
with greater than 10% standardised difference between diabetes
and no diabetes groups as well as year of CRC diagnosis. These
covariates included age at diagnosis, sex, income quintile,
healthcare utilisation (contact with primary care), and comor-
bidities including MI and CHF. We adjusted for year of CRC
diagnosis as this is a known confounder between prevalent
diabetes and mortality risk. We also tested for interactions
between sex and diabetes, and for screening history and diabe-
tes to determine whether the effect of diabetes on CRC stage
was modified by cancer screening.

To examine all-cause mortality, we implemented multivar-
iable Cox proportional hazards regression. The main exposure
in the model was the presence or absence of diabetes at CRC
diagnosis and adjustment was made for the above covariates
(Model 1), and additionally for CRC stage at diagnosis
(Model 2). CRC-specific mortality was examined using multi-
variable cause-specific hazards regression, where non-CRC
deaths were considered a competing risk.

For all analyses, we conducted a sensitivity analysis
excluding patients under age 50 years as they are ineligible
for routine CRC screening under OHIP and thus may have
different detection patterns. We also repeated all analyses
stratified by sex and tumour location (proximal and distal
CRC). All analyses were performed using SAS 9.4, SAS
Institute Inc., Cary, NC, USA. Statistical significance was
defined as a p value of <0.05.

Table 3 Hazard ratios comparing
all-cause and CRC-specific
mortality between diabetes (all,
incident, prevalent) and no
diabetes

Unadjusted Model 1 Model 2

Diabetes HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value

All-cause mortality

All 1.21 (1.17, 1.26) <0.0001 1.08 (1.04, 1.12) <0.0001 1.12 (1.08, 1.16) <0.0001

Incident 1.05 (0.97, 1.14) 0.185 1.01 (0.93, 1.09) 0.8422 1.02 (0.94, 1.1) 0.7152

Prevalent 1.24 (1.2, 1.29) <0.0001 1.09 (1.05, 1.14) <0.0001 1.14 (1.09, 1.18) <0.0001

CRC-specific mortalitya, b

All 1.02 (0.97, 1.07) 0.4019 1.00 (0.95, 1.06) 0.9169 1.04 (0.99, 1.10) 0.1326

Incident 0.97 (0.87, 1.08) 0.5814 0.95 (0.85, 1.06) 0.3562 0.97 (0.86, 1.08) 0.5609

Prevalent 1.03 (0.98, 1.09) 0.2551 1.01 (0.96, 1.07) 0.6367 1.06 (1.00, 1.12) 0.0572

Control participants are censored if they developed diabetes during the observation period. Results shown for all
diabetes, incident diabetes (duration ≤2 years), and prevalent diabetes (duration >2 years)
a Taking into account competing risks of death
bHRs represent the cause-specific HR

Model 1: adjusted for year of diagnosis, age at diagnosis, sex, income quintile, number of primary care visits in the
2 years prior to CRC diagnosis, history of MI and CHF

Model 2: adjusted for year of diagnosis, age at diagnosis, sex, income quintile, number of primary care visits in the
2 years prior to CRC diagnosis, history of MI and CHF and CRC stage at diagnosis
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Results

Baseline characteristicsWe identified 56,389 individuals who
were diagnosed with CRC between 2007 and 2015. After
removing the 12,211 patients (22%) who met exclusion
criteria, 44,178 individuals (78%) were included in the final
analysis (Fig. 1).

As indicated by Table 1, 11,822 (26.7%) individuals in the
cohort had diabetes at baseline, and 24,613 of the cohort
(55.7%) were male. Individuals with diabetes were signifi-
cantly older than those without diabetes at CRC diagnosis
(median [IQR] 73 [65–80] vs 68 [58–78] years). Individuals
with diabetes were more likely to visit a primary care physi-
cian 2 years prior to CRC diagnosis, and 38.6% of eligible
cohort members had an up-to-date CRC screening history at
6 months before CRC diagnosis. CRC screening rates were
comparable between the two groups. People with diabetes

were more likely to have a history of cardiovascular disease
than those without diabetes.

CRC stage at diagnosis Of the 44,178 patients who were diag-
nosed with CRC, 8763 (19.8%), 12,611 (28.5%), 14,298
(32.4%) and 8506 (19.3%) presented with stage I, II, III and
IV, respectively (Fig. 2). Of the 11,822 patients with diabetes,
5973 (50.5%) presented with early-stage (I or II) CRC and
5849 (49.5%) presented with later-stage CRC (III or IV). Of
the 32,356 patients without diabetes, 15,401 (47.6%) present-
ed with early-stage and 16,955 (52.4%) presented with later-
stage CRC.

Individuals with diabetes were more likely to present with
early-stage CRC compared with individuals without diabetes
(OR 0.89, 95% CI 0.85, 0.93, p < 0.0001). Given the
standardised difference for CRC screening was only 0.09
(<10%), we did not adjust for this in our main analyses.

0

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.50

0 1 2 3 4 5 6 7 8 9

C
u
m

u
la

ti
v
e
 i
n
c
id

e
n
c
e
 o

f 
a
ll
-
c
a
u
s
e
  
m

o
r
ta

li
ty

 (
%

)

Time from CRC diagnosis (years)

No diabetes Diabetes 

0

0.05

0.10

0.15

0.20

0.25

0 1 2 3 4 5 6 7 8 9

C
u
m

u
la

ti
v
e
 i
n
c
id

e
n
c
e
 o

f 
C

R
C

-
s
p
e
c
if
ic

 m
o
r
ta

li
ty

 (
%

)

Time from CRC diagnosis (years)

No Diabetes 

Diabetes 

a

b

Diabetologia (2020) 63:944–953 949

Fig. 3 (a) Cumulative incidence
of all-cause mortality for
individuals with and without
diabetes; p < 0.0001. (b)
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However, because CRC screening has an important role in
CRC stage at diagnosis, alongside the other relevant covari-
ates, we additionally adjusted for CRC screening in our anal-
ysis of CRC stage at diagnoses and found that the difference
was no longer statistically significant (adjusted OR 0.97, 95%
CI 0.93, 1.01). Findings were similar for incident and preva-
lent diabetes, and when individuals under age 50 years were
excluded (Table 2). We found no difference with respect to the
likelihood of presenting with higher stage CRC at the time of
diagnosis between men and women and between distal and
proximal CRC (electronic supplementary material [ESM]
Table 1). There were no significant interactions between
diabetes and sex or diabetes and CRC screening history.

CRC-specific and all-causemortality There were 14,785 deaths
over a median (IQR) follow-up of 2.63 (0.97–5.10) years
since CRC diagnosis in the study cohort. Of those, there were
6921 (46.8%) non-CRC deaths and 7864 (53.2%) CRC-
specific deaths. Estimated all-cause mortality was 45.4% in
people with diabetes and 42.9% in people without diabetes.
Estimated CRC-specific mortality was in 19.7% individuals
with diabetes and 19.6% in individuals without diabetes by
the end of the study period.

Individuals with diabetes had higher all-cause mortality
compared with patients without diabetes, even after adjusting
for relevant covariates (Model 1: adjusted HR 1.08, 95% CI
1.04, 1.12, p < 0.001) and additionally adjusting for CRC stage
at diagnosis (Model 2: adjusted HR 1.12, 95% CI 1.08, 1.16,
p < 0.001) (Table 3). This association was only significant for
individuals with prevalent diabetes (greater than 2 years dura-
tion) at the time of CRC diagnosis; no effect was seen for
incident diabetes (Table 3). There was no significant associa-
tion between overall diabetes and CRC-specific mortality
(Model 1: adjusted HR 1.0, 95% CI 0.95, 1.06, p = 0.92;
Model 2: adjusted HR 1.04, 95% CI 0.99, 1.1, p = 0.13).
Findings were similar after excluding individuals less than
50 years old (data not shown) and when we stratified analyses
by sex and tumour location (ESMTable 2). However, there was
a modest increase in CRC-specific mortality among patients
with prevalent diabetes after adjusting for relevant covariates
and excluding patients younger than 50 years of age (adjusted
HR 1.06, 95% CI 1.0–1.12, p = 0.04). There were no signifi-
cant interactions between diabetes and sex or diabetes and CRC
screening history. Mortality risk curves are shown in Fig. 3.

Discussion

In this large population-based study, we have shown that indi-
viduals with diabetes were not more likely to present a higher
stage of CRC at diagnosis compared with those without diabetes.
Not surprisingly, individuals with diabetes were more likely to
have comorbidities at baseline, and had higher rates of overall

mortality risk compared with individuals without diabetes.
However, after accounting for relevant covariates, CRC-
specific mortality was similar between individuals with andwith-
out diabetes.

The effect of diabetes on CRC mortality is complex. First,
there may be a biological basis for more aggressive tumour types
in individuals with diabetes with poor metabolic control.
Hyperglycaemia has been shown to increase vascular endothelial
growth factor (VEGF) signalling, which may lead to more
advanced cancers and decreased survival [33]. Second, diabetes
may affect cancer treatment choices for the same stage of CRC.
A Dutch group reported that clinicians may choose less aggres-
sive CRC treatments for people with diabetes [34]. However, this
finding has not been replicated in all studies. A large population-
basedUS study found no differencewith respect to rates of CRC-
related surgeries or chemotherapy, but did show a slightly
decreased rate of radiotherapy in individuals with CRC and
diabetes [35].

Overall, our findings are similar to those of previously
published reports. While a single-centre Taiwanese study
found higher rates of CRC-specific death among individuals
with diabetes [13], several other large studies have not
confirmed the same elevated risk [14, 35, 36]. Interestingly,
a recent population-based US study showed that in older
adults (age >67 years), there was a modestly increased CRC-
specific mortality rate only among individuals with diabetic
complications, suggesting that chronicity of metabolic
dysfunction and associated comorbidities may be important
prognostic factors in CRC [37]. Lega et al [38] previously
showed that in individuals with diabetes and breast cancer,
cancer-specific mortality risk was increased only among those
with longer diabetes duration and cardiovascular disease. Our
data show that there is a greater CRC-specific mortality risk
among individuals with prevalent diabetes compared with
incident diabetes, although this did not meet statistical signif-
icance (p = 0.057). However, this relationship becomes statis-
tically significant when we include only those eligible for
routine CRC screening. Taken together, these findings suggest
that it may be the chronicity of metabolic dysregulation rather
than diabetes itself that promotes higher cancer-specific
mortality risk in individuals with diabetes. Methodological
variations may also contribute to the current lack of consensus
in the literature regarding the impact of diabetes on CRC-
specific mortality. Luo et al [35] suggested that previous stud-
ies may have over-estimated the risk of CRC-specific death by
censoring individuals who experienced competing events.

In contrast, all-cause mortality has been consistently found to
be higher among people with CRC and concomitant diabetes
[15, 16, 35, 39]. A large meta-analysis by Barone et al found
that long-term all-cause mortality was increased in CRC patients
with pre-existing diabetes, with a pooled hazard ratio of 1.32
(1.24, 1.41) [12]. Similarly, a more recent US study showed that,
in older adults, pre-existing diabetes increased overall mortality
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risk among individuals with CRC (HR 1.2, 95% CI 1.17, 1.23)
[35]. The discrepancy between CRC-specific and all-cause
mortality has been largely attributed to increased risk of cardio-
vascular deaths among individuals with diabetes [35, 40].
Overall, our findings argue against a gap in CRC-specific
management for individuals with diabetes and suggest that a
greater focus on non-cancer care, including diabetes manage-
ment and optimisation of cardiovascular health, is needed to
improve clinical outcomes after cancer.

Previous studies reported conflicting data with respect to
cancer screening among individuals with diabetes. While
studies suggest that individuals with diabetes may have inad-
equate breast and cervical cancer screening, possibly contrib-
uting to worse clinical outcomes, the studies on the uptake of
CRC screening tests are more conflicting [20, 41–43].
Furthermore, the evidence on CRC screening in individuals
with diabetes has significant limitations resulting from low
methodological quality and many of the studies being
conducted in the USA, where access to screening may be less
equitable. A recent meta-analysis of diabetes and cancer
screening studies found that while diabetes was not associated
with lower CRC screening overall, CRC screening was signif-
icantly lower among women with diabetes compared with
those without [24]. In our study, CRC screening rates were
comparable between bothmen and women with diabetes. This
findingmay be due to greater opportunities for CRC screening
in individuals with diabetes through more frequent clinical
interactions, particularly in our universally funded healthcare
system. On the other hand, an earlier Canadian study showed
that despite having more primary care visits, fewer women
with diabetes received breast cancer screening [25]. One
possibility is that during routine diabetes follow-up, gastroin-
testinal (GI) symptoms are more likely to be noted than breast
symptoms. For example, GI symptoms may be discussed in
the context of side effects of oral hypoglycaemic agent, or
with comorbidities such as coeliac disease or gastroparesis.
Any abnormal symptoms may then trigger further investiga-
tions and GI referrals, which may include testing for CRC.

Evidence for the association between diabetes and CRC stage
at diagnosis has been mixed in the literature [44, 45]. Our data
show that stage at CRC diagnosis is similar between individuals
with and without diabetes, after adjusting for relevant covariates.
These results are corroborated by another large population-based
study, which showed no significant difference with respect to
CRC stage at diagnosis or tumour grade when comparing indi-
viduals with and without diabetes [35]. It has been suggested that
early-stage disease is more likely to be detected in those with
diabetes because of increased contact with healthcare providers,
which may bias towards a null effect of diabetes bymitigating its
potential adverse effects on cancer growth [46]. Indeed,we found
no difference in stage at CRCdiagnosis between individuals with
and without diabetes. Our results suggest that in the context of a
well-established universal healthcare system, potential negative

effects of diabetes onCRCoutcomesmay be offset by the greater
opportunities for early disease detection that are afforded by
access to regular diabetes care.

Our study has several strengths. First, the use of validated
and comprehensive registries, with high rates of disease
capture, involving data tied to physician financial reimburse-
ment allowed us to accurately identify individuals with diabe-
tes and CRC, which strengthens our conclusions. Second, use
of large, population-based datasets allowed us to minimise
potential confounders that may be problematic in studies
involving single centres or subsets of the general population,
and increases the generalisability of our data. Third, the
universal nature of the Ontario healthcare system allowed
for equitable provision of and opportunity for CRC screening,
thus removing barrier to care as a potential confounding
factor. Finally, we used a competing-risk statistical model,
which allowed us to account for multiple, mutually exclusive
events, to generate accurate survival estimates.

Several weaknesses should also be mentioned. There are
inherent biases and unmeasured confounders in a retrospective
study, which may affect our conclusions. For example, we could
not examine the effect of HbA1c, degree of diabetes control or
diabetes medication use on CRC-related outcomes. Higher
HbA1c has been shown to have negative prognostic value in
CRC [47]. The impact of diabetes treatment, such as metformin,
on risk of CRC and mortality risk outcomes has been of interest
in the literature, without definitive conclusions so far [27, 47, 48].
These clinical questions would be important to address in future
studies. In addition, we did not capture BMI, ethnicity, smoking
status, alcohol use or family history, which are all important risk
factors for CRC. While we did not directly adjust for diabetes
duration, we did subcategorise patients with diabetes into inci-
dent (diabetes duration ≤2 years) and prevalent (diabetes duration
>2 years) diabetes in order to isolate the effect of chronic meta-
bolic dysfunction onCRC-specific and overall mortality risk.We
do recognise that we may have missed some undiagnosed cases
of diabetes at the time of CRC diagnosis, but these are likely to
be small as CRC diagnosis is most often made on final patholo-
gy, after surgical or endoscopic resection, which would have
provided opportunities for diabetes detection. In addition, we
did not measure all relevant comorbidities, such as renal failure,
whichmay have CRC treatment implications and therefore affect
mortality rates. While beyond the scope of this study, incorpora-
tion of CRC treatment as a predictor of mortality risk in individ-
uals with diabetes would be helpful and could be investigated in
the future.

In summary, in this large population-based study of individ-
uals with CRC, we have demonstrated that the presence of
diabetes did not significantly affect the stage at CRC diagnosis
or cancer-specific mortality. However, individuals with diabetes
had higher all-cause mortality after a CRC diagnosis compared
with individuals without diabetes. These results underscore the
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need for a greater focus on non-cancer care to reduce mortality
risk among individuals with CRC and diabetes.
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