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Abstract
Aims/hypothesis The objective of this studywas to use Scottish
national data to assess the influence of type 2 diabetes on (1)
survival (overall and cause-specific) in multiple time intervals
after diagnosis of colorectal cancer and (2) cause of death.
Methods Data from the Scottish Cancer Registry were
linked to data from a population-based national diabetes
register. All people in Scotland diagnosed with non-

metastatic cancer of the colon or rectum in 2000–2007 were
included. The effect of pre-existing type 2 diabetes on
survival over four discrete time intervals (<1, 1–2, 3–5 and
>5 years) after cancer diagnosis was assessed by Cox re-
gression. Cumulative incidence functions were calculated
representing the respective probabilities of death from the
competing causes of colorectal cancer, cardiovascular dis-
ease, other cancers and any other cause.
Results Data were available for 19,505 people with colon or
rectal cancer (1,957 with pre-existing diabetes). Cause-
specific mortality analyses identified a stronger association
between diabetes and cardiovascular disease mortality than
that between diabetes and cancer mortality. Beyond 5 years
after colon cancer diagnosis, diabetes was associated with a
detrimental effect on all-cause mortality after adjustment for
age, socioeconomic status and cancer stage (HR [95% CI]:
1.57 [1.19, 2.06] in men; 1.84 [1.36, 2.50] in women). For
patients with rectal cancer, diabetes was not associated with
differential survival in any time interval.
Conclusions/interpretation Poorer survival observed for co-
lon cancer associated with type 2 diabetes in Scotland may be
explained by higher mortality from causes other than cancer.
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Introduction

Diabetes mellitus is a common chronic disease associated
with increased incidence of cancer at various sites (includ-
ing colon and rectum) compared with general or non-
diabetic populations [1–4]. Pre-existing diabetes at cancer
diagnosis is also associated with poorer overall survival in
patients with colorectal cancer (CRC) [5–13]. However,
investigation of cause-specific mortality in this context has
been limited, and findings have been mixed. Three studies
report a relationship between diabetes and increased CRC
mortality [11–13], although, in one of these [13], increased
CRC mortality was observed in people with diabetes who
were diagnosed with rectal cancer but not in those with
colon cancer. Two further investigations found no signifi-
cant effect of diabetes on CRC-specific mortality [8, 10].
The mixed evidence for an effect of diabetes on death
specifically from CRC suggests that the observed poorer
overall survival may reflect an increased hazard of death
from other causes. Diabetes is associated with increased
mortality from cardiovascular disease (CVD) in many
populations, but only one previous study [12] appears to
have investigated associations between pre-existing diabetes
and survival after CRC when death from CVD is defined as
the endpoint. This study reported a significant relationship
between pre-existing type 2 diabetes mellitus and higher
CVD mortality. A recent review evaluating the impact of
diabetes on mortality in patients with cancer [14] identified
the potential for death from competing causes as one of nine
key points on the pathway from cancer to death at which the
influence of diabetes may be obscured by confounding. This
review recommended that studies assessing the influence of
diabetes on long-term mortality should capture deaths from
causes other than cancer, and perform competing risk sur-
vival analyses. The study reported here conforms with these
recommendations. The main objective was to investigate
whether pre-existing type 2 diabetes in patients with cancer
of the colon or rectum was associated with the probability of
death from four general causes (CRC itself, CVD, other
cancers, and any remaining cause), while recognising the
mutually exclusive nature of these competing mortality
risks. A second objective was to assess whether pre-
existing type 2 diabetes in people diagnosed with cancer
of the colon or rectum was associated with altered overall
survival (relative to that of individuals without diabetes) in a
number of discrete time intervals after cancer was detected.

Methods

Data sources Data for all people diagnosed with either
cancer of the colon (International Classification of
Diseases–Tenth Revision [ICD10; www.who.int/

classifications/icd/en/] codes C18 and C19) or rectal cancer
(ICD10 code C20) in Scotland during 2000–2007 were
provided by the Scottish Cancer Registry [15]. Although
dictated largely by the availability of data, this period is
analytically convenient in that it broadly pre-dates the intro-
duction of national bowel cancer screening in Scotland
(implemented from June 2007 onwards), which could (by
earlier detection of CRC) potentially affect survival. For
each individual, data were limited to the chronologically
earliest tumour: the date of cancer diagnosis for a person
with multiple tumours at the affected site (colon or rectum)
was that on which the first tumour was observed. Patients
were followed-up until the earlier of date of death or 31
December 2010. Information on cancer treatment was pro-
vided by three dichotomous indicators marking receipt of
surgery, radiotherapy or chemotherapy. The socioeconomic
status (SES) of patients was represented by the Scottish
Index of Multiple Deprivation (SIMD). This is a small-
area-based measure which combines 31 individual indica-
tors across seven conceptual domains: income, employment,
health, education, housing, geographic access and crime
[16]. For the purposes of this study, SIMD scores were
expressed as quintiles, the first and fifth quintiles corre-
sponding to the least and most deprived groups in the
population, respectively. Diabetes status was identified
using a 2008 extract of the Scottish Care Information–
Diabetes Collaboration (SCI-DC) dataset [17]. This re-
source has developed over time and, by 2007, held clinical
and demographic data on more than 99% of patients with
diabetes in Scotland. Data from SCI-DC were linked to the
cancer registration records by the Information Services
Division of NHS National Services Scotland (NSS). The
linked dataset served to classify patients with CRC
according to whether they did or did not have comorbid
type 2 diabetes when cancer was detected. Cancer registra-
tion records were linked to death certificate information held
by National Records of Scotland. Scottish death records
make provision for a primary (‘underlying’) cause of death
and for up to ten secondary causes, with coding based on
ICD rules for identifying underlying cause of death from
conditions recorded on the death certificate [18]. In practice,
where both cancer and CVD are mentioned in part I of the
death certificate, then the condition mentioned first will be
identified as the underlying cause of death. Approval to
create the pseudonymised linked research database was
obtained from the Scottish multicentre research ethics com-
mittee, Caldicott Guardians of all Health Boards in
Scotland, and the Privacy Advisory Committee of NSS.

Statistical analysis For each cancer site, a Cox regression
model was fitted in which survival time was initially pre-
dic ted by age a t cancer diagnosis , and by the
presence/absence of pre-existing type 2 diabetes. A separate
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model was fitted for each sex. This stratification by sex was
motivated by the higher prevalence of diabetes and CVD in
men, and by higher CRC incidence in men than in women.
The initial model was successively refitted with the incre-
mental inclusion of additional predictors: SES (SIMD quin-
tile); cancer stage at diagnosis; and the cancer treatment
markers. For colon cancer, the latter were restricted to in-
dicators representing receipt of surgery and chemotherapy,
because radiotherapy is little used in the management of
primary colon cancer. For rectal cancer, markers for all three
treatment regimens were admitted to the model. The models
that featured the treatment markers included both main
effects and two-way interactions (e.g. surgery with chemo-
therapy), to represent the effects of treatment combinations.
Information on stage at diagnosis (Dukes’ system, stages A
to D) was missing for 19.0% of men (20.1% of women) with
colon cancer, and for 25.8% of men (31.8% of women) with
cancer of the rectum. These patients were excluded from all
analyses. Addition of the treatment indicators was only
possible for a subgroup, because these markers were not
available for all patients. In all models, the binary indicator
of diabetes status yielded an estimate of the HR associated
with comorbid type 2 diabetes. Patients with diabetes diag-
nosed subsequent to cancer during the follow-up period
were excluded from analysis. This applied to 209 of 1,086
men (19.2%) with colon cancer and type 2 diabetes, 89 of
385 men (23.1%) with rectal cancer and type 2 diabetes, 124
of 774 women (16.0%) with colon cancer and type 2 diabe-
tes, and 36 of 170 women (21.2%) with rectal cancer and
type 2 diabetes. Patients with type 1 diabetes that preceded
cancer were also excluded from analysis. The validity of the
proportional hazards assumption was checked by adding to
each initial model (i.e. that adjusted for age only) a term
representing the interaction of diabetes status with time. For
the colon cancer models, this returned p=0.004 for men and
p<0.001 for women, indicating that the assumption of pro-
portional hazards for the effect of diabetes was questionable
for both sexes. To reflect the non-constant effect of pre-
existing diabetes over time, interaction terms were defined
to represent the effect of type 2 diabetes in the following
discrete time periods after diagnosis with cancer: 0–1 year;
>1–2 years; >2–5 years; and beyond 5 years. Models were
successively refitted with each period defined as the refer-
ence interval, permitting the main effect of diabetes within
that period after cancer diagnosis to be investigated. The
assumption of proportional hazards was not violated for the
rectal cancer models, the interaction of diabetes with sur-
vival time returning p=0.290 for men and p=0.874 for
women. However, in the interests of applying a common
analytical approach, the method described for colon cancer
was also used for the rectal cancer analyses. For both sites,
visual inspection of log(−log[survival]) plots confirmed that
the proportional hazard assumption was reasonable within

each time window. Modelling was performed using the
PHREG procedure in SAS (Version 9.3; SAS Institute
Inc., Cary, NC, USA). Patients with metastatic disease
(Dukes’ stage D) were included in the main analysis, and a
sensitivity analysis was conducted by refitting all models
after exclusion of patients with metastatic cancer at
diagnosis.

To provide insight into how the influence of type 2
diabetes on cause of death behaved over time, cumulative
incidence functions (CIFs) [19, 20] were generated to rep-
resent the respective probabilities of death from CRC, CVD,
any other cancer, and all other causes combined. Cause of
death was established solely from the primary cause
recorded in death certificates. Following the approach taken
by an earlier study [13], the CRC mortality outcome includ-
ed deaths from either colon or rectal cancer. Defining CRC
mortality in this way was intended to offset any effects of
misclassification of cause of death (i.e. rectal cancer being
recorded as the underlying cause in people dying from colon
cancer and vice versa). CVD deaths comprised those in
which the primary cause of death was ischaemic heart
disease (ICD10 codes I20 to I25, I46) or cerebrovascular
disease (ICD10 codes I60 to I69). For each cause of death,
equivalence of CIFs between those with and without diabe-
tes was assessed using the test devised by Gray [21], which
evaluates the null hypothesis that CIFs for a specific event
type are identical across multiple groups. All analyses relat-
ing to CIFs were performed using the R software package
‘cmprsk’.

Results

Table 1 presents survival status, demographic and clinical
characteristics for people with colon cancer, by diabetes
status. In men with colon cancer who died during the
follow-up period, CRC was the dominant cause of death
and other cancers the second most common cause in both
groups. In women with colon cancer, other cancers was the
second most common cause of death in those without
diabetes, while CVD was the second most common cause
of death in the diabetes group. For both sexes, the pro-
portions of deaths from CVD were appreciably higher in
those with pre-existing diabetes than in those with no
diabetes. People with pre-existing type 2 diabetes were
more deprived, and older when cancer was diagnosed, than
those without diabetes. For men, cancer stage at diagnosis
was very similar regardless of diabetes status; women with
type 2 diabetes were less likely to have metastatic disease
at diagnosis than women without diabetes. Differences in
cancer treatment were also evident: for both sexes, those
with type 2 diabetes were less likely to have received
chemotherapy.

Diabetologia (2013) 56:1531–1541 1533



Table 1 Characteristics of people with colon cancer included in study, by sex and diabetes status

Characteristic No T2DM at diagnosis
of colon cancer

T2DM at diagnosis
of colon cancer

p valuea

Men

Patients/deaths 6,597/4,036 877/579

Survival status at study end (n/% of total)

Still alive 2,561/38.8 298/34.0
Dead, colon cancer 2,464/37.4 324/36.9

Dead, rectal cancer 124/1.9 17/1.9 <0.001

Dead, CVD 352/5.3 80/9.1

Dead, other cancers 639/9.7 85/9.7

Dead, other causes 457/6.9 73/8.3

SIMD quintile (n/% of total)

Q1 (least deprived) 1,305/19.8 140/16.0
Q2 1,360/20.6 158/18.0

Q3 1,394/21.1 188/21.4 <0.001

Q4 1,376/20.9 181/20.6
Q5 (most deprived) 1,162/17.6 210/24.0

Age at diagnosis, years (mean (SD)) 69.5 (11.4) 71.4 (8.7) <0.001

Follow-up time, years (median (interquartile range))b 3.2 (5.1) 3.0 (4.5) 0.004

Dukes’ stage at diagnosis (n/% of total)

Stage A 694/10.5 94/10.7

Stage B 2,205/33.4 298/34.0 0.979

Stage C 1,962/29.7 256/29.2
Stage D 1,736/26.3 229/26.1

Surgery (n/% of total)

No 811/12.3 121/13.8

Yes 5,742/87.0 752/85.8 0.211

Unknown/missing 44/0.7 4/0.5

Chemotherapy (n/% of total)

No 4,061/61.6 601/68.5

Yes 2,232/33.8 227/25.9 <0.001

Unknown/missing 304/4.6 49/5.6

Women

Patients/deaths 6,574/3,874 650/426

Survival status at study end (n/% of total)

Still alive 2,700/41.1 224/34.5
Dead, colon cancer 2,409/36.6 240/36.9

Dead, rectal cancer 100/1.5 7/1.1 <0.001

Dead, CVD 293/4.5 64/9.9
Dead, other cancers 595/9.1 54/8.3

Dead, other causes 477/7.3 61/9.4

SIMD quintile (n/% of total)

Q1 (least deprived) 1,258/19.1 84/12.9
Q2 1,342/20.4 124/19.1

Q3 1,457/22.2 127/19.5 <0.001

Q4 1,386/21.1 166/25.5
Q5 (most deprived) 1,131/17.2 149/22.9

Age at diagnosis, years (mean (SD)) 71.4 (12.1) 73.7 (8.6) <0.001

Follow-up time, years (median (interquartile range))b 3.3 (5.4) 3.0 (4.5) 0.042

Dukes’ stage at diagnosis (n/% of total)

Stage A 651/9.9 52/8.0

Stage B 2,268/34.5 262/40.3 0.006

1534 Diabetologia (2013) 56:1531–1541



Table 2 presents estimated HRs representing the effect of
comorbid type 2 diabetes on overall survival in patients with
colon cancer within each time period. Estimates are given for
all models in the series, increasing in complexity from one
including only age and diabetes status as predictors through
successively fuller models. The sequential addition of SES
and subsequently of cancer stage resulted in relatively little
change to estimates (relative to a model adjusted for age only).
In men, pre-existing diabetes was associated with significantly
poorer survival (increased HR) in the period beyond 5 years
after diagnosis, and with a marginally significant survival

deficit in the interval >2–5 years after diagnosis. Broadly
similar effects were observed in women with colon cancer.
For both sexes, inclusion of the treatment variables had little
effect on the estimated influence of diabetes. As explained
above, complete treatment data were available for only a
subset of patients; people with and without non-
missing treatment data are compared (for both cancer
sites) in electronic supplementary material (ESM)
Table 1. A sensitivity analysis based on exclusion of
patients with metastatic colon cancer (ESM Table 2) did
not materially affect the HR estimates.

Table 1 (continued)

Characteristic No T2DM at diagnosis
of colon cancer

T2DM at diagnosis
of colon cancer

p valuea

Stage C 2,069/31.5 207/31.8
Stage D 1,586/24.1 129/19.8

Surgery (n/% of total)

No 726/11.0 72/11.1

Yes 5,813/88.4 577/88.8 1.000

Unknown/missing 35/0.5 1/0.2

Chemotherapy (n/% of total)

No 4,318/65.7 484/74.5

Yes 1,961/29.8 134/20.6 <0.001

Unknown/missing 295/4.5 32/4.9

a For survival status, SIMD quintile and cancer stage, the p value is that obtained from a χ2 test. For individual treatment regimens (e.g. surgery), p
value indicates result of Fisher’s exact test (applied to non-missing values [No/Yes] only). For age at diagnosis, p value is that returned by a two-
sample t test (Satterthwaite’s approximation used where equality of group variances is questionable). For follow-up time, the p value is derived from
a Mann–Whitney test
b Time shown is that until either death or censoring

T2DM, type 2 diabetes mellitus

Table 2 HRs representing association between presence of type 2 diabetes and all-cause mortality stratified by length of follow-up: people
diagnosed with colon cancer in Scotland during the period 2000–2007

Sex Model adjusted for HR (95% CI):
0–1 yeara

HR (95% CI):
>1–2 yearsb

HR (95% CI):
>2–5 yearsc

HR (95% CI):
>5 yearsd

Men (n=7,474) Age (at cancer diagnosis) 1.03 (0.90, 1.17) 0.91 (0.74, 1.12) 1.18 (1.00, 1.39) 1.58 (1.20, 2.08)

Age, SES 1.00 (0.88, 1.14) 0.90 (0.73, 1.09) 1.16 (0.98, 1.36) 1.56 (1.19, 2.06)

Age, SES, stage 1.01 (0.89, 1.15) 0.87 (0.71, 1.07) 1.13 (0.96, 1.34) 1.57 (1.19, 2.06)

As above + treatmente (n=7,099) 0.98 (0.86, 1.13) 0.88 (0.71, 1.08) 1.12 (0.94, 1.33) 1.43 (1.08, 1.91)

Women (n=7,224) Age (at cancer diagnosis) 0.94 (0.81, 1.10) 1.09 (0.87, 1.36) 1.23 (1.01, 1.50) 1.70 (1.25, 2.30)

Age, SES 0.92 (0.79, 1.07) 1.06 (0.85, 1.32) 1.20 (0.98, 1.46) 1.66 (1.22, 2.24)

Age, SES, stage 0.98 (0.84, 1.14) 1.16 (0.92, 1.45) 1.27 (1.04, 1.55) 1.84 (1.36, 2.50)

As above + treatmente (n=6,888) 0.91 (0.78, 1.07) 1.13 (0.90, 1.42) 1.29 (1.05, 1.58) 1.92 (1.42, 2.60)

a HR in period 0–365 days after diagnosis with cancer
b HR in period >1–2 years after diagnosis with cancer
c HR in period >2–5 years after diagnosis with cancer
d HR in period >5 years after diagnosis with cancer
e Treatment represented by binary indicators marking receipt of surgery (Yes/No) and chemotherapy (Yes/No)
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Table 3 Characteristics of people with rectal cancer included in study, by sex and diabetes status

Characteristic No T2DM at diagnosis of rectal cancer T2DM at diagnosis of rectal cancer p valuea

Men

Patients/deaths 2,647/1,484 296/178

Survival status at study end (n/% of total)

Still alive 1,163/43.9 118/39.9
Dead, colon cancer 322/12.2 29/9.8

Dead, rectal cancer 714/27.0 81/27.4 0.016

Dead, CVD 117/4.4 23/7.8
Dead, other cancers 180/6.8 18/6.1

Dead, other causes 151/5.7 27/9.1

SIMD quintile (n/% of total)

Q1 (least deprived) 502/19.0 47/15.9
Q2 495/18.7 49/16.6

Q3 575/21.7 62/20.9 0.095

Q4 592/22.4 65/22.0
Q5 (most deprived) 483/18.2 73/24.7

Age at diagnosis, years (mean (SD)) 67.0 (10.9) 69.7 (8.8) <0.001

Follow-up time, years (median (interquartile range))b 3.7 (4.8) 3.4 (4.1) 0.033

Dukes’ stage at diagnosis (n/% of total)

Stage A 582/22.0 73/24.7

Stage B 681/25.7 79/26.7 0.602

Stage C 797/30.1 86/29.1
Stage D 587/22.2 58/19.6

Surgery (n/% of total)

No 327/12.4 37/12.5

Yes 2,308/87.2 256/86.5 0.926

Unknown/missing 12/0.5 3/1.0

Radiotherapy (n/% of total)

No 1,595/60.3 191/64.5

Yes 867/32.8 87/29.4 0.207

Unknown/missing 185/7.0 18/6.1

Chemotherapy (n/% of total)

No 1,386/52.4 180/60.8

Yes 1,157/43.7 105/35.5 0.006

Unknown/missing 104/3.9 11/3.7

Women

Patients/deaths 1,730/881 134/68

Survival status at study end (n/% of total)

Still alive 849/49.1 66/49.3
Dead, colon cancer 173/10.0 14/10.4

Dead, rectal cancer 431/24.9 25/18.7 0.022

Dead, CVD 77/4.5 12/9.0
Dead, other cancers 127/7.3 6/4.5

Dead, other causes 73/4.2 11/8.2

SIMD quintile (n/% of total)

Q1 (least deprived) 331/19.1 18/13.4
Q2 346/20.0 27/20.1

Q3 360/20.8 27/20.1 0.239

Q4 387/22.4 29/21.6
Q5 (most deprived) 306/17.7 33/24.6

Age at diagnosis, years (mean (SD)) 68.2 (12.2) 72.1 (9.1) <0.001
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Table 3 presents summary characteristics for patients
with rectal cancer. In people with rectal cancer, CRC was
again the most common cause of death for both sexes and

both diabetes groups, and the proportions of deaths from
CVD were again higher in those with pre-existing diabetes.
Differences in the distribution of SES and in age at cancer

Table 3 (continued)

Characteristic No T2DM at diagnosis of rectal cancer T2DM at diagnosis of rectal cancer p valuea

Follow-up time, years (median (interquartile range))b 4.0 (5.3) 3.7 (4.4) 0.184

Dukes’ stage at diagnosis (n/% of total)

Stage A 405/23.4 32/23.9

Stage B 483/27.9 39/29.1 0.540

Stage C 497/28.7 43/32.1
Stage D 345/19.9 20/14.9

Surgery (n/% of total)

No 175/10.1 10/7.5

Yes 1,542/89.1 123/91.8 0.371

Unknown/missing 13/0.8 1/0.7

Radiotherapy (n/% of total)

No 1,173/67.8 88/65.7

Yes 460/26.6 33/24.6 0.917

Unknown/missing 97/5.6 13/9.7

Chemotherapy (n/% of total)

No 1,043/60.3 91/67.9

Yes 610/35.3 32/23.9 0.015

Unknown/missing 77/4.5 11/8.2

a For survival status, SIMD quintile and cancer stage, the p value is that obtained from a χ2 test. For individual treatment regimens (e.g. surgery), p
value indicates result of Fisher’s exact test (applied to non-missing values [No/Yes] only). For age at diagnosis, p value is that returned by a two-
sample t test (Satterthwaite’s approximation used where equality of group variances is questionable). For follow-up time, the p value is derived from
a Mann–Whitney test
b Time shown is that until either death or censoring

T2DM, type 2 diabetes mellitus

Table 4 HRs representing association between presence of type 2 diabetes and all-cause mortality stratified by length of follow-up: people
diagnosed with rectal cancer in Scotland during the period 2000–2007

Sex Model adjusted for HR (95% CI): 0–1
yeara

HR (95% CI): >1–2
yearsb

HR (95% CI): >2–5
yearsc

HR (95% CI): >5
yearsd

Men (n=2,943) Age (at cancer diagnosis) 1.01 (0.77, 1.34) 0.99 (0.72, 1.38) 1.19 (0.92, 1.55) 1.27 (0.78, 2.06)

Age, SES 0.99 (0.75, 1.30) 0.96 (0.69, 1.33) 1.15 (0.88, 1.49) 1.22 (0.75, 1.99)

Age, SES, stage 1.10 (0.84, 1.46) 1.01 (0.73, 1.40) 1.10 (0.85, 1.43) 1.01 (0.62, 1.64)

As above + treatmente

(n=2,725)
1.09 (0.82, 1.45) 0.96 (0.68, 1.34) 1.05 (0.79, 1.39) 1.00 (0.62, 1.64)

Women
(n=1,864)

Age (at cancer diagnosis) 0.92 (0.61, 1.39) 1.02 (0.62, 1.67) 0.83 (0.52, 1.34) 1.20 (0.61, 2.36)

Age, SES 0.91 (0.60, 1.38) 1.00 (0.61, 1.64) 0.82 (0.51, 1.32) 1.15 (0.58, 2.26)

Age, SES, stage 1.03 (0.68, 1.57) 1.05 (0.64, 1.72) 0.88 (0.54, 1.42) 1.45 (0.73, 2.86)

As above + treatmente

(n=1,737)
1.08 (0.71, 1.66) 0.93 (0.54, 1.60) 0.92 (0.55, 1.53) 1.27 (0.59, 2.73)

a HR in period 0–365 days after diagnosis with cancer
b HR in period >1–2 years after diagnosis with cancer
c HR in period >2–5 years after diagnosis with cancer
d HR in period >5 years after diagnosis with cancer
e Treatment represented by binary indicators marking receipt of surgery (Yes/No), radiotherapy (Yes/No) and chemotherapy (Yes/No)
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diagnosis by diabetes status were evident, those with type 2
diabetes being more deprived and older. As was observed
for colon cancer, receipt of chemotherapy was less prevalent
in people with type 2 diabetes. Table 4 gives HRs
representing the effect of pre-existing type 2 diabetes on
survival in patients with cancer of the rectum. Pre-existing
diabetes was generally not associated with significantly
altered mortality risk for either sex in any time period. As
for cancer of the colon, the estimated influence of diabetes
on survival was little affected by the introduction of the
treatment variables or by the exclusion of individuals with
metastatic cancer (ESM Table 3).

CIFs for cause-specific death are shown in Fig. 1a–d (men,
colon cancer) and Fig. 2a–d (women, colon cancer).
Corresponding figures for men and women with rectal cancer
exhibit similar patterns (ESM Figs 1a–d and 2a–d). The re-
sults from Gray’s tests of homogeneity of CIFs (Table 5)
indicated that, for both sites and both sexes, pre-existing type
2 diabetes was associated with a highly significant (p<0.01)
difference in the cumulative incidence of death from CVD,
and a significant or marginally significant difference in the
cumulative incidence of death from other causes (non-cancer,
non-CVD; p values ranging from <0.01 to 0.06). The figures
indicate that, for CVD and other causes of death (non-CVD,
non-cancer), type 2 diabetes is associated with a poorer sur-
vival experience. For death from colorectal cancer and from

other cancers, there is insufficient evidence from these data to
conclude that the cumulative incidence of death from CRC or
from other cancers differs between diabetes groups.

Discussion

This study extends current knowledge of the previously
observed excess risk of all-cause mortality in patients with
CRC who have pre-existing type 2 diabetes in two respects.
First, we have assessed the effect of type 2 diabetes on
overall survival in people with cancer of the colon or rectum
over multiple discrete time periods after cancer diagnosis.
This is in contrast with many previous investigations in this
area, which have mostly calculated single estimates of cu-
mulative relative risk over the follow-up period.
Consequently, these investigations have been restricted in
their ability to determine how the influence of diabetes on
survival behaves over time. Second, we have examined the
influence of type 2 diabetes on cause-specific mortality
using a wider range of mortality outcomes than has gener-
ally been represented in previous studies. Hitherto, investi-
gations assessing the impact of diabetes on survival in
people with CRC have generally considered cancer-
specific mortality and either overall mortality or mortality
from all causes except CRC [8, 10, 11, 13]. This

Group Number at risk at time from diagnosis of cancer

0 years 2 years 4 years 6 years 8 years 10 years

No diabetes 6,597 3,962 2,693 1,647 899 250

T2DM 877 518 315 162 82 24

a b

c d

Fig. 1 CIFs representing probabilities of death in men with colon
cancer from (a) CRC, (b) CVD, (c) other cancers and (d) any other
cause. Solid line, type 2 diabetes group; dashed line, group with no
diabetes; T2DM, type 2 diabetes mellitus

Group Number at risk at time from diagnosis of cancer

0 years 2 years 4 years 6 years 8 years 10 years

No diabetes 6,574 3,984 2,775 1,739 976 285

T2DM 650 382 246 130 59 11

a b

c d

Fig. 2 CIFs representing probabilities of death in women with colon
cancer from (a) CRC, (b) CVD, (c) other cancers and (d) any other
cause. Solid line, type 2 diabetes group; dashed line, group with no
diabetes; T2DM, type 2 diabetes mellitus
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concentration on a limited range of mortality outcomes is a
limitation of previous research, which is highlighted in the
‘framework’ paper of Renehan et al [14]. One notable
exception [12] examined all-cause mortality, CRC-specific
mortality and death from CVD. However, the authors of that
study acknowledged that it was limited by the self-reported
nature of patients’ type 2 diabetes status. To our knowledge,
the four-way cause-of-death classification used in the pres-
ent study has not featured before in any study examining the
influence of diabetes on survival in patients with CRC.

We observed a significant overall survival deficit associat-
ed with type 2 diabetes in people with cancer of the colon
more than 5 years after cancer diagnosis, and a marginally
significant elevation of hazard in the period >2–5 years after
diagnosis. In the case of rectal cancer, we found no significant
effect of diabetes in any time interval. The latter finding differs
from that of a recent study in the Netherlands [13], which
found an increased risk of all-cause mortality in diabetic
patients with cancer of either colon or rectum. However, our
findings with respect to overall survival are not directly com-
parable with those obtained in earlier studies because of our
approach of estimating the effect of diabetes separately for
multiple time periods (although there may also be true differ-
ences between populations which would require further
investigation).

Turning to cause-specific mortality, the limited earlier
work assessing the effect of diabetes on survival when death
from CRC itself is defined as the endpoint has produced
mixed results. One study that was restricted to cancer of the
colon [11] observed a significant detrimental effect of dia-
betes on colon cancer-specific survival. A second investiga-
tion (which combined cancers of the colon and rectum)
found a marginally significant influence of diabetes on
CRC-specific survival [12], while the Dutch study that
treated the two sites separately found that diabetes at the
time of cancer diagnosis was associated with an increased
risk of CRC mortality in people with cancer of the rectum

but not of the colon [13]. Two further studies [8, 10]
detected no significant effect, but one of these [10] was
based on only about 1,200 patients (97 with comorbid
diabetes) and thus possibly had limited power to detect
modest effects. Results from the present study accord with
those from the two latter investigations: examination of the
CIFs and formal testing suggest that the probability of CRC
death (the dominant cause of death in this population) in
people with cancer of either the colon or rectum is largely
unrelated to pre-existing type 2 diabetes at the point of
cancer diagnosis. For CVD-specific mortality, the only
study to consider this outcome [12] found that type 2 dia-
betes was linked to an approximately twofold increase in
risk of CVD-specific mortality. This investigation combined
cancers of the colon and rectum. The CIFs generated in the
present study are consistent with elevated CVD death risk
among people with type 2 diabetes and cancer at either site,
which increases over time compared with a population with
these cancers but not type 2 diabetes. However, we found
that other causes of death (non-CVD and non-cancer) also
contribute to the poorer overall survival observed in patients
with CRC who have pre-existing type 2 diabetes.

One strength of the present study is its use of whole-
population data rather than selected subgroups, e.g. hospital
patients. Apart from providing a large sample, this elimi-
nates a number of sources of potential bias. A second
strength is availability of a reliable marker of diabetes status:
SCI-DC provides a good indication of whether a cancer
patient has clinically diagnosed diabetes. One further posi-
tive feature of the investigation is the adoption as an out-
come of CIFs (which explicitly recognise the competing
risks present when multiple, mutually exclusive endpoints
are of interest).

We acknowledge a number of potential weaknesses in
this study. Although secular trends in treatment may have
occurred during the 8-year study period, the reported stabil-
ity of survival of people with CRC in Scotland over the time

Table 5 Results from Gray’s
tests for homogeneity of CIFs

The values in parentheses are
absolute number of deaths from
the specified cause in no-diabe-
tes group/absolute number of
deaths in type 2 diabetes group.
The null hypothesis assessed is
that the cumulative incidence of
death from cause X is identical
across the two diabetes groups;
small p values are interpreted as
evidence that the CIFs differ be-
tween diabetes groups

T2DM, type 2 diabetes mellitus

Cause of death p value (deaths, no diabetes/deaths, T2DM)

Men Women

Colon Rectum Colon Rectum

CRC 0.992 0.637 0.982 0.231

(2,588/341) (1,036/110) (2,509/247) (604/39)

CVD <0.001 0.005 <0.001 0.007

(352/80) (117/23) (293/64) (77/12)

Other cancers 0.817 0.800 0.577 0.261

(639/85) (180/18) (595/54) (127/6)

Other 0.064 0.007 0.022 0.011

(457/73) (151/27) (477/61) (73/11)

Diabetologia (2013) 56:1531–1541 1539



interval 1998–2007 suggests that this is unlikely to have an
important effect [22]. The violation of proportional hazards
reported in this investigation (for colon cancer patients only)
is rarely reported in studies of diabetes and cancer survival.
This may reflect the effect of unobserved covariates rather
than ‘true’ non-proportionality. The study of Dehal and
colleagues [12] incorporated a number of plausible predic-
tors (e.g. body mass index, intake of red meat) that were not
available for this analysis, which may mean that our find-
ings are subject to residual confounding. More generally, a
complete model would ideally include additional predictors
such as comorbidities in addition to diabetes status and
tumour stage.

The representation of cancer treatments used in this study
(binary indicators of major treatment lines) is crude, and
unable to capture treatment regimens such as preoperative
administration of chemoradiotherapy in the treatment of T4
tumours. While clearly undesirable, this stems from funda-
mental limitations of the data available to us. In the same
vein, a body of evidence suggests that treatments for diabe-
tes have the potential to influence cancer risk, so, although
examination of these effects was beyond the scope of this
paper, this topic is worthy of future research.

A further possible limitation is that cause of death in the
study was derived solely from the main or underlying cause
recorded on death certification. This potentially affects classi-
fication of CVD deaths.Where both diabetes and CVD appear
on a death certificate, international coding rules stipulate that
the former should be specified as the underlying cause of
death [18]. However, the number of patients with type 2
diabetes for whom the underlying cause of death is diabetes,
and CVD appears as a secondary cause, is small (six of 73
‘other-cause’ deaths in men with type 2 diabetes and colon
cancer; four of 27 deaths in men with rectal cancer; six of 61
deaths in women with colon cancer; and one of 11 deaths in
women with rectal cancer). Consequently, this aspect of death
coding practice is unlikely to have materially affected our
findings with respect to cause-specific mortality.

In summary, this study was conducted on a considerably
larger scale than previous investigations assessing links
between diabetes and CRC-specific and CVD-specific sur-
vival. We found that pre-existing diabetes exerts little influ-
ence on CRC death, which accords with earlier findings [8,
10]. In addition, people who have type 2 diabetes at the
point when cancer of the colon or rectum is detected expe-
rience poorer survival with respect to death from CVD than
those who do not have type 2 diabetes at diagnosis of
cancer. This specific detrimental influence of type 2 diabetes
may partly explain the poorer overall survival that has been
repeatedly observed in patients with CRC who have diabe-
tes. However, our findings also indicate that the excess risk
of death from other causes (non-cancer, non-CVD) contrib-
utes to the influence of type 2 diabetes on overall survival.
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