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Background: It is unknown whether comorbidity interacts with colorectal cancer (CRC) to increase the rate of mortality beyond
that explained by the independent effects of CRC and comorbid conditions.

Methods: We conducted a cohort study (1995–2010) of all Danish CRC patients (n¼ 56 963), and five times as many persons from
the general population (n¼ 271 670) matched by age, gender, and specific comorbidities. To analyse comorbidity, we used the
Charlson Comorbidity Index (CCI) scores. We estimated standardised mortality rates per 1000 person-years, and calculated
interaction contrasts as a measure of the excess mortality rate not explained by the independent effects of CRC or comorbidities.

Results: Among CRC patients with a CCI score¼ 1, the 0–1 year mortality rate was 415 out of 1000 person-years (95% confidence
interval (CI): 401, 430) and the interaction accounted for 9.3% of this rate (interaction contrast¼ 39 out of 1000 person-years,
95% CI: 22, 55). For patients with a CCI score of 4 or more, the interaction accounted for 34% of the mortality (interaction
contrast¼ 262 out of 1000 person-years, 95% CI: 215, 310). The interaction between CRC and comorbidities had limited influence
on mortality beyond 1 year after diagnosis.

Conclusion: Successful treatment of the comorbidity is pivotal and may reduce the mortality attributable to comorbidity itself, and
also the mortality attributable to the interaction.

With a lifetime risk of B5%, colorectal cancer (CRC) is the second
most common malignancy in the western world (Ingle and
Limburg, 2007; Ferlay et al, 2010). As the disease primarily occurs
in patients over the age of 65 years, who are likely to suffer from
other chronic diseases, as many as one-third of newly diagnosed
CRC patients are burdened by severe coexisting diseases
(i.e., comorbidities), some of which are associated with increased
CRC risk (e.g., diabetes; Yancik et al, 1998; Iversen et al, 2009;
Jorgensen et al, 2012).

Even in the absence of comorbidities, CRC is associated
with 5-year survival of only 40–50%. However, in the presence
of a high comorbidity burden, defined for instance as a Charlson
Comorbidity Index (CCI) score X3, 5-year survival is as low as

20% (Iversen et al, 2009). In a study of nearly 30 000 American
CRC patients over the age of 67 years at diagnosis investigating
population-attributable risks (and therefore specific for this US
population), B9% of deaths were attributable to congestive
heart failure, 5% to chronic obstructive pulmonary disease, and
nearly 4% to diabetes (Gross et al, 2006a). The study also
confirmed that multimorbidity was common and had a
substantial effect on CRC survival. Several other studies have
shown that CRC patients burdened by comorbidity have higher
mortality than CRC patients without coexisting disease
(De Marco et al, 2000; Rieker et al, 2002; Ouellette et al, 2004;
Read et al, 2004; Janssen-Heijnen et al, 2005; Lemmens et al, 2005;
Gross et al, 2006b; Janssen-Heijnen et al, 2007; Iversen et al, 2009;
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Sarfati et al, 2009; Panis et al, 2011; Sarfati et al, 2011; Jorgensen
et al, 2012).

To our knowledge, however, no study of CRC mortality has
(1) included a comparison cohort free of CRC and (2) accounted
for comorbidity. Therefore, it is not known whether comorbidity
interacts with CRC to increase the rate of mortality beyond that
explained by CRC and comorbidity acting independently. Such
information is needed to improve our biological understanding of
the influence of comorbidity on CRC mortality, may be helpful in
clinical practice, and would contribute to improving outcomes
after CRC. On this basis, we conducted a nationwide cohort study
of all Danish CRC patients diagnosed during a recent 16-year
period and a matched population-based comparison cohort free of
CRC, in order to study the interaction between comorbidity and
CRC, and subsequent risk of death.

MATERIALS AND METHODS

We conducted this cohort study in the setting of the entire Danish
population (accumulated 6.9 million people during the 1995–2010
study period). The Danish healthcare system provides tax-
supported healthcare to all Danish residents. The unique civil
registration number assigned to all Danes at birth or upon
immigration by the Civil Registration System allows unambiguous
linkage between databases (Frank, 2000; Pedersen, 2011). The Civil
Registration System also tracks vital status and the residence of all
Danish citizens, and is updated daily.

The study was approved by the Danish Data Protection Agency.

The CRC cohort. We used the Danish Cancer Registry to identify
all patients diagnosed with incident CRC between 1 January 1995
and 31 December 2010 (Storm et al, 1997; Gjerstorff, 2011). The
Danish Cancer Registry maintains records on all incident
malignant neoplasms diagnosed in Denmark since 1943, including
patients’ civil registration number, month and year of cancer
diagnosis, cancer type according to the International Classification
of Disease (ICD), 10th revision (ICD-10), and tumour spread at
diagnosis (see Appendix for ICD-10 codes for CRC).

Population comparison cohort. We used the Danish National
Registry of Patients and Civil Registration System to match each
CRC patient with five persons from the general population, who
were alive and were without a CRC diagnosis as of the CRC
patient’s diagnosis date (index date). Matching criteria were age
(5-year intervals), gender, and history of the comorbid diseases
included in the CCI (see below and Appendix) (Andersen et al,
1999; Pedersen, 2011). The Danish National Registry of Patients
has recorded all non-psychiatric hospitalisations in Denmark since
1977 and hospital outpatient contacts since 1995. It recorded dates
of admission and discharge, treatment and procedure codes, and
up to 20 diagnoses coded by physicians according to ICD-8 from
1977 to 1993 and ICD-10 since 1994. In an event in which an
individual from the comparison cohort developed CRC during the
study period, follow-up time was terminated and the individual
joined the CRC cohort. In total, 4895 (1.8%) subjects from the
comparison cohort were later diagnosed with CRC.

Comorbidity. On the basis of the Danish National Registry of
Patients records dating to 1977, we defined comorbidities
according to diagnoses of the conditions in the CCI, excluding
CRC. The CCI’s scoring system assigns weights between one and
six to a range of diseases (see Appendix). In addition to the original
conditions in the CCI, we also included a prior diagnosis of atrial
fibrillation/flutter and obesity (both assigned a weight of one).
The CCI disease groups were not only considered individually
for matching and analysis, but also as the components of a
summed, aggregate score that we classified as follows: score of

0 (no comorbidity), score of 1 (low comorbidity), score of 2–3
(moderate comorbidity), and score of 4 or more (high comorbidity;
Thygesen et al, 2011).

Statistical analysis. We calculated the frequency and proportion
of persons in the CRC and the matched comparison cohorts within
categories of demographic variables and comorbidities. CRC
patients and persons matched to them were followed from the
index date to the date of death from any cause, emigration, or end
of follow-up (31 December 2011), whichever came first.
We calculated mortality rates by dividing the number of deaths
by total follow-up time for the CRC and matched comparison cohorts.
To evaluate short-term and long-term mortality separately, we
computed mortality rates between the index date and 365 days
(0–1 year) and from 366 days to 5 years (2–5 years). The analysis
within strata of follow-up period required that we dissolve the
matching, as the age and gender distribution was different among
1-year survivors than among all participants. For all analyses, we
standardised the mortality rates to the age and gender distribution
of the CRC inception cohort. Furthermore, as a measure of
mortality rate ratios, we calculated hazard ratios (HRs) using Cox
regression analysis comparing CRC patients with matched persons
from the general population, adjusting for age (as a continuous
variable), gender, year of index date (1995–1999 vs 2005–2010,
2000–2004 vs 2005–2010), and, in the overall analysis, comorbidity
scores.

We computed interaction contrasts to estimate the excess
mortality rate in patients with both CRC and comorbid diseases,
beyond that expected from the independent effects of these
diseases (Greenland et al, 2008). We used standardised rates for
this analysis, using the persons without comorbidity from the
general population as the reference. Positive interaction contrasts
describe the excess mortality rate caused by the interaction (i.e., the
synergy between comorbidity and CRC that increases the mortality
hazard); a negative interaction contrast would indicate a protective
or antagonistic interaction. We also calculated the proportion of
the mortality rate that could be explained by the interaction as the
interaction contrast divided by the standardised mortality rate of
the relevant comorbidity strata.

Analyses were stratified by CRC stage (non-metastatic vs
metastatic, see Appendix), age group (0–69, 70–79, and 80þ
years), gender, and cancer site (i.e., colon and rectal cancer). We
also calculated standardised mortality rates and interaction
contrasts restricted to CRC patients without metastatic disease
undergoing colorectal surgery, as defined by relevant procedure
codes (see Appendix), within 60 days before and 180 days after the
diagnosis date, and persons matched to them from the general
population. These patients were followed for 30 days after the date
of first surgery/index to evaluate the influence of interaction on
post-operative mortality. Finally, we calculated standardised
mortality rates and interaction contrasts for each individual disease
included in the CCI (with the reference group of persons free of
any comorbidity, as above).

RESULTS

Characteristics. We identified 56 963 CRC patients and 271 670
persons from the general population, who were matched by age
(median age¼ 72 years), gender (men¼ 51%), year of index date,
and comorbidity (Table 1). As we were unable to match five
persons from the general population to all CRC patients, small
differences occurred between the characteristics of the CRC
patients and general population comparison cohort. At the
aggregated CCI level, however, it was mainly among CRC patients
with a high comorbidity burden that these differences were
noticeable (CCI score of 4 or more: 4.9% vs 2.8%).
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Table 1. Characteristics of CRC patients and a population-based comparison cohort matched by gender, age, year of diagnosis, and comorbidity,
Denmark 1995–2010

CRC cohort Population-based comparison cohorta

Number % Number %

Sex

Female 27 665 49 132 537 49
Male 29 298 51 139 133 51

Age at diagnosis/index (years)

0–59 10 285 18 51 467 19
60–69 14 541 26 70 613 26
70–79 18 547 33 87 444 32
80þ 13 590 24 62 146 23

Year of diagnosis/index date

1995–1999 16 230 29 78 136 29
2000–2004 17 359 31 83 088 31
2005–2010 23 374 41 110 446 41

Stage of CRC

Non-metastatic 37 381 66 NA —
Metastatic 12 687 22 NA —
Unknown 6895 12 NA —

Cancer location

Colon 37 859 67 NA —
Rectal 19 014 33 NA —
Colon and rectal 90 0.2 NA —

Comorbidities included in the CCI

Myocardial infarction 3270 5.7 13 825 5.1
Congestive heart failure 2783 4.9 10 652 3.9
Peripheral vascular disease 2322 4.1 9299 3.4
Cerebrovascular disease 5014 8.8 21 852 8.0
Dementia 594 1.0 2297 0.8
Chronic pulmonary disease 4009 7.0 17 061 6.3
Connective tissue disease 1567 2.8 6293 2.3
Ulcer disease 3026 5.3 12 711 4.7
Mild liver disease 478 0.8 1670 0.6
Diabetes type I and II 3007 5.3 11 945 4.4
Haemiplegia 100 0.2 252 0.1
Moderate to severe renal disease 811 1.4 2557 0.9
Diabetes with end-organ failure 1384 2.4 4901 1.8
Any tumour (excluding CRC) 5037 8.8 22 517 8.3
Leukemia 158 0.3 494 0.2
Lymphoma 295 0.5 1010 0.4
Moderate to severe liver disease 113 0.2 311 0.1
Metastatic solid tumour 519 0.9 1944 0.7
AIDS 10 0.0 25 0.0

Diseases not originally included in the CCI

Atrial fibrillation/flutter 1164 2.0 4213 1.6
Obesity 1197 2.1 4320 1.6

CCI scoresb

0 (No comorbidity) 34 918 61 172 041 63
1 (Low comorbidity) 9747 17 47 139 17
2–3 (Moderate comorbidity) 9522 17 44 788 17
4þ (High comorbidity) 2776 4.9 7702 2.8

Abbreviations: CCI¼Charlson Comorbidity Index; CRC¼ colorectal cancer; NA¼not applicable.
aMatched on age, gender, year of CRC diagnosis, and the presence of individual comorbidities listed in this table.
bThe CCI included the 19 diseases from the original index with the addition of atrial fibrillation/flutter and obesity (both assigned one point).
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Short-term mortality. CRC patients had a 0–1 year standardised
mortality rates of 400 (95% confidence interval (CI): 394, 406) per
1000 person-years, compared with 48 (95% CI: 47, 48) per 1000
person-years in the population comparison cohort, confirming overall
higher mortality among patients with CRC (adjusted mortality rate
ratio¼ 8.3, 95% CI: 8.1, 8.5). Our findings indicated substantial
synergy/interaction between CRC and comorbidities, and the synergy
seemed to increase with increasing level of comorbidity (Table 2). For
instance, the difference in mortality rates between CRC patients and
comparison cohort members was 586 deaths (761� 175) per 1000
person-years for those with the highest comorbidity burden
(CCI¼ 4). This difference in mortality rates can be assigned to
CRC, because the CRC patients and the comparison cohort members
are matched on comorbidity. In the group of people without
comorbidity (CCI¼ 0), the difference in mortality rates was 324
deaths (351 minus 27) per 1000 person-years. The interaction contrast
equals the difference in these two rate differences, 262 deaths
(586� 324) per 1000 person-years, and represents the excess
mortality in individuals with both CRC and severe comorbidity
attributable to CRC and the comorbidities affecting mortality
synergistically. As the mortality rate for CRC patients with the
highest comorbidity burden (CCI¼ 4) was 761 deaths per 1000
person-years, 34% of this rate was due to the synergy.

Long-term mortality. Although to a lesser extent than during the
first year after diagnosis, CRC remained associated with increased
subsequent mortality (overall adjusted 2- to 5-year mortality rate
ratio¼ 3.0, 95% CI: 2.9, 3.0). The 2- to 5-year standardised
mortality rates increased with higher CCI scores. However, only
among CRC patients with a CCI score of 4þ did the mortality

increase more than among matched persons in the population
comparison cohort, with the interaction accounting for 14% of the
mortality rate (Table 2).

Stratified and restricted analyses. Tables 3 and 4 present the
standardised mortality rates and interaction contrasts by CRC
stage at diagnosis. These results confirm that CRC mortality
during the period 0–1 year after diagnosis interacted with
comorbidity among CRC patients with both metastatic and
non-metastatic disease. For example, among patients with a CCI
score of 4þ , the interaction accounted for 28% of the mortality
rates in patients without metastases and 24% in patients with
metastatic spread. Consistent with the overall results, interaction
between CRC and comorbidity had less impact on mortality
among CRC patients, regardless of non-metastatic and metastatic
disease, during the period 2–5 years after the CRC diagnosis
(Tables 3 and 4).

For mortality within 0–1 year after the index date, the
interaction between CRC and comorbidity was particularly
important for the younger age groups (0–69 years). For example,
the interaction contrast was 257 per 1000 person-years (95% CI:
176, 338) for CRC patients with a CCI score of 4þ , accounting for
45% of the total mortality rate. The interaction contrasts for
the older age groups were closer to the overall estimates
(Supplementary Table S1). For mortality within 2–5 years, the
interaction between CRC and comorbidity was only evident for the
age group 0–69 years with a CCI score of 4þ , where it accounted
for 30% (interaction contrast¼ 74, 95% CI: 19, 128). We observed
nearly identical patterns of interaction for colon and rectal cancers
(Supplementary Table S2)

Table 2. Mortality, MRR, and interaction contrasts for CRC patients compared with persons in a matched population-based comparison cohort, overall
and by CCI score

CCI
score Cohort

No. of
persons

No. of
deaths Person-years

Standardised
mortality rates per
1000 person-years

(95% CI)

Adjusted
MRRsa

(95% CI)
Interaction contrast

(95% CI)

Proportion of
the mortality
explained by
interaction

0–1 Year of follow-up

All CRC 56 963 17 089 45559 400 (394, 406) 8.3 (8.1, 8.5) NA — —
All Comparison 271 670 11 962 265223 48 (47, 48) Ref. NA — —
0 CRC 34 918 8881 29245 351 (343, 359) 15 (14, 15) Ref. — —
0 Comparison 172 041 3652 170008 27 (26, 28) Ref. — — —
1 CRC 9747 3254 7509 415 (401, 430) 7.4 (7.0, 7.7) 39 (22, 55) 9.4%
1 Comparison 47 139 2755 45723 53 (51, 55) Ref. — — —
2–3 CRC 9522 3548 7035 489 (447, 530) 5.1 (4.9, 5.3) 79 (36, 121) 16%
2–3 Comparison 44 788 4234 42521 86 (83, 89) Ref. — — —
4þ CRC 2776 1406 1771 761 (715, 807) 3.9 (3.7, 4.3) 262 (215, 310) 34%
4þ Comparison 7702 1321 6971 175 (165, 185) Ref. — — —

Two to 5 years of follow-up

All CRC 39 862 14 274 102813 143 (141, 146) 3.0 (2.9, 3.0) NA — —
All Comparison 258 729 40 310 808019 50 (49, 50) Ref. NA — —
0 CRC 26 029 8606 69909 131 (128 134) 4.2 (4.1, 4.3) Ref. — —
0 Comparison 167 766 17 549 549904 36 (36, 37) Ref. — — —
1 CRC 6490 2482 16193 146 (140, 152) 2.3 (2.2, 2.4) �9.8 (� 17, �3.1) NA
1 Comparison 44 215 9585 131313 61 (60, 62) Ref. — — —
2–3 CRC 5973 2491 13917 172 (165, 179) 2.0 (1.9, 2.0) �3.0 (� 11, 4.9) NA
2–3 Comparison 40 390 10 902 111329 80 (79, 82) Ref. — — —
4þ CRC 1370 695 2793 261 (231, 290) 1.7 (1.6, 1.8) 37 (7.0, 68) 14%
4þ Comparison 6358 2274 15473 129 (123, 134) Ref. — — —

Abbreviations: CCI¼Charlson Comorbidity Index; CI¼ confidence interval; CRC¼ colorectal cancer; MRR¼mortality rate ratios; NA¼ not applicable; Ref.¼ reference.
aAdjusted for age, gender, and CRC/index year. For the overall analysis, we also adjusted for CCI scores.
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Table 4. Mortality, MRRs, and interaction contrasts for patients with metastatic CRC compared with persons in a matched population-based comparison
cohort, by CCI scores

CCI
score Cohort

No. of
persons

No. of
deaths Person-years

Standardised
Mortality rates per
1000 person-years

(95% CI)

Adjusted
MRRsa

(95% CI)
Interaction

contrast (95% CI)

Proportion of
the mortality
explained by
interaction

0–1 Year of follow-up

0 CRC 7956 4476 5138 1023 (990, 1055) 53 (49, 58) Ref. — —
0 Comparison 39 232 681 38819 22 (20, 24) Ref. — — —
1 CRC 2030 1313 1148 1166 (1102, 1231) 22 (20, 25) 116 (44, 189) 9.9%
1 Comparison 9839 528 9570 49 (45, 54) Ref. — — —
2–3 CRC 2005 1314 1093 1244 (1062, 1426) 13 (12, 15) 169 (�16, 354) 14%
2–3 Comparison 9442 815 9009 74 (69, 80) Ref. — — —
4þ CRC 696 515 332 1548 (1403, 1693) 7.9 (6.9, 9.1) 373 (224, 523) 24%
4þ Comparison 2051 338 1858 174 (154, 193) Ref. — — —

Two to 5 years of follow-up

0 CRC 3479 2409 5035 490 (470, 511) 22 (21, 23) Ref. — —
0 Comparison 38 400 3425 123082 26 (25, 27) Ref. — — —
1 CRC 716 495 1020 496 (450, 542) 10 (9.2, 11) � 16 (�67, 35) NA
1 Comparison 9272 1792 27385 48 (45, 50) Ref. — — —
2–3 CRC 691 478 924 492 (444, 540) 6.3 (5.7, 7.0) � 40 (�92, 13) NA
2–3 Comparison 8595 2241 23084 67 (63, 70) Ref. — — —
4þ CRC 181 133 233 590 (449, 730) 4.9 (4.0, 5.9) 15 (�127, 158) 2.5%
4þ Comparison 1704 529 4278 110 (99, 121) Ref. — — —

Abbreviations: CCI¼Charlson Comorbidity Index; CI¼ confidence interval; CRC¼ colorectal cancer; MRR¼mortality rate ratios; NA¼ not applicable; Ref.¼ reference.
aAdjusted for age, gender, and CRC/index year.

Table 3. Mortality, MRR, and interaction contrasts for patients with non-metastatic CRC compared with persons in a matched population-based
comparison cohort, by CCI scores

CCI
score Cohort

No. of
persons

No. of
deaths Person-years

Standardised
mortality rates per
1000 person-years

(95% CI)

Adjusted
MRRsa

(95% CI)
Interaction contrast

(95% CI)

Proportion of
the mortality
explained by
interaction

0–1 Year of follow-up

0 CRC 23 428 3211 21405 177 (171, 183) 7.5 (7.1, 7.9) Ref. — —
0 Comparison 115 423 2382 114121 26 (25, 27) Ref. — — —
1 CRC 6420 1407 5448 241 (228, 254) 4.7 (4.4, 5.1) 40 (26, 55) 17%
1 Comparison 31 049 1728 30161 49 (47, 52) Ref. — — —
2–3 CRC 6004 1481 4983 288 (251, 326) 3.1 (2.9, 3.3) 52 (14, 90) 18%
2–3 Comparison 28 299 2620 26892 85 (82, 88) Ref. — — —
4þ CRC 1529 551 1145 441 (401, 481) 2.6 (2.3, 2.9) 125 (83, 168) 28%
4þ Comparison 4237 700 3850 164 (151, 177) Ref. — — —

Two to 5 years of follow-up

0 CRC 20 211 5487 59101 101 (98, 104) 3.2 (3.1, 3.3) Ref. — —
0 Comparison 112 638 11 875 376876 37 (36, 37) Ref. — — —
1 CRC 5012 1673 13586 116 (110, 122) 1.9 (1.8, 2.0) �8.4 (� 15, �1.8) NA
1 Comparison 29 219 6285 88895 60 (59, 62) Ref. — — —
2–3 CRC 4522 1667 11481 139 (132, 146) 1.6 (1.5, 1.7) �5.3 (� 13, 2.7) NA
2–3 Comparison 25 581 6807 72780 80 (78, 82) Ref. — — —
4þ CRC 978 456 2190 202 (179, 226) 1.4 (1.3, 1.6) 10 (�14, 35) 5.0%
4þ Comparison 3525 1309 8708 128 (121, 135) Ref. — — —

Abbreviations: CCI¼Charlson Comorbidity Index; CI¼ confidence interval; CRC¼ colorectal cancer; MRR¼mortality rate ratios; NA¼ not applicable; Ref.¼ reference.
aAdjusted for age, gender, and CRC/index year.
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Whereas there was no material difference in interaction for men
and women in the first 0–1 year, the overall interaction observed
for the 2- to 5-year mortality among CRC patients with a CCI
score of 4 or more was mainly found in women (interaction
contrast¼ 49 per 1000 person-years, 95% CI: 9.4, 89) and to a
lesser extent in men (interaction contrast¼ 27 per 1000 person-
years, 95% CI: � 19, 72).

In patients with non-metastatic CRC undergoing colorectal
resection, interaction accounted for 32% of the 30-day post-
operative mortality among those with a CCI score of 1
(interaction contrast¼ 310 per 1000 person-years, 95% CI: 210,
410), 34% among those with a CCI score of 2–3 (interaction
contrast¼ 369 per 1000 person-years, 95% CI: 261, 478), and
47% among those with a CCI score of 4þ (interaction
contrast¼ 745 per 1000 person-years, 95% CI: 486, 1004;
Supplementary Table S3).

Individual comorbidities. Table 5 presents standardised mortality
rates for CRC patients according to the presence of individual
comorbidities. For CRC patients, a variety of comorbidities interacted
with CRC to increase mortality during the first 0–1 year following
diagnosis, in particular dementia, liver disease, haemiplegia, renal
diseases, and leukemia. In contrast, the interactions had limited
influence on mortality during the subsequent 2–5 years.

DISCUSSION

In this large, nationwide, population-based matched cohort study,
we found that comorbidity interacted with CRC to increase
mortality, particularly in the first year after diagnosis. The
interaction accounted for 9% of the total mortality in patients
with low comorbidity (CCI score of 1), but as much as 34% in
those with high comorbidity burdens (CCI score of 4þ ). Nearly
the same results were found for men and women, both when CRC
patients with either non-metastatic or metastatic disease were
evaluated, and for colon and rectal cancers. The interaction seemed
particularly important for patients aged 69 years or younger, and
was evident for a wide variety of comorbidities in CRC patients.
Except for the interaction between CRC and a high comorbidity
burden (CCI score of 4þ ) accounting for 14% of mortality 2–5
years after diagnosis, mortality in this period was not higher than
that explained by CRC and comorbidity acting independently.
Finally, the interaction between comorbidity and CRC also had
substantial impact on the 30-day post-operative mortality.

Our study extends the existing literature by including a
population comparison cohort free of CRC, thereby allowing
evaluation of the excess mortality caused by the interaction
between comorbidity and CRC. Our findings strongly suggest that

Table 5. Standardised mortality rates (per 1000 person-years) and interaction contrasts for CRC patients compared with persons in a matched population-
based comparison cohort, according to the presence of selected comorbid diseases included in the CCI

0–1 Year of follow-up Two to 5 years of follow-up

Standardised mortality
rates, CRC cohort

(95% CI)

Interaction
contrasts
(95% CI) %a

Standardised
mortality rates,

CRC cohort (95% CI)
Interaction

contrasts (95% CI) %a

Myocardial infarction 470 (439, 500) 73 (40, 105) 16% 155 (142, 169) �11 (�26, 3.1) NA

Congestive heart failure 630 (588, 672) 188 (144, 231) 30% 205 (184, 225) �2.8 (� 24, 19) NA

Peripheral vascular disease 542 (503, 581) 130 (90, 171) 24% 195 (176, 214) 10 (�9.6, 30) 5.1%

Cerebrovascular disease 512 (487, 537) 105 (78, 131) 21% 160 (149, 171) �17 (�29, � 5.7) NA

Dementia 1010 (851, 1169) 538 (378, 698) 53% 318 (225, 412) 72 (� 23, 166) 23%

Chronic pulmonary disease 566 (537, 595) 145 (114, 175) 26% 183 (169, 197) �7.2 (�22, 7.4) NA

Connective tissue disease 466 (424, 508) 85 (42, 127) 18% 201 (165, 238) 47 (9.8, 84) 23%

Ulcer disease 490 (461, 520) 94 (63, 125) 19% 160 (144, 177) �7.5 (�24, 9.4) NA

Mild liver disease 767 (638, 896) 277 (94, 459) 36% 209 (168, 250) �0.1 (� 45, 44) NA

Diabetes type I and II 505 (474, 536) 105 (73, 138) 21% 177 (163, 191) 1.3 (� 13, 16) 0.7%

Haemiplegia 997 (571, 1423) 617 (190, 1044) 62% 351 (138, 564) 162 (� 52, 377) 46%

Moderate to severe renal disease 644 (575, 714) 208 (137, 279) 32% 183 (155, 211) �4.8 (� 34, 25) NA

Diabetes with end-organ failure 546 (495, 597) 134 (81, 187) 25% 185 (164, 206) �5.6 (� 28, 17) NA

Any tumour (excluding CRC) 484 (454, 515) 60 (28, 91) 12% 182 (171, 193) 13 (1.1, 25) 7.1%

Leukemia 778 (490, 1065) 372 (84, 661) 48% 331 (101, 562) 147 (� 84, 378) 44%

Lymphoma 529 (417, 641) 108 (� 6.2, 222) 20% 274 (207, 341) 92 (24, 160) 34%

Moderate to severe liver disease 1266 (656, 1877) 818 (205, 1430) 65% 207 (113, 300) �9.9 (� 108, 89) NA

Metastatic solid tumour 945 (828, 1062) 358 (237, 478) 38% 625 (4.0, 1246) 415 (� 206, 1036) 66%

AIDS 3334 (� 3201, 9869) 2998 (�3537, 9533) 90% 202 (�143, 548) 98 (� 248, 443) 49%

Diseases not originally included in the CCI

Atrial fibrillation/flutter 450 (405, 494) 53 (6.7, 99) 12% 175 (152, 197) 5.2 (� 18, 29) 3.0%
Obesity 485 (425, 545) 102 (41, 163) 21% 177 (153, 202) 11 (� 16, 37) 6.2%

Abbreviations: CCI¼Charlson Comorbidity Index; CI¼ confidence interval; CRC¼ colorectal cancer; NA¼ not applicable.
aProportion of the mortality explained by interaction.
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treatment of comorbidities should be considered an integral part
of clinical care for newly diagnosed CRC patients. Successful
treatment of comorbidity would reduce the mortality attributable
to comorbidity itself, and also the mortality attributable to the
synergy (i.e., interaction) between comorbidity and CRC.

No earlier study has evaluated the independent effects of CRC
and comorbidity, or their synergistic effect on mortality, although
they have generally demonstrated that CRC patients with
comorbidities have poorer survival than CRC patients without
comorbidities; a pattern also observed in our study. Impaired
survival has been demonstrated over the short-term (Panis et al,
2011; Sarfati et al, 2011; Jorgensen et al, 2012) and long-term
(Iversen et al, 2009; Sarfati et al, 2011; Jorgensen et al, 2012), and in
population-based studies (Janssen-Heijnen et al, 2005; Iversen et al,
2009; Panis et al, 2011) and single-centre studies (Ouellette et al,
2004; Read et al, 2004). Impaired survival has been also found
when comorbidities were evaluated using indices, such as CCI or
Adult Comorbidity Index (ACE-27; Ouellette et al, 2004; Read
et al, 2004; Iversen et al, 2009) and for individual diseases,
including cardiovascular disease, pulmonary disease, diabetes,
previous malignancy, and renal disease (Lemmens et al, 2005;
Gross et al, 2006a, b; Janssen-Heijnen et al, 2007; Sarfati et al,
2009). In addition, impaired survival of CRC patients with
comorbidities has been demonstrated regardless of treatment
received, anatomical site of CRC, gender, and age (Ouellette et al,
2004; Janssen-Heijnen et al, 2005; Iversen et al, 2009). Nonetheless,
at least two studies have indicated that comorbidity does not have
as important a role in mortality among patients with late-stage
CRC. A recent study from North America (exploratory analysis of
the CO.17 clinical trial), including 572 patients with metastatic
CRC, found that patients with more comorbidity had improved
survival compared with patients with less comorbidity (HR¼ 0.8,
95% CI 0.65, 1.00; Asmis et al, 2011). A single-centre German
study of 233 CRC patients with metastatic disease undergoing non-
curative elective surgery found no association between comorbid-
ities (measured by number of affected organs) and the 30-day
mortality (Kleespies et al, 2009). These findings suggest that among
patients severely ill with CRC, the coexistence of other often less-
aggressive diseases has little effect on their poor prognosis. In our
study, however, we found that the synergy between comorbidity
and CRC had a substantial role for mortality in CRC patients with
metastatic disease, although primarily during the first year of
follow-up and among those with high comorbidity burdens. The
same pattern is likely to be observed with increasing age, which our
study also confirmed.

Although it was beyond the scope of our study to evaluate
underlying reasons for excess mortality among CRC patients with
comorbidities, there are several possibilities. First, it has been
shown that diseases, such as diabetes and inflammatory bowel
disease, increase CRC risk, and it has been speculated that this
association might result in particularly aggressive CRC with poor
survival (Ording et al, 2013). Had this been true, we would have
expected to observe interaction between CRC and comorbidities
also after the first year of follow-up, which we did not. Second,
severe comorbidities might impair or delay cancer diagnosis or
interfere with diagnostic follow-up, leading to more advanced
spread (Bjerager et al, 2006), although some studies have shown
decreased delays among comorbid CRC patients (Mitchell et al,
2008). Our results also do not support any difference in interaction
between CRC stages. Third, physician behaviour and patient
compliance may be affected by the presence of other diseases.
Finally, treatment and post-treatment care might be suboptimal in
the presence of comorbidities, and comorbidity can result in a
higher frequency of complications eventually leading to death
(Lemmens et al, 2005, 2007; Sarfati et al, 2009; Koroukian et al,
2010). This potential mechanism is supported by our findings of
the interaction being restricted primarily to the first year of

follow-up. However, all potential explanations remain speculative
and need to be confirmed in future investigations.

The strengths of our study include its population-based cohort
design and a setting providing free access to healthcare, which
virtually eliminates referral bias. We were able to study a large,
well-defined population with complete follow-up owing to
computerised nationwide registries, thus making selection biases
negligible. Because of the large number of CRC patients
and matched persons from the general population without
CRC, we were able to estimate the independent effects of cancer
and other conditions, and how their co-occurrence affects
mortality. Earlier research has called for such an investigation
(Gross et al, 2006b).

Our study also had several limitations. Inaccurate coding in the
nationwide registries is an important concern in registry-based
analyses such as ours. Fortunately, the completeness and positive
predictive values of diagnoses in the Danish Cancer Registry have
been found to be 95–98% (Storm et al, 1997; Gjerstorff, 2011). The
positive predictive value of the coding of comorbidities also has
been shown to be high, whereas the completeness of coding is
likely to be lower (Thygesen et al, 2011). In addition, even though
we included comorbidities in the CCI, with the addition of atrial
fibrillation/flutter and obesity, we may have missed other diseases
affecting mortality. These factors could have led us to under-
estimate comorbidity burdens and to classify patients with
comorbidities in the group without comorbidity, resulting in more
uniform mortality rates and mortality rate ratios approaching 1.0.
Furthermore, although we attempted to deal with potential
confounding caused by age and gender by matching, standardisa-
tion, and adjustment, our results may have been affected by
confounding by unmeasured factors, such as alcohol consumption,
smoking, and medication use. Nevertheless, given the strength of
the associations, we find it unlikely that these unmeasured factors
could explain our results completely. Finally, we did not include
data on causes of death and were therefore unable to compare
causes of death between CRC patients and the population
comparison cohort. However, as we would not expect comparison
cohort members to die of CRC, and because deaths due to CRC in
the CRC cohort would affect the distribution of deaths from other
causes, such a comparison would be of limited value.

In conclusion, our population-based matched cohort study
showed that comorbidities interacted with CRC to increase
mortality beyond that explained by CRC and comorbidities acting
independently, particularly in the first year after CRC diagnosis.
Successful treatment of the comorbidity is pivotal, as it would
delay death from the comorbidity and death caused by the
interaction.
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APPENDIX

Codes used in the present study
Colorectal cancer: Colon: ICD-10: C18
Rectal: ICD-10: C19-20
Surgery codes for colorectal resection: KJFB20-97, KJFH00-33,

KJFH96, KJGB00-50, and KJGB96-97

Charlson’s Comorbidity Index

Diseases ICD-8 ICD-10 Score
1 Myocardial

infarction
410 I21;I22;I23 1

2 Congestive heart
failure

427.09; 427.10;
427.11; 427.19;
428.99; 782.49

I50; I11.0; I13.0;
I13.2

1

3 Peripheral
vascular disease

440; 441; 442;
443; 444; 445

I70; I71; I72; I73;
I74; I77

1

4 Cerebrovascular
disease

430–438 I60-I69; G45;
G46

1

5 Dementia 290.09–290.19;
293.09

F00–F03; F05.1;
G30

1

6 Chronic
pulmonary
disease

490–493; 515–518 J40–J47; J60–J67;
J68.4; J70.1;
J70.3; J84.1; J92.0;
J96.1; J98.2; J98.3

1

7 Connective
tissue disease

712; 716; 734;
446; 135.99

M05; M06; M08;
M09;M30;M31;
M32; M33; M34;
M35; M36; D86

1

8 Ulcer disease 530.91; 530.98;
531-534

K22.1; K25–K28 1

9 Mild liver
disease

571; 573.01;
573.04

B18;
K70.0–K70.3;
K70.9; K71; K73;
K74; K76.0;
DB18

1

10 Diabetes type1
Diabetes type2

249.00; 249.06;
249.07; 249.09
250.00; 250.06;
250.07; 250.09

E10.0, E10.1;
E10.9
E11.0; E11.1;
E11.9

1

11 Haemiplegia 344 G81; G82 2

12 Moderate to
severe renal
disease

403; 404;
580–583;
584; 590.09;
593.19;
753.10–753.19;
792

I12; I13;
N00–N05;
N07; N11; N14;
N17–N19; Q61

2

13 Diabetes with
end-organ
damage type1
Diabetes with
end-organ
damage type2

249.01–249.05;
249.08
250.01–250.05;
250.08

E10.2–E10.8
E11.2–E11.8

2

14 Any tumour
(except colorectal
cancer)

140–194
(excluding
153.xx,
154.09–19)

C00–C75
(excluding
C18–C20)

2

15 Leukemia 204–207 C91–C95 2

16 Lymphoma 200–203; 275.59 C81–C85;
C88; C90; C96

2

17 Moderate to
severe liver
disease

070.00; 070.02;
070.04; 070.06;
070.08; 573.00;
456.00–456.09

B15.0; B16.0;
B16.2; B19.0;
K70.4; K72;
K76.6; I85

3

18 Metastatic solid
tumour

195–198; 199 C76–C80 6

19 AIDS 079.83 B21–B24 6

Additions to the original definition

Atrial fibrillation/
flutter

427.93 I489 1

Obesity 277 E66 1

Definition of colorectal cancer stage in the Danish Cancer Registry

Dukes
1995-2003

TNM
2004-2010

Non-metastatic (i.e., localised and
regional spread)

A,B, and C T0–4,x; N0-3; M0
T0–2; N0; Mx
T0–1; Nx; M0,x

Metastatic D T0–4,x; N1–3; M1,x
T0–4,x; N0; M1
T0–4,x; Nx; M1

Unknown T2–4,x; Nx; M0,x
T3–4,x; N0; Mx
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