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A B S T R A C T

We investigated the effects of socioeconomic indicators, demographic indicators and

health-related indicators on the incidence of and survival from colon cancer and rectal

cancer diagnosed in 1994–2003 with follow-up through 2006 in Denmark using information

from nationwide registers. The analyses were based on data on 9958 patients with colon

cancer and 7411 patients with rectal cancer in a cohort of 3.22 million people born between

1925 and 1973 and aged P30 years. Higher incidences of colon and rectal cancers were

associated with greater social disadvantage, predominantly amongst men, in regard to

cohabiting status, housing tenure, dwelling size and affiliation to the work market. Comor-

bidity was associated with a higher incidence of colon cancer in both sexes. Short- and

long-term relative survival from both colon and rectal cancers decreased with poorer edu-

cation, disposable income, affiliation to the work market, housing tenure, dwelling size and

cohabiting status.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

The incidence and mortality rates of colon and rectal cancers

in Denmark are high: in 2003, 2244 cases of colon cancer and

1423 cases of rectal cancer were diagnosed. Colon cancer was

the fifth most frequent cancer type diagnosed amongst men

and the fourth amongst women, whilst rectal cancer ranked

sixth and seventh amongst men and women, respectively.1

In 2001, colon cancer was the third commonest cause of

death from cancer amongst both men and women, whilst

mortality from rectal cancer ranked fifth amongst men and

sixth amongst women.1

Evidence of increasing inequality in the incidence of and

mortality from colon and rectal cancers by socioeconomic po-

sition has emerged.2–17 In a review in 1997, high social stra-

tum was associated with a high risk for colon cancer but
er Ltd. All rights reserved

ax: +45 35257731.
eberg).
not rectal cancer.3 In more recent studies based on data from

other European countries, higher risks for colon and rectal

cancers were associated with a higher level of education,7,10,12

higher social class4,7 and professional or white-collar occupa-

tion,10,11 the associations being stronger for colon than for

rectal cancer.4,7,10 A positive social gradient has not, however,

been observed in all studies,13–15 in particular in the United

States, where most studies have shown higher incidences of

cancers at both sites in socially disadvantaged groups.17 The

findings with regard to socioeconomic position and survival

after a diagnosis of colon or rectal cancer have been relatively

consistent, most studies demonstrating poorer survival with

decreasing socioeconomic position.2,3,5,6,8,9,16

Although the influence of marital status on survival after

colon or rectal cancer in Denmark has been studied,18 the

effects of other socioeconomic indicators, demographic
.
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indicators and health-related indicators have not been ad-

dressed. The aim of this study was to investigate social

inequality in the incidence of and survival from colon cancer

and rectal cancer in Denmark, as part of a comprehensive,

rigorous analysis of the role of socioeconomic position in can-

cer incidence and survival.

2. Materials and methods

The materials and methods are described elsewhere.19

Briefly, the study population comprised all 3.22 million Dan-

ish residents born between 1925 and 1973 without a previous

cancer and who entered the cohort at age 30 (see Fig. 1 in19).

Information on socioeconomic indicators, demographic indi-

cators and health-related indicators was obtained from var-

ious Danish registers based on administrative data.19 Crude,

age-specific and age-standardised incidence rates are pre-

sented for colon cancer (ICD-10 C18) and rectal cancer

(ICD-10 C19–21) diagnosed in the cohort in 1994–2003. The

incidence rates were standardised by age (in 5-year age

groups) and period (in two 5-year periods), with the total

study population as the standard.20 Further, we used log-lin-

ear Poisson regression to model incidence rate ratios (IRRs),

first by adjusting for period (in 5-year periods) and age (as
Fig. 1 – Age-specific incidence rates per 100,000 person-years fo

1973 in Denmark between 1994 and 2003. Supplementary table

standardised by age (5-year age groups) and period (two 5-year

the incidence rate difference, with basic school as the reference
two continuous variables: age and age2 in years) and second

by adding education and disposable income to the models.

For each level of each indicator, we conducted relative sur-

vival analyses, adjusting for population mortality amongst

the incident cancer cases in 1994–2003 with follow-up

through 2006.19 Population mortality rates were stratified

by age, period and the respective indicator. Except for the

analyses of ethnicity, all analyses included only residents

born in Denmark to at least one Danish-born parent with

Danish citizenship.19

3. Results

We included 9958 persons with colon cancer and 7411 persons

with rectal cancer, constituting 47% and 54% of all cases of

cancers at the two sites, respectively, diagnosed in Denmark

during the period 1994–2003. Amongst Danish persons, the

male:female ratio for colon cancer was 0.9, and the age- and

period-standardised incidence rates were 39 and 37 per

100,000 person-years for men and women, respectively. The

age- and period-standardised incidence rates for rectal cancer

among Danish persons were 34 per 100,000 person-years for

men and 23 per 100,000 person-years for women, with a mal-

e:female ratio of 1.5.
r colon cancer by education amongst persons born in 1925–

shows the crude incidence rate and the incidence rate

periods) with the total study population as the standard and

.



Table 1 – Incidence rate ratios (IRRs) with 95% confidence intervals (95% CIs) for colon cancer in Danish persons born in
1925–1973 and aged P30 years, by socioeconomic variables, demographic variables and health-related variables in
Denmark, between 1994 and 2003

Men Women

Obs IRRa (95% CI) Adjusted IRRb

(95% CI)
Obs IRRa (95% CI) Adjusted IRRb

(95% CI)

Level of education
Basic or high school 2058 1.00 1.00 2735 1.00 1.00
Vocational education 1985 1.10 (1.03–1.17) 1.10 (1.03–1.17) 1262 1.00 (0.94–1.07) 0.99 (0.93–1.06)
Higher education 851 1.08 (0.99–1.17) 1.07 (0.99–1.17) 639 1.00 (0.91–1.09) 0.98 (0.89–1.07)
Unknown 75 1.10 (0.87–1.38) 1.10 (0.87–1.38) 48 1.02 (0.77–1.36) 1.02 (0.77–1.36)

Disposable incomec

Lowest (1st quartile) 1674 0.98 (0.92–1.05) 0.99 (0.93–1.06) 1629 0.95 (0.89–1.02) 0.95 (0.89–1.02)
Middle (2nd–3rd quartile) 2118 1.00 1.00 2073 1.00 1.00
Highest (4th quartile) 1177 1.01 (0.94–1.09) 1.00 (0.93–1.08) 982 1.01 (0.93–1.09) 1.01 (0.94–1.10)

Affiliation to work marketd

Working 2532 1.00 1.00 1864 1.00 1.00
Unemployed or other 557 1.20 (1.09–1.32) 1.21 (1.10–1.34) 757 1.11 (1.02–1.21) 1.13 (1.03–1.23)
Early retirement pensioner 387 1.14 (1.02–1.27) 1.18 (1.05–1.31) 619 1.00 (0.91–1.10) 1.02 (0.92–1.12)

Social classe

Creative core 264 1.00 (0.88–1.13) 1.01 (0.87–1.17) 72 1.13 (0.88–1.45) 1.15 (0.88–1.50)
Creative professional 857 1.08 (1.00–1.17) 1.09 (0.99–1.19) 364 1.00 (0.87–1.16) 1.02 (0.87–1.19)
Bohemian 25 1.01 (0.68–1.49) 1.02 (0.68–1.51) 9 0.91 (0.47–1.75) 0.92 (0.47–1.78)
Service 1151 0.99 (0.92–1.07) 0.99 (0.92–1.07) 2301 0.90 (0.81–1.00) 0.89 (0.80–0.99)
Manual 1986 1.00 1.00 409 1.00 1.00
Agricultural 220 0.70 (0.61–0.80) 0.71 (0.62–0.82) 101 0.92 (0.74–1.14) 0.92 (0.74–1.15)
Unknown 466 1.02 (0.92–1.13) 1.03 (0.93–1.14) 1428 0.96 (0.86–1.07) 0.96 (0.86–1.07)

Housing tenure
Owner-occupied 3324 1.00 1.00 2957 1.00 1.00
Rental 1565 1.18 (1.11–1.25) 1.19 (1.12–1.26) 1685 0.98 (0.93–1.04) 0.98 (0.93–1.05)
Unknown 80 1.46 (1.17–1.83) 1.48 (1.19–1.85) 42 0.91 (0.67–1.23) 0.91 (0.67–1.23)

Size of dwelling (m2)
0–49 159 1.18 (1.01–1.39) 1.22 (1.03–1.43) 61 0.91 (0.70–1.17) 0.91 (0.71–1.18)
50–99 1739 1.10 (1.03–1.18) 1.12 (1.05–1.19) 1933 1.02 (0.96–1.09) 1.02 (0.96–1.10)
100–149 1921 1.00 1.00 1692 1.00 1.00
P150 1150 0.95 (0.88–1.02) 0.94 (0.87–1.01) 998 1.06 (0.98–1.15) 1.06 (0.98–1.14)

Cohabiting status
Married 3615 1.00 1.00 2982 1.00 1.00
Cohabiting 291 1.02 (0.90–1.15) 1.03 (0.91–1.16) 218 0.94 (0.82–1.08) 0.94 (0.82–1.08)
Single 378 1.00 (0.90–1.11) 1.02 (0.92–1.14) 231 0.98 (0.86–1.12) 0.99 (0.86–1.13)
Widow or widower 247 1.06 (0.93–1.21) 1.07 (0.94–1.22) 802 1.01 (0.93–1.10) 1.02 (0.94–1.10)
Divorced 438 1.13 (1.02–1.25) 1.14 (1.03–1.26) 451 0.94 (0.85–1.03) 0.94 (0.85–1.04)

Type of district
Capital area 1605 1.00 1.00 1469 1.00 1.00
Provincial city 2476 0.89 (0.83–0.95) 0.89 (0.84–0.95) 2422 1.00 (0.93–1.06) 1.00 (0.94–1.07)
Rural area 606 0.89 (0.81–0.98) 0.90 (0.82–0.99) 558 1.02 (0.93–1.12) 1.03 (0.93–1.13)
Peripheral rural areaf 282 0.89 (0.78–1.01) 0.90 (0.79–1.02) 235 0.91 (0.80–1.05) 0.92 (0.80–1.06)

Ethnicityg

Danish 4969 1.00 1.00 4684 1.00 1.00
Immigrant or descendant from western country 86 0.95 (0.77–1.18) 0.95 (0.76–1.17) 87 0.73 (0.59–0.90) 0.73 (0.59–0.91)
Immigrant or descendant from non-western country 70 0.68 (0.54–0.86) 0.69 (0.54–0.89) 62 0.68 (0.53–0.87) 0.71 (0.54–0.93)

Charlson comorbidity indexh

None 3792 1.00 1.00 3884 1.00 1.00
1 747 1.10 (1.02–1.20) 1.11 (1.02–1.20) 504 1.09 (0.99–1.19) 1.09 (0.99–1.20)
P2 430 1.23 (1.11–1.36) 1.24 (1.12–1.37) 296 1.10 (0.98–1.24) 1.10 (0.98–1.24)

Depression
No 4877 1.00 1.00 4537 1.00 1.00
Yes 92 1.01 (0.82–1.24) 1.01 (0.82–1.24) 147 0.92 (0.78–1.09) 0.92 (0.78–1.09)

Schizophrenia or other psychosis
No 4930 1.00 1.00 4632 1.00 1.00
Yes 39 0.93 (0.68–1.28) 0.95 (0.69–1.30) 52 0.92 (0.70–1.21) 0.92 (0.70–1.21)

a Adjusted for calendar period (in 5-year intervals) and age modelled as age and age2 in years.

b Adjusted for calendar period and age (as above) and additionally for level of education and disposable income.

c Household income after taxation and interest, adjusted for number of persons in household; categorised by gender-specific distribution of household disposable
income per person.

d For pensioners, work market affiliation before pension date was assigned and followed up to age 69.

e Based on theory of creative class35: the creative core (e.g. researchers, designers, architects), creative professionals (e.g. managers, business and finance, lawyers,
doctors), bohemians (e.g. artists, models), the service class (e.g. nurses, hairdressers, caterers), the manual class (e.g. construction workers, transport and production
workers) and the agricultural class (e.g. farmers, fishermen).

f More than 40 km to a local centre with adequate possibilities for employment and not sharing a border with a centre municipality.

g Included as a separate indicator, but ethnic groups were excluded from the study population in all other analyses presented in Table 1, e.g. education and income.

h The presence of disorders, as defined in the Charlson index, was defined as an in- or outpatient contact with one of the diagnoses listed in Table 1 in19 between 1978
and 2 years before the cancer diagnosis. Grouped according to the accumulated sum of scores.
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Table 2 – 1-year and 5-year relative survivala (%) with 95% confidence interval (95% CI) by socioeconomic variables,
demographic variables and health-related variables in patients aged P30 years born in 1925–1973, with colon cancer
diagnosed in Denmark between 1994 and 2003 and followed through 2006

Men Women

1-year survival 5-year survival 1-year survival 5-year survival

No. % 95% CI % 95% CI No. % 95% CI % 95% CI

Level of education
Basic or high school 2043 69 67–72 42 39–44 2715 73 71–74 46 44–48
Vocational education 1974 73 71–75 45 42–47 1251 77 75–80 52 49–55
Higher education 849 75 72–78 46 43–50 636 77 74–81 49 45–54
Unknown 74 62 52–75 38 28–53 48 78 67–91 50 37–69

Disposable incomeb

Lowest (1st quartile) 1660 67 64–70 40 37–43 1619 73 70–75 45 42–48
Middle (2nd–3rd quartile) 2109 72 71–75 45 43–48 2050 74 73–76 48 46–51
Highest (4th quartile) 1171 77 74–80 46 43–49 981 79 76–82 55 51–59

Affiliation to work marketc

Working 2520 77 75–78 48 46–50 1858 80 78–82 52 50–54
Unemployed or other 552 66 61–72 41 36–48 754 82 78–85 53 49–57
Early retirement pensioner 381 60 54–67 35 29–43 607 66 61–72 39 33–45

Social classd

Creative core 263 74 69–80 48 42–55 72 75 64–88 45 33–61
Creative professional 855 75 73–78 48 44–52 362 78 74–83 51 46–58
Bohemian 25 77 62–96 60 42–86 9 83 71–99 41 18–95
Service 1146 73 71–76 43 40–46 2283 76 74–78 51 48–53
Manual 1973 71 69–73 43 41–46 402 73 69–77 47 42–52
Agricultural 218 73 67–79 49 42–56 100 74 66–84 42 33–54
Unknown 460 64 59–69 36 31–42 1422 72 69–74 45 42–48

Housing tenure
Owner-occupied 3312 75 73–76 46 44–48 2944 76 74–77 49 47–51
Rental 1550 66 64–68 39 36–42 1664 72 70–75 47 44–50
Unknown 78 72 62–84 48 36–64 42 73 60–89 49 35–69

Size of dwelling (m2)
0–49 153 62 54–70 36 28–47 61 53 42–68 37 26–52
50–99 1725 68 66–71 39 37–42 1913 73 71–75 47 45–50
100–149 1915 73 71–75 46 44–49 1679 75 73–77 49 46–51
P150 1147 77 75–80 49 46–52 997 78 75–81 51 48–55

Cohabiting status
Married 3602 74 73–76 46 44–48 2964 75 74–77 49 47–51
Cohabiting 291 71 65–77 41 35–49 214 73 67–81 48 40–57
Single 369 64 59–70 35 29–41 228 77 72–83 51 44–60
Widow/widower 246 67 60–76 41 33–52 795 69 65–74 46 41–52
Divorced 432 67 62–72 40 35–46 449 75 71–80 46 41–51

Type of district
Capital area 1593 72 70–74 43 40–46 1457 75 73–77 50 47–53
Provincial city 2461 72 70–74 45 43–47 2405 74 72–75 48 46–50
Rural area 604 72 69–76 43 39–48 556 77 74–81 45 41–49
Peripheral rural areae 282 73 68–78 41 35–48 232 72 66–78 50 44–58

Ethnicityf

Danish 4940 72 71–73 44 42–46 4650 74 73–76 48 47–50
Immigrant or descendant from western country 86 75 66–85 49 39–62 85 77 68–86 50 39–63
Immigrant or descendant from non-western country 70 79 69–91 64 51–80 62 86 77–95 55 42–73

Charlson comorbidity indexg

None 3771 73 72–75 45 43–47 3865 75 74–76 48 47–50
1 742 70 67–74 41 37–45 497 73 69–77 51 46–56
P2 427 66 61–72 41 34–48 288 70 65–76 46 40–54

Depression
No 4850 72 71–73 44 43–46 4504 74 73–76 48 47–50
Yes 90 67 58–78 40 30–52 146 77 70–84 50 42–60

Schizophrenia or other psychosis
No 4901 72 71–73 44 43–46 4598 74 73–76 48 47–50
Yes 39 58 42–79 28 15–51 52 76 65–89 47 35–65

a Ratio of observed survival of cancer patients and survival that would have been expected if the patients had had the same socioeconomic mortality, demographic
mortality, or age-, period-, or health-related indicator-specific mortality as the total study population; for ‘social class’ and ‘ethnicity’, expected survival is adjusted only
for age, not for period, because of low power.

b Household income after taxation and interest, adjusted for number of persons in household; categorised by gender-specific distribution of household disposable
income per person.

c For pensioners, work market affiliation before pension date was assigned and followed up to age 69.

d Based on the theory of creative class35: the creative core (e.g. researchers, designers, architects), creative professionals (e.g. managers, business and finance, lawyers,
doctors), bohemians (e.g. artists, models), the service class (e.g. nurses, hairdressers, caterers), the manual class (e.g. construction workers, transport and production
workers) and the agricultural class (e.g. farmers, fishermen).

e More than 40 km to a local centre with adequate possibilities for employment and not sharing a border with a centre municipality.

f Excluded from the study population in all other analyses presented in Table 2.

g The presence of disorders, as defined in the Charlson index, was defined as an in- or outpatient contact with one of the diagnoses listed in Table 1 in19 between 1978 and
2 years before the cancer diagnosis. Grouped according to the accumulated sum of scores.
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3.1. Colon cancer

The stepwise age- and period-standardised incidence rates of

colon cancer did not change with increasing length of educa-

tion for either men or women (Fig. 1).

Table 1 shows that, amongst men, vocational education,

unemployment or early retirement and living in small rented

housing were associated with an increased IRR for colon can-

cer, whereas living in a larger dwelling was associated with a

decreased IRR. The IRR of colon cancer amongst men in the

creative professional class was higher than that of men in

the manual class, and that of men in the agricultural class

was lower. Divorced men had a higher IRR of colon cancer

then those who were married, whilst living in more rural

areas was associated with a lower IRR. Amongst women,

unemployment was associated with an increased IRR of colon

cancer, as was the presence of one or more comorbid condi-

tions, but the effect was less marked than amongst men.

The 1-year relative survival of patients in whom colon can-

cer was diagnosed during 1994–2003 was 72% for men and
Fig. 2 – Age-standardised relative survival and excess mortality

born in 1925–1973, with colon cancer diagnosed in Denmark be

survival is the ratio of the observed survival of the cancer patie

patients had had the same age-, period- and education-specific

excess to the same population mortality and estimated in interv

the basis of the age distribution of all patients with colon cance
74% for women. The 5-year relative survival was 44% for

men and 48% for women.

As shown in Table 2, basic or high-school education, early

retirement and living in small rented housing were associated

with shorter 1- and 5-year relative survival from colon cancer

in both men and women. The poorest relative survival was

seen amongst men with low income and amongst women

with low or middle income. With regard to occupational sta-

tus, relative survival was poorest amongst men and women

in the manual class after 1 year, whereas after 5 years the

lowest relative survival was observed in men in the service

and manual classes and women in the agricultural class,

when the small group of bohemians is disregarded. Single

men experienced the poorest 1- and 5-year relative survival,

whilst widows had the lowest 1-year relative survival. After

5 years, the poorest relative survival was that of divorced wo-

men and widows. A higher comorbidity score was associated

with shorter 1- and 5-year survival.

Fig. 2 shows the age-standardised relative survival and cor-

responding excess mortality rates for colon cancer according
rates per 100 person-years by level of education in patients

tween 1994 and 2003 and followed through 2006. Relative

nts and the survival that would have been expected if the

mortality as the total study population. Excess mortality is

als since diagnosis. Estimates were standardised for age on

r in the study cohort.
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to educational level. Within the first 6 months after diagnosis,

no difference was found in survival by educational level,

whereas thereafter survival was slightly worse in both men

and women with only basic schooling. Men with higher edu-

cation had lower excess mortality rates up to 9 months, but

no difference by education was seen thereafter. Amongst wo-

men, no clear difference in excess mortality rates by educa-

tion was seen during the 5 years of follow-up.

3.2. Rectal cancer

The stepwise age- and period-standardised incidence rates of

rectal cancer did not change with increasing length of educa-

tion for either men or women (Fig. 3).

Table 3 shows that for men, unemployment and early

retirement and living in smaller rented housing were associ-

ated with an increased IRR of rectal cancer. Men in the crea-

tive professional class, the service class and the agricultural

class had lower IRRs than men in the manual class. Addition-

ally, men living in more rural areas had a lower IRR than those

living in capital areas. Amongst women, a higher level of edu-

cation tended to be associated with a decreased IRR of rectal

cancer, although the association was not significant. Men liv-

ing with a partner or who were single or divorced had a higher

IRR of rectal cancer than married men, whereas amongst wo-

men a higher IRR was seen only for those who were single. No
Fig. 3 – Age-specific incidence rates per 100,000 person-years fo

1973 in Denmark between 1994 and 2003. Supplementary table

standardised by age (5-year age groups) and period (two 5-year

the incidence rate difference, with higher education as the refer
clear associations with health-related factors were seen for

either sex.

The 1-year relative survival of patients in whom rectal

cancer was diagnosed during 1994–2003 was 79% for men

and 82% for women. The 5-year relative survival was 46%

for men and 53% for women.

As shown in Table 4, basic or vocational education, low or

middle income, being unemployed or taking early retirement

and living in small rented housing were associated with the

lowest 1- and 5-year relative survival from rectal cancer in

both men and women. The lowest 1- and 5-year relative sur-

vival was seen amongst men in the manual class and women

in the manual and service classes, when the small group of

bohemians is disregarded. Compared to living with a partner,

lower 1-year relative survival was seen for men who were sin-

gle, widowers or divorced. The lowest 5-year relative survival

was seen for single and divorced men. Divorced women had

the lowest 1-year relative survival, whilst after 5 years the

lowest relative survival was seen for single women. When

short- and long-term relative survival were examined by type

of district, they tended to be the best in men living in periph-

eral rural areas and the lowest in women living in peripheral

rural areas. A comorbidity score of 1 or higher tended to be

associated with lower 1-year relative survival. This pattern

persisted amongst men 5 years after diagnosis, whereas it

was seen only amongst women with a score of 2 or higher.
r rectal cancer by education amongst persons born in 1925–

shows the crude incidence rate and the incidence rate

periods) with the total study population as the standard and

ence.



Table 3 – Incidence rate ratios (IRRs) with 95% confidence intervals (95% CIs) for rectal cancer in Danish persons born in
1925–1973 and aged P30 years by socioeconomic variables, demographic variables and health-related variables in
Denmark between 1994 and 2003

Men Women

Obs IRRa (95% CI) Adjusted IRRb

(95% CI)
Obs IRRa (95% CI) Adjusted IRRb

(95% CI)

Level of education
Basic or high school 1831 1.00 1.00 1641 1.00 1.00
Vocational education 1681 1.01 (0.95–1.09) 1.02 (0.96–1.09) 846 1.04 (0.96–1.14) 1.04 (0.96–1.14)
Higher education 694 0.95 (0.87–1.04) 0.98 (0.89–1.08) 381 0.90 (0.80–1.00) 0.89 (0.79–1.00)
Unknown 70 1.11 (0.87–1.41) 1.12 (0.88–1.42) 33 1.11 (0.78–1.56) 1.10 (0.78–1.56)

Disposable incomec

Lowest (1st quartile) 1427 1.04 (0.97–1.12) 1.04 (0.96–1.12) 973 1.04 (0.96–1.14) 1.04 (0.95–1.14)
Middle (2nd–3rd quartile) 1849 1.00 1.00 1268 1.00 1.00
Highest (4th quartile) 1000 0.95 (0.88–1.02) 0.95 (0.88–1.03) 660 1.03 (0.94–1.13) 1.05 (0.95–1.16)

Affiliation to work marketd

Working 2299 1.00 1.00 1283 1.00 1.00
Unemployed or other 458 1.13 (1.02–1.25) 1.11 (1.00–1.24) 445 1.03 (0.92–1.15) 1.02 (0.91–1.15)
Early retirement pensioner 356 1.18 (1.05–1.32) 1.18 (1.05–1.32) 413 1.08 (0.96–1.21) 1.08 (0.96–1.22)

Social classe

Creative core 219 0.87 (0.76–1.00) 0.88 (0.75–1.04) 36 0.86 (0.61–1.22) 0.95 (0.66–1.37)
Creative professional 652 0.87 (0.79–0.95) 0.88 (0.80–0.97) 218 0.94 (0.79–1.13) 1.02 (0.83–1.24)
Bohemian 15 0.64 (0.38–1.06) 0.65 (0.39–1.08) 6 0.96 (0.43–2.15) 1.03 (0.46–2.32)
Service 961 0.88 (0.81–0.95) 0.89 (0.82–0.96) 1574 0.99 (0.87–1.13) 1.00 (0.87–1.15)
Manual 1857 1.00 1.00 247 1.00 1.00
Agricultural 214 0.73 (0.64–0.85) 0.73 (0.64–0.85) 56 0.87 (0.65–1.16) 0.87 (0.65–1.17)
Unknown 358 0.88 (0.78–0.98) 0.87 (0.78–0.98) 764 0.92 (0.80–1.07) 0.92 (0.80–1.07)

Housing tenure
Owner-occupied 2896 1.00 1.00 1823 1.00 1.00
Rental 1342 1.18 (1.11–1.26) 1.17 (1.10–1.25) 1043 1.04 (0.96–1.13) 1.04 (0.96–1.13)
Unknown 38 0.80 (0.58–1.10) 0.79 (0.57–1.09) 35 1.23 (0.88–1.72) 1.23 (0.88–1.72)

Size of dwelling (m2)
0–49 127 1.11 (0.93–1.33) 1.10 (0.92–1.32) 41 0.96 (0.70–1.32) 0.97 (0.71–1.32)
50–99 1527 1.17 (1.09–1.25) 1.16 (1.09–1.25) 1178 1.01 (0.93–1.10) 1.01 (0.93–1.10)
100–149 1627 1.00 1.00 1103 1.00 1.00
P150 995 0.95 (0.88–1.03) 0.95 (0.88–1.03) 579 0.91 (0.82–1.01) 0.91 (0.82–1.01)

Cohabiting status
Married 3049 1.00 1.00 1852 1.00 1.00
Cohabiting 282 1.16 (1.03–1.31) 1.16 (1.03–1.31) 167 1.11 (0.95–1.30) 1.11 (0.95–1.31)
Single 367 1.15 (1.03–1.28) 1.14 (1.02–1.27) 169 1.16 (0.99–1.36) 1.18 (1.01–1.39)
Widow or widower 193 1.06 (0.92–1.23) 1.06 (0.91–1.22) 433 1.02 (0.91–1.13) 1.02 (0.91–1.14)
Divorced 385 1.15 (1.04–1.28) 1.14 (1.02–1.27) 280 0.94 (0.83–1.06) 0.94 (0.83–1.07)

Type of district
Capital area 1360 1.00 1.00 930 1.00 1.00
Provincial city 2149 0.91 (0.85–0.98) 0.90 (0.84–0.97) 1475 0.96 (0.89–1.04) 0.96 (0.88–1.04)
Rural area 542 0.94 (0.85–1.04) 0.93 (0.84–1.03) 330 0.95 (0.84–1.08) 0.95 (0.84–1.08)
Peripheral rural areaf 225 0.85 (0.73–0.97) 0.83 (0.72–0.96) 166 1.03 (0.88–1.22) 1.03 (0.87–1.22)

Ethnicityg

Danish 4276 1.00 1.00 2901 1.00 1.00
Immigrant or descendant from western country 81 1.02 (0.82–1.27) 1.02 (0.82–1.28) 64 0.87 (0.68–1.12) 0.87 (0.68–1.12)
Immigrant or descendant from non-western country 49 0.54 (0.41–0.72) 0.53 (0.40–0.71) 40 0.68 (0.49–0.92) 0.66 (0.47–0.92)

Charlson comorbidity indexh

None 3375 1.00 1.00 2463 1.00 1.00
1 592 1.02 (0.93–1.11) 1.01 (0.93–1.11) 282 1.03 (0.91–1.17) 1.03 (0.91–1.17)
P2 309 1.05 (0.93–1.18) 1.04 (0.92–1.17) 156 1.00 (0.85–1.18) 1.00 (0.85–1.18)

Depression
No 4205 1.00 1.00 2809 1.00 1.00
Yes 71 0.91 (0.72–1.15) 0.90 (0.71–1.14) 92 0.96 (0.78–1.18) 0.97 (0.78–1.19)

Schizophrenia or other psychosis
No 4250 1.00 1.00 2865 1.00 1.00
Yes 26 0.71 (0.48–1.04) 0.70 (0.47–1.03) 36 1.03 (0.74–1.43) 1.04 (0.75–1.44)

a Adjusted for calendar period (in 5-year intervals) and age modelled as age and age2 in years.

b Adjusted for calendar period and age (as above) and additionally for level of education and disposable income.

c Household income after taxation and interest, adjusted for number of persons in household; categorised by gender-specific distribution of household disposable
income per person.

d For pensioners, work market affiliation before pension date was assigned and followed up to age 69.

e Based on theory of creative class35: the creative core (e.g. researchers, designers, architects), creative professionals (e.g. managers, business and finance, lawyers,
doctors), bohemians (e.g. artists, models), the service class (e.g. nurses, hairdressers, caterers), the manual class (e.g. construction workers, transport and production
workers) and the agricultural class (e.g. farmers, fishermen).

f More than 40 km to a local centre with adequate possibilities for employment and not sharing a border with a centre municipality.

g Included as a separate indicator, but ethnic groups were excluded from the study population in all other analyses presented in Table 1, e.g. education and income.

h The presence of disorders, as defined in the Charlson index, was defined as an in- or outpatient contact with one of the diagnoses listed in Table 1 in19 between 1978
and 2 years before the cancer diagnosis. Grouped according to the accumulated sum of scores.
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Table 4 – 1-year and 5-year relative survivala (%) with 95% confidence interval (95% CI) by socioeconomic variables,
demographic variables and health-related variables in patients aged P30 years born in 1925–1973, with rectal cancer
diagnosed in Denmark between 1994 and 2003 and followed through 2006

Men Women

1-year survival 5-year survival 1-year survival 5-year survival

No. % 95% CI % 95% CI No. % 95% CI % 95% CI

Level of education
Basic or high school 1818 77 75–79 44 42–47 1637 81 79–83 51 48–54
Vocational education 1672 78 76–80 47 44–49 844 82 80–85 54 50–58
Higher education 687 84 81–87 50 46–55 381 88 84–91 57 51–63
Unknown 70 80 70–91 41 31–55 33 86 74–100 68 52–89

Disposable incomeb

Lowest (1st quartile) 1416 75 73–78 41 38–44 970 82 80–85 49 46–54
Middle (2nd–3rd quartile) 1836 80 78–81 47 45–50 1265 81 79–83 54 51–57
Highest (4th quartile) 995 84 81–86 51 47–55 660 87 83–90 58 53–64

Affiliation to work marketc

Working 2295 84 82–85 51 48–53 1282 88 86–89 57 55–60
Unemployed or other 449 77 73–82 45 39–51 444 85 82–89 49 44–55
Early retirement pensioner 352 79 74–85 44 37–52 413 84 79–89 51 44–58

Social classd

Creative core 218 84 79–90 56 49–63 36 86 74–99 72 58–90
Creative professional 646 83 81–86 49 45–53 218 87 82–92 56 49–65
Bohemian 15 84 70–101 61 45–82 6 84 70–100 46 29–74
Service 955 79 76–82 48 45–52 1569 83 81–85 53 50–56
Manual 1846 76 75–78 42 40–45 247 81 76–86 51 45–59
Agricultural 213 78 72–84 46 39–54 56 92 85–99 68 57–82
Unknown 354 83 79–87 49 43–55 763 81 78–84 50 46–55

Housing tenure
Owner-occupied 2882 80 79–82 48 46–50 1820 83 82–85 55 52–57
Rental 1327 77 74–79 43 40–46 1040 81 79–84 50 47–54
Unknown 38 70 56–88 34 21–57 35 60 45–79 32 19–53

Size of dwelling (m2)
0–49 121 71 63–80 41 32–53 41 78 68–91 29 18–47
50–99 1515 75 73–78 41 38–44 1175 81 79–84 50 47–53
100–149 1619 82 80–84 50 47–52 1100 82 79–84 54 51–57
P150 992 82 79–84 48 45–52 579 86 83–89 59 54–63

Cohabiting status
Married 3032 81 80–82 49 48–51 1849 83 81–85 55 52–57
Cohabiting 281 81 76–86 41 35–49 167 83 76–90 49 40–59
Single 367 73 68–78 34 29–40 169 81 75–88 46 38–56
Widow/widower 190 69 60–79 42 32–54 432 82 77–86 48 42–55
Divorced 377 73 69–78 35 30–41 278 79 74–84 48 42–55

Type of district
Capital area 1346 80 77–82 46 43–49 925 81 79–84 52 49–56
Provincial city 2138 79 77–81 46 43–48 1474 83 81–85 53 50–56
Rural area 539 78 75–82 46 42–51 330 82 78–87 53 47–59
Peripheral rural areae 224 81 76–86 50 44–58 166 80 73–86 48 41–57

Ethnicityf

Danish 4247 79 78–80 46 45–48 2895 82 81–84 53 51–55
Immigrant or descendant from western country 81 82 74–91 52 41–66 64 82 73–93 48 37–63
Immigrant or descendant from non-western country 49 74 62–89 58 44–77 40 83 71–97 57 42–79

Charlson comorbidity indexg

None 3351 80 79–81 47 45–49 2461 83 81–84 52 50–55
1 588 76 72–80 42 38–47 279 79 74–85 53 46–60
P2 308 75 70–81 42 35–50 155 78 71–85 51 41–62

Depression
No 4178 79 78–80 46 45–48 2804 82 81–84 53 51–55
Yes 69 79 70–90 45 34–59 91 86 79–94 51 40–65

Schizophrenia or other psychosis
No 4221 79 78–80 46 45–48 2859 83 81–84 53 51–55
Yes 26 51 36–72 27 16–46 36 60 46–77 34 21–52

a Ratio of observed survival of cancer patients and survival that would have been expected if the patients had had the same socioeconomic mortality, demographic
mortality or age-, period-, health-related indicator-specific mortality as the total study population; for ‘social class’ and ‘ethnicity’, expected survival is adjusted only for
age, not period, because of low power.

b Household income after taxation and interest, adjusted for number of persons in household; categorised by gender-specific distribution of household disposable
income per person.

c For pensioners, work market affiliation before pension date was assigned and followed up to age 69.

d Based on the theory of creative class35: the creative core (e.g. researchers, designers, architects), creative professionals (e.g. managers, business and finance, lawyers,
doctors), bohemians (e.g. artists, models), the service class (e.g. nurses, hairdressers, caterers), the manual class (e.g. construction workers, transport and production
workers) and the agricultural class (e.g. farmers, fishermen).

e More than 40 km to a local centre with adequate possibilities for employment and not sharing a border with a centre municipality.

f Excluded from the study population in all other analyses presented in Table 2.

g The presence of disorders, as defined in the Charlson index, was defined as an in- or outpatient contact with one of the diagnoses listed in Table 1 in19 between 1978 and
2 years before the cancer diagnosis. Grouped according to the accumulated sum of scores.
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Fig. 4 – Age-standardised relative survival and excess mortality rates per 100 person-years by level of education in patients

born in 1925–1973, with rectal cancer diagnosed in Denmark between 1994 and 2003 and followed through 2006. Relative

survival is the ratio of the observed survival of the cancer patients and the survival that would have been expected if the

patients had had the same age-, period- and education-specific mortality as the total study population. Excess mortality is

excess to the same population mortality and estimated in intervals since diagnosis. Estimates were standardised for age on

the basis of the age distribution of all patients with rectal cancer in the study cohort.
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Fig. 4 shows the age-standardised relative survival and the

corresponding excess mortality rates for rectal cancers

according to education. The relative survival was slightly

worse in men and women with basic schooling than in the

other levels of education throughout the study period. Both

women and men with higher education had lower excess

mortality rates during the first 9 months after diagnosis; sub-

sequently, the differences in excess mortality rates by educa-

tion levelled out, and no difference was seen after 5 years.

4. Discussion

In this population- and register-based study, social gradients

in the incidences of colon and rectal cancers were observed,

predominantly in men. The IRRs of both cancers increased

with greater social disadvantage, as measured by affiliation

to the work market, housing tenure, dwelling size and cohab-

iting status. Living in more rural rather than capital areas

tended to be associated with lower IRRs of both colon and rec-
tal cancer. The pattern with regard to education as a marker

of socioeconomic position was less clear. The presence of

comorbid conditions resulted in increased IRRs of colon can-

cer in both sexes.

Although increased risks for both colon and rectal cancers

have been associated with high socioeconomic position in

various European populations,3,4,7,10–12 our results do not sup-

port a positive social gradient. Rather, they are similar to find-

ings from studies in the United States, where higher

incidences of both cancers have been reported in socially dis-

advantaged groups.17

Physical inactivity and obesity are considered to be poten-

tial risk factors for colorectal cancer21 and may explain some

of the social inequality in incidence, as less physical activity

and a higher frequency of obesity have been reported in per-

sons of low socioeconomic position.22 In a recent Danish

study, people with a higher level of education reported dietary

habits that were more closely in accordance with national

dietary guidelines than people with only basic schooling;23
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thus, differences in dietary habits by socioeconomic position

might also explain some of the differences in colon and rectal

cancers incidence. Other studies, however, have indicated

that diet and other health behaviours alone do not explain

all the social gradient in the incidences of the two cancers.7,24

The estimated 1- and 5-year relative survival from colon

and rectal cancers in Denmark were similar to those observed

previously.25,26 Although the relative survival has improved,25

Denmark still has poorer survival from both cancers than

other Nordic and European countries.1,27 This study indicates

a social gradient in the pattern of survival from colon and rec-

tal cancers. The 1-year relative survival decreased with

decreasing social advantage, as measured by the level of edu-

cation, disposable income, affiliation to the work market,

housing tenure, dwelling size and cohabiting status. Even 5

years after diagnosis, there appeared to be a social gradient

in survival from either cancer. These findings are in agree-

ment with those of other studies, in which poorer survival

from colon and rectal cancers was found amongst persons

of low socioeconomic position.2,3,5,6,8,9,16 The reasons are not

well understood, but differences in stage of diagnosis28 and

treatment received29 have been proposed. The differential

distribution of physical activity, obesity and dietary patterns

might further explain the social gradient in survival. High lev-

els of physical activity have been shown to reduce the risk for

colon cancer recurrence and mortality, whereas a western

dietary pattern and a body mass index greater than 35.0 at

diagnosis have been associated with higher risks for recur-

rence and death from colon cancer.30–32 Some evidence sug-

gests that social support improves overall survival from

cancer33, and this was also indicated in this study, married

or cohabiting persons having better survival from both colon

and rectal cancer than persons living alone. As participation

in colorectal cancer screening has been associated with indi-

cators of high socioeconomic position34, this has also been

suggested to contribute to social inequality in survival from

colon and rectal cancers. In Denmark, only pilot screening

programmes for colorectal cancer have been conducted, and

so this cannot explain the social inequality observed.

In conclusion, this study suggests that the incidences of

colon cancer and rectal cancer vary by socioeconomic posi-

tion, predominantly for Danish men. Although survival from

both cancers in Denmark has improved, social inequalities in

survival remain.
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