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High and low risk groups for cancer ofcolon and rectum
in Denmark: multiplicative Poisson models applied to
register linkage data
ANDERS MELLEMGAARD, GERDA ENGHOLM, AND ELSEBETH LYNGE
From the Danish Cancer Society, Danish Cancer Registry, Institute of Cancer Epidemiology, Rosenvongets
Hovedvej 35, Box 839, DK-2100 Copenhagen 0, Denmark

SUMMARY Multiplicative Poisson models were used to identify subgroups ofthe Danish population at
high and low risk ofdeveloping cancer ofthe right or left side ofthe colon, and cancer ofthe rectum. The
analysis was based on cross-linked data from the 1970 census and the Danish Cancer Registry, where a
10-year follow-up period yielded some 20 000 colo-rectal cancers, in approximately 2 5 million persons.
The risk ofcancer of the right side of the colon in longer educated men living in apartment houses was
almost twice as high as in farmers living in single family houses (relative risk 1 84; 95% confidence
interval 142-2.37). A two-fold ratio (RR 2-18; 95% CI 1-70-2-62) was also seen in the risk ofcancer of
the left side of the colon between men with longer education in Greater Copenhagen and farmers in
Jutland. The annual number ofcolon cancer cases in men in Denmark could be reduced by 27% if the
incidence for all men was equal to that found for the low risk group of farmers.

Linkage of individual records on a national scale has
broadened the scope for health statistics from
univariate tabulations, such as occupational mortality
statistics,1 to mapping of disease patterns by
combination of variables, such as region, housing and
social class.2 A multivariate analysis provides a
potential for the identification of high and low risk
groups in the population. It goes beyond the
univariate analysis performed for example by means
of the Standardised Mortality Ratio (SMR), which
has been extensively .used as a summary index for
identification of high and low risk groups. Breslow &
Day3 suggested refinement of the SMR calculation by
fitting a multiplicative model to the two-dimensional
table of age-specific rates. Keiding & Andersen4
suggested the use of multiplicative models when
several variables are considered simultaneously in the
analysis of routine statistics data. This may be
particularly useful in the study of diseases where little
is known about the aetiology.

In Denmark the cohort of persons aged 15-74 years
at the 1970 census has been followed up for death,
emigratlons and cancer cases over a 10-year period,
and cancer incidence rates can be calculated for
subgroups defined by combinations of census
variables.5 Colo-rectal cancer is a quantitatively
important disease in Western countries, and in
Denmark it constitutes 13% of all cancers with some

3100 new cases per year in a population of 5 million.6
Despite indications that dietary factors may be
important, firm evidence on colo-rectal cancer
aetiology is missing.7 We have therefore considered it
useful to examine the cross-linked census and cancer
incidence data to search for groups with high and low
risk of colo-rectal cancer in the Danish population.
Cancer ofthe right side of the colon, the left side ofthe
colon, and of the rectum were analysed separately, as
previous studies have demonstrated a different age
and sex distribution for cancer of these subsites of the
large bowel.8

Materials and methods

Population-based cancer incidence data are available
for Denmark since 1943. At the 1970 census, the
Central Bureau of Statistics collected data on all
individuals residing in Denmark on sex, age,
municipality, occupation, industry, education, kind of
dwelling, dwelling facilities, marital status, and
household composition. Information on occupation
was collected only for economically active persons.9
The Cancer Registry file was linked to the 1970 census
file based on the personal identification numbers. The
population considered in this study consists of all
inhabitants in Denmark who were 30-74 years old on
the census date, and who had not developed cancer of
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a given site in the colon or rectum on the census date.
The study comprises approximately 2-5 million
persons and 20 000 incident cancer cases.

Colo-rectal cancer cases were divided into three
diagnostic groups; cancer of the right side of the colon
(caecum, ascending colon, transverse colon, and the
splenic and hepatic flexures), cancer of the left side of
the colon (the descending colon, the sigmoid flexure,
sigmoid, and rectosigmoid), and cancer of the rectum.
Five per cent of the recorded cases were excluded from
the analysis since the subsite in colon was unspecified,
or the tumour was a carcinoid or a sarcoma. Figure 1
shows the sex- and age-specific incidence of the three
sites examined.

Person-years at risk and incident cancer cases were
tabulated for subgroups defined by combinations of
the census variables shown in table 1. Person-years for
a person at risk in 1970 were individually counted from
the census date until the first date of cancer diagnosis,
death, emigration, or end of follow-up (1980). The
analysis was based on multiplicative Poisson models,
ie assuming that the number ofcases d(aj) in subgroup
aj (a = age, j = combination of other factors) was
Poisson distributed with E[d(aj)] = N(aj) X(aj), where
N(aj) is the person years at risk experienced in
subgroup aj. N(aj) is also a stochastic variable but is
regarded as a constant.10 X(aj) is the age-specific
incidence rate in the subgroup. The general model is:

X(aj) = exp[o(a) + Z(aj)p3]
where oa(a) is a parameter for age group a; Z(aj) is a
vector of indicators for the different levels of, and
interactions between, factors; and 1 is a vector of
parameters for the levels. This method extends the
usual SMR analysis for cohort studies. It is an
internally controlled analysis in which the background
incidence rates, as well as the effects of the risk factors,
are estimated directly from the data." 12 For each
factor, one level was chosen as the baseline, as shown

in table 1. When all interactions are insignificant the
estimated parameter can (after transformation by the
exponential function) be interpreted as the risk (RR)
associated with a factor, relative to the baseline, and
standardised for the other factors included in the
model. The models were fitted using Genstat.13

Factors to be included in the multivariate analysis
were chosen by inspection of age- and sex-specific
incidence curves for the different levels of each
individual factor. Only factors for which there were
differences between the curves for at least one
combination of diagnostic group and sex were
included in the multivariate analysis. These factors
were age, occupation, type of dwelling, region, and
urbanisation. The remaining factors were
subsequently checked by adding them one by one to
the final model. Persons for whom information was
not available on one or more of the variables included
in the models were excluded from the analysis, as were
persons who belonged to small residual groups, such
as for example male family workers (see table 1).

For each diagnostic group and sex (6 groups),
multiplicative models using age, occupation, type of
dwelling, region, and urbanisation were fitted by the
maximum likelihood method. Because occupation
was included, this analysis was restricted to ages 30-64
years in 1970 (data set 1: a five-dimensional table with
504 cells). Models were reduced as much as possible,
testing stepwise for significant factors by likelihood
ratio tests (the deviance equal to -2 log [likelihood
ratio] with an asymptotic x2 distribution). If the factor
"occupation" was found to be non-significant on
testing, new models were fitted, now also including
economically inactive persons and persons aged 65-74
years (data set 2: a four-dimensional table with 108
cells). As shown in table 2, the numbers of persons and
cases then increased substantially, thereby reducing
the variance of the estimates. If occupation had no

Right side of the colon Left side of the colon
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Rectum
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Fig 1 Age-specific incidence ofcancer ofthe right side ofthe colon, the left side ofthe colon, and the rectum, by sex, in Denmark
1970-80. (Rates per 100 000)
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Table 1 Distribution ofthe population aged3-74 years at the census date in 1970 on variables usedfor definition ofsubgroups
in the study of cancer of the colon and rectum in Denmark, 1970-80.

Distribution
at census (%)

Variable Categorisation
Characteristic Men Women used in of variables
at date n= n= final in final
of census 1 169 931 1230 963 analysis analysis

Age Yes
30-34 years
35-39 years
40-44 years
45-49 years
50-54 years
55-59 years
60-64 years
65-69 years
70-74 years

Marital status
Single
Married
Widowed
Divorced

Type of dwelling
Single family house
Apartment house
Other

Number of persons per room
<=1
>1
Not specified

Toilet and bathing facilities
Bath and toilet
Toilet, no bath
Other

Region
Greater Copenhagen
Islands
Jutland

Urbanisation
Urban
Rural

Occupation'
Self-employed, agriculture
Self-employed, other industries
Family worker, agriculture
Family worker, other industries
Salaried employee, longer education2
Salaried employee, shorter education
Skilled worker
Unskilled worker
Worker, not otherwise specified
Housewife
Pensioner etc.

132
120
12-0
12-7
12-3
11.9
108
8-6
6-4

103
80-8
3-5
5.4

66-1
32-3

1 6

78-9
189
22

752
143
105

35.4
208
43-8

49-2
508

108
1 1 8

01
.1

124
176
136
26-9

.9
*01

5.9

12-2
11-3
11-6
12-4
120
11 9
11-2
9-6
7-8

8-7
72-4
120
6-9

61-0
37-8

1 2

825
157
1 8

75-3
15-8
8-9

37-3
20-1
42-6

52-7
47-3

03
1-7
3.9
3-8
4-3
169
03
166
02

43.5
815

2
3
4
5
6
7
8
9

No

Yes
I = baseline
2
Exc.

No

No

Yes

Yes

Yes

I = baseline
2
3

I = baseline
2

Men
I = baseline
2
Exc.
Exc.
3
4
5
6
Exc.
Exc.
Exc.

Women
I= baseline3
2
I= baseline3
3
4
S
6
6
Exc.4
Exc.4
Exc.4

Notes: Exc. = excluded in analysis; I only aye 30-64 years; 2 longer education includes university education and other professional education, eg school teacher; 3 the two
groups together are used as the baseline; excluded when occupation is included in analysis, but included in the analysis for ages 30-74.

significant effect, only estimates for parameters and
goodness-of-fit for the resulting model under data set
2 are shown.

Results

Table 3 shows the final models. Table 4 shows the tests
for goodness-of-fit and for excluding factors from the
models. Table 5 shows the estimated relative risks with
the 95% confidence intervals. All interactions between

the individual factors in the model and some of the
individual factors themselves were tested to be non-
significant. All tests for goodness-of-fit for the final
models were accepted.

RIGHT SIDE OF THE COLON
Type of dwelling was a risk factor both for men
(deviance = 4-3, 1 df, p = 0-04) and for women
(deviance = 22; 1 df, p < 0-001), with an estimated risk
of living in an apartment house relative to living in a
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Table 2 Number ofpersons at risk at the census date, andnumber ofincident cancer cases in the studyofcancer ofthe colon and
rectum in Denmark, 1970-80.

Age 30-64 years Age 30- 74 years

Total Included in Total Included in
analysis anal'vsis
(data set 1) (data set 2)

Men
Persons at risk 994 315 919 356 1 169 931 1 151 372
Number of cases
Colon, right 1325 1153 2233 2194
Colon, left 1732 1555 3029 2989
Colon, not specified 303 - 531 -

Rectum 3100 2777 5158 5093

Women
Persons at risk 1 016 903 483 613 1 230 963 1 216 658
Number of cases

Colon, right 1555 603- 3113 3064
Colon, left 2027 859 3285 3238
Colon, not specified 312 - 632 _

Rectum 2212 896 3675 3631

Table 3 Acceptedmodels in multiplicative Poisson analysisfor association between demographicfactors and cancer ofthe colon
and the rectum in Denmark, 1970-80 (see text for further explanation)

Men Women

Colon right1 age dwelling occupation age dwelling
Colon left2 age region occupation age region
Rectum age dwelling urbanisation occupation age urbanisation

Notes:
I Caecum, ascending and transverse colon, splenic and hepatic flexures.
2 Descending colon, sigmoid flexure, sigmoid and rectosigmoid.

Table 4 Likelihood ratio tests for goodness-of-fit of the final model and for excluding factors from the final model, in

multiplicative Poisson modelsfor association between demographic factors and cancer of the colon and the rectum in Denmark,
1970-80.

Colon right] Colon left2 Rectum

Test-3 Test--3 Test 3
value DF p value DF p value DF p

Men
Goodness-of-fit: 462 491 0 82 416 490 0.99 438 490 0-25

Test for exclusion of:
Type of dwelling 43 1 004 - - - 6 3 002

Region - - - 21 2 < 0 001 - -

Urbanisation - - - 5 6 002

Occupation 25 5 < 0 001 45 5 <0001 12 5 0 03

Women
Goodness-of-fit: 111 98 0 20 100 97 0 40 72 98 0-97

Test for exclusion of:
Type of dwelling 22 1 <0 001 - - - -

Region - - - 14 2 < 0 001 - -

Urbanisation - - - - 15 1 <0001

Notes: I Caecum, ascending and transverse colon, splenic and hepatic flexures; 2 Descending colon, sigmoid flexure, sigmoid and rectosigmoid; 3 2 log (likelihood ratio).
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Risk groups for cancer of colon and rectum

Table 5 Relative risks, and 95% confidence intervals, found in multiplicative Poisson
demographic factors, and cancer of the colon and rectum in Denmark, 1970-80

253

models for associations between

Colon right1 Colon left2 Rectum

RR (95% CI) RR (95% CI) RR (95% CI)

Men
Type of dwelling NS

Single family house 1
Apartment house 1-14 (101-1-30) 1-12 (102-122)

Region NS NS
Greater Copenhagen I
Islands 0 93 (0-82-1-77)
Jutland 0-77 (0-63-0 86)

Urbanisation NS NS
Urban I
Rural 0 90 (0-83-0-98)

Occupation
Self-employed, agricult. I 1 I
Self-employed, other 1-54 (1-22-1-95) 1-50 (1-23-1-82) 1-25 (108-1-45)
Sal. employee, long educ. 1 61 (1-26-2-05) 1-63 (1-32-1-99) 1-10 (0-94-1-29)
Sal. employee, short educ. 1-52 (1-20-1-91) 1-37 (1-13-1-67) 1 17 (1-01-1-35)
Skilled worker 1-38 (1-08-1-77) 1-33 (1-08-1-63) 1-10 (0-94-125)
Unskilled worker 1-22 (0-98-1-51) 1-05 (0-87-1-26) 1 07 (0-94-1-22)

Women
Type of dwelling NS NS

Single family house I
Apartment house 1-19 (1-10-1-28)

Region NS NS
Greater Copenhagen I
Islands 0.96 (0-88-1-06)
Jutland 0-86 (0-80-0-93)

Urbanisation NS NS
Urban
Rural 0.88 (0-82-0-94)

Notes: 1 Caecum, ascending and transverse colon, splenic and hepatic flexures; 2 Descending colon, sigmoid flexure, sigmoid and rectosigmoid.

single family house of 1-14 for men and 1-19 for women.
Some 64% of the study population lived in single family
houses in 1970. For men, the most important factor was
occupation. the relatively large group offarmers, 11% of
men in 1970, constituted a low-risk group, while salaried
employees with longer education (RR = 1-61), self-
employed in other industries (RR = 1-54), and salaried
employees with shorter education (RR = 1-52) had the
highest relative risks. No significant effect of occupation
was seen among women. Region and urbanisation had
no significant influence on the incidence.

LEFT SIDE OF THE COLON
Region was a risk factor for both men and women,
with Jutland as the low-risk region relative to Greater
Copenhagen. On average 36% of the population lived
in Greater Copenhagen in 1970. For men the
estimated relative risk was 0-77, and for women it was
0-86. For men, occupation was again the most
important risk factor, and the order of the
occupational groups was the same as for cancer of the
right side of the colon. The highest relative risk
concerned salaried employees with longer education,

and amounted to 1-63. For women, the effect of
occupation was not significant at the 5% level;
however, increased RR were seen in the same
occupational groups as men, with risk estimates
ranging from 1-00 to 1-45. For both men and women,
neither the type of dwelling nor urbanisation
influenced the incidence significantly.

RECTUM
For men, type of dwelling was a risk factor, with an
estimated risk of 1- 13 among those living in apartment
houses relative to those living in single family houses.
Urbanisation was a risk factor among both men and
women, with a risk for those living in rural regions
relative to urban regions of 0-90 and 0-88
respectively. Region did not have any significant
influence on the incidence, and occupation was of
borderline significance, with self-employed in other
industries (RR = 1-25) and salaried employees with
shorter education (RR = 1-17) as high-risk groups.

Figure 2 shows the observed age-specific incidence
rates for the high and low risk groups among men and
women found in the analysis for the three diagnostic
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Right side of the colon

Males- Apartment house
sal. employee, long educ.

- Single family house
self employed, agriculture

Females--- Apartment house
-- Single family house

T

60 70 80 50

Left side of the colon

ales Greater Copenhagen
sal. employee, long educ. -

- Jutland
self employed, agriculture

Females--- Greater Copenhagen
- - Jutland

60 7g 80 50

Age (years)

Rectum

Males- Apartment house, urban
self employed, other

- Single family house, rural
self employed, agriculture

Females.-- Urban
-- Rural

60 ij78

Fig 2 Age-specific incidence ofcancer ofthe right side ofthe colon, the left side ofthe colon, and the rectum, for high and/ott! risk
groups, in Denmark 1970-80. (Rates per 00 000)

groups. The near parallelism of the lines also
illustrates the fact that the data can be described by
multiplicative models.

Discussion

Colon cancer is one of the most common cancers in
Denmark, and the incidence has increased in the past
thirty years from 14-3 per 100 000 (WSP) to the
present 20-0 per 100 000 for both men and women.14
For men, the present analysis showed an almost
two-fold ratio (RR 1-84; 95% CI 1.42-2.37) in the risk
of cancer ofthe right side of the colon between salaried
employees with longer education living in apartment
houses, and farmers living in single family houses. A
two-fold ratio (RR 2.18, 95% CI 1 70-2 62) was also
seen in the risk of cancer of the left side of the colon
between salaried employees with longer education
living in Greater Copenhagen and farmers living in
Jutland. Occupation was the variable in our model
that explained most of the variation in the incidence of
cancer of both sides of the colon. For women, the
difference in risk between the high and low risk groups
is small, mainly because occupation was not a

significant risk factor for women. However, if
occupation had been included in the model, the
difference between the highest and the lowest risk
groups would have been 1 45 for cancer of the left side
of the colon.

Rectal cancer is a disease on the decline in
Denmark. The incidence among men decreased from
20 2 per 100 000 (WSP) thirty years ago to 15-9 in the
early 1980s, and among women from 12-4 per 100 000
(WSP) to 9-8. For men, the differences between
population subgroups observed in this study in the risk
of rectal cancer were smaller than those observed for
cancer of the colon. This is explained by a smaller
variation in risk between occupational groups.

FARMERS AS A LOW RISK GROUP FOR COLON

CANCER
A recent review by Blair et all5 of 12 epidemiological
studies and occupational surveys of cancer morbidity
or mortality primarily from the United States
indicated farmers to be a low risk group for both
cancer of the colon and rectum. These findings are

supported by recent cancer incidence studies from the
Nordic countries. Pukkala & Teppol6 examined the
cancer incidence by socioeconomic status in Finland
and found both men and women employed in
agriculture to be at low risk for cancer of the colon,
standardised incidence ratios 0-62 and 0-64, and to
some extent for cancer of the rectum, SIRs 0-82 and
0-74, when the total Finnish population was used for
comparison. Wiklund & Holm'7 studied the cancer

incidence of male Swedish agricultural workers and
found a RR about 0-70 for cancer of the colon, and
about 0-90 for cancer of the rectum, when all other
economically active men stratified for region were

used for comparison.
In Denmark, Clemmesenl8 used death certificates

from 1935-39 to determine the association between
cancer and occupation, and found a low mortality
from cancer ofthe intestines and rectum among men in

agriculture, while only small differences were found
between men in other industries. It thus seems to be a

consistent finding in many countries that male farmers
are a low-risk group for colon cancer, and this is a

phenomenon which has existed in Denmark for a

relatively long period. In recent studies from other
Nordic countries, and in the past in Denmark, male
farmers have also been found to be a low-risk group
for rectal cancer, though less significantly so.

However, when thorough control is made for other
demographic factors there are only small variations in

the risk of rectal cancer among men in Denmark
today.
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DIET, SEDENTARY WORK, AND TYPE OF
DWELLING
Differences in dietary habits may be a possible
explanation for the variation in colon cancer in men.
Data from a study on consumption of food and other
commodities from 1981 only include purchased
products and are not given per capita.1 9 Data are not
yet available from a survey of dietary intake
undertaken in 1985.20 However, our results indicate
that diet is probably not the only factor contributing
to the difference in risk of colon cancer found among
men, as occupational differences in cancers of both
sides of the colon were seen for men, whereas no
difference was seen for women for the right side and
the difference seen for the left side was smaller than
that seen for men. There is no reason to believe that the
diet differs very much between sexes in the same
occupational group.

Recently, sedentary work has been suggested as a
risk factor for colon cancer.21-23 Our results are in line
with this observation as there seems to be a rather
straightforward increase in relative risk for men
relating to diminishing physical activity in
employment, ie from farmers to unskilled/skilled
workers to salaried employees (table 5). Activity on
the job probably constitutes a smaller proportion of
the total work load for women.
The gradient found for men in the risk of colon

cancer relating to occupational group might also
reflect aetiological factors concerned with the general
social status and living conditions. The fact that a
similar gradient was not found for women might
reflect the finding that 70% of the economically active
women in 1970 were married, and their overall social
status may also be influenced by the occupation of
their husbands. Information on husband's occupation
was not available for the analysis.

Living in an apartment house was a risk factor for
developing cancer ofthe right side of the colon in both
men and women, and for cancer of the rectum in men.
The univariate analysis showed no effect of toilet
facilities on the incidence of colo-rectal cancer, but
while almost all dwellings had proper toilet facilities in
1970, 17% of the dwellings had no facilities in 196024.
It may be speculated that living in an apartment
reduces the physical activity in daily life, and that toilet
habits and thereby gut mobility will be influenced by
living in an apartment without toilet facilities.
The multivariate screening ofthe health statistics on

colo-rectal cancer, carried out in the present study, has
thus shown that the widest variations in the incidence
for cancer ofboth sides ofthe colon are found for men;
and it has focused attention on the life style of farmers
versus that of more highly educated men living in
urban settings as the most promising field for search
for aetiological factors. The incidence of colon cancer

255
in the male work force would be reduced by 27% if
they all had the incidence estimated for farmers in the
present study. If this reduction is extrapolated to all
men in all age groups the total of 950 colon cancer
cases seen annually in Danish men would be reduced
to 700.

We are indebted to Niels Keiding, Statistical Research
Unit, University of Copenhagen, and to Ole M0ller
Jensen, Danish Cancer Registry, for comments on the
manuscript.

Correspondence to: Dr Elsebeth Lynge, Danish
Cancer Society, Danish Cancer Registry, Institute of
Cancer Epidemiology, Rosenv0ngets Hovedvej 35,
Box 839, DK-2100 Copenhagen 0, Denmark.
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