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Urban-Rural Variation in Cancer Incidence in 
Denmark 1943-1987 
SCren Friis and Hans H. Storm 

Urban and rural cancer incidence in Denmark in 1943-1987 was analysed. A consistent urban excess was found 
for all sites combined for individuals of  each sex, irrespective of age at diagnosis. The  capital:rural incidence 
ratio was 1.42 for men and 1.25 for women,  and these ratios were not affected to any great extent using another 
definition of  urban areas. Urban:rural ratios were highest for cancers of  the respiratory, urinary and upper 
digestive tracts. The differences cannot be explained by tobacco and alcohol consumption alone. Other risk 
factors linked to urbanisation may contribute importantly to the "urban factor", and analytical studies of  data at 
an individual level are required to establish their relative importance. Our findings contradict the generally 
accepted view that there is no urban-rural difference in cancer incidence in the relatively small, homogeneous  
population of  Denmark. 
E u r J  Cancer, Vol. 29A, No.  4, pp. 538-544, 1993. 

I N T R O D U C T I O N  
IN MOST countries for which data are available, clear differences 
in cancer incidence exist between urban and rural popu- 
lations [1]. In general, cancer is more frequent in urban popu- 
lations, and morbidity and mortality rates for many cancer types 
increase concurrently with increasing degrees of urbanisation. 
Only a few cancers (e.g. lip and stomach) have been reported to 
occur at higher rates in rural areas. 

Urban-rural variations in cancer incidence have been studied 
since the phenomenon was first observed, in the 1930s, as the 
basis for hypotheses on the aetiology of cancer. These are 
that environmental changes and different social and cultural 
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behavioural patterns linked to urbanisation are responsible for 
the excess risk of developing cancer in urban areas. Difficulties 
still exist, however, in disentangling the specific aetiological 
factors responsible for variations in cancer occurrence between 
urban and rural populations. 

In Denmark, urban-rural differences in cancer incidence 
were explored systematically at the Danish Cancer Registry until 
1977 [2]. It was discontinued when annual incidence reports 
emerged, due both to difficulties in achieving comparable data 
with other countries for reasons outlined by Roginski [3] and 
to the generally accepted view that Denmark of today is a fairly 
uniform area in terms of urbanisation. Moreover, the effects of 
urban life would be expected to be lessened due to higher 
mobility of the population, including migration of healthy people 
from rural to urban areas. In order to test whether these 
assumptions are true, we considered it of interest to analyse 
the trends in urban-rural differences in cancer incidence in 
Denmark for the entire period for which incidence data are 
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available (1943-1987), using different ways of defining urban 
areas. 

MATERIALS AND METHODS 
National data on cancer incidence were analysed by adminis- 

trative area (counties, municipalities), as registered by the 
Danish Cancer Registry since 1943. The Danish Cancer Registry 
is a population-based, nationwide cancer registry; although 
reporting was voluntary until 1987, it is regarded as virtually 
complete [4]. Cancers are classified according to a modified 
version of the 7th revision of the International Classification of 
Diseases (ICD-7) [4], and since 1978 by automatic conversion 
from the International Classification of Diseases for Oncology 
(ICD-O) of the WHO. Further details on reported tumours are 
recorded, which include basis of diagnosis, of which the most 
valid is histological verification, and the poorest is from death 
certificate only. Place of residence at the time of diagnosis is 
obtained by linkage to official registers (1943-1967 Municipality 
Register, 1968-1987 Central Population Register). 

Four major subdivisions of the country, i.e. "capital", "capital 
suburbs", "provincial towns" and "rural areas", were used until 
a municipality reform in 1970 redefined and combined several 
municipalities. The capital area, however, has remained 
unchanged since 1943 and corresponds to three municipalities, 
Copenhagen, Frederiksberg and Gentofte, of which Copenhagen 
is by far the largest. The rural areas in our study were identified 
by code in the Central Statistical Bureau of Denmark and 
correspond with municipalities with a population of fewer than 
10000 in built-up areas. The total population in the two areas 
has remained relatively stable over the given period, at just less 
than 1 million in the capital and about 2 million in the rural 
areas. Only the provincial towns and the capital suburbs have 
changed significantly, due both to population growth and to the 
municipality reform, and this makes comparisons over time 
dubious. 

In order to validate the concept that "urban areas" could be 
represented by the capital alone, another category of urban area 
was formed for the period 1983-1987. This category, "large 
cities", was defined as municipalities (including Copenhagen) 
with populations of more than 100000. The sum total of the 
population of large cities is around 1.7 million. 

Age-standardised incidence rates (World Standard) [1] for 5- 
year calendar periods in the different geographical subdivisions 
were used as the basis for the analysis. The ratios of age- 
standardised incidence rates for grouped sites for the period 
1983-1987 were calculated for the capital and rural areas 
(urban:rural ratio) and for the capital and large cities. Confidence 
limits for urban:rural ratios were calculated using an approxi- 
mate variance formula for standardised rate ratios [5]. An 
international comparison of urban:rural ratios was performed 
using the latest data from cancer registries that provide infor- 
marion on urban-rural variations in cancer incidence [1]. 

In order to estimate the effects of age, calendar time and birth 
cohort, trends in the age-specific incidence of cancers at all sites 
and of lung cancer with cohort year of birth were plotted for 
selected age groups in the capital and in rural areas. 

RESULTS 
The trends in cancer incidence 1943-1987 by geographical 

area and sex were analysed for each site. Figure 1 shows time 
trends in the age-standardised incidence of cancers at all sites 
(except non-melanoma skin cancer) and of lung cancer in the 
capital and rural areas. Even if the above changes in population 

made comparison over time difficult to interpret, trends in the 
capital suburbs and provincial towns (not shown) took up a 
position intermediate to those of the capital and rural areas. 

Throughout the period a clear difference in cancer incidence 
was observed between the capital and rural areas for cancers at 
all sites combined, although the urban excess decreased slightly 
over time. A similar pattern was noticed for cancer of the female 
breast, and for cancers of the prostate, testis and digestive organs 
in men (not presented). 

The lung cancer incidence in women increased steeply in both 
the capital and rural areas, resulting in a consistent urban-rural 
difference throughout the period. Until 1965-1970, a similar 
pattern was seen for lung cancer among men; thereafter, the 
incidence rates levelled off and even decreased in the capital, 
diminishing the urban-rural difference. Cancers of the urinary 
and upper respiratory tracts exhibited similar trends to that of 
lung cancer (not presented). 

For cancer of the cervix uteri, a large urban-rural difference 
was observed until 1965-1970. Later a decrease in incidence 
rates occurred, mainly in urban areas, which removed the 
urban-rural difference (Fig. 2). 

No or only minimal differences in cancer incidence were 
observed between the capital and rural areas for cancers of 
lymphatic and haematopoietic tissues, corpus uteri, ovary, eye, 
thyroid, endocrine glands, bone, connective tissue, brain and 
nervous tissue, melanoma of skin, and cancers of the lip and 
digestive organs in women. Cancer of the lip in men is the only 
site for which consistently higher rates were seen in rural areas 
(Fig. 2). 

The site-specific cancer incidence in urban and rural areas 
in the period 1983-1987 is shown in Table 1. Interestingly, 
differences between urbanised and rural areas were apparent 
and of the same magnitude, using either the capital or large 
cities as the basis for comparison. 

Table 2 summarises the findings by organ groups. Cancer 
occurred over 40% more frequently in men and 25% more 
frequently in women in the capital than in rural areas. The 
capital:rural ratio was highest for cancers of the buccal cavity 
and pharynx and of the respiratory and urinary tracts. High 
ratios were also seen for cancer of the digestive organs in men, 
female breast, male genital organs, and skin in men and women. 
The confidence intervals for most of the capital:rural ratios 
contained values above 1.0; only cancer of the lymphatic and 
haematopoietic tissue exhibited ratios below 1.0. 

Only minor differences in cancer incidence were observed 
between the capital and large cities (Tables I and 2); however, 
the incidence in the large cities was generally slightly lower than 
that of the capital. 

By plotting age-specific incidence rates by year of birth 
(Fig. 3), the effects of calendar time, birth and age were visual- 
ised. A clear excess risk for cancer in urban areas was seen for 
individuals of each sex and all ages, except for the youngest age 
group. For lung cancer in men, the urban-rural difference 
diminished in successive cohorts born after 1890, as incidence 
rates levelled off and even declined in the capital while they 
were still increasing in rural areas. For older women, the age- 
specific incidence rates of lung cancer increased in both the 
capital and in rural areas, resulting in a relatively stable 
urban-rural difference. 

DISCUSSION 
Contrary to the generally accepted view that the urban-rural 

difference in cancer incidence in Denmark would diminish 
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Fig. 1. Trends in age-standardised (World Standard Population) incidence of cancers at all sites (except non-melanoma skin cancer) and 
- lung cancer in the capital and rural areas, 1943-1987. 
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Fig. 2. Trends in age-standardised (World Standard Population) incidence of cancers of the cervix uteri in women and lip in men in the 
capital and rural areas, 1943--1987. 

gradually, we found a consistent range of differences throughout 
the period 1943-1987, as illustrated in Fig. 1. Moreover, when 
comparing urban-rural ratios for all sites and for lung cancer 
in selected registries (Table 3), the urban-rural gradient in 
Denmark appears to be among the highest internationally; 
however, comparisons between countries with different medical 
facilities and cancer registration (completeness, accuracy) must 
be made with some reservations. Furthermore, interpretation is 
difficult because of varying definitions between countries of the 
terms urban and rural [3]; some of the municipalities classified 
as rural in this study would have been classified as semi-urban 

using the Finnish definition [6]. Ideally, defined categories 
representing degrees of urbanisation, identified by features such 
as population density, industrialisation and range of occu- 
pations, should enable more conclusive international compari- 
sons to be made [3]. No clear definition of urban areas exists in 
Denmark but the excess risk of developing cancer in urban areas 
is not confined to the capital, as the incidence rates were not 
affected to any great extent by inclusion of other municipalities 
in the category "large cities" (see Tables 1 and 2). 

In the present study, some of the urban-rural variation in 
cancer incidence might be due to geographical differences in the 
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Table 1. Numbers of cases and age-standardised incidence rates* by site and geographical area in Denmark, 1983-1987 

ICD 7th 
Revision Site 

Men Women 

Denmark Capital Large Rural 
Cities Areas 

Cases Rate Rate Rate Rate 

Denmark Capital Large Rural 
Cities Areas 

Cases Rate Rate Rate Rate 

140 Lip 539 2.8 0.9 1.7 3.8 66 0.3 
141 Tongue 178 1.1 2.6 1.7 0.6 124 0.5 
142 Salivary glands 117 0.6 1.0 0.8 0.5 113 0.5 
143---44 Mouth 377 2.1 4.0 3.0 1.4 272 1.1 
145-48 Pharynx 459 2.6 5.8 4.0 1.5 187 1.0 
150 Oesophagus 742 3.8 7.2 5.3 2.8 346 1.2 
151 Stomach 2577 12.3 13.0 13 .1  12.2 1704 5.7 
152 Small intestine 168 0.8 1.0 1.1 0.5 150 0.6 
153 Colon, including rectosigmoid 4568 21.7 25.5 24.3 19.3 5681 20.4 
154 Rectum, excluding anus 3173 15.6 16.8 16.5 14.7 2445 9.4 
155.0 Liver 711 3.5 7.3 5.4 2.4 469 1.8 
155.1 Gallbladder, biliary passages, 385 1.8 2.4 2.3 1.5 838 3.0 

ampulla of Vater 
156 Liver, not specified as primary 467 2.3 1.9 2.1 2.4 468 1.6 
157 Pancreas 1861 9.1 11.5 11.0 8.1 1856 6.7 
158-59 Peritoneum and other digestive 193 1.1 1.1 1.3 1.1 208 0.8 

organs 
160 Nasal cavities and sinuses 166 0.9 1.0 1.0 0.8 88 0.4 
161 Larynx 1006 5.5 8.7 7.3 4.1 226 1.2 
162 Lung, primary, trachea 11487 58.3 79.9 73.6 47.3 4937 22.9 
162.2 Pleura 274 1.4 2.8 2.5 0.6 113 0.4 
163 Lung, not specified as primary 20 0.1 0.1 0.1 0.1 7 0.0 
164 Mediastinum 60 0.4 0.7 0.4 0.3 45 0.2 
170 Breast 91 0.5 0.6 0.5 0.6 13595 68.4 
171 Cervix uteri 0 0.0 0.0 0.0 0.0 2731 15.6 
172 Corpus uteri 0 0.0 0.0 0.0 0.0 3198 15.3 
173--4 Uterus, other and unspecified parts 0 0.0 0.0 0.0 0.0 155 0.7 
175 Ovary, fallopian tube and broad 0 0.0 0.0 0.0 0.0 3061 14.8 

ligament 
176 Other and unspecified female 0 0.0 0.0 0.0 0.0 562 2.2 

genital organs 
177 Prostate 6923 29.8 34.6 33.4 27.0 0 0.0 
178 Testis 1189 8.4 8.1 9.1 7.8 0 0.0 
179 Other and unspecified male genital 220 1.1 1.2 1.2 1.1 0 0.0 

organs 
180 Kidney 1916 10.2 11.9 13.0 8.0 1553 6.6 
181 Urinary bladder, including 5358 26.5 34.4 33.4 21.5 1734 6.8 

papilloma 
190 Melanoma of skin 1238 7.4 8.4 8.9 6.4 1753 9.7 
191 Other skin 8675 44.1 52.0 53.2 35.4 7956 33.2 
192 Eye and lachrymal glands 146 1.0 1.0 0.9 1.0 137 0.8 
193 Brain and nervous system 1663 10.7 11.8 11.8 9.8 1736 10.2 
194 Thyroid 171 1.0 1.1 1.1 0.9 382 2.0 
195 Endocrine glands 79 0.5 0.9 0.6 0.6 69 0.4 
196 Bone 110 0.8 0.8 0.8 0.8 76 0.5 
197 Connective tissue 194 1.1 1.5 1.2 1.1 141 0.8 
198 Metastases 857 4.4 6.0 4.9 4.0 834 3.4 
199 Other and unspecified sites 646 3.1 4.1 3.4 2.8 907 3.0 
200,202 Non-Hodgkinlymphoma 1356 7.6 8.0 8.0 7.7 1266 5.5 
201 Hodgkin's disease 365 2.5 2.8 2.7 2.4 234 1.5 
203 Multiple myeloma 634 3.0 2.2 2.9 3.4 604 2.3 
204 Leukaemia 1828 10.3 9.9 10.5 10.3 1343 6.7 
205 Mycosis fungoides 38 0.2 0.1 0.2 0.3 20 0.1 
140-205 All sites 63225 322.0 396.6 380.2 278.9 64390 290.2 

0.1 0.1 0.3 
0.9 0.6 0.4 
0.5 0.6 0.6 
1.8 1.4 0.8 
2.2 1.5 0.6 
1.9 1.6 0.9 
7.2 6.2 5.4 
0.6 0.6 0.5 

20.4 20.4 19.5 
9.3 9.8 9.4 
2.4 2.1 1.3 
2.9 2.9 3.1 

1.2 1.5 1.9 
8.5 7.4 6.0 
0.9 0.7 0.9 

0.3 0.5 0.4 
1.6 1.7 0.8 

33.9 30.0 16.4 
0.8 0.6 0.4 
0.0 0.0 0.0 
0.2 0.2 0.2 

73.8 75.3 62.5 
14.7 16.6 14.6 
15.2 16 .1  14.6 
0.8 0.6 0.8 

15.9 16.0 14.1 

2.4 2.3 2.2 

0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 

7.4 7.3 5.7 
8.8 8.8 5.4 

8.9 9.7 9.4 
40.9 40.4 25.4 

1.0 0.9 0.7 
9.4 11.5 9.4 
1.8 2.2 1.9 
0.4 0.5 0.3 
1.0 0.7 0.4 
0.6 0.7 0.8 
4.0 3.4 3.3 
3.8 3.0 3.0 
4.8 5.7 5.9 
1.5 1.7 1.3 
1.7 2.2 2.4 
7.0 6.9 6.0 
0.2 0.1 0.1 

323.6 323.0 260.0 

* Age-standardised (World Standard Population) incidence rate per 100 000. 
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Table 2. Ratio of  age-standardised* incidence rates of  cancers at grouped sites, for urban and rural 
areas in Denmark, 1983-1987 

Capital:rural ratio (95% CI%) 
Capital:city~ 

ratio 

ICD 7th 
Revision Grouped sites Men Women Men Women 

140-148 Buccal cavity and pharynx 1.83 (1.53-2.20) 2.03 (1.52-2.71) 1.28 1.31 
150-159 Digestive organs and peritoneum 1.35 (1.27-1.43) 1.13 (1.07-1.20) 1.06 1.04 
160-164 Respiratory system 1.75 (1.64-1.86) 2.02 (1.81-2.25) 1.09 1.12 
170 Breast 1.00 (0.57-2.02) 1.18 (1.11-1.26) 1.20 0.98 
171-176 Female genital organs - -  1.06(0.99-1.14) - -  0.95 
177-179 Male genital organs 1.22 (1.14-1.32) - -  1.00 - -  
180-181 Urinary system 1.57 (1.44-1.70) 1.46 (1.28-1.67) 0.99 1.01 
190-191 Skin 1.44(1.34-1.55) 1.43 (1.32-1.55) 0.99 0.99 
192-197 Other specified sites§ 1.20 (1.03-1.42) 1.05 (0.90-1.22) 1.04 0.86 
198-199 Secondary and unspecified sites¶ 1.49 (1.25-1.79) 1.24 (1.01-1.54) 1.22 1.22 
200-205 Lymphatic and haematopoietic 0.95 (0.85-1.07) 0.97 (0.85-1.11) 0.95 0.92 

tissue 
140-205 All sites 1.42 (1.38-1.46) 1.25 (1.22-1.29) 1.04 1.01 

*World Standard Population. 
?Confidence intervals. 
*Large cities (see text). 
§Eye and lachrymal glands, brain and nervous system, thyroid, endocrine glands, bone, connective tissue. 
¶Metastases, other and unspecified sites. 

O 
o 
O 

o 
o 

o 
r- 

E 

10 000 

I 

1000' 

100 

10' 
1868 

Al l  s i tes  

• Capital 10 000 
0 

m.w'-=-m-w • Rural areas o 
- m - • ~  ~ -o-" 75-79 o 
~-o-/, --o--~ 

• - • - ' ' " - • - : - : ~ - ~ e ~  60-64 ~ 1000' 

m~ m-i i- ' -•~-i i  40-44 I 1 ~ •  l ~ . ~ l _ l . - o  - - •  
0 /  * ~ r -  

l ~ ~ . i " ~  3 0 - 3 4  

i i i i 

1893 1918 1943 1968 

Cohort  year of  birth. Men 

c 100 

"O 

E 

I£ 
1868 

= ~ 1 = 1 = | - I ~ |  75-79 
~ 1 1 - 1 1 -  - I I  - I I  J l - I I  - I.T_~_,.31:I:.~._,~.~ 60 64 

• -m" • - m " i -  •Z-I-z-I-= • 40-44 
e_._l.._ iw . . . i . . . l - - - I  I " -  

| _ ' ~ ~ ' ~ - I L  30-34 

' 19~18 ' , 1893 1943 1968 

Cohor t  year  of  birth. Women 

10 000 
o 
O 
o 1000 
o 
o 

100 

10' 
¢- 

"O 
'5 1 
E 

0.1 
1868 

Lung  cance r  

• Capital 10 000 
o 

• Rural areas o 
o 1000 . • - • - = - =  75-79 

. j . l  I - ~ l ; ' l - l - l - I  ~(~ t~A 0 
~ a - - . m - e ~  _ _ ~  ~ - ~  

" • r -  

. ~  40-44 
t -  

= . m . .  ~ m - , - ' \  • ® 
30-34 

18'93 1918 19'43 19 8 
Cohor t  year of  birth. Men 

100 

10' 

I 

0.1 
1868 

75-79 
r a  -n 'n  .a -n 60-64 

~ , / ' ~ - - ,  / • i / / .  40- 44 

. / . : [ / - - .  
/ / 1  / . \  

I % / =  • , .~/ 'xi l~.~71 ' 30-34 

, : T _ ;  / , , 
1893 1918 1943 1968 

Cohor t  year of  birth. Women 

Fig. 3. Trends in age-specific incidence of cancers at all sites (except non-melanoma skin cancer) and lung cancer in selected age groups in 
Denmark 1943-1987 by cohort year of birth. 
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Table 3. Urban:rural ratio of age-standardised* incidence rates for 
cancers at all sites (except non-melanoma skin cancer) and lung 

cancer in selected registries, 1978-1982"1- 

Urban:rural ratio 

All sites Lung 

Registry Men Women Men Women 

Denmark 1.45 1.21 2.06 1.97 
Australia, New South Wales 1.17 1.11 1.19 1.47 
Czechoslovakia, Slovakia 1.08 1.34 0.97 1.45 
France, Calvados 1.02 1.01 1.16 1.17 
France, Doubs 1.11 1.13 1.42 1.65 
Germany, Saarland 1.15 1.17 1.23 1.28 
Hungary, Szabolcs 1.12 1.39 1.21 1.66 
Japan, Miyagi 1.03 1.14 1.09 1.14 
Norway 1.21 1.17 1.61 1.85 
Switzerland, Vaud 1.12 1.09 1.13 1.55 
U.K., England and Wales 1.16 1.05 1.33 1.30 

*World Standard Population. 
tFrom reference [1]. 

availability, quality and use of medical facilities [7]. Although 
it is difficult to quantify, the "diagnostic intensity" of a given 
area can be estimated partly on the basis of the percentage of all 
cases that have been diagnosed by histological examination and 
from death certificate only [3]. In Denmark, the percentage of 
all cases with histological verification was markedly higher in 
urban than in rural areas during the period 1943-1972 (Table 
4), whereas the percentage of cases registered only as a result of 
death certification was highest in rural areas. This implies that 
the recorded incidence rates in Denmark were probably too low 
in rural areas during that period. In the period 1973-1987, 
however, there was only a slight tendency for the percentage of 
cases with histological confirmation to be higher in urban than 
in rural areas, and there was practically no difference in the 
proportion of cases verified from death certificate alone. Neither 
diagnostic intensity, reporting differences nor misclassification 

Table 4. Percentages* of cases verified histologically (HI/) and fiom 
death certificate only (DCO) by geographical area in Denmark, 

1943-1987 

Men Women 

Capital Rural areas Capital Rural areas 

Period HV DCO HV DCO HV DCO HV DCO 

1943-1947 63 9 44 23 68 12 51 26 
1948-1952 73 7 53 17 78 7 61 19 
1953-1957 81 5 60 14 83 5 66 16 
1958-1962 85 3 69 10 86 3 75 11 
1963-1967 88 3 75 8 90 2 80 8 
1968-1972 91 2 80 6 92 2 84 6 
1973-1977 89 4 83 6 89 4 85 6 
1978-1982 93 1 90 1 93 1 91 1 
1983-1987 92 2 90 2 92 2 92 1 

*Percentage of all methods; autopsy without histology, clinical examin- 
ation alone and unknown methods not shown. 

can explain the urban-rural differences in cancer incidence 
observed in Denmark. Doll [8] concluded that these diagnostic 
or recording artifacts are generally unlikely to have had a major 
impact on urban-rural variations in developed countries in the 
past few decades. 

Other potential sources of bias could be migration of healthy 
people to rural areas, misclassification of urbanisation, geo- 
graphical differences in reporting to the registry and genetic 
differences in susceptibility. Although these sources undoubt- 
ediy exist, they are considered to be of minor importance in 
Denmark, and cannot explain the 25-40% difference in cancer 
risk. 

The majority of human cancers are caused by environmental 
factors [9], which are likely to differ in urban and rural areas. 
The term "environment" is used here in its widest sense and 
includes life-style factors such as tobacco smoking, alcohol 
consumption, sexual habits, patterns of reproduction, exposure 
to ultraviolet light, diet, general exposures to air and water 
pollution, and occupational exposures. It has been argued that 
geographical variations in tobacco and alcohol consumption 
are largely responsible for urban-rural differences in cancer 
morbidity. Indeed, in Denmark, as well as in other countries, 
the highest per-capita rates of cigarette and alcohol consumption 
are found in urban areas, and there is a good correspondence 
between time trends for lung cancer and the pattern of smoking 
in men and women some 10-20 years earlier [10]. Furthermore, 
urban-rural differences in Denmark (Tables 1 and 2) were 
generally most pronounced for cancers accepted by the Inter- 
national Agency for Research on Cancer as being caused by 
tobacco and alcohol consumption, i.e. cancers of the respiratory, 
urinary and upper digestive tracts, liver and pancreas [11]. 
Interestingly, however, and in accordance with findings in other 
studies [8], an urban excess was also observed for cancer types 
not linked to tobacco and alcohol consumption, such as cancers 
of the colon, ovary and prostate. When cancer types related to 
tobacco and alcohol consumption were excluded, significant 
urban:rural ratios still existed for both men (1.25) and women 
(1.16). This finding is in line with those of studies in Sweden, 
where about 25% of cancers were associated with urbanisation 
variables other than smoking [7, 12]. 

The decreasing incidence rates of the cervix uteri mainly in 
urban areas are somewhat puzzling. They might be due in part 
to the effects of organised screening programmes for cervical 
cancer, which started in the capital in the 1960s and have been 
generally more widespread in urban areas [13]. 

Many studies investigating urban-rural variations in cancer 
morbidity have concentrated on lung cancer, with particular 
emphasis on air pollution as a potential risk factor. Although a 
vast number of carcinogens have been found in the urban 
atmosphere [14], and two recent case-control studies showed 
an association with general air pollution [15, 16], as did a 
Danish study [17], pollutants from tobacco smoking and per- 
haps industrial processes are still considered to be much more 
important in the aetiology of respiratory cancer. 

A study by the American Cancer Society of 500000 men 
provided no firm evidence to support the hypothesis that general 
urban air pollution increases the risk of lung cancer [18], and 
the role of air pollution in the development of cancers other than 
of the lung is at present impossible to assess [19]. 

Occupational exposures in the form of industrial emissions, 
particularly in iron and steel foundries, have been shown to 
increase the risk for lung cancer [20]. Although industrial 
districts are situated mainly in urban areas, the contribution of 
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this risk factor to urban-rural variations in lung cancer is 
probably minimal [6, 21]. 

Other studies of cancer morbidity in urban areas have focused 
on all cancers taken together or on cancers other than lung 
cancer [6, 21, 22]. As in our study, urban-rural differences in 
cancer rates were observed for all cancers as well as for cancers at 
specific sites, although the effects were generally less pronounced 
than for lung cancer. The urban-rural gradient was estimated 
to arise primarily from differences in social class---generally 
considered to be a broad indicator of life-style practices. 

The potential contribution of indoor air pollution, including 
environmental tobacco smoking and radon, to the excess cancer 
risk in urban areas is the subject of much controversy [23]; in 
general, however, it is considered to have a minor impact on 
urban-rural variations. 

The influence of diet and sexual habits on urban-rural differ- 
ences has been examined in studies of the Mormon population 
in Utah, U.S.A. [24]. Virtually no urban-rural gradient was 
found in the incidence of cancers at all sites, and the differences 
for cancers at specific sites were negligible. Furthermore, the 
absence of any urban-rural gradient for tobacco-related cancers 
seems to counter the implication that air pollution is a causal 
factor in lung cancer. 

Overall, it is difficult to interpret the epidemiological evidence 
of urban-rural differences in cancer incidence. Descriptive and 
correlation studies published in the literature provide only 
hypotheses about which factors are of possible aetiological 
importance. In most analytical studies, control for confounding 
was inadequate, partly because information was unavailable or 
of insufficient detail. 

The findings of our study should be interpreted with caution, 
like those of any other ecological study. Clear excess risks 
associated with living in urban areas were found, however, for 
several types of cancer, even in younger age groups. Conse- 
quently, although the population of Denmark is relatively 
homogeneous, with a high standard of living in both urban and 
rural areas, differences in aetiological factors of importance for 
the development of cancer prevail, as the urban-rural gradient 
can be only partly explained by known risk factors such as 
tobacco and alcohol consumption. 

Air pollution is the only "urban factor" consistently mentioned 
in the literature, although its contribution to the urban excess 
of cancer appears to be of limited importance. Analytical studies 
are required, e.g. detailed case-control and cohort studies, with 
data at the individual level on tobacco and alcohol consumption, 
dietary habits, occupation (including residence), outdoor and 
indoor air pollution and social class, in order to establish their 
relative contributions to the "urban factor". 
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