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EPIDEMIOLOGICAL STUDIES OF GEOGRAPHIC VARIATIONS OF 
CANCER INCIDENCE IN SWEDEN 

Choice of variables and statistical units 

L. EHRENBERG, G. EKMAN and A. SVENSSON 

Abstract 
The Swedish Cancer-Environment Registry has been used for 

studies of the parts of cancer incidences and of their variations 
between subpopulations, which, in a statistical sense, can be 
‘explained‘ by environmental variables. In previous studies the 
dependence of age-standardized incidences in municipalities (279 
in Sweden) on population density, socio-economic variables, 
smoking habits and a variable for ‘diagnostic intensity’, assumed 
to allow for variations in under-diagnosing and under-reporting, 
was studied in, i.a., multiple-regression analyses. Due to intrinsic 
variation in potentially etiologic factors and in size, municipalities 
are less suitable as geographic units. Therefore a system was 
developed to build up, from parishes (about 2 600), pseudo- 
municipalities standardized with respect to size and some environ- 
mental variable(s), in the present study population density. This 
paper shows, for a number of cancer diseases and for total cancer, 
the superiority of pseudo-municipalities to municipalities with 
respect to power of explaining variation and, preliminarily, also 
incidence. 

Key wordr: Cancer, incidence, Sweden, register study, geo- 
graphic variations, environment, variables, statistical units. 

In Sweden and the other Nordic countries the compul- 
sory reporting of, in principle, all cases of cancer to central 
registries renders epidemiologic ‘register studies’ a promis- 
ing source of information on the structure and variations 
of incidences of tumour diseases. For research purposes 
the Swedish ‘Cancer-Environment Registry’ (CER) ( 1) was 
established in 1978 by linking the Cancer Registry (for the 
years 1961-1973) with certain data from the 1960 popula- 
tion census, such as data on residence and employment. 
(The registry has later been updated, La. by introducing 
data from the 1970 population census.) 

The mentioned linked registry has been used in a num- 

ber of epidemiological studies which, besides development 
and testing of statistical models, aimed at estimates of the 
fractions of the incidences of tumour diseases, which, in a 
statistical sense, are ‘explainable’ in terms of environmen- 
tal variables such as population density, socio-economic 
variables and smoking habits. (‘Explainable’, ‘explained‘ 
etc. is given with quotation marks in order to indicate 
association in a statistical sense with independent variables 
that are mostly unable to identify causes of disease.) 
Certain results of these studies were utilized in the Report 
of the Swedish Committee on Cancer Prevention (2), with 
details published (in Swedish) in Appendices 1-4 of that 
Report (3-6). A preliminary study of the magnitude of the 
‘urban factor’ has been carried out (7). In the mentioned 
studies, multiple-regression and Poisson models were a p  
plied to incidence data for the approximately 280 Swedish 
municipalities (‘townships’), characterized by environmen- 
tal variables selected by means of factor analysis from a 
large number of variables. 

The idea of using registry data for studies of associa- 
tions between cancer incidence and regional socio-eco- 
nomic data etc. is not new. A comprehensive investigation 
with such aims of variations of cancer incidence in Fin- 
land, with methods different from the present ones, has 
been carried out by Teppo et al. (8). 

Sweden is geographically and administratively subdi- 
vided into 24 counties, consisting of municipalities (in all 
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284 at present), consisting in turn of parishes (approxi- 
mately 2 600, a time-honored concept; each parish centers 
about a (state) church). At present, due to the extensive 
computerization of all statistical data in Sweden, practi- 
cally all kinds of statistics may be obtained on a parish 
level if requested. However, statistical publications usually 
report on a county or municipal level. 

Epidemiological analyses of municipality data are com- 
plicated by the variation in population size of these admin- 
istrative units (range in Sweden 3 000-600 OW), which i.a. 
leads to a variable precision of certain descriptive vari- 
ables, e.g. for smoking habits which is based on interviews 
of a random sample of 1% of the population of ages 
18-69 (9, 10). Municipalities further often exhibit a great 
intrinsic heterogeneity with respect to factors such as pop- 
ulation density, with a strong correlation with cancer 
incidence. In this latter respect parishes (average size ap- 
proximately 150 km2, 3 100 persons) are more homoge- 
neous. Official statistical data with potential explanatory 
power are available on the parish level, but since the parish 
is too small a unit, a method was developed to build up, 
from parishes, a geographic unit, here called ‘pseudo- 
municipality’, which is standardized with respect to size 
and some important descriptive variable( s). 

The present paper has the main purpose of comparing 
pseudo-municipalities with administrative muncipalities 
with respect to the explanatory power of mainly socio- 
economic variables in multiple-regression analyses of inci- 
dences of cancer diseases. 

Material and Methods 

Registries and database 

The record unit of the CER (1) is a case of reported 
cancer. The unit contains certain information concerning 
the tumour (localization, histological type, etc). The unit 
also contains information concerning the person: date of 
birth, sex, domicile (parish), occupational status (standard 
classification codes for branch and position), education 
(rudimentary classification), place of work (parish designa- 
tion). 

Adjoined to the CER is a background registry giving the 
population (in 1960) for every intersection of age group, 
domicile parish, sex, education, occupational code, etc. 
Thus aggregates of cases and incidence computation for 
any given aggregate’may be obtained. 

The parish identification permits the introduction of a 
whole series of socio-economical and other variables tied 
to the parish. By projection these variables may be affixed 
to individual cases, and by summation or weighted mean 
values to aggregates of cases. Examples of such variables 
are: population age profiles, age-sex distribution, mea- 
sures of population density, (‘degree of urbanization’), and 
automobile density (cars per inhabitant). A number of 

‘socio-economic’ variables based on occupational charac- 
teristics had been assembled by K. Berglund at The Na- 
tional Institute of Environmental Medicine (6). 

Other variables have been adjoined, using more cir- 
cuitous methods: 

gamma-radiation measures (data available for 55% 
of the parishes); 
smoking data (ratio of smokers to adult population, 
obtained from a large-scale sample survey from the 
1960s (9, 10); 
measure of diagnostic sophistication tentatively con- 
structed to allow for temporal and geographic varia- 
tions in diagnostic and associated reporting proced- 
ures (cf. refs. 2,3; this variable is described in the 
following section). 

‘Diagnostic intensity’. Each CER unit contains informa- 
tion about the diagnosis of the case with respect to diag- 
nosing hospital, and often also clinic/physician, and a 
codification of the diagnostic method. Empirical evidence, 
epidemiological studies, our own preliminary and later on 
more comprehensive statistical analyses, indicated a 
strong, and most probably causal, correlation between 
diagnostic practice and reported incidence rates of various 
cancers (3,s). The importance of this problem has been 
recognized repeatedly; cf. references given by Gori & 
Lynch (11) as well as the efforts of these authors to 
measure underreporting of cancer mortality. In the men- 
tioned Finnish study, Teppo et al. (8) discussed the possi- 
ble association of variations of the incidence of ‘cancer at 
unspecified primary sites’ (ICD 199) with diagnostic effec- 
tiveness. 

The diagnostic-intensity variable is defined as the 
fraction of all cancer cases reported that were diagnosed 
by histological examination of surgical or biopsy mater- 
ials (diagnosis code 3) or by autopsy with histological 
examination (code 4). For each geographic area consid- 
ered the diagnostic intensity is then calculated as the 
weighted mean of the values for the hospitals serving the 
area. 

Pseudo-municipality, a statistical unit for studies of inci- 
dence variations. In order to overcome the problems men- 
tioned introductorily of referring incidence to adminis- 
trative municipalities, a method was developed to con- 
struct a unit, ‘pseudo-municipality’, which is homogenized 
with respect to size and potential explanatory variables. 
Since demographic and socio-economic data can be linked 
to parishes, the only geographic unit in Sweden which 
combines continuity with reasonable size, aggregation has 
to proceed from parishes. The requirement for homoge- 
nization entails some kind of nearness, if not contiguity, of 
parishes to be included in a pseudo-municipality. 

As yet it has not been possible to desciibe each parish in 
terms of a central coordinate and an area. There does not 
seem to exist any practical algorithm for determining an 
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optimal grouping of parishes into pseudo-municipalities, 
given the number of municipalities and/or a target size 
with permissible deviations as input. To solve this prob- 
lem we have employed a short-cut method, using the 
official numbering of the parishes which contains certain 
contiguity information. In principle the procedure is as 
follows: The units were intrinsically homogenized with 
respect to population density, a description exhibiting 
strong variations between parishes within administrative 
municipalities (7). This description is purposely brief; a 
detailed description is of greater interest to the computer 
technician, and could not be included in the limited 
scope of this presentation. The computer programs used 
for this construction may be made available to interested 
parties. 

all parishes exceeding the upper limit of the target 
size are classified as pseudo-municipalities and re- 
moved from further consideration; 
starting at one end of rhe country (south or north) 
the largest parish of a geographically extreme mu- 
nicipality is chosen as a node; 
using the contiguity information of the numbering, 
and taking into consideration supplementary homo- 
geneity conditions (in this study: population density 
(12)), parishes are added to the node until the target 
size is exceeded; 

- From the pool of candidate variables a set of descriptor 
variables was selected by means of factor analysis, with the 
superimposed conditions that variables (such as smoking 
data), which may in some way be interpreted in terms of 
causative factors, should be included and further that 
population density (as an expression of degree of urbaniza- 
tion) and car density should be included. For the purpose 
of comparing municipalities and pseudo-municipalities the 
present paper describes analyses with the same set of 
variables as was used in earlier studies of municipality 
incidences although this set is somewhat suboptimal in the 
pseudo-municipality approach. In Table 1 the studied de- 
scriptive variables (1-8) are listed, together with data for 
their variation, their interdependencies, and notes on what 
they are thought to express. It should be noted (cf. interde- 
pendencies in the last column of Table 1) that the variables 
mainly express various traits of urbanization. Due to strong 
negative correlation variables 2 (population density) and 4 
(for rural character) are nearly tautologic, and variable 4 
was therefore excluded in the main analyses. 

- Multiple regression analyses were carried out with the 
age-standardized incidence rate for each tumour site or site 
group as the dependent variable. 
- An examination of significances of the (partial) re- 

gression coefficients indicates which descriptors that have 
explanatory power. 

(d) when a municipality is exhausted, i.e. all parishes Besides being limited to the sites or groups of sites which 
fulfilling the conditions preset are used, the proce- were included in the earlier study of municipality data 
dure is continued into neighbouring municipalities; (Table 2) this presentation is restricted to incidences in the 

(e) a first ‘pass’ of the above kind is followed by a years 1961-1967, because of sufficient nearness in time to 
second adjustment phase, in which certain (usually the 1960 census data. In the results here reported, 5 
small) parishes are ‘exchanged’ when obvious con- pseudo-municipalities formed from the parishes of the city 
tiguity properties can be improved. of Malmo, served by the General Hospital of Malmo, and 

The results described in the following are based on a 
target size = the average municipality size in Sweden (the 
number of statistical units are thus identical in compari- 
sons between the two approaches). In exploratory studies 
of the influence of unit size which varied from 15 OOO and 
upwards, the highest values of multiple correlation co- 
efficients were found at approximately 25 000 inhabitants. 
In the present study the average size is about 32000, i.e. 
not far from the optimum. 

Analyses 

The general analytical approach was as follows: 
- Age-specific incidences of some 20, partly broad, 

groups of cancer diseases were calculated for each munici- 
pality or pseudo-municipality. Enclosed in the study were 
persons of age of 20 years or more in 1960. Standardiza- 
tion of the incidences in 1961-1967 to the age distribution 
of the 1960 Population Census was done for age cohorts 
born in the intervals 1931-1940, 1921-1930.. .1881-90, 
d 1880. 

the pseudo-municipalities served by the Karolinska Hospi- 
tal in the Stockholm area were excluded. The reason for 
this is the extreme values of the diagnostic intensity in 
these areas, particularly in Malmo (13, 14), with the possi- 
bility that these few values could prevent the detection of 
general relationships prevailing in the country. Parallel 
analyses with these areas included showed practically the 
same results, although with a strengthened influence of the 
diagnosis variable. 

Results 

For sites studied with both geographic units the explain- 
able parts of the total variations (variances), estimated by 
the (squared) multiple regression coefficients, are given in 
Table 2. Significances of regression coefficients are given in 
Tables 3a and b for males and females respectively. These 
analyses were carried out with the 7 variables Nos. 1-3 
and 5-8 in Table 1. The influence of introducing variable 
4 on regressions for colorectal cancer and breast cancer are 
presented in Table 4. 
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Table 1 

Variables used in ihe srudy of cancer incidences of Swedish municipalifies 

Variable Coefficient of The variable Correlations (positive 
variation expresses and negative) with 

other variables’ 

1 Diagnostic 0.064 First, influence of Var. 6 (pos.) 

Var. 3 (neg.) 
intensity diagnostic routines 

on reported incidence; 
maybe also large city 

2 Degree of Air pollutants? Var. 4 (strongly neg.) 
urbanization life-style factors Var. 5,6,7,8,  (pos.) 
(population including smoking and 
density) alcohol habits 

inhabitant exhausts (sic!). Var. 4,7  (pos.) 
3 Cars per Certainly not motor Var. 5 (strongly pos.) 

Socio-economic factors, 
expecially manufacturing Var. 1 (neg.) 
industry (see last column) Not var. 2 

Fraction of 
population 
employed in 

4 agriculture 
and forestry 
(men) 

5 manufacturing 
industry and 
mining (men) 

6 bank and 
insurance (men) 

7 public work 
(women) 

8 Fraction habitual 
smokers 
(men and women) 

0.376 

0.237 

1.067 Rural, or sparsely 
developed areas; also 
absence of urban 
character 

0.394 Factory town/villages 

0.899 Metropolitan and large 

0.366 County centers; 
towns 

hospital towns 

0.277 Smoking habits and 
correlated life-style 
traits (highest in 
large towns) 

Var. 2 (strongly neg.) 
Var. 5,6,7,8 (neg.) 

Var. 2, 3 (pos.) 
Var. 4 ,6 ,7  (nee.- 
strongly neg.) 
Var. 1,2 (pos.) 
Var. 4,5 (neg.) 
Var. 2, 3 (pos.) 
Var. 5 (strongly neg.) 
Var. 4 (neg.) 
Var. 2 (pos.) 

a Partial correlations, i.e. correlations that remain after elimination of the influences of the other variables, 
in the analysis of municipalities (3). 

Estimates of the parts of the incidences which seem to be 
‘explained’ by the multiple-regression model and the vari- 
ables applied, are presented in Table 5.  These estimates are 
preliminary. 

The comparison has been made in the framework of a 
linear regression model for the age-standardized inci- 
dences. There are of course other possible models, such as 
Poisson regression. Preliminary results obtained by apply- 
ing a Poisson model lend support to the present results; 
they will be discussed in a forthcoming paper. 

Discussion 

‘Explained’ part of total variation 

The simplest way of comparing the multiple regression 
analyses based on pseudo-municipalities and on adminis- 

trative municipalities is to consider the ‘explained‘ parts of 
variation, which is conveniently expressed by the squares, 
r2, of the multiple correlation coefficients, r .9 is equal to 
the ‘explained’ part of the total variance. 

As shown in Table 2 a shift from municipalities to 
pseudo-municipalities leads in most cases to higher values 
of rz, i.e. increased explainable parts of the variances. This 
is the expected consequence of shifting part of the varia- 
tion from within units to between units. A contribution to 
the increase of 9 is further obtained through the size- 
homogenization of the units: due to the great variation in 
size of the municipalities a large number of small units 
cause a greater random-and therefore unexplainable- 
variability than in the analyses based on pseudo-munici- 
palities. (It should be remarked that in the previous 
analyses of municipalities, given in Table 2, incidences 
were not weighted with respect to size of the units.) 
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Table 2 
'Explained' paris (r2) of ioial variances of incidence of (groups of3 iumour diseases in 

municipalities and pseudo-municipaliiies for  definition see page 962) 

Site ICD Sex Average Explained part of total variance 

cases per 
unit Municipality Pseudo-municipality 

7 number of r2 

Oesophagus 150 

Stomach 151 

Colon and rectum 153-154 

Pancreas 157 

Lung, etc. 162 

Breast 170 
Cervix uteri 171 
Corpus uteri 172- 174 
Prostate 
Kidney 

Urinary bladder 181 

Leukemia 204-205 

All cancer 140-209 

M 4.1 0.18 
F 2.3 0.07 
M 39.8 0.07 
F 24.6 0.01" 
M 40.3 0.14 
F 36.6 0.12 
M 12.1 0.07 
F 9.8 0.04 
M 29.1 0.62 
F 7.8 0.06 
F 77.6 0.20 
F 54.7 0.42 
F 23.8 0.06 
M 57.4 0.30 
M 17.6 0.39 
F 9.3 0.30 
M 15.9 0.28 
F 6.5 0.13 
M 10.8 0.03 
F 8.3 0.03 
M 303.0 0.52 
F 355.0 0.42 

0.32 
0.17 
0.10 
0.09 
0.32 
0.24 
0.21 
0.12 
0.76 
0.30 
0.36 
0.44 
0.14 
0.29 
0.43 
0.29 
0.44 
0.28 
0.02 
0.02 
0.74 
0.60 

a Not significant ( >0.05). 

Table 3a 
Significani partial regression coejicienis for age-siandardized incidences in municipaliiieslpseudo-municipalities (see page 962) in 
analysis with 7 descriptive variables (1-3, 5-8 in Table I). Cancer incidences for men in ihe period 1961- 1967. * p  < 0.0s; 

** p < 0.01; *** p < 0.001. p) p approaching ihe limit. Minus sign, partial regression negaiive 

Site 

Variable No. 

Diagnostic Population Car Percentage employed in Regular 
smokers intensity density density 

Manufacturing, Bank and Public % 

Oesophagus 
Stomach 
Colon and rectum 
Pancreas, etc. 
Lung, etc. 
Prostate 
Kidney 
Urinary bladder 
Leukemias 
All cancer 

I* * ** ( )I 

( )I 
/ **/** 

( )I 
-(*)I 

/ 

** * *** 
* *** 

** * *** 

*** *** 

- **/ - ** 
- **/ /* 

**I_** *(*)I 
/-** 

- **/ - *** 
-*/-** -**/-** **/(*I 

1-8. .  I** 
I_ * *  

**(*)I(*) 

/-*** **I 

-*(*)I *(*)I 

I* *I 
( )I 

**I I** 

**/* 
/-** I* 
1 
I** 
/ 
1 0  

**I** 
1 

** ** 

*/ *** *** *** 
*** ** 

** ** 

*(*)/ ** ** / *** *** I 
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Table 3b 
Significant partial regression coeflcients for age-standardized incidences in municipalitieslpseudo-municipalities (see page 962) in 
analysis with 7 descriptive variables (1-3, 5-8 in Table I).  Cancer incidences for women in the period 1961-1967. * p < 0.05; 

** p < 0.01; *** p < 0.001. p) p approaching the limit. Minus sign, partial regression negative 

Variable No. 

Site Regular Diagnositc Population Car Percentage employed in 
intensity density density smokers 

Manufacturing, Bank and Public % 
etc. insurance service 

(1) ( 2) (3) ( 5) ( 6) ( 7) ( 8) 

Oesophagus I-* 
Stomach I*** 
Colon and rectum I 
Pancreas -* I - (*)  
Lung, etc. I*(*) 
Breast /** -*I 

**I* Cervix uteri" ( )I 
Corpus uteri **/ 
Kidney I* 
Urinary bladder ** 0 1 0  
Leukemia I-* 
All cancer I 
a Including carcinoma in situ. 

** 

** ** 

*** *** 

I_***  

(*) I  */(*I 
I_*** 
I-** 
/ -**  I 
I_*** 
I( *) 
I-** 

*** ** 

I* 
*I- *** I ** ** 

- I-* 
I-* 

**I 

/** ***/*** 

** *** / 
/** 
/ *** *** 

-*I 
I** 
I( *) 

(*I/ I-* 
*I **I 

(*I/ 
- */ I-• 

-*I 
* I  

Table 4 
Influence of the introduction of the variable for rural character (No. 4) on pattern of significant partial regression coeficients for incidences 

in pseudo-municipalities of cancers of colon and rectum and of breast. For significances see Tables 3a and b 

Site 

Variable No. 

Diagnostic Population Car , Percentage employed in Regular Employed r2 
intensity density density smokers in 

Manufacturing, Bank and Public % agriculture 
etc. insurance service 

(1) ( 2) ( 3) ( 5) ( 6) (7) (8) (4) 

Colon and rectum M ** - ** 
** ** -*** 

F ** ( *) ** ** - ** 
-** ** F ** 

*(*I ** ** -*** Breast 

Patterns of correlation 

It appears from Tables 3a and b that by and large the 
observed pattern of variations in the pseudo-municipality 
approach is similar to the one obtained for incidences 
based on municipality (3,6), a fact that strengthens the 
reliability of the analytical result. Certain differences are 
observed, however, and deserve being commented upon. 

For most sites or site groups the diagnostic intensity 
(variable 1) exhibits positive correlations that are often 
highly significant and more so than in the previous analysis 
on municipality basis. This difference between the two 
approaches is partly caused by the subdivision of large, 

** 
* 

*** 
*** 

0.32 
0.36 
0.24 

-*  *** 0.28 
0.36 

- ** **(*I 0.40 

_ _ _  
*** 
_ _ _  

-*  _ - _  

highly urbanized administrative municipalities, where the 
diagnostic intensity is highest, into several units and, con- 
versely, a pooling of small rural units into larger ones. 
(The omission, for the purpose of avoiding an exaggerated 
influence of variable 1, of the largest and third-largest cities 
of Sweden, causes at the same time a certain underestima- 
tion of significances.) Although correlations of incidence 
with variable 1 certainly contain the bias, the estimation of 
which and correction for which was originally aimed at 
(3, 9, it is by all means obvious that it is also an expres- 
sion of components of urbanization that are important to 
cancer risk. Variable 6, an expression of large-city charac- 
ter which is strongly correlated with variable 1, has evi- 
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Table 5 
‘Explainable’ parts, (7- I’ min)liof mean incidences (fi. I’ min is the minimum inciaknee 

expected from the multiple regression model (cJ: text 968). 

Site 

‘Explained’ part of incidence 

Incidence I’min Present Previous 
(I, study estimate based on 
per lo6 municipality3 

(YO) ( %) 

Oesophagus 

Stomach 

Colon and rectum 

Pancreas 

Lung, etc. 

Breast 
Cervix uterib 
Corpus uteri 
Prostate 
Kidney 

Urinary bladder 

Leukemias 

All cancer 

M 
F 
M 
F 
M 
F 
M 
F 
M 
F 
F 
F 
F 
M 
M 
F 
M 
F 
M 
F 
M 
F 

56.8 
32.3 

554 
328 
567 
493 
170 
135 
380 
90 

1044 
693b 
33 1 
797 
180 
126 
225 
85 

135 
94 

4 266 
4 798 

Variable 4 included in analysis. 
Carcinoma in situ included. 

dently been unable to counteract this shift to variable 1 of 
‘explaining’ power related to high degree of urbanization. 

Among the variables for urban character, No. 6, the 
proportion empolyed in bank and insurance, has the 
strongest ‘explanatory’ power, with positive correlations 
for most sites among men and for certain sites among 
women. A negative correlation with stomach cancer is 
indicated for both sexes. Variable 2, population density, 
has little to add, and the same may be said about variables 
5 and 7, characterizing manufacturing industry center and 
district center respectively. With these variables several 
correlations obtained with municipality incidences disap- 
pear or are weakened after switching to pseudo-municipal- 
ities. On the other hand, the influence of the smoking 
variable (No. 8) is stronger when the incidences are ex- 
pressed per pseudo-municipality. This is certainly to some 
extent a consequence of this explanatory variable becom- 
ing more reliable when it is based on a size-homogenized 
geographical unit. 

Variable 3, the number of cars per inhabitant, would 
off-hand be understood to be a descriptor of urban condi- 
tions, related to the level of air pollutants. This is, how- 
ever, not the case, this variable being positively correlated 

16.5 
4.5 

3 70 
342 
4 13( 3679 
323( 273‘) 
112 
97 
36 
46 

803( 770‘) 
333 
24 1 
562 
102 
90 

110 
24 

116 
72 

3 042 
3 650 

71 50 
86 20 
33 22 
26 12 
35” 39 
45’ 24 
34 35 
28 17 
91 90 
48 48 
26” 23 
52 50 
27 20 
29 30 
43 39 
29 30 
51 54 
72 41 
14 20 
23 18 
29 30 
24 20 

with rural conditions and particularly with employment in 
manufacturing industry (see Table 1). For this reason it is 
not astonishing that incidences are in most cases negatively 
correlated with this variable. These correlations are 
strengthened by changing to pseudo-municipalities. The 
car-density variable has evidently a large explanatory 
power and it is therefore important to clarify which socio- 
economic conditions it signifies. It is intuitively felt that 
this variable in some way is associated with a predominant 
influence of a ‘healthy-worker effect’. 

In the previous analysis of municipality data, colorectal 
and breast cancer exhibited a positive correlation with 
both the large-city variable (No. 6) and with the variable 4 
for rural character, viz. proportion employed in agriculture 
and forestry. Since the change to pseudo-municipalities 
leads to a reduction of the number of rural units and an 
increase of the number of urban units contributing to 
pattern, it is of interest to see if the bi-centered pattern is 
retained. It is seen from Table 4 that this is the case. In a 
regression analysis without variable 4 the population den- 
sity (variable 2) has no explanatory power since the resid- 
uals, after subtracting the influence from the other 
variables, tend to be high both for units with low and with 
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high population density. Using both the negatively 
correlated variables 2 and 4 in the analysis makes it 
possible to describe this variation. For both variables 
significant and positive regression coefficients are calcu- 
lated. A similar pattern is found’ for cancer of oesophagus 
(men), lung (both sexes), and all sites (both sexes), and, 
with a tendency, for pancreas (men), and leukemia 
(women). No such effect was observed for the other sites 
studied. 

‘Explained’ parts of incidences 

A rough estimate of the ‘explained’ parts of the inci- 
dences may be obtained by a calculation of (? - I’min)jr 
where T is the average incidence and I’min the minimum 
incidence predicted by the model (3,7). In previous analy- 
ses I’min was estimated by the mean value of the two lowest 
predicted values and for the present comparison of the two 
geographical units ‘explainable’ parts of incidences were 
calculated in this way (Table 5) .  

As shown in Table 5 ,  the ‘explained’ parts of the inci- 
dences are, in the present analysis, based on pseudo- 
municipalities equal to or larger than the values obtained 
in the previous study with municipality as geographic unit. 
The values are uncertain since the estimate presumes linear 
dependence on the variables applied. From the point of 
view that comparison is made with the minimum at an 
existing combination of variable values it is likely that a 
lower Ymin could be reached and that therefore the esti- 
mates are conservative. For instance, since smoking can be 
completely eliminated, at least in theory, the ‘explainable’ 
parts of incidences with a positive dependence on the 
smoking variable (Tables 3a, b) would be increased by 
additional 5-  10% (in the case of cervix cancer more) if the 
value of this variable is set to 0% regular smokers. A 
certain underestimation, particularly of diseases associated 
with urbanization and smoking, is caused by the omission 
of certain highly urbanized areas. The values for all can- 
cers are further underestimates because different tumours 
depend differently on the explanatory variables. This prob- 
lem is being studied further and will be treated within the 
frame of a forthcoming comparative discussion of statisti- 
cal models. 

The low ability of the present approach to ‘explain’ 
incidences, and their variations, of stomach cancer and 
leukemias is noteworthy. Evidently, neither of these cancer 
types exhibit strong etiologic associations with the urban 
factor, smoking habits included (see also Tables 3a, b). In 
Sweden the incidence of stomach cancer is highest in the 
northernmost counties, and a stronger correlation might 
therefore have been obtained if a variable for latitude had 
been added. With respect to leukemias, completely differ- 
ent variables, including radiation and certain chemical 
exposures, would have had to be included to raise the 
explanatory power. 

Above all, the fact that the descriptive variables are 
mean values and that therefore the true causative factors 
associated with the descriptors certainly exhibit a consider- 
able variation within the units, the ‘explainable’ and in 
principle preventable parts of cancer incidences will always 
be underestimated in macroepidemiological studies of this 
kind. 

Cause -effect relationships 

Since the descriptive variables available for macroepi- 
demiological studies of the kind reported here are only 
indirect expressions of causative factors, cause-effect rela- 
tionships can only be discussed with utmost care. Care is 
also called for by the partly strong interdependencies of 
descriptors and by the fact that an intrinsic variation in the 
true causes remains. For these reasons the variable for 
diagnostic intensity and that for smoking habits can only 
partly be taken as direct measures of underdiagnosis/un- 
derreporting and influence of smoking, respectively, but 
should rather be seen as expressions among others of 
life-style habits. 

Remembering these difficulties it is of interest to note the 
strong association of smoking habits with the incidence of 
lung cancer in men (Table 3a) obtained despite of the 
covariaton of smoking with urbanization variables, partic- 
ularly population density (Table 1). Also incidences of all 
cancer and of prostate cancer in men and oesophagus and 
pancreas in women exhibit significant positive associations 
with the smoking variable. 

The ‘explainable’ parts of the incidences studied seem to 
a large extent to reflect a positive association with various 
traits of the urban factor in a broad sense. This concerns 
particularly the variable ‘% employed in bank and in- 
surance’, which evidently expresses big-city character, but 
also the negative dependence on ‘car density’ (cars per 
inhabitant) should probably be interpreted in similar 
terms. It would be of interest to analyse further the nature 
of this effective descriptor. 

In the quoted Finnish study (8), the incidence of lung 
cancer was relatively weakly correlated with socio-eco- 
nomic variables associated with urbanization, probably 
due to the advanced smoking habits also in rural areas of 
Finland. The strong influence of socio-economic variables 
for other cancers in the Finnish as well as in the present 
Swedish study supports the idea that the urban factor to a 
large extent has to be explained by living habits other than 
smoking, such as dietary habits. Urban air pollutants 
probably play a relatively small (although certainly not 
negligible) role, according to estimates based on exposure 
data (15, 16). 

The bimodal association of the incidences of certain 
tumours with both rural and urban factors, observed when 
the variable ‘% employed in agriculture and forestry’ is 
included, might, in’ the case of intestinal and breast cancer, 
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reflect influences of dietary habits such as high fat con- 
sumption which, as can be inferred from the official Fam- 
ily Expenditive Surveys ( 17), characterizes both big cities 
and certain agricultural areas. The observation of similar 
bimodal interdependences for cancer of the lung and a few 
other sites might indicate similar causal relationships and 
calls for further studies. 

General conclusions and prognosis 

The consistency, with previous studies and with ex- 
pectation, of the results of the present study indicates 
that the introduction of the pseudo-municipality as 
the geographic unit for calculation of incidences in 
databased macro-epidemiologic investigations constitutes 
an improvement as compared with the corresponding 
use of administrative municipalities. A suitable starting 
point has thus been created for registry analyses, e.g. 
aiming at  

- generation of hypotheses with respect to  cause-effect 
relationships (2, 3); 

- estimation of the portion of the national incidence 
that is ‘explainable’, in a statistical sense, by single or 
groups of environmental factors (2, 3,7);  
- identification of the components of and estimation of 

the size of the ‘urban factor’; 
- calculation of expected numbers of cases (i.e. use as a 

relevant control) in studies of specific populations defined 
with respect to e.g. dietary habits or occupational expo- 
sures; especially this approach will facilitate relevant sig- 
nificance estimation in epidemiological surveillance 
systems; 
- use as a basis for sampling. 

For the interpretation of the observed patterns of partial 
correlations deeper studies, particularly of the nature of 
the great influence of variable 1, diagnostic intensity, are 
required. It is also expected that a subdivision of certain 
site groups may give a more clear-cut picture, despite the 
increased variances. 
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