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Cultural and economic determinants ofgeographical
mortality patterns in The Netherlands

Johan P Mackenbach, Anton E Kunst, Caspar W N Looman

Abstract
Study objective-The geographical

pattern of mortality in The Netherlands is
dominated by an area of relatively high
mortality in the southern part of the
country. The aim was to analyse the
background of this geographical mortality
pattern in the early 1980s, and its evolution
over time since the early 1950s.
Design-Mortality data by district

(n = 39), cause of death (13 large causes,
"symptoms and ill defined conditions", all
other causes), and time period (1950-54,
1960-64, 1970-74, 1980-84) were available
from the Netherlands Central Bureau of
Statistics. Standardised mortality ratios
were calculated, and the logarithms ofthese
were related to three sociodemographic
characteristics using multiple, ordinary
least squares regression analysis.
Setting-This study used data for the

whole Dutch population.
Main results-Although the geographical

mortality pattern has been rather stable
over the last decades, a clear tendency
towards convergence is also apparent.
Approximately 90% of the current excess
mortality in the southern part of the
country is due to cardiovascular diseases.
The results of regression analysis show that
the excess mortality is primarily related to
the high percentage of Roman Catholics in
this part of the country, and additionally to
a slightly lower average income. In The
Netherlands, a higher percentage ofRoman
Catholics in the population is linked with
higher all cause mortality rates, as well as
with higher mortality rates for lung cancer,
ischaemic heart disease, cerebrovascular
disease, arterial disease, and chronic non-
specific lung disease. Survey data show that
these associations are partly due to a higher
prevalence of smoking among Roman
Catholics. As in many other countries, a
lower average income is linked with high all
cause mortality rates in The Netherlands.
Cause specific data show negative
associations for stomach cancer, ischaemic
heart disease, cerebrovascular disease,
chronic non-specific lung disease, and
traffic accidents. Since the early 1950s the
association between geographical mortality
patterns and the percentage of Roman
Catholics in the population has gradually
become less strongly positive. This suggests
that the convergence of the mortality rates
in the South towards the national average

may be related to a gradual lessening of
differences in lifestyle between population
groups.
Conclusions-Both cultural and economic

factors are important in the explanation of
geographical mortality patterns in The
Netherlands.

The Netherlands have low mortality rates by
international standards: in the early 1980s the
average life expectancy at birth was 751 years,
which gave the Netherlands the fifth position on
the international league table after Japan, Iceland,
Sweden, and Norway.' Despite the low overall
rates and the small size ofthe country, geographical
variation in mortality within the Netherlands is not
negligible (fig 1): at district level standardised
mortality ratios for all cause mortality ranged from
0 85 to 1-09 in 1980-84. These districts are usually
grouped into five large regions: North, East, West,
Southwest and South. The geographical pattern of
mortality in The Netherlands is dominated by a
contiguous area of relatively high mortality almost
coinciding with the South region. The Southwest
and North regions have generally low mortality
rates, whereas the West and East regions are more
heterogeneous.
As table I shows, the situation observed in

1980-1984 has existed for many years. The general
features of the current situation could already be
distinguished in 1950-1954: high mortality in the
South region, and low mortality in the Southwest
and North regions. There is, however, a clear
tendency of convergence towards the national
average both in the South region (which slowly but
not unimportantly improved its position) and in
the North region (which lost part of its advantage).
A comprehensive study of this mortality pattern

has not yet been made, despite the fact that the
higher mortality levels in the South region have
been known for a long time. Age standardised
death rates were already higher in an analysis
covering the years 1926-1935.2 The unfavourable
mortality position of this region probably
originated in the late nineteenth century: the
dramatic mortality decline which marked the
beginning ofthe transition to the modern mortality
regime started earlier in other parts ofthe country.3
Some have argued that this differential
development was primarily related to cultural
factors, ie, that modern concepts of hygiene, birth
control etc, have penetrated less quickly in the
South region than elsewhere.3 Others have
defended the view that more rapid economic
development of other parts of the country,
especially of the West region, has caused the
difference in mortality decline.4
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Figure I Geographical variation in all cause mortality in The Netherlands, 1980-84.
The 39 districts have been grouped infive large regions: North, East, West, Southwest and
South. District marked with an asterisk (*), Zuidelijke IJ7sselmeerpolders, occupies a
separate position.

The latter viewpoint, emphasising the
importance ofeconomic factors in the explanation
of regional variation in mortality, is represented
rather widely in international reports. Close links
between economic factors and mortality at the
regional levels have been observed in many
countries. England and Wales provide the
classical example, with high mortality in the
North and Northwest regions, characterised by
unfavourable economic circumstances, and low
mortality in the Southeast and Southwest regions
and East Anglia.5 It was shown recently that much
of the difference in mortality between Scotland
and England and Wales is related to differences in
the prevalence of material deprivation.6 In
Finland, Sweden, and Norway,7 as well as in
France,8 and the United States,9 10 similar
relationships have been noted.

Table I Evolution of the distribution of all cause mortality by region and district in The
Netherlands, 1950-84

Standardised mortality ratios
Region (range of variation by districts)
(number of
districts) 1950-54 1960-64 1970-74 1980-84

North 0-936 0 938 0-960 0 975
(9) (0 90-0-97) (0-91-0 97) (0 91-0-99) (0-92-1-01)
East 1 003 1-010 1016 1007
(7) (095-1-04) (0-95-1 06) (097-1-04) (094-1-06)
West 0-989 0.990 0-988 0 991
(14) (0-93-1-04) (094-104) (0901-03) (0-92-1-03)
Southwest 0990a 0 919 0-902 0 924
(2) (0-93-102) (0-90-0 96) (0-88-0 94) (0-90-0 96)
South 1-092 1-084 1-057 1 046
(7) (1-06-115) (1-05-114) (1 01-1 11) (1-02-1-09)
z IJ pb 0-79 0-77 0-85
All 1000 1000 1000 1000
(40) (0-90-115) (0-79-114) (0 77-1-11) (0 85-1-09)
a In 1953 a flood disaster caused exceptionally high mortality rates in both districts in the
Southwest region. Under normal circumstances the SMRs would have been as in the other
periods mentioned in the table

b District Z IJ P (Zuidelijke Ijsselmeer Polders) had a very small population size before 1980-84,
and did not exist in 1950-54

A causal interpretation of these relationships is
supported by the fact that the risk of dying is
strongly linked to socioeconomic conditions at the
individual level too. Again, mortality data from
England and Wales illustrate this quite clearly.
The Decennial supplement on occupational
mortality for 1979-83 showed that the death rate
for men aged 15-64 in occupational class V
(unskilled workers) was as much as 2 5 times the
rate for men in class I (professionals)." The
OPCS Longitudinal Study showed that the death
rate for men aged 15-64 in class V, followed up
since the 1971 Census, was 1 9 times the rate for
men in class I in 1976-81 12 Although information
from other countries is more scanty, publications
from Finland,'3 Sweden,'4 Norway,'5
Denmark,'6 France,'7 the United States,'8 and
New Zealand'9 suggest that socioeconomic
inequality in the face of death is a generalised
phenomenon in western societies.
On the other hand, the "cultural" viewpoint

cited above has a strong intuitive appeal for those
familiar with the Dutch situation, because the
South region has certain distinctive cultural
characteristics. Compared to economic factors,
cultural factors have attracted much less attention
in international reports on regional mortality
differences, despite the fact that many causes of
death are behaviourally mediated, and that there
must be cultural differences between regions in
many countries. An important exception is
Belgium, where the "language frontier" between
the Flemish and French speaking part of the
country has been shown to separate two mortality
regions, with considerably higher mortality rates
in French speaking areas.20 21 This cannot be
explained by economic factors.22
The analysis reported here aimed at finding

clues to the explanation of the geographical
pattern of mortality in The Netherlands, with a
focus on the higher mortality rates in the South
region and their evolution over time. It consists of
three parts: (1) an analysis of the contributions of
specific causes of death to the observed all cause
mortality pattern in 1980-84; (2) a multiple
regression analysis relating all cause and cause
specific mortality in 1980-84 to a number of
sociodemographic characteristics; (3) an analysis
of changes over time since 1950-54, both with
regard to the nature of the associations between
mortality and sociodemographic characteristics
and with regard to changes in the geographical
distribution of these characteristics.

Methods
Numbers of deaths by age (< 1, 1-4, 5-14, ....
85-94, 95 + years), sex, calendar year (1950-84),
district, and four digit number ofthe International
classification of diseases (ICD) were available from
a large computer file supplied by the Netherlands
Central Bureau of Statistics. Mid-year population
numbers by age, sex, calendar year, and region
were available from several sources based upon
the Dutch population register which is kept up to
date continuously.
For statistical purposes, The Netherlands have

been divided into 40 so called COROP districts
with an average population size of around
360 000, each representing a geographical area
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Geographical mortality patterns in The Netherlands

serviced by one or more larger cities. District No
40 (Zuidelijke IJsselmeer Polders), land which
was recently claimed from the waters of the
former Zuiderzee, was omitted from all the
following analyses because its population was
very small before the end of the study period and
information on determinants of mortality was
mostly lacking. For presentation purposes we
shall frequently summarise descriptive data by
grouping the 39 remaining districts into the five
large regions mentioned in the introduction.
The causes of death included in the analysis

were the largest causes of death in 1980-84: five
cancers (stomach, colon, lung, breast, prostate),
four cardiovascular diseases (ischaemic heart
disease, other heart disease, cerebrovascular
disease, arterial disease), two respiratory diseases
(influenza/pneumonia, chronic non-specific lung
disease), and two external causes (traffic
accidents, other accidents), as well as a category
"symptoms and ill defined conditions", and all
other causes. The 13 specific causes accounted for
around 65% of total mortality in 1980-84.

Regional mortality rates were standardised for
differences in the age and sex structure of
populations by calculating standardised mortality
ratios. National mortality rates by age and sex for
each time period were used as standard rates. For
the analysis of the contribution of separate causes
of death to lower or higher overall mortality,
indirectly standardised death rates were
calculated by multiplying the standardised
mortality ratios by the national death rates.
The variables used for the exploration of

possible determinants of regional mortality
patterns were average income per head of
population, percentage of population living in
larger cities, and percentage of population of
Roman Catholic denomination. The selection of
these variables was guided by an analysis ofa set of
15 sociodemographic variables for a recent time
period (1980-84). This set of variables included a
wide range of indicators of both economic and
cultural differences with potential relevance for
the explanation of mortality patterns. We decided
to ignore other than sociodemographic variables,
such as climatic factors (differences are very small
in The Netherlands), health care factors (supply
of health care was shown to be not related to
regional mortality levels23), and specific
occupational exposures (percentage population
employed in a specific occupation is too small for
any mortality effects to be detected). A principal

Table II The
distribution of average
income, percentage in
larger cities, and
percentage Roman
Catholic by region and
district in The
Netherlands, 1950-54
and 1980-84

components analysis (without rotation) showed
that the first three factors, which accounted for
68% of the variation, each represented a clearly
interpretable dimension: a socioeconomic
dimension (related to income, education, white v
blue collar workers), an urbanisation dimension
(related to no religious affiliation, left wing voters,
single persons, few elderly people, one parent
families, divorce rate, larger cities), and a religious
dimension (related to Roman Catholicism, few
right wing voters). The variables with the highest
loading on each of these factors were average
income, percentage population in larger cities,
and percentage population of Roman Catholic
denomination, respectively. The latter were
therefore also collected for earlier time periods,
for which data collection would otherwise have
been very time consuming, and used in the
regression analyses.
Table II gives some summary data on the

geographical distribution of these
sociodemographic variables in The Netherlands
during the last decades. The definition of these
variables is given in the notes of this table. In the
West region, where the three largest cities of
Amsterdam, The Hague, and Rotterdam are
located, the percentage population in larger cities
was the highest in the country. This region is
generally regarded as the economic and cultural
centre of the country, which is also reflected in a

high average income. At the other extreme, the
North and Southwest regions are still rather rural
in character. The North region is further
characterised by the fact that the large majority of
its population has its cultural roots in the
Protestant religious tradition (so that the
percentage Roman Catholic is very low), and by a
rather low average income. On an urban-rural
axis, the East and South regions occupied an
intermediary position. The population of the
South region is mainly Roman Catholic.

It is important to note that, although the three
sociodemographic variables were rather skewedly
distributed across the large regions, the
distribution is diffuse enough to permit
meaningful analyses. For example, the percentage
Roman Catholic was uniformly high in the South,
but isolated districts with higher than average
percentages could also be found in the East, West,
and Southwest regions.
During the period 1950-84, changes in the

geographical distribution of these characteristics
were small: correlations between district values

Regional values (range of variation by district)

Region Average incomea Percentage in larger citiesb Percentage Roman Catholicc
(number of
districts 1950-54 1980-84 1950-54 1980-84 1950-54 1980-84
North 4-2 7-9 16-9 16-0 6-8 8-1
(9) (3-3-4-7) (7-1-88) (00-472) (1-3-46-3) (13-165) (35-20-1)
East 4-2 8-4 20-8 27-3 35-0 35-8
(7) (3 7-46) (78-9 0) (00-52 0) (00-44 7) (10 763-0) (13 4-62-0)
West 5-2 100 550 47-6 27-2 28-2
(14) (4-2-62) (90-11-0) (0-0-85 8) (10-2-91-3) (77-47-1) (11-8-46-1)
Southwest 4-7 9 1 0-0 0 0 25 5 26-0
(2) (4-5-50) (9 1-9 1) (00-0 0) (00 0-0) (139-494) (13-1-55 2)South 4-0 8-7 20-5 23-7 91-3 88 3
(7) (34-4-4) (80-94) (0-0-45-1) (00-36-9) (836-98-1) (81-1-95-3)All 4-7 92 362 337 389 408
(39) (3-3-6 2) (7-1-11 0) (0-0-85-8) (00-91 3) (13-98-1) (3-5-95 3)
a In 1000 Dutch guilders, corrected for inflation by using 1975 buying power as a reference point; total crude income as assessed by
the tax administration

b Calculated as a + lb, in which a = percentage of the population living in towns with > 100 000 inhabitants, and b = percentage in
towns with 50 000-100 000 inhabitants

c Percentage of the population which answers "Roman Catholic" to a census question regarding religious denomination
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for 1950-54 and 1980-84 were 061,0 77, and 1 00
for average income, percentage in larger cities,
and percentage Roman Catholic, respectively.
The most important change occurred for average
income: the unfavourable situation of districts in
the South region generally improved over time
(from 15% to 5% below the national average),
whereas those of districts in the North region
deteriorated (from 11% to 14% below the
national average).
The logarithms of the district standardised

mortality ratios were related to the
sociodemographic variables through multiple,
ordinary least squares regression analysis.
Residual analyses have been carried out which
showed that the linearity assumption was
reasonable in practically all cases.

Results
The higher mortality rates in the South region as
observed in 1980-1984 are almost completely due

Table III The contribution ofspecific causes ofdeath to higher or lower overall mortality
in five large regions, The Netherlands 1980-84

Excess mortality (deaths per 10 000 person years, age
standardised) a

North East West Southwest South

Cancer of stomach 31 - 14 - 12 63 17
Cancer of colon -0 4 -3 -4 6
Cancer of lungb - 102 -24 29 - 118 33
Cancer of breast b --10 -0 6 -12 -7
Cancer of prostateb 3 -2 7 -13 -15

Ischaemic heart disease 152 1 -98 -68 172
Other heart disease -47 57 -8 - 62 11
Cerebrovascular disease - 29 33 - 32 - 142 113
Arterial disease - 35 4 - 2 - 22 29

Influenza/pneumonia - 16 0 5 - 51 6
CNSLDC - 50 41 - 6 - 88 19

Traffic accidents 24 16 -22 -6 22
Other accidents -5 -4 4 - 8 -5

Symptoms and ill defined
conditions - 79 - 57 37 80 -4

All other causes -40 5 18 - 170 -21

All causes - 203 60 - 77 - 621 376
a Difference between regional age standardised death rate and national death rate
b In order to permit calculation of contribution to total mortality (both sexes), rates have been
calculated for the total population (both sexes)

c Chronic non-specific lung disease

Table IV Association between district mortality and three sociodemographic
characteristics, by cause of death, The Netherlands 1980-84a

Multiple regression coefficient
(ifp< 0 05)

Percentage Percentage Percentage
Average in larger Roman variance
income cities Catholic explained

Stomach cancer - 00471 - 0-00239 - 39
Colon cancer - - - 9
Lung cancer +0 0314 +0 00222 +0 00274 64
Breast cancer - - - 14
Prostate cancer - - -000189 38

Ischaemic heart disease -0 0442 - +0 00111 56
Other heart disease - - - 7
Cerebrovascular disease - 00230 - +0 00196 35
Arterial disease - +0 00208 +0 00384 51

Influenzwpneumonia - +0 00272 +0 00213 25
CNSLD - +0 00346 +0 00265 40

Traffic accidents -0 1050 -000286 - 62
Other accidents - +0 00158 - 12

Ill defined conditions - - +0-00333 30
All other - + 0 00101 - 23

All causes -0-0149 +0 00062 +0 00098 58

a Multiple regression analysis (n = 39)
b Chronic non-specific lung disease

to higher cardiovascular mortality (table III).
Although mortality rates for many other causes of
death are also raised, the excess mortality for the
four cardiovascular conditions included in the
analysis accounts for 86% of the excess all cause
mortality.

In contrast to this, the lower mortality in the
Southwest region, which has the most favourable
rates in the country, is a more generalised
phenomenon. Important contributions come
from cancer (especially lung cancer),
cardiovascular diseases, respiratory diseases, and
all other causes. One important difference
between the Southwest and the North regions is
that the latter has high ischaemic heart disease
mortality rates, leading to a much smaller deficit
in all cause mortality, despite low mortality from
cancer (especially lung cancer) and respiratory
diseases.
The three selected sociodemographic

characteristics appear to "explain" 58% of the
variance in all cause mortality at district level
(table IV). Percentage Roman Catholic makes the
largest contribution: both the zero order and the
partial (controlling for the other two variables)
correlations between mortality and percentage
Roman Catholic are higher (0 61 and 0 63) than
those between mortality and either average
income (- 0 30 and - 0 47) or percentage in
larger cities (0 15 and 0Q33).

Mortality is generally higher in districts with a
high percentage of Roman Catholics in the
population. This applies to all cause mortality as
well as to mortality from lung cancer, ischaemic
heart disease, cerebrovascular disease, arterial
disease, influenza/pneumonia, and chronic non-
specific lung disease. The only negative
association is found for prostate cancer. The
positive association between total mortality and
percentage Roman Catholic is not only found in
an analysis covering all 39 districts, but also in an
analysis excluding the seven districts in the South
region, where the percentage Roman Catholic is
extremely and uniformly high. The value of the
regression coefficient is practically the same in
both analyses (0-00098 with 39 districts, 0 00099
with 32 districts). This suggests that the
association is not biased by the presence of third
factors specific to the South region. Figure 2 gives
a visual impression of the relationship between
percentage Roman Catholic and total mortality.
The association between average income and all

cause mortality is negative. The strongest
association is found for traffic accidents. Lung
cancer is the only specific cause of death with has
higher death rates in more prosperous areas.
The degree of urbanisation is positively

associated with mortality. Lung cancer, arterial
disease, respiratory diseases, and other accidents
are more frequent as a cause of death in urbanised
districts.
A combination of these results with the data on

the geographical distribution of the three
sociodemographic variables (table II) suggests
that the high mortality rates in the South region
are primarily related to the high percentage of
Roman Catholics in the population, or to

characteristics which are closely associated with
this. An analysis of regression residuals confirms
this. Controlling only for percentage Roman
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Figure 2 Plot of standardised mortality ratio (SMR) (total mortality
percentage Roman Catholic, 39 districts, The Netherlands, 1980-84. The line
the estimated regression line for log SMR on percentage Roman Catholic.

Catholic reduces the all cause mortality
most districts in the South region to vali
to the national average. The slightly lowei
income in this region makes an additic
much smaller contribution.
As a check on, and further backgrouni

findings reported so far, we also stu(
stability or evolution of the relationships
the three sociodemographic variabl
mortality over a longer time period, I
There were notable changes in these relat
(table V).
The relationship between all cause n

and average income became rather more
over this period. In the early 1950s the ass
was only slightly negative, and not stai
significant. In the early 1960s the ass
appeared to have become slightly posit
from then on it became ever more negati
increasing importance of average incoi
predictor of regional mortality levels
apparent from the partial correlations
cause mortality, which changed from -
1950-54 to -047 in 1980-84. The two
causes of death which were the most in
contributors to this development were is
heart disease and cerebrovascular disea
both, the association with income was still
in 1950-54. Between then and 1980-84 a c
reversal occurred.
The changes in the association I

mortality and the other two sociodemc
variables are also noteworthy. Gradi
relationship with degree of urbanisation e

Table V Evolution of the association of all cause mortality with the three
sociodemographic variables at district level in The Netherlands, 1950-84

Multiple regression coefficient

Percentage Percentage Percent
Average in larger Roman varianc6
income cities Catholic explaine

1950-54 -0-0073 -0 00011 0-00151* 64
1960-64 0-0057 0-00023 0-00151* 70
1970-74 -0-0110 0-00048 0.00107* 48
1980-84 -0-0149* 0-00062* 0-00098* 58
* p<0-05

during these years. The association with
percentage Roman Catholic, on the other hand,
became less strong over time. Although this
variable was the most important determinant of

* variation in mortality over the whole time period,
it has steadily been losing ground. In 1950-54, the
partial correlation between percentage Roman
Catholic and all cause mortality was 0 80, in
1980-84, 0 63.
These findings suggest that the convergence

towards the national average of the higher
mortality rates in the South region is due to a
decrease of the excess mortality among Roman
Catholics. The effect of the increase in relative
income in this region (table II) was largely
compensated for by a strengthening of the
negative association between average income and
mortality over the same period. By contrast, the

v-F convergence towards the national average of the
0 100 lower mortality rates in the North region is not

only related to a change in the relationship
) against between mortality and religious variables, but also
represents to a combination of declining relative income

(table II) and a strengthening of the negative
rates in association of the latter variable with mortality.

ues close
r average Discussion~nal, but DSUSomalbut

The relatively high mortality rates in the southern
d to, the part of The Netherlands, which dominate the
died the geographical mortality pattern of the country as a

between whole, appear to be largely due to cardiovascular
[es and diseases. Four cardiovascular diseases, which
1950-84. together account for only 4300 of all deaths,
ionships account for 86% of the excess all cause mortality

in the South in 1980-1984. This is remarkable
nortality because the South region already had relatively
negative high mortality rates before cardiovascular
sociation diseases became the leading causes of death. At
tistically the turn of the century infectious diseases and
sociation (other) causes of infant mortality must have been
tive, but the major contributors. This suggests that some

ive. The very general factors, operating over a considerable
me as a time span and through seemingly unrelated
is also disease categories, must underlie the excess

with all mortality in the South region.
- 0 02 in The main finding of the regression analyses is
specific that of three sociodemographic variables which
nportant together explain 58% of the variance in all cause

chaemic mortality at district level in The Netherlands in
ase. For 1980-84, the most clearly "cultural" of the three
positive appeared to be the most important. In districts
lramatic with a high percentage ofRoman Catholics in the

population all cause mortality as well as mortality
between from many specific causes of death is higher than
)graphic the national average.
ually, a Before it was used in the regression analyses,
.merged the variable "percentage Roman Catholic" was

selected from among a number of variables, which
it was intended to represent. These other
variables were also religion related (right wing
voters mainly being orthodox Protestants). When
the regression analyses are repeated with

age percentage Protestant instead of percentage
e Roman Catholic, positive associations are
od replaced by negative associations, with largely the

same levels of significance and percentages of
variance explained.
This suggests that it might indeed be religious

affiliation, or characteristics influencing this/
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influenced by this, that "explains" a part of the
geographical pattern of mortality in The
Netherlands. Unfortunately, no studies of the
relationship between Roman Catholic versus
Protestant religious affiliation and mortality at the
individual level have been performed in The
Netherlands. On the other hand, there are enough
parallels to be found in other Western societies for
us to be confident that religious affiliation may be
an important determinant of individual mortality
risks in The Netherlands too.24 There is the
obvious parallel with studies of mortality in
orthodox groups like the Mormons,25 Amish,26 or
Seventh Day Adventists27 in the United States,
which have very low mortality rates compared to
the rest of the population. Mortality studies from
the United States comparing (mainstream)
Protestants and Roman Catholics also suggest
differences but not necessarily in the same
direction as in The Netherlands.28 29 In the
United States, these differences are probably
confounded by socioeconomic and ethnic
differences.24
No European studies on differences in

mortality between Protestants and Roman
Catholics are known to the authors. Religious
affiliation is also not a common concern in studies
on geographical variation in mortality, if only
because in countries like England and Wales,
France, and the Scandinavian countries the large
majority of the population belongs to one
Christian denomination. In countries like
Switzerland and the Federal Republic of
Germany, where, like in The Netherlands, the
Reformation has left a divided church, with a
certain degree of geographical segregation of
Protestants and Roman Catholics, no studies like
the one reported here have been performed.
The obvious hypothesis emerging from the

association between mortality and religious
affiliation is that "life style" factors are involved.
One is inevitably reminded of Weber's classical
analysis of the Protestant way of life, supposed to
be characterised by rationality and self
discipline.30 As a matter of fact, the positive
associations of percentage Roman Catholic with
mortality from lung cancer, cardiovascular
diseases, and chronic non-specific lung disease
(table IV) strongly suggest smoking behaviour as
an intermediary factor. Survey data from The
Netherlands show that Roman Catholic affiliation
has consistently been associated with relatively
high prevalence rates of cigarette smoking
throughout the postwar period.3' 32 One of the
larger of these surveys, involving more than
30 000 respondents, was held in 1972.33 The large
number of respondents permits an analysis at
district level, which shows that percentage Roman

Table VI The effect of adding the prevalence of smoking to a regression model
already containing the three sociodemographic variables. Total mortality, The
Netherlands, 1980-84

Multiple regression coefficient

Percentage Percentage Percentage Percentage
Average in larger Roman smoking variance
income cities Catholic cigarettes explained

All causes,
1980-84 -0-0144* 0-00065* 0-00069* 0.0033* 65
* p < 0-05
For regression coefficients estimated with a model excluding the prevalence of smoking, see last
row of tables IV or V

Catholic is positively associated with the
prevalence of smoking. When the prevalence of
smoking is included in a regression model already
containing the three sociodemographic variables,
the size of the regression coefficient for the
association between percentage Roman Catholic
and total mortality becomes considerably (300% )
smaller, suggesting that part ofthe association can
be explained by the higher prevalence of smoking
among Roman Catholics (table VI). The higher
mortality rates in the South region before the
advent of smoking related diseases may have the
same type of explanation, ie, a lower prevalence of
health protecting behaviour among Roman
Catholics. The high fertility rates among Roman
Catholics in The Netherlands until the 1960s
provide some indirect evidence for this.34
The importance of this "cultural" variable may

be a feature distinguishing the geographical
mortality pattern in The Netherlands from that in
many other countries. On the other hand, the
main finding from the analysis covering the
complete period 1950-84 was that percentage
Roman Catholic is gradually becoming less
important as a determinant of geographical
variation in mortality, and that part of its role
seems to have been taken over by average income.
The increasing importance of the latter variable

finds its parallel in comparable developments in
the United States, where several studies did not
find a negative association between average
income and mortality at regional level around
1960, but later studies did.9 10 3537 In England
and Wales, the association has been negative
throughout the postwar period, but for
cardiovascular diseases a positive association was
found around 1950, which reversed in later years,
just as in The Netherlands.38 3
The negative association between average

income and regional mortality which has emerged
in recent years in The Netherlands has also been
demonstrated in studies on other levels of
aggregation, eg, neighbourhoods in the city of
Amsterdam,40 and individuals.41-43 The
explanation of these mortality differences is likely
to be rather complex because the causes of death
for which these differences have been observed in
the analysis reported here range from stomach
cancer to chronic non-specific lung disease and
from ischaemic heart disease to traffic accidents
(table IV).
Whatever the specific explanations are,

however, the evolution of the Dutch mortality
pattern suggests that inequalities in health
associated with economic position should become
a priority of public health in The Netherlands, as
it is already in some other countries.

The mortality data were supplied by the Netherlands
Central Bureau of Statistics. The smoking data were
made available by the Steinmetz Archive, Amsterdam,
The Netherlands, with the generous permission of the
Verenigde Nederlandse Uitgeversbedrijven BV. This
study was supported by a grant from the Ministry of
Welfare, Public Health and Culture, Rijswijk, The
Netherlands.
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