
10ournal of Epidemniologiy anid CommunitY Health 1994;48:140-145

Living standards and mortality in the European
Community

J P Mackenbach, C W N Looman

Abstract
Objective - The association between liv-
ing standards and mortality in the Euro-
pean Community (EC) was investigated
using regional level data from all EC
member countries.
Data and methods - Data covering the
1980s were extracted from various publi-
cations. Data on "all cause" mortality
(standardised mortality ratios, both
sexes, all ages), living standards (gross
domestic product, car access, unem-
ployment rates), and some potential
confounders (population density, agri-
cultural employment, industrial employ-
ment, country) were available for 133
regions. Multiple regression analysis was
used for each living standard variable,
taking lnSMR as the dependent variable.
Results - It is only after taking into ac-
count potential confounders that higher
living standards are associated with
lower mortality. Unemployment rates
have the strongest association - each
additional percentage in unemployment
in the regional population is associated
with an increase in mortality by 0O81%.
There is important variation between
countries in the living standards-
mortality relationship. The latter ranges
from relatively strong in the UK to
absent in Italy.
Discussion - The results of this study
show that there is an association between
living standards and mortality at the
regional level in the EC, but that this
association comes to light only after
controlling for confounding variables. It
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seems that the mortality increasing
effects of urbanisation and industrialisa-
tion have obscured the mortality lower-
ing effects of high living standards. In
addition, factors specific to countries
(such as dietary habits) act as con-
founders. The latter finding is inter-
preted in the light of differences between
countries in the way in which they have
gone through the "epidemiologic trans-
lation" from infectious diseases to the
"western" diseases that currently domin-
ate the mortality pattern.

(J7 Epidemiol Conmmunity Health 1994;48:140-145)

It is well known that socioeconomic factors are

important determinants of health. In many
countries, studies of individuals have shown
that mortality and morbidity are higher in
those with lower socioeconomic status. 12

While this is also true for those countries of the
European Community (EC) for which such
data are available,3-"' at the national level there
is no association at all between living standards
and mortality (table 1). The correlation co-
efficients between gross domestic product
(GDP) on the one hand and life expectancy
and "all cause" mortality rates on the other are
both close to zero. Greece and Portugal, for
example, both have low GDPs, but Greece has
a low and Portugal a high mortality rate.
We have tried to explain this apparent

anomaly by undertaking more detailed analysis
of the association between living standards and
mortality in the EC. Our hypothesis was that
one or more confounding factors (for example,

Table I A comtparison of gross domestic product (GDP) and several intdicators of mortality in the EC

Age standardised miortalitv+
L fe
expectanic All Cardiovascular

Country GDP* at birtht causes Neoplasniis diseases

Belgium 11 800 76 879 224 342
Denmark 13 300 75 866 235 365
France 12 800 77 715 205 224
Germany (FRG) 13 300 75 806 208 372
Greece 6400 77 765 160 376
Ireland 7500 74 965 224 456
Italy 12 300 76 770 209 324
Luxembourg 14 700 75 903 218 412
Netherlands 12 300 77 748 223 302
Portugal 6300 75 862 158 360
Spain 8700 77 755 168 323
United Kingdom 12 300 76 850 223 378

EC 11800 76 789 204 331
* In US S per inhabitant, 1987. Purchasing power parities. Source: reference 11.
t In years, 1989. Source: reference 12.
+ Directly standardised to the European standard population, per 100 000 person-years, ca 1988. Source: reference 13.
Correlation coefficients between GDP and:

Life expectancy at birth: r = -0014;
Age standardised mortality ratio, all causes: r - 0058;
Age standardised mortality ratio, neoplasms: r = 0 732;
Age standardised mortality ratio, cardiovascular diseases: r - 0243.
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Living standards and mortality in the European Community

circumstances associated with high mortality
which happen to be more prevalent in coun-
tries with a high GDP) have prevented the
association between living standards and mor-
tality to become evident. To investigate this,
we studied mortality at the regional level
across the EC. This enabled us to do multi-
variate analyses while retaining a close link
with national level data. We collected
published data on mortality, living standards,
and potential confounders at the regional level,
and analysed these using multiple regression
methods. In the analysis, the association
between living standards and mortality was
measured before and after controlling for the
potential confounders.

After this main part of the analysis, we also
explored which of the living standards vari-
ables had the strongest independent associ-
ation with mortality, and whether the strength
of these associations is the same or not in all
EC countries.

Methods
The data used in this analysis were extracted
from various sources. The most recent re-
gional mortality data were published in the
second edition of the European Community
Atlas of 'Avoidable Death'.'4 This contains all
cause standardised mortality ratios (SMRs)
(all ages, both sexes) for a total number of 360
regions in the EC, covering the period 1980-
84. These SMRs were calculated using the age
and sex specific mortality rates for the entire
EC as standard rates. Although the principle
of using indirectly standardised mortality rates
(such as SMRs) could be discussed from a
theoretical point of view, in practice the
differences with directly standardised rates are
usually negligible, especially if (as in this case)
the age distributions of the populations to be
compared are not extremely different.
The only regional data on living standards

which meet some basic criteria of com-
parability are available in a recent Eurostat
publication.'5 This publication covers a
slightly more recent period than the mortality
data (various years in the period 1985-88), and
also uses a different regional subdivision
(mostly at a higher level of aggregation). We
thus had to assume that regional patterns of
socioeconomic indicators did not change
between 1980-84 and 1985-88 - an assump-
tion which is likely to be valid given the time
scale at which processes of socioeconomic dif-
ferentiation between regions operate. The
second problem could be solved only by amal-
gamating regions as distinguished in the mor-
tality atlas up to the level used in the Eurostat
publication. To this end, weighted averages of
SMRs were calculated, using the regional
population sizes as weights. We also omitted
all overseas departments (Ceuta y Melilla,
Canary Islands, the French Departements
d'Outre Mer (DOM), the Azores, Madeira)
and ended up with a total number of 133
regions. The final number of regions per

country was as follows: one for Ireland and
Luxembourg, three for Denmark, four for

Portugal, five for Greece, nine for Belgium, 11
for the United Kingdom, 12 for the Nether-
lands, 16 for Spain, 18 for Italy, 22 for France,
and 31 for Germany (then the Federal Repub-
lic of Germany). At this level of aggregation,
the 95% confidence intervals of most SMRs
were very narrow (+ 1-3%).
The following indicators of living standards

were chosen: gross domestic product (per
capita, converted to ecus using purchasing
power parities, and expressed in indices which
relate to the EC average, with the latter set to
100), car access (private cars per 1000 popula-
tion) and unemployment (unemployed men
per 100 men in the active population). These
indicators cover different aspects of living
standards. Gross domestic product is a macro
variable which measures the economic output
of a region; car access more directly reflects
levels of spendable income; and unem-
ployment rates are indicative of the existence
and size of groups with socioeconomic dis-
advantage.

Mortality levels are determined by many
more factors than living standards alone. We
do not refer here to more "proximal" deter-
minants such as cigarette smoking, which may
be an intermediary factor between living
standards and mortality, but to other factors at
the same "distal" level of explanation, such as
sociocultural factors. The Eurostat publication
cited above'5 contains information on three
potential confounders of the relationship
between living standards and mortality: popu-
lation density (inhabitants per kM2), agri-
cultural employment (percentage of those
employed who are active in the agricultural
sector) and industrial employment (percentage
of those employed who are active in the indus-
trial sector). All three are associated with the
level of socioeconomic development of a re-
gion, and have independent effects on mor-
tality through more specific behavioural and
environmental factors,'1'8 which suggests that
they may be confounders of the living stand-
ards-mortality relationship.
Table 2 shows the correlation between the

independent variables included in the analysis.
GDP and car access are both positively associ-
ated with population density and industrial
employment, and negatively associated with
agricultural employment. The latter variables
are also associated with mortality (results not
shown): population density and industrial em-
ployment are positively associated with mor-
tality, whereas agricultural employment is
negatively associated with mortality. This
clearly supports the idea that population den-
sity, industrial employment, and agricultural
employment, if not controlled for, will con-
found the living standards-mortality relation-
ship. Table 2 also shows that the correlations
are all below levels (that is, 0 70) which might
introduce multicollinearity in the analysis.
Because these three variables cannot be

expected to remove all confounding, we also
estimated the effect of living standards con-
trolling for "country", using a set of dummy
variables (with 12 countries and Belgium set to
zero, 11 dummy variables had to be created).
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Table 2 Correlations between the inldependent variables (133 EC regions)

Product moment correlation coefficients

Population Agricultural IndustrialVariable GDP Cars Unemployment density employment employment
GDP 100 062 -022 040 -049 040Cars 1o00 -041 010 -0 59 046Unemployment 1i00 -0 01 0 12 -0 21Population density 1 00 -0-33 0 05Agricultural employment 1 00 -0 39
Industrial employment 100

For definition of variables, see methods section. GDP= gross domestic product.

We assumed that this would remove the effect
of country specific factors such as dietary
habits.
The analyses involved fitting a series of

ordinary least squares regression models, with
lnSMR as the dependent variable and using
the GLIM package.'9 For each of the three
living standards variables, a series of four
regression models was fitted:

Model 1: one living standard variable only;
Model 2: as model 1, plus three potential
confounders (population density, agricul-
tural employment, industrial employment);
Model 3: as model 2, plus country dummies;
Model 4: as model 3, plus the other two
living standards variables.

In model 1, the association between living
standards and mortality is measured without
any control for potential confounders. A com-
parison with the results of models 2 and 3
exposes the effect of controlling for con-
founding. With model 4 it can be seen which of
the three living standards variables has the
strongest independent association with
mortality.

In a final step of the analysis, we explored
whether the association between living stand-

ards and mortality is the same in all countries.
To this end, interaction terms between living
standards variables and the country dummies
were added to models of type 3. A significance
test for the introduction of these variables
reached conventional levels of statistical signi-
ficance (p < 0 05) in all three cases (that is, for
GDP, car access, and unemployment).

Results
Tables 3 and 4 provide some illustrative data
on regional mortality patterns in the EC. The
highest mortality rates are found in Ireland
and the northern parts of the United King-
dom, a northern Portuguese region, southern
Belgium and Luxembourg, and West Berlin.
The living standards in most of these regions
are below the EC average: GDP and car access
are relatively low, and unemployment rates are
relatively high. The exceptions are West Ber-
lin and Luxembourg.

Surprisingly, many of the regions with the
lowest mortality also have unfavourable living
standards (table 4). The lowest mortality rates
in the EC are found in a region of The Nether-
lands (Zuidelijke IJsselmeerpolders, an area
which was recently claimed from the waters of

Table 3 The 10 regions with the highest mortality rates in the European Community, 1980-84

SMR GDP Cars Unemployment
Region Country 1980-84 1985 1985 1988

Ireland Ireland 122 65 202 17 4
Norte Portugal 121 41 76 33
Namur Belgium 119 79 325 96
Berlin (W) Germany 119 128 344 7-6
Scotland United Kingdom 119 98 244 13 6
Northern Ireland United Kingdom 119 80 265 193
Liege Belgium 118 97 341 95
Hainaut Belgium 117 78 312 12 3
Luxembourg Luxembourg 116 124 414 1 7
North United Kingdom 116 92 249 14 3

EC - 100 100 342 83

For definition of variables, see methods section. SMR= standardised mortality ratio, GDP= gross domestic product.

Table 4 The 10 regions with the lowest mortality rates in the European Community, 1980-84

SMR GDP Cars Unemployment
Region Country 1980-84 1985 1985 1988

Zuidelijke
IJssel-meerpolders Netherlands 76 65 350 69

Castilla-Leon Spain 80 72 204 137
Aragon Spain 81 80 222 83
Madrid Spain 82 83 272 129
Catalufia Spain 83 82 277 1441
Crete Greece 84 55 84 1 8
Poitou-Charentes France 84 90 438 78
Midi-Pyrenees France 85 91 435 65
Ile de France France 86 165 358 75
Centre France 86 104 415 6-8

EC - 100 100 342 83

For definition of variables, see methods section. SMR= standardised mortality ratio; DGP = gross domestic product.

Mackenbach, Looman
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143Living standards and mortality in the European Community

the former Zuiderzee) and in regions in Spain,
Greece, and France. These Spanish and Greek
regions, in particular, are clearly poorer than
the EC average.

The results of the regression analysis are

presented in table 5. Regression coefficients for
the effect of each of the three living standards
variables on mortality are shown, obtained
with various regression models. If no potential
confounders are included in the regression
model, none of the associations between living
standards and mortality is statistically sig-
nificant, and the signs even suggest slightly
higher mortality at higher living standards.
These univariate results are, however,

seriously confounded. This is shown by a

comparison with the coefficients obtained in
regression models controlling for population
density, agricultural employment, and indus-
trial employment; and especially with those
obtained in models which in addition control
for "country". The signs of the coefficients
reverse, implying higher mortality at lower
living standards. Also, the coefficients for car

access and unemployment rates reach conven-

tional levels of statistical significance.
The final row of table 5 gives the results of a

regression model which contains all three
indicators of living standards as well as all
control variables (including country dummy
variables). It is only unemployment which
seems to have mortality affects independent of
those of other living standards variables.
Although some of the associations are

statistically significant, none are very strong.
The regression coefficient for the strongest
association, that between unemployment and
mortality, is 0 00804 (table 5). This implies

that each additional per cent in unemployment
is associated with a rise of the SMR by a factor
of e000804= 1-0081, or by 0 81%. On the basis of
the same coefficient, the mortality in the region
with the highest unemployment rate of the EC
(Andalucia: 25-9%) is expected to be
e242* 000804= 1 21 times or 21% higher than
that in the region with the lowest unemploy-
ment rate (Luxembourg: 1-7%).
Although the effect of living standards

seems to be present across the EC, an import-
ant question is whether it is the same in all
countries. An analysis of the interaction
between living standards variables and country
showed that it is not. Table 6 shows the
variation in the effect of living standards on

mortality between the five largest EC coun-

tries. The main exception to the general rule of
higher mortality at lower living standards is
Italy: there is no association between living
standards and mortality in this country (con-
trolling for population density, industrial
employment, and agricultural employment).
In the other countries the patterns are roughly
as documented for the EC as a whole, although
there is striking variation in the strength of the
associations (those in the United Kingdom are

strongest), as well as in the relative importance
of each of the three indicators (for example, car

access is important in France and the United
Kingdom, but not in Germany, Spain, and
Italy).

Discussion
It has frequently been shown that above a

certain level of economic development, the
association between countries' living standards

Table 5 Results of the regression analysis of mortality on indicators of living standards (133 EC regions)

Regression coefficient*

Model Control variables GDP Cars Unemployment

1 0 00019 0 00003 -0 00101
2 Population density - 0-00072 -0-00020 0-00056

agricultural employment
industrial employment

3 As 2 + country dummies -0-00048 - 0000501 0-00804t
4 As 3 + other 2 living - 0-00021 - 0 00011 0-00691t

standard variables

For definition of variables, see methods section.
* Interpretation of the coefficients (0): each extra unit of the independent variable (1% extra GNP per capita, one extra private car
per 1000 population, one extra unemployed man per 100 men in the active population) goes together with a rise of the SMR by a
factor e. See penultimate paragraph of the results section for an illustration.
tp< 0-05.

Table 6 Analysis of interaction: estimates of regression coefficients for the five largest EC countries (controlling for
population density, agricultural employment, and industrial employment)

Regression coefficient*
Country
(no of regions) GDP Cars Unemployment

Germany (FRG) -0-00154t -0-00082 0-01160t
(n= 31)
Spain -0-00278t -0 00001 0 00614t
(n= 16)
France -0-00135 -0-00184t 0-00778
(n= 22)
Italy 0-00007 0-00004 0-00082
(n= 18)
United Kingdom -0-00511t -0-00160t 0-01738t
(n = 11)
EC -0-00048 -0-00050t 0-00804t
(n= 133)

For definition of variables, see methods section.
* Interpretation of the coefficients (,): each extra unit of the independent variable (1% extra GNP per capita, one extra private car
per 1000 population, one extra unemployed man per 100 men in the active population) goes together with a rise of the SMR by a
factor e5. See penultimate paragraph of the results section for an illustration.
tp<0-05.
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and mortality levels becomes weaker. For de-
veloping countries, life expectancy increases
steeply with increasing GDP per capita, but
for developed countries the curve is much
flatter.2" This is probably due to two different
mechanisms: an effect of diminishing returns

at higher levels of spending on improvements
in living circumstances, and the rise of so

called "degenerative" or "western" diseases
such as cardiovascular disease and neo-

plasms.122
Within the EC, the lack of an association

between living standards and mortality at

country level (table 1) is one more example of
these flattening curves. The cause specific data
presented in table 1 suggest that for neoplasms
the EC countries are still in a stage of rising
mortality with an increase in living standards.
For cardiovascular disease, on the other hand,
the association has already reversed.

If associations are weak, control for con-

founding becomes relatively more important.
The results of our analysis show that, after
control for confounding variables, there is an

association between living standards and mor-

tality in the EC. It seems that the mortality
increasing effects of urbanisation and indus-
trialisation have obscured the mortality lower-
ing effects of high living standards. The most

important step, however, was the introduction
of the control variable "country". In our ana-

lysis living standards variables had clear effects
on mortality only after allowing for different
mortality levels in different countries.
Now what could this "confounding by

country" be? As was mentioned in the
methods section, the introduction of country

dummies into the regression equation was

intended to remove the effect of country speci-
fic factors such as dietary habits. It is well
known that not all developed countries have
gone through the "epidemiologic transition"
from infections to "western" diseases in the
same way. For example, in some countries,
especially in western and northern Europe as

well as in northern America, the rise of isch-
aemic heart disease has been much more pro-

nounced than that in the Mediterranean coun-

tries,23 perhaps because of the regular
consumption of red wine and olive oil in the
latter.24 25

The case of Italy may help to increase
further our understanding of this phenom-
enon. Associations between socioeconomic in-
dicators and mortality at the regional level
have been documented before for many separ-
ate EC countries, such as France,26 Germany,27
the Netherlands,2829 Spain,30 and the United
Kingdom.32 Our aralysis has confirmed that
it is indeed a community wide phenomenon,
but that there is one exception - Italy.

In Italy, mortality is higher in the north
than in the south.33 Without control for popu-
lation density, agricultural employment, and
industrial employment, the association
between living standards and mortality is even
clearly positive (results not shown). As table 5

shows, with such control there is no associ-
ation at all. Whereas infant mortality and mor-

tality from infectious diseases are still slightly

higher in the south, mortality from "western"
diseases (cardiovascular, neoplasms) is con-
siderably higher in the north.34 In Italy, the
western and northern European mortality
regime and the Mediterranean mortality
regime coexist. The lack of an association
between living standards and mortality as it
was found EC wide (before controlling for
"country"), is therefore reproduced within
Italy.
The variable that has the strongest indepen-

dent association with mortality is unem-
ployment. Currently, there is no scientific
consensus on the effect of unemployment on
mortality.35 Longitudinal studies consistently
show higher mortality in the unemployed3638
but the main problem with these data is that
selection factors may be at work. The unem-
ployed may have been sick before unemploy-
ment, or may have characteristics predisposing
to both unemployment and premature death.35
On the other hand, studies of unemployment
and mortality at the regional level, which can
less easily be biased by selection factors but
have other methodological shortcomings, have
produced inconsistent results.39 Perhaps our
results can be interpreted as further evidence
for an effect of unemployment on mortality,
although aggregate unemployment rates are
associated with many other characteristics
linked to deprivation, which were not con-
trolled for in the analysis.
The fact that unemployment, the variable

most closely related to (relative) deprivation,
has the strongest association with mortality in
this analysis also supports previous reports on
the relationship between income distribution
and mortality at the national level.4" More
generally speaking, the distribution of income
(and other aspects of living standards) within a
country may be more important for the level of
mortality than the distribution across coun-
tries.
The Maastricht Treaty intends to give the

EC a bigger say on health policy.4' It is to be
welcomed that public health is gradually
becoming more important to the EC. It can be
argued that one of the first things to be done is
to assess the health impacts of EC policies in
"other" areas, and to see whether these could
be modified to serve better the health interests
of the European citizens. The EC agricultural
policy, with its subsidies to tobacco producers,
is a case in point.42 Another issue is that of the
creation of a single European market: this has
been decided without any insight into the
potential effects on health and health care
systems.43

In order to reach a fair judgement on the
health impacts of EC policies, however, one
should also pay attention to the potential
health benefits of rising living standards, the
primary goal of many EC policies. Our study
provides some evidence on these benefits. If
higher living standards are currently associ-
ated with lower mortality, and if one assumes
that this association reflects a causal relation-
ship, it is reasonable to expect that a rise in
living standards contributes to a reduction in
mortality as well.
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The results of our study do suggest that a
fair judgement of the health impacts of EC
policies should take into account the potential
beneficial effects of rising living standards on
life expectancy. However, as was shown by the
calculations for unemployment presented
above, at the current level of economic devel-
opment these effects are not likely to be large.
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