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Socioeconomic inequalities in health

Regardless of how health and socioeconomic position are measured, the general pattern 
of better health among individuals with higher socioeconomic position is consistently 
found in all populations and in all time-periods for which systematic data are available. 
The historical literature shows that socioeconomic inequalities in health are not a recent 
phenomenon. The first scientific evidence on social variations in morbidity and mortal-
ity dates from the 17th century when John Graunt, based on mortality from plague in 
London, published his book “Natural and political observations mentioned in a follow-
ing index, and made upon the bills of mortality” [1]. Due to the lack of data, socioeco-
nomic inequalities in health were not a public policy issue until the 19th century. Major 
contributions to this field were made in the 19th century by the French medical doctor 
Louis-René Villermé (1782–1863) [2], the German medical doctor Rudolph Virchow 
(1821–1902) [3] and the British lawyer Sir Edwin Chadwick (1800–1890) [4]. Villermé and 
Virchow concluded that death was not only biologically determined but was closely 
related to social circumstances and they identified social class and work conditions as 
crucial determinants of health and disease [5]. Chadwick contributed to the solution 
of the high death rates in disadvantaged sections of the population by proposing a 
sanitary reform in Great Britain. The work of all three men increased public awareness of 
socioeconomic inequalities in health and led to improved housing, water supply, sanita-
tion, nutrition, access to immunization and work conditions in Europe.

The interest in socioeconomic inequalities in health in Europe started again after the 
Black report was published in England in 1980 [6]. This report pointed out the widening 
health gap between those with lower and those with higher socioeconomic position 
despite major improvements in physical environment, work conditions and health care 
and the rise of the welfare state during the 20th century. Both the Black report and the 
subsequent Acheson report published in 1998 [7] initiated large efforts in data collec-
tion in Europe, which facilitated a wide range of descriptive and explanatory studies of 
socioeconomic inequalities in health.

Nowadays, socioeconomic inequalities in health are reported in all European countries, 
but with substantial variations in their magnitude [8-13] and with a trend towards wid-
ening inequalities over time [14-17]. The widening of socioeconomic inequalities in mor-
tality is mostly due to a different speed of mortality decline between lower and higher 
socioeconomic groups, with a faster decline among those with higher socioeconomic 
position [14]. However, not only people with higher socioeconomic position live longer 
than their counterparts with lower socioeconomic position, but due to their lower rates 
of morbidity, they also spend more years in good health. In Europe, the difference in life 
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expectancy at birth between people from lower and higher socioeconomic groups (e.g., 
manual versus professional occupations, or primary versus tertiary education) is on av-
erage about 5 years, when the difference in healthy life expectancy is more than 10 years 
[18]. In terms of cause-specific mortality, three European ‘regimes’ of socioeconomic 
inequalities in mortality can be distinguished: a North-Western regime characterized 
by large socioeconomic inequalities in mortality from cardiovascular diseases and can-
cer; a Southern regime characterized by small socioeconomic inequalities in mortality 
from cardiovascular diseases and cancer; and an Eastern regime characterized by huge 
socioeconomic inequalities in mortality from cardiovascular diseases, cancer and injury 
[10, 13, 19-21].

Due to the persistence of socioeconomic inequalities in health and their widening 
over time, these inequalities constitute one of the major challenges for public health 
in developed countries [22]. Reducing socioeconomic inequalities in health should be 
a priority not only because such inequalities are unfair but also because their burden 
has huge economic consequences. Socioeconomic inequalities in health have been 
shown to raise the total costs of healthcare and social security, and to reduce the labour 
productivity and the Gross Domestic Product (GDP) [23].

Education as an indicator of socioeconomic position

Indicators of socioeconomic position provide information about an individual’s access 
to social and economic resources. Education, occupational class and income belong to 
the most traditional and most frequently used indicators. Although these indicators cor-
relate with each other, they are not identical and therefore not interchangeable [24-26] 
because each of these indicators measures different dimensions of the socioeconomic 
position, and indicates different mechanisms through which socioeconomic position is 
related to health.

Education has several advantages over the other indicators of socioeconomic position. 
It is comparatively easier to measure, has a high response rate, and therefore has less 
missing values than e.g. income, which is a more sensitive variable. Education is relevant 
for men and women regardless of their employment status, in contrast to occupation 
which is difficult to ascertain for unemployed, students, housewives, retired people 
and people in unpaid, illegal or voluntary jobs. Education captures the transition from 
parental socioeconomic position to own socioeconomic position in adulthood and 
sometimes even serves as a marker of early life circumstances. Education is a strong 
determinant of future employment and income as it shapes work opportunities and 
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earnings possibilities [27]. Educational attainment is usually completed in early adult-
hood; therefore, contrary to other socioeconomic indicators such as occupation or 
income, reverse causality (ill-health leading to low socioeconomic position, instead of 
vice versa) is unlikely to happen, except for major mental disorders [25, 28-31]. In addi-
tion, education avoids the problem of health-related social mobility later in life. Finally, 
the measurement of education can relatively easily be harmonized across European 
countries. For this reason, education is frequently used in European comparisons.

Despite the advantages of using educational attainment as indicator of socioeconomic 
position, education also has some drawbacks. Education does not capture changes in 
adult socioeconomic circumstances [32]. Further, the meaning of educational level var-
ies for different birth cohorts [33]. The majority of elderly people in Europe left school at 
the minimum age with no academic qualifications. Therefore differentiation of the older 
population according to educational attainment is very limited [29]. Another difficulty 
with this indicator of socioeconomic position relates to migrants who obtained their 
education outside the country of residence under a different educational system, which 
makes comparisons with the native population difficult. Education can be measured as 
the number of years of completed education (continuous variable) or by assessing the 
achieved educational level (categorical variable), but this information tells us little about 
the quality of the acquired education and its social and economic value [30, 33]. For in-
stance, a college degree obtained from a prestigious university may have different value 
as compared with the same degree granted from a less prestigious institution. Finally, 
educational attainment may have a different social meaning and different consequences 
for occupational opportunities and earning possibilities in different time periods and in 
countries with different levels of economic development [30].

Education and health

The link between education and health has been demonstrated for different health 
outcomes, such as self-reported health, physical functioning, morbidity, disability and 
mortality [34, 35]. The main explanations of educational inequalities in health can be 
arranged under the selection perspective, the causation perspective, the life-course 
perspective, the human capital theory and the theory of fundamental causes.

The selection perspective

The social selection theory claims that health status determines social position instead 
of vice versa, e.g. because ill individuals underperform in school and do not achieve a 
high level of education due to their health problems [36-38]. While this may to some 
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extent be true, it has been shown that health-related selection has negligible impact 
on educational inequalities in health [39] and more generally cannot explain socioeco-
nomic inequalities in health [40, 41]. Health-related selection may be more pronounced 
for income or occupational class than for education, which is achieved relatively early in 
life when the prevalence of health problems is still low. Apart from ‘direct’ selection into 
lower or higher education dependent on the presence or absence of health problems, 
‘indirect’ selection may also play a role when individuals are selected into lower or 
higher education dependent on personal characteristics that also influence their later 
life health, such as cognitive ability and personality [42, 43].

The causation perspective

Education may protect health via several pathways. Apart from biological factors, such 
as genetics, age and sex, the main factors explaining the education-health relationship 
fall into categories of material circumstances, psychosocial circumstances, health be-
haviour and health care utilization [35].

Material circumstances that play a role in generating educational inequalities in health 
include financial resources, housing and working conditions and the neighbourhood 
environment. Education shapes employment and financial opportunities. Higher edu-
cated people are less likely to be unemployed, are more likely to work full-time and have 
more fulfilling jobs than their lower educated counterparts. The better employment op-
portunities of higher educated people are directly linked to their higher income, which 
allows them to afford living in a clean and safe neighbourhood and in high-quality hous-
ing, to buy healthy food, and to access better health care or expensive above-standard 
medical treatments [30, 34, 35]. Because of these financial resources the high educated 
experience less economic hardship. The employment opportunities do not only improve 
financial resources of higher educated individuals but also increases the chances for an 
occupation with better working conditions avoiding high environmental and physical 
risks, for instance exposure to noise, chemicals, radiation, heat, dust, unsafe conditions, 
cold or stress [30, 35]. In addition, they are able to better cope with stressful situations 
due to the skills and information acquired via education.

Psychosocial circumstances that play a role in generating worse health among the lower 
educated include negative life events, stressful living conditions, less adequate coping 
styles, smaller social networks and less social support. Education increases the sense 
of personal control, mastery, communication skills and analytical skills, which help to 
gather and interpret information and to solve problems. The ability to solve problems 
increases an individual’s self-confidence and perception of high control over one’s life 
[35]. Higher educated people also have bigger social networks assuring higher levels 
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of social support. These psychosocial resources may have an important effect on their 
health through enhancing health behaviour or through physiological mechanisms. 
People with high personal control are more likely to quit smoking [44, 45] or reduce 
their alcohol consumption [46]. Social support decreases depression, anxiety, and other 
mental problems and may increase the likelihood of practicing protective health behav-
iour [47-49]. The experience of stressful events may affect biological functions and may, 
via suppression of the immune system, lead to a wide range of diseases [50-53].

Behavioural factors, such as smoking, excessive alcohol consumption, lack of physical 
activity and/or poor diet, play an important role in generating educational inequalities 
in health. In general, people with a higher education have less harmful behaviour than 
people with a lower education.

Smoking is a major determinant of morbidity and mortality in developed countries. 
Several studies have demonstrated that the prevalence of smoking is related to educa-
tion [54-56]. It has been shown that educational variations in smoking prevalence differ 
in European countries depending on the progression of the smoking epidemic [57] 
and the role of smoking in educational inequalities in health likely differs between 
countries that are at a different stage of the smoking epidemic [58]. During the smoking 
epidemic there is a reversal from a positive to a negative association between education 
and smoking [59]. In a more advanced stage of the smoking epidemic, relatively more 
individuals with lower education smoke, while people with higher education smoke 
more in earlier stages. This epidemic is further advanced in northern European countries 
than in southern European countries [60], which may explain the north-south gradient 
in smoking-related causes of death. Women lag behind men in the smoking epidemic 
progression [61], which may explain the gender differences in smoking prevalence and 
in educational inequalities in smoking-related causes of death. Smoking accounts for a 
considerable proportion of premature deaths, especially due to lung and aero-digestive 
cancers and chronic obstructive pulmonary disease [58, 60]. The literature suggests that 
there are educational differences in smoking prevalence, smoking consumption, smok-
ing initiation and smoking cessation. Lower educated people are significantly more 
likely to smoke and to consume more cigarettes per day. They have higher initiation 
ratios and lower quit ratios than their higher educated counterparts [62].

Alcohol consumption and its impact on educational inequalities in mortality differ 
between men and women, and vary across European populations. In general, lower 
educated people have worse health and higher alcohol related mortality than higher 
educated people. This phenomenon is very likely connected with the amount of alcohol 
consumed which differs by education. Higher educated individuals are more frequently 
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moderate drinkers, while lower educated people are either abstainers or heavy drinkers 
[63-65]. Both abstinence and excessive alcohol consumption have been associated with 
higher risk of dying compared with moderate alcohol consumption [66]. Whereas moder-
ate alcohol consumption has been observed to have beneficial effect on mortality from 
ischaemic heart disease [67, 68] and some infectious diseases [69, 70], excessive alcohol 
consumption is associated with an increased risk of suicide, homicide, accidental injury, 
stroke, liver cirrhosis and upper respiratory and digestive cancers [68, 71]. In Europe, 
there are large differences between populations in the consumption patterns and in the 
distribution of causes of death. While daily wine consumption during meal is more com-
mon in southern Europe, beer consumption and binge drinking are more widespread in 
the Nordic countries, United Kingdom or Switzerland [71]. The results suggest that high 
levels of daily consumption influences inequalities in mortality in part through causes 
of death related to chronic intoxication such as specific cancers or liver cirrhosis whereas 
binge drinking is mainly associated with inequalities in violent deaths. The heavy drink-
ing habits in the North of Europe very likely contribute to the educational inequalities in 
poisoning, traffic accidents and suicide.

International literature suggests that the association between education and diet may 
partly explain the educational inequalities in mortality. The dietary patterns are worse for 
lower educated people. The lower educated individuals consume less fruit, vegetables 
and fish but eat more frequently fried food, meat, pasta, potatoes or table sugar [72, 73]. 
These unhealthy eating habits are very likely responsible for the lower intake of iron, 
calcium, vitamin A and vitamin D among lower educated people [72]. Healthier diet is 
associated with a reduction of the risk of chronic diseases. For instance, increased fruit 
and vegetable consumption is associated with reduced risk of coronary heart disease 
[74] and stroke [75].

In most European populations, the lower educated people have a higher prevalence 
of overweight and obesity than their high educated counterparts, which is probably 
due to an unhealthy diet and a consequent high energy intake and to a low physical 
activity among the lower educated [76]. The inequalities in overweight and obesity have 
been found to be largest among women in southern Europe [77]. Obesity is detrimental 
throughout the life span, any time from childhood to old age, and is associated with 
an increased risk of several diseases, such as diabetes mellitus, cardiovascular diseases, 
such as hypertension, dyslipidemia, ischaemic heart disease, and some cancers, such as 
cancer of female breast, colon, kidney, endometrium and oesophagus [78, 79].

A beneficial effect of regular physical activity on health has been repeatedly demon-
strated based on moderate leisure time physical activity, sports activity and bicycling as 
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transportation [80]. Literature evidence indicates that a moderate level of leisure time 
physical activity and occupational physical activity are associated with a reduction in 
all-cause and cardiovascular disease mortality for both men and women [81] and that 
sedentary living is responsible for about one third of deaths due to coronary heart 
disease, colon cancer, and diabetes mellitus [82]. Lower educated people has been 
found to exercise less than their higher educated counterparts [83]. There are important 
quantitative and qualitative differences in physical activity among population groups. 
Men in lower socioeconomic position spend more time each week walking and doing 
household chores, whereas men in higher socioeconomic position tend to be more 
active in leisure time physical activity. Among women, lower socioeconomic position 
is associated with less time spent each week in all physical activities, from leisure time 
physical activity over job related physical activity to household physical activity, than 
higher socioeconomic position [84]. Physical activity is also associated with improved 
psychological well-being which is important for the prevention and management of 
certain diseases, such as diabetes mellitus, osteoporosis, osteoarthritis, hypertension, 
obesity, colon cancer, breast cancer and depression [85].

Organization of the health care system may play an important role in generating edu-
cational inequalities in mortality and health. The access to and utilization of health care 
services contribute to mortality inequalities across educational groups [86]. The scien-
tific evidence shows that the lower educated people are more intensive users of the 
health care system, however they are less likely to receive preventive medical care, e.g. 
annual physical exams, vaccination or screening [33, 35, 87]. Regarding the inequalities 
in health services utilization, the lower educated individuals are more likely to visit gen-
eral practitioner (GP) but less likely to use services of medical specialists than their high 
educated counterparts [88]. Lower educated patients are more passive in communica-
tion with their GP, they spend less time with their GP and get less information about the 
health risks or are not able to fully understand the health message that their GP wants 
to transfer than those with higher education [89]. Educational differences have been 
reported in the influenza vaccination, screening attendance, diseases treatments and/or 
survival time after diagnosis. In several European countries, lower educated individuals 
are less likely to receive influenza vaccine compared with higher educated people [90, 
91]. Cancer screening attendance is found to be greater among the higher educated for 
colorectal, breast or cervical cancer [92-95]. The beliefs and expectations across educa-
tional groups towards screening play an important role in differential participation on 
the screening programmes. Higher stress and lower social support are reported to be 
an important explanation why lower educated people tend to evaluate screening as 
more frightening and less beneficial [94]. The lower educated people are less aware of 
health risks or treatment options and are generally more ill upon admission to hospital 
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than their higher educated counterparts. Their cancer is detected at later stage resulting 
likely in worse opportunities for treatment [96] and in a shorter survival time [97]. The as-
sociation between education and survival time is not only observed for cancer [98-100] 
but also for other diseases, such as stroke [101] and acute myocardial infarction [102, 
103]. Further, less educated people are less likely to receive any treatment, surgery and 
chemotherapy for lung cancer [104].

The life-course perspective

The life-course perspective combines different explanations of the relation between 
risk factors and health outcomes [105]. The life-course perspective has been defined as 
“the study of long-term effects on chronic disease risk of physical and social exposures 
during gestation, childhood, adolescence, young adulthood and later adult life” [106]. 
At least three general pathways have been proposed. First, the critical period model 
implies that a specific exposure will impact health only if it takes place during a specific 
period. The Barker’s hypothesis is a well-known example of the role of prenatal and early 
life circumstances on health in later life. Retarded growth in foetal life and infancy was 
found to be associated not only with infant mortality, but also with chronic diseases, 
such as ischaemic heart disease, hypertension or diabetes mellitus, in adulthood [107, 
108]. Second, the accumulation model suggests that physical and social exposures 
gradually accumulate to worsen health. Third, the social mobility model suggests that 
downward and upward intergenerational or intragenerational mobility affects health. 
The latter is related to the selection perspective already presented. Low educated 
people are more likely to be exposed to adverse life-course circumstances, whatever the 
model considered.

Childhood socioeconomic circumstances influence both educational attainment and 
health. The socioeconomic background of the parents and the material conditions dur-
ing childhood may therefore play an important role in the final health outcome over 
the life course. Higher educated parents secure future advantages for their children by 
encouraging them to obtain a high level of education [109, 110]. Some health behav-
iours such as diet and physical activity are strongly associated with childhood living 
conditions and may track over the life course. Perhaps the most striking aspect of these 
findings is that adult behaviour, such as smoking or alcohol consumption, and psycho-
social orientations, such as depression and hopelessness, are patterned by childhood 
socioeconomic circumstances [111]. Children with lower socioeconomic backgrounds 
are more likely to be of low birth weight, to have poorer diets, to be exposed to pas-
sive smoking and infectious agents and to have fewer educational opportunities [31]. 
Deprivation in childhood influences the risk of mortality from coronary heart disease, 
stroke and respiratory diseases in adulthood [112]. Poor socioeconomic circumstances 
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during childhood are particularly important in determining a higher risk of stomach 
cancer [112, 113] probably through exposure to infection with Helicobacter pylori.

The human capital theory

Another perspective on the explanation of the impact of education on health is 
provided by the human capital theory [34, 114]. According to this theory, education 
influences health via cognitive and non-cognitive psychological resources. Although 
both cognitive (verbal, reading, writing abilities, mathematics, science, music and art) 
and non-cognitive (personality, conscientiousness and sense of mastery) factors may be 
genetically given, they are enhanced through schooling. Education is a learning process 
that stimulates cognitive development [115] and schooling therefore improves general 
intelligence as measured by IQ. Previous studies reported that lower intelligence is a 
risk factor for many mental disorders, e.g., schizophrenia, mood, neurotic or personality 
disorders [116], and that higher IQ is associated with lower all-cause mortality [117, 118]. 
Although children enter schools with different level of intelligence, which itself is an 
important determinant of mortality [118], formal education enhances cognitive skills, 
such as learning, reasoning and problem solving skills [119, 120]. These cognitive skills 
promote risk assessment and decision making abilities related to health outcomes [109, 
114, 115, 121]. They are useful in preventing chronic diseases or accidental injuries [122] 
and in reducing risk of Alzheimer’s disease and dementia [123].

The theory of fundamental causes

Despite substantial successes in reducing risk factors for diseases during the past two 
centuries, socioeconomic inequalities in mortality and health have persisted over time. 
The theory of “fundamental causes” proposes that these inequalities persist because of 
the persistence of the differences in social and economic resources possessed by socio-
economic groups. According to this theory, a higher socioeconomic position involves 
access to key ‘flexible’ resources, such as money, power, prestige, knowledge, and ben-
eficial social support and social network, which allow people in higher socioeconomic 
positions to better take advantage of health-related changes, e.g., new diseases, new 
risk factors, new treatments or knowledge about them in the population. These key 
resources are portable from one situation to another. Therefore, people who possess the 
most resources (very likely the high socioeconomic groups) are best able to avoid future 
risks and diseases, and/or minimize the consequences of these health-related changes 
[124, 125].

When the effect of one risk factor declines, the effect of another one emerges. For 
instance, as the bacteria, viruses or parasites causing infectious diseases, such as e.g., 
tuberculosis, cholera or smallpox, were eliminated, epidemics of these infectious dis-
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eases in the 19th century were eradicated. However, new health risks emerged in the 
20th century, e.g., smoking, excessive alcohol consumption, lack of physical exercise 
or poor diet in fast foods, which increased the frequency of chronic diseases, such as 
cardiovascular diseases, cancer or diabetes mellitus. These risks for chronic diseases 
are now, similarly as those for the infectious diseases previously, more concentrated in 
lower socioeconomic groups, probably because they have less resources to deal with 
these new health threats as they had when dealing with the old health threats [126].

WHO commission conceptual framework

The WHO commission on health determinants proposed a framework for describing 
determinants of health inequalities [127]. This framework combines most of the expla-
nations of socioeconomic inequalities in health mentioned above and shows that all of 
them are complementary.

Figure 1 visually summarizes the determinants, processes and pathways generating 
socioeconomic inequalities in health. The socioeconomic and political context produces 
unequal socioeconomic positions and social classes. As a result, the population is strati-
fied according to economic status, power and prestige, characterized by income, educa-

Figure 1 Final form of the framework on social determinants in health
Source: World Health Organization [127]
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tion, occupational class, gender and ethnicity. These structural determinants of health 
inequalities influence health and well-being through intermediary determinants, such 
as material, psychosocial, behavioural and biological factors and the workings of the 
health system. These intermediary determinants correspond with the causal pathways 
described in the previous section. As shown by Figure 1, a person’s socioeconomic posi-
tion can also be influenced by his or her health status, which illustrates the selection 
perspective also mentioned above in the text. People in poor health are less likely to 
move up and more likely to move down the social ladder than healthy people, not only 
due to physical impairments but also because of stigma and discrimination in society.

This framework shows, on the one hand, that health inequalities are generated by 
intermediary factors, and, on the other hand, that these specific factors are only the 
consequence of more structural factors in society. In order to effectively reduce socio-
economic inequalities in health, interventions to reduce exposure to specific intermedi-
ary factors may not be enough, and more complex modifications may be necessary, 
especially at the level of structural determinants.

Research questions

The research underlying this thesis aims to explore educational inequalities in all-cause 
and cause-specific mortality from an international, European perspective. Specifically, 
we validate the quality of cause of death data, we estimate educational inequalities in 
all-cause and cause-specific mortality, we assess the effect of the educational structure 
on mortality trends and we quantify the potential impact of selected lifestyle risk factors 
on the reduction of educational inequalities in mortality.

The following research questions are addressed:
·	 Are there differences in the reliability of cause-of-death statistics by education in 

Europe?

·	 What is the magnitude of educational inequalities in all-cause and cause-specific 
mortality in Europe in a comparative perspective and has it changed over time?

·	 What is the potential for reducing educational inequalities in mortality in Europe?
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Methods and data sources

Data

This thesis was based on data collected in the framework of two large European projects 
– Eurothine and EURO-GBD-SE – both funded by the Public Health programme of the 
DG SANCO of the European Commission. Further, we also used individual mortality data 
from two data sources: a dataset obtained with the linkage between the Dutch Labour 
Force Survey and death records in the Netherlands, and the GLOBE study.

1)	 The Eurothine project [128] “Tackling health inequalities in Europe” aimed to de-
scribe health inequalities in Europe and to enhance the evidence base for policies to 
reduce inequalities in health. Its main objectives included:

	 ·	� the development and collection of health inequalities indicators,
	 ·	� the provision of bench-marking data on inequalities in mortality, morbidity 

and health determinants,
	 ·	� the assessment of evidence on the effectiveness of policies and interventions 

to make recommendations on policy strategies for reducing health inequalities 
in a large range of different European countries.

	 Two large sets of mortality and morbidity data were collected and harmonized across 
European countries within the framework of the Eurothine project. The mortality 
data is a collection of datasets with information on cause-specific mortality by so-
cioeconomic status (education, occupational class, housing tenure) among people 
aged 30 and older in 16 European populations (Finland, Sweden, Norway, Denmark, 
Belgium, Switzerland, Turin (Italy), Barcelona (Spain), Basque Country (Spain), Madrid 
(Spain), Slovenia, Hungary, Czech Republic, Poland, Lithuania and Estonia). Mortality 
data were collected between 1990 and 2003 and come from longitudinal, cross-
sectional linked and cross-sectional unlinked datasets covering national, regional or 
urban populations. The morbidity data is a collection of datasets with information 
on health status, lifestyle risk factors, and health care utilization by socioeconomic 
status (education, occupational class, income, and housing tenure). These datasets 
are based on recent National Health Surveys conducted among people aged 16 and 
older in the period between 1994 and 2004 in 19 European countries (Finland, Swe-
den, Norway, Denmark, England, Ireland, Netherlands, Belgium, Germany, France, 
Italy, Spain, Portugal, Hungary, Czech Republic, Slovakia, Lithuania, Latvia and 
Estonia). These mortality and morbidity datasets were used in chapters 3, 5 and 6.

2)	 The EURO-GBD-SE project [129] is an international collaborative project that aimed:
	 ·	� to provide updated estimates of the magnitude of socioeconomic inequalities 

in health in Europe,
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	 ·	� to estimate the contribution of selected risk factors to the explanation of the 
socioeconomic health inequalities,

	 ·	� to estimate the extent to which socioeconomic inequalities in health in Europe 
can be reduced by policies and interventions on socioeconomic determinants 
as well as on specific risk factors.

	 Two large sets of mortality and morbidity data were collected and harmonized 
across European countries within the framework of the EURO-GBD-SE project. The 
mortality data is a collection of datasets with information on cause-specific mortality 
by socioeconomic status (education and occupational class) among people aged 30 
and older in 21 European populations (Finland, Sweden, Norway, Denmark, England 
and Wales, Scotland, Netherlands, Belgium, France, Switzerland, Austria, Barcelona 
(Spain), Basque Country (Spain), Madrid (Spain), Turin (Italy), Tuscany (Italy), Hun-
gary, Czech Republic, Poland, Lithuania and Estonia). Mortality data were collected 
between 1998 and 2007 and come from longitudinal, repeated cross-sectional and 
cross-sectional unlinked datasets covering national, regional or urban populations. 
For four countries (Hungary, Czech Republic, Poland and Estonia), these datasets 
are those collected within the Eurothine project. The morbidity data is a collection 
of datasets with information on health status, lifestyle risk factors, and health care 
utilization by socioeconomic status (education, occupational class, income, and 
housing tenure). These datasets are based on recent National Health Surveys con-
ducted among people aged 16 and older in the period between 1994 and 2004 in 
18 European populations (Finland, Sweden, Norway, Denmark, England, Scotland, 
Netherlands, Belgium, France, Switzerland, Spain, Basque Country, Italy, Hungary, 
Czech Republic, Poland, Lithuania, and Estonia). For most countries, these datasets 
were those collected in the framework of the Eurothine project. Within the frame-
work of the EURO-GBD-SE project, data were specifically collected for Scotland, 
Switzerland, the Basque Country and Poland. In addition, we included smoking and 
BMI prevalence for Austria, using data from the European Community Household 
Panel, wave 7. We used these datasets in chapters 2, 5, 7 and 8.

3)	 The Dutch Labour Force Survey (LFS) is a household survey carried out by Statistics 
Netherlands since 1987. Its representative sample of the Dutch population is drawn 
from the administrations of Dutch municipalities. The target population consists of 
persons aged 15 years and older excluding people living in institutions. The informa-
tion is gathered by face-to-face or phone interviews. The response rate is about 60%. 
The Dutch LFS was available for the years 1998 to 2002. We restricted the population 
to people aged 30+. The dataset was then linked with the national death records also 
collected by Statistics Netherlands, using a unique individual identification number. 
Mortality follow-up was available for the period 1998–2007. The final linked dataset 
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provides individual cause-specific mortality data by sex, age group and socioeco-
nomic status (education and occupational class). We used these data with individual 
information on mortality by socioeconomic status in chapter 4. These data were also 
used to create the mortality dataset for the Netherlands included in the EURO-GBD-
SE project.

4)	 The GLOBE study (Health and Living Conditions of the Population of Eindhoven and 
surroundings) [130] is a prospective cohort study which aims at explaining socio-
economic inequalities in health in the Netherlands. The study started in 1991 with 
a baseline postal survey and two additional sub-samples of respondents including 
measures of socioeconomic status, health and possible explanatory factors. Follow-
up involved repeated postal surveys and interviews, and routinely collected data on 
hospital admission, cancer incidence and cause-specific mortality. The GLOBE study 
was used in chapter 6.

Methods

In this thesis, we used a wide number of measures to assess educational inequalities in 
all-cause and cause-specific mortality. In order to monitor health inequalities and evalu-
ate policy interventions, it is important to estimate both relative and absolute inequali-
ties. It may be that relative differences in mortality increase while absolute differences 
in mortality decrease, e.g., if the frequency of deaths declines [131]. All analyses were 
conducted separately for men and women and performed using the statistical software 
STATA.

Educational attainment was classified according to the International Standard Classifica-
tion of Education (ISCED) and split into three categories in most chapters, except chap-
ter 4. These three educational categories were: less than secondary education (ISCED 
0, 1, 2; ‘low’), secondary education (ISCED 3, 4; ‘mid’) and tertiary education (ISCED 5, 6; 
‘high’). In chapter 4, we used a more detailed classification based on the following four 
categories: primary education (ISCED 0, 1), lower secondary education (ISCED 2), upper 
secondary education (ISCED 3, 4) and tertiary education (ISCED 5, 6).

The magnitude of relative inequalities in mortality was calculated using relative risk (RR), 
relative index of inequality (RII) and hazard ratio (HR). The RR describes the risk of dying 
in one group compared with another group. We calculated the RR by means of Poisson 
regression using tertiary educated as a reference category. The RII is a regression-based 
measure that takes into account the educational distribution of the population [132]. 
The calculation of the RII is based on a ranked variable for education, which specifies 
for each educational group the mean proportion of the population with a  lower level 
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of education. This rank places each individual within an educational hierarchy ranging 
from zero (highest education) to one (lowest education), indicating someone’s relative 
position in the distribution. The RII assesses the association between mortality and 
this rank and therefore expresses inequality in the whole socioeconomic continuum. A 
large score on the RII implies large inequalities in mortality across education. It can be 
interpreted as the average risk of dying among those with the lowest educational level 
as compared to those with the highest educational level. As it takes into account the size 
and relative position of each group, the RII is well adapted to compare populations with 
different educational distributions. The RII was calculated with Poisson regression and 
adjusted for 5-year age groups. The HR is a measure of the relative risk over time in cir-
cumstances where we are interested not only in the total number of events, but in their 
timing as well. It measures how often a particular event happens in one group compare 
to how often it happens in another group, over time. It represents the instantaneous 
risk over the study time period. The HRs were calculated using Cox proportional hazards 
models [133]:

h(t)=h0(t)exp
 
∑
p

k=1
βkxk

where h(t) is the expected hazard at time t, h0(t) is the baseline hazard, βk is the regres-
sion coefficient of the explanatory variable xk and p is the total number of explanatory 
variables. The reference category was tertiary educated men and women. For all three 
measures, 95% confidence intervals (CI) were obtained from the regression models.

The absolute level of inequalities in mortality between different educational categories 
was measured using age-standardized mortality rate (ASMR), rate difference (RD) and 
slope index of inequality (SII). The ASMR was calculated by education, standardized with 
the direct method using the European Standard Population as standard [134]. In order 
to calculate 95% CI for the ASMR, we first estimated standard errors using the Keyfitz’s 
formula [135]:

se=
ASMR

√−N

where se is the standard error, ASMR is the age-standardized mortality rate and N is the 
number of deaths. Having standard errors, we computed the 95% CI as follows:

95%CI = ASMR ± 1.96* se

The RD was computed as the difference in ASMR between tertiary educated individuals 
and the other educational groups. The SII quantifies the average absolute difference in 
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mortality rates between the lowest and the highest ends of the educational scale [136], 
and is derived from the relative index of inequality and the age-standardized overall 
mortality rate according to the following formula [13]:

SII=2*ASMR*
(RII−1)
(RII+1)

Additionally, we computed partial life expectancy between ages 30 and 79 years by 
education [137]. First, we constructed abridged life tables by educational level for the 
exact ages between 30 and 79 years according to the standard life table technique [138]. 
Then, using functions of the life tables we calculated the partial life expectancy using 
the following formula:

iex=
Tx−Tx+i

lx

where iex is the partial life expectancy between exact ages x and x+i, Tx and Tx+i are the 
numbers of person-years lived after exact ages x and x+i, and lx is the number of person-
years surviving to the exact age x.

All measures of inequalities presented in this thesis, except the partial life expectancy, 
were used to estimate inequalities in both all-cause and cause-specific mortality. The 
contribution of specific causes of death to educational differences in all-cause mortality 
was computed by two methods. First, we estimated the contribution of cause-specific 
RD to all-cause RD. Second, we applied the method of life expectancy decomposition 
in order to obtain age- and cause-of-death-specific contributions (in years) to the dif-
ference in partial life expectancy between the lowest and the highest educational level 
[139].

Finally, after estimating the relative and absolute inequalities in mortality we used a 
newly developed modelling tool to quantify the potential for reducing these inequali-
ties in all-cause and cause-specific mortality in Europe. This newly developed modelling 
tool was implemented in the framework of the EURO-GBD-SE project. It is an Excel-
based application built on the principles of the Population Impact Fraction (PIF) and 
the Population Attributable Fraction (PAF) [140]. The PAF is defined as the proportion 
of disease cases or deaths over a specified time period which would be prevented if the 
exposure to a specific risk factor were eliminated [141-143]. We use the term PAF not 
only for the elimination of the exposure to a specific risk factor but also in a situation 
where the prevalence of a risk factor is merely modified. In the literature, the latter is also 
described as the PIF. The PAF was computed using following formula:
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PAF =
∑
n

i=1 
PiRRi - 

 
∑
n

i=1 
Pi’RRi

∑
n

i=1 
PiRRi 

with n the number of exposure categories (of the risk factor), Pi the proportion of the 
population currently in the ith exposure category, P’i the proportion of the population 
in the ith exposure category in the scenario where the exposure to the risk factor is 
modified, and RRi the relative risk of mortality for the ith exposure category.

The original methodology was adapted to estimate the impact of a counterfactual 
distribution of specific risk factors on the overall level of mortality and on educational 
differences in mortality. The latter was achieved by stratifying the PAF calculations by 
education. The value of the PAF combines: 1) the degree of social stratification in the 
risk factor prevalence and its changes brought about by the scenario and 2) the impact 
of the risk factor on mortality. Using bootstrap [144] in the statistical program R, we cal-
culated 95% CI around the PAF values. We estimated the potential reduction in relative 
and absolute inequalities in mortality with the implementation of the counterfactual 
scenario. The potential reduction in relative inequalities in mortality was expressed as 
a percentage change in excess mortality (RR-1) before and after the implementation of 
the counterfactual scenario. The potential reduction in absolute inequalities in mortality 
was expressed as a number of deaths per 100,000 person-years and calculated as the 
difference in rate difference before and after the implementation of the counterfactual 
scenario.

Structure of this thesis

This thesis is divided in nine chapters. Chapter 1 provides a general introduction into 
the topic of this thesis, it describes the aims and specific research questions addressed 
in this thesis and it introduces the data and methods used in this thesis. Further to the 
general introduction, this thesis is divided into three sections.

The first section includes one chapter represented by chapter 2, which aims at inves-
tigating the quality of cause-specific mortality data. In chapter 2, we investigate the 
educational structure of ill-defined causes of death and its impact on educational 
inequalities in well-defined causes of death.

In the second section consisting of three chapters, we focus on educational inequalities 
in mortality in the different European countries. In particular, in chapter 3 we quantify 
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the magnitude of educational inequalities in all-cause and cause-specific mortality in 
nine European countries with special emphasis on the small inequalities observed in 
southern European populations. Chapter 4 describes the magnitude of educational in-
equalities in mortality in the Netherlands taking advantage of individual data. In chapter 
5, we analyse trends in educational inequalities in mortality between the 1990s and 
the 2000s in 13 European countries in order to compare the development of mortality 
inequalities across Europe.

After the description of the magnitude of and the trends in educational inequalities 
in mortality, the third section comprises three chapters, which aim at examining and 
quantifying the potential for reduction in educational inequalities in mortality. Chap-
ter 6 describes the method and the developed methodological tool used to estimate 
the inequality reduction. Here, we focus on a limited number of countries, causes of 
death and risk factors as this chapter serves as an illustration of the method applied in 
chapters 7 and 8. In chapter 7, we assess the impact of on-going improvements in the 
educational structure of the population on mortality in Europe. Finally, chapter 8 quanti-
fies the potential effects of the modification of the distribution of selected lifestyle risk 
factors (smoking, BMI, and physical activity) across educational groups on the reduction 
of educational inequalities in ischaemic heart disease mortality in Europe.

This thesis ends with a general discussion (chapter 9) of the findings. We more specifically 
address possible methodological limitations and results’ implications for public health 
policy. We end with an overview of opportunities and recommendations for tackling 
socioeconomic inequalities in mortality.
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Abstract

Background

Cause-of-death data linked to information on socioeconomic position form one of the 
most important sources of information about health inequalities in many countries. The 
proportion of deaths from ill-defined conditions is one of the indicators of the quality 
of cause-of-death data. We investigated educational differences in the use of ill-defined 
causes of death in official mortality statistics.

Methods

Using age-standardized mortality rates from 16 European countries, we calculated 
the proportion of all deaths in each educational group that were classified as due to 
“Symptoms, signs and ill-defined conditions”. We tested if this proportion differed across 
educational groups using Chi-square tests.

Results

The proportion of ill-defined causes of death was lower than 6.5% among men and 4.5% 
among women in all European countries, without any clear geographical pattern. This 
proportion statistically significantly differed by educational groups in several countries 
with in most cases a higher proportion among less than secondary educated people 
compared with tertiary educated people.

Conclusions

We found evidence for educational differences in the distribution of ill-defined causes 
of death. However, the differences between educational groups were small suggesting 
that socioeconomic inequalities in cause-specific mortality in Europe are not likely to be 
biased.
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Background

Cause-of-death statistics are an important source of information for epidemiological 
research and policy decisions. Their reliability is essential, not only for assessing trends 
and variations in average population health, but also for assessing the magnitude of 
inequalities in health between population groups. Indeed, many studies of health in-
equalities make extensive use of cause-specific mortality data [1-4], and it is therefore 
important to ensure that there are no differences between socioeconomic groups in the 
quality of cause-of-death information.

The proportion of deaths from ill-defined conditions is one of the commonly used 
indicators for the quality of cause-of-death data [5-8]. Deaths should be classified as 
due to ill-defined conditions only in a few cases when the real cause of death cannot 
be determined. However, in practice, deaths may also be classified as ill-defined when 
the certifying physician has insufficient knowledge of the disease(s) causing death, and/
or has not completed the death certificate properly. It is likely that ill-defined causes 
of death hide important pathologies, and a high proportion of ill-defined causes of 
death may therefore lead to an underestimation of the mortality rates from well-defined 
causes of death, such as ischaemic heart disease (IHD), suicide or injuries [8-11]. On the 
other hand, a very low proportion of ill-defined conditions does not necessarily imply 
a high quality of cause-of-death information, because it does not exclude other forms 
of misclassification such as a tendency to over-report one specific cause of death (e.g., 
cardiovascular disease) at the expense of another [12].

Previous studies have shown that deaths from ill-defined conditions are more common 
in ethnic minorities [9], among old people living alone and in very marginal population 
groups, such as homeless people [13, 14]. To the best of our knowledge, no study has 
investigated whether the proportion of ill-defined causes of death differs between so-
cioeconomic groups. Such inequalities may occur, for example, if lower socioeconomic 
groups have less access to good quality health care [15, 16] and, as a consequence, die 
under circumstances in which their diagnosis is less well-established than is normally 
the case for patients with a higher socioeconomic position.

The aim of the present study was to examine whether there are educational differences 
in the proportion of ill-defined causes of death among men and women in 16 European 
populations.
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Methods

We analysed mortality data from 16 European populations as collected and harmonized 
in the EURO-GBD-SE project [17]. Data come from longitudinal (Finland, Sweden, Norway, 
Denmark, England and Wales, Netherlands, Belgium, France, Switzerland, Austria, the 
Basque Country, Madrid, Turin, Tuscany), repeated cross-sectional (Barcelona) or cross-
sectional unlinked (Hungary, Czech Republic, Poland, Estonia) studies in national, regional 
or urban populations in the time period between 1998 and 2007 (Table A1 in appendix). 
We combined all Spanish and all Italian datasets to ensure adequate number of deaths.

Completed education was categorized into three groups according to the International 
Standard Classification of Education (ISCED): less than secondary education (ISCED 0, 1, 
2; ‘low’), secondary education (ISCED 3, 4; ‘mid’) and tertiary education (ISCED 5, 6; ‘high’). 
The share of individuals with unknown education was in most populations below 2.3% 
except in France (6.0%) and Switzerland (6.1%). These individuals were excluded from 
the analyses. Ill-defined causes of death were defined as codes 780–799 (“Symptoms, 
signs and ill-defined conditions”) or R00–R99 (“Symptoms, signs and abnormal clinical 
and laboratory findings, not elsewhere classified”), according to respectively the 9th or 
10th revision of the International Classification of Diseases. Examples of specific entities 
within this chapter are ‘sudden death’, ‘senility’ or ‘old age’.

Analyses were conducted by country, sex and education for the age range 30–79. The pro-
portion of ill-defined causes of death was computed as the share of the age-standardized 
mortality rate (ASMR) for ill-defined conditions on the all-cause ASMR. We used direct 
standardization with European Standard Population as standard [18]. We performed Chi-
square tests of independence to assess if the proportion of ill-defined causes of death 
differed by educational group [19]. All tests were performed at the 5% significance level.

Results

The proportion of ill-defined causes of death varied across European countries, but 
without any clear geographical pattern (Figure 1). The proportion ranged from 0.1% in 
Hungary to 6.2% in Poland among men, and from 0.05% in Hungary to 4.3% in the Neth-
erlands among women. For both men and women, proportions of ill-defined causes 
of death lower than 1% were found in Finland, England and Wales, Scotland, Austria, 
Italy, Hungary, Czech Republic and Lithuania. Proportions of ill-defined causes of death 
higher than 3% were observed in Norway, Denmark, Netherlands, France, Switzerland 
and Poland.
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The distribution of ill-defined causes of death differed by educational level in Denmark, 
England and Wales, Belgium, Switzerland, Italy, Hungary, Czech Republic, Poland and 
Estonia among men, and in Switzerland and Poland among women with the tendency 
of a higher proportion among low educated individuals (Table 1). Absolute differences 
between the low and high educated are, however, small: generally less than one per-
centage point, with exception of Polish men among whom the difference is 2.9%-points.

Discussion

This study had a broad geographical scope and included countries with different edu-
cational systems and different cause-of-death certifying and coding practices. Although 
we put much effort in harmonizing the data, there are some methodological issues that 
should be addressed.

First, foreigners and people born outside mainland were excluded from the Swiss and 
French dataset, respectively. If cause-of-death certification is more incomplete among 
foreigners [20], this will have led to an underestimation of the proportion of ill-defined 
causes of death in these countries. Spain and Italy were represented by cities or regions. 
If cause-of-death information is more complete in these urban areas [7], this will again 
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Figure 1 Share of ASMR from ill-defined conditions on all-cause ASMR (in %) by country and sex, 30–79 
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have led to an underestimation of the proportion of ill-defined causes of death in these 
countries. Whether this may also have had an impact on our results for educational 
inequalities is, however, difficult to assess.

Second, people with unknown education were excluded from the analyses. The share 
of ill-defined causes of death was higher among people with unknown education 
compared with those with primary education. However, due to the small percentage 
of unknown education in the mortality datasets, our conclusions do not change when 
combining unknown education with primary education (results not shown).

Third, some datasets had a cross-sectional unlinked design, whereas other consisted of 
census-linked mortality follow-up studies. It has been shown that mortality inequalities 
based on unlinked datasets are likely to suffer from the numerator-denominator bias 
[13, 21] observed when information on education comes from death certificates for the 
deceased (the numerator) and from census for the population (the denominator) [22]. 
Education misreporting has been found larger for deaths from ill-defined conditions 
[21]. This could spuriously produce inequalities in mortality from ill-defined conditions 
in countries with cross-sectional unlinked designs. Although all four countries showed 
statistically significant results, only Poland had an exceptionally high proportion of ill-
defined causes of death, which has been reported previously [7, 23].

As mentioned in the introduction, ill-defined causes of death may hide important 
well-defined causes of death. Autopsy may play an important role in order to identify 
the correct well-defined cause of death. It has been reported in Barcelona that after 
forensic tests only 28% of ill-defined causes of death remained ill-defined, the rest being 
redistributed in other specific causes of death, mainly diseases of circulatory system 
and to a lesser extent suicide [24]. The percentage of autopsies varies considerably be-
tween European countries. In the 2000s, this percentage was less than 10% in Norway, 
Denmark, Netherlands and Switzerland, about 15% in Sweden, and 30% or more in 
Finland, Austria, Hungary, Czech Republic, Lithuania and Estonia, and not available in 
Belgium France, UK, Spain, Italy and Poland [23]. As our findings suggest, the lower the 
percentage of autopsies the higher the proportion of ill-defined causes of death. Except 
Poland, for which we do not have information about the autopsy rate, Norway, Denmark, 
Netherlands and Switzerland are countries with the lowest autopsy rate in Europe but 
with one of the highest percentages of ill-defined causes of death.

The literature suggests that IHD [25, 26] or suicide [11, 27] may be misclassified as ill-
defined causes of death. IHD could be misclassified because deaths from myocardial 
infarctions may occur suddenly, and when due to cardiac arrhythmia are not detectable 
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even with autopsy. Suicide could be misclassified due to religious taboos, cultural norms 
and social stigma or due to lack of evidence [28].

To estimate to what extent any misclassification of IHD (ICD-9: 410–414; ICD-10: I20–I25) 
or suicide (ICD-9: E950–E959; ICD-10: X60–X84, Y87.0) as ill-defined condition may affect 
socioeconomic inequalities in IHD (respectively suicide) mortality, we conducted a sen-
sitivity analysis by adding 50% (resp. 20%) of deaths from ill-defined conditions to IHD 
deaths (resp. suicide deaths) in each educational group. We assessed relative inequalities 
as relative risks using Poisson regression. After this redistribution, relative inequalities in 
IHD and suicide mortality changed considerably only among men in Poland (Tables A2 
and A3 in appendix). In order to estimate the change in the ranking between European 
countries after this redistribution, we calculated the Spearman correlation coefficient 
and found that the redistribution of the ill-defined causes of deaths did not change the 
rank order for relative inequalities in IHD mortality (rho: both men and women = 0.956) 
and suicide mortality (rho: men = 0.982; women = 0.970) among the countries under 
investigation.

We found educational differences in the proportion of ill-defined causes of death in 
several European countries. However the percentage difference was not large enough 
to impact educational inequalities in well-defined causes of death after a redistribution 
of ill-defined causes of death. Although there may be other forms of misclassification, 
our results suggest that findings from previous studies documenting socioeconomic in-
equalities in cause-specific mortality in Europe are not likely to be biased by differences 
in the quality of cause-of-death information.
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Appendix

Table A1 Mortality data sources

Population Type of dataset Period Geographic coverage Demographic coverage

Finland longitudinal 2001–2007 national 20% of Finns are 
excluded (at random)

Sweden longitudinal 2001–2006 national whole population

Norway longitudinal 2001–2006 national whole population

Denmark longitudinal 2001–2005 national whole population

England & Wales longitudinal 2001–2006 national 1% of the population

Netherlands longitudinal 1998–2007 national linkage based on the 
Labour Force Survey

Belgium longitudinal 2004–2005 national whole population

France longitudinal 1999–2005 national 1% of the population, 
born outside France 
mainland excluded

Switzerland longitudinal 2001–2005 national Non-Swiss nationals 
excluded

Austria longitudinal 2001–2002 national whole population

Barcelona repeated cross-sectional 2000–2006 city whole population

Basque Country longitudinal 2001–2006 region whole population

Madrid longitudinal 2001–2003 region whole population

Turin longitudinal 2001–2006 city whole population

Tuscany longitudinal 2001–2005 Florence, Leghorn, Prato whole population

Hungary cross-sectional unlinked 1999–2002 national whole population

Czech Republic cross-sectional unlinked 1999–2003 national whole population

Poland cross-sectional unlinked 2001–2003 national whole population

Estonia cross-sectional unlinked 1998–2002 national whole population
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Table A2 Relative risks (RR) by educational level of ischaemic heart disease (IHD) mortality before and after 
a 50%-redistribution of ill-defined causes of death by country, men and women, 30–79 years

Country Edu

MEN WOMEN

IHD
IHD after 

redistribution IHD
IHD after 

redistribution

RR 95%-CI RR 95%-CI RR 95%-CI RR 95%-CI

Finland low 2.16 (2.07–2.25) 2.15 (2.06–2.24) 2.66 (2.43–2.92) 2.57 (2.36–2.81)

mid 1.67 (1.59–1.76) 1.67 (1.59–1.75) 1.82 (1.64–2.01) 1.76 (1.59–1.94)

high 1 1 1 1

Sweden low 2.10 (2.01–2.19) 2.08 (1.99–2.17) 2.78 (2.56–3.02) 2.68 (2.48–2.89)

mid 1.57 (1.50–1.65) 1.56 (1.50–1.63) 1.95 (1.79–2.12) 1.89 (1.74–2.05)

high 1 1 1 1

Norway low 2.49 (2.30–2.68) 2.41 (2.24–2.58) 3.05 (2.60–3.57) 2.75 (2.39–3.16)

mid 1.70 (1.57–1.83) 1.66 (1.54–1.78) 1.79 (1.53–2.11) 1.68 (1.46–1.94)

high 1 1 1 1

Denmark low 1.90 (1.78–2.03) 1.94 (1.82–2.06) 2.32 (2.05–2.63) 2.21 (1.98–2.47)

mid 1.54 (1.43–1.65) 1.55 (1.45–1.65) 1.54 (1.34–1.76) 1.50 (1.33–1.69)

high 1 1 1 1

England & Wales low 1.63 (1.39–1.91) 1.64 (1.40–1.93) 2.62 (1.93–3.56) 2.52 (1.87–3.40)

mid 1.26 (1.05–1.51) 1.26 (1.05–1.51) 1.55 (1.08–2.22) 1.48 (1.04–2.10)

high 1 1 1 1

Netherlands low 2.11 (1.72–2.59) 1.97 (1.63–2.37) 2.81 (1.72–4.61) 2.51 (1.65–3.82)

mid 1.54 (1.24–1.90) 1.45 (1.20–1.76) 1.66 (0.98–2.82) 1.60 (1.02–2.51)

high 1 1 1 1

Belgium low 1.82 (1.69–1.97) 1.85 (1.72–1.99) 2.23 (1.90–2.63) 2.16 (1.86–2.51)

mid 1.36 (1.23–1.49) 1.37 (1.25–1.50) 1.49 (1.24–1.81) 1.47 (1.23–1.75)

high 1 1 1 1

France low 2.15 (1.58–2.93) 2.00 (1.54–2.60) 3.65 (1.60–8.31) 2.69 (1.47–4.91)

mid 1.65 (1.20–2.28) 1.54 (1.17–2.02) 1.66 (0.68–4.01) 1.49 (0.78–2.84)

high 1 1 1 1

Switzerland low 1.94 (1.82–2.08) 1.88 (1.76–1.99) 2.21 (1.84–2.65) 1.82 (1.56–2.13)

mid 1.42 (1.33–1.50) 1.38 (1.30–1.46) 1.42 (1.18–1.71) 1.22 (1.04–1.42)

high 1 1 1 1

Austria low 1.62 (1.46–1.80) 1.63 (1.47–1.80) 1.88 (1.47–2.41) 1.88 (1.47–2.41)

mid 1.49 (1.35–1.64) 1.49 (1.35–1.65) 1.35 (1.05–1.74) 1.36 (1.06–1.74)

high 1 1 1 1

Spain low 1.24 (1.16–1.32) 1.26 (1.19–1.34) 1.55 (1.31–1.83) 1.56 (1.35–1.82)

mid 1.11 (1.02–1.21) 1.11 (1.03–1.20) 1.19 (0.96–1.48) 1.23 (1.02–1.49)

high 1 1 1 1
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Table A2 Relative risks (RR) by educational level of ischaemic heart disease (IHD) mortality before and after 
a 50%-redistribution of ill-defined causes of death by country, men and women, 30-79 years (continued)

Country Edu

MEN WOMEN

IHD
IHD after 

redistribution IHD
IHD after 

redistribution

RR 95%-CI RR 95%-CI RR 95%-CI RR 95%-CI

Italy low 1.38 (1.19–1.59) 1.33 (1.16–1.53) 1.20 (0.91–1.58) 1.24 (0.95–1.63)

mid 1.08 (0.91–1.28) 1.04 (0.88–1.23) 0.82 (0.59–1.14) 0.87 (0.63–1.20)

high 1 1 1 1

Hungary low 2.46 (2.38–2.56) 2.47 (2.38–2.56) 2.41 (2.23–2.60) 2.41 (2.24–2.60)

mid 1.25 (1.20–1.31) 1.25 (1.20–1.31) 1.22 (1.13–1.33) 1.22 (1.13–1.33)

high 1 1 1 1

Czech Republic low 2.90 (2.78–3.02) 2.90 (2.78–3.03) 3.26 (2.91–3.65) 3.17 (2.84–3.55)

mid 1.56 (1.49–1.64) 1.56 (1.49–1.63) 1.86 (1.66–2.10) 1.82 (1.62–2.04)

high 1 1 1 1

Poland low 1.98 (1.92–2.05) 2.21 (2.15–2.28) 2.49 (2.32–2.66) 2.46 (2.32–2.62)

mid 1.91 (1.85–1.97) 1.96 (1.90–2.02) 1.97 (1.84–2.11) 1.92 (1.80–2.04)

high 1 1 1 1

Estonia low 2.31 (2.14–2.49) 2.34 (2.17–2.52) 2.50 (2.24–2.80) 2.53 (2.26–2.83)

mid 1.92 (1.77–2.07) 1.93 (1.79–2.09) 1.86 (1.66–2.09) 1.88 (1.68–2.11)

high 1 1 1 1
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Table A3 Relative risks (RR) by educational level of suicide mortality before and after a 20%-redistribution 
of ill-defined causes of death by country, men and women, 30–79 years

Country Edu

MEN WOMEN

Suicide
Suicide after 

redistribution Suicide
Suicide after 

redistribution

RR 95%-CI RR 95%-CI RR 95%-CI RR 95%-CI

Finland low 2.08 (1.88–2.31) 2.07 (1.88–2.29) 1.68 (1.42–1.98) 1.64 (1.40–1.93)

mid 1.76 (1.60–1.95) 1.75 (1.59–1.94) 1.40 (1.20–1.63) 1.37 (1.18–1.60)

high 1 1 1 1

Sweden low 1.88 (1.70–2.09) 1.85 (1.68–2.05) 1.33 (1.15–1.55) 1.35 (1.17–1.56)

mid 1.45 (1.31–1.60) 1.43 (1.30–1.58) 1.18 (1.04–1.35) 1.18 (1.04–1.34)

high 1 1 1 1

Norway low 2.15 (1.79–2.59) 2.07 (1.77–2.42) 1.24 (0.95–1.62) 1.32 (1.05–1.66)

mid 1.60 (1.37–1.87) 1.55 (1.35–1.78) 1.15 (0.93–1.43) 1.17 (0.96–1.42)

high 1 1 1 1

Denmark low 1.82 (1.59–2.09) 1.92 (1.69–2.17) 1.17 (0.96–1.42) 1.29 (1.08–1.52)

mid 1.49 (1.30–1.71) 1.51 (1.33–1.72) 0.97 (0.79–1.20) 1.05 (0.87–1.26)

high 1 1 1 1

England & Wales low 2.08 (1.08–4.00) 2.19 (1.14–4.19) 0.97 (0.37–2.53) 0.93 (0.38–2.25)

mid 1.34 (0.65–2.76) 1.35 (0.66–2.77) 0.48 (0.13–1.59) 0.41 (0.12–1.36)

high 1 1 1 1

Netherlands low 1.17 (0.75–1.84) 1.21 (0.82–1.76) 0.91 (0.46–1.77) 1.08 (0.60–1.92)

mid 0.76 (0.47–1.21) 0.85 (0.57–1.25) 1.04 (0.54–2.01) 1.11 (0.62–2.00)

high 1 1 1 1

Belgium low 1.75 (1.55–1.97) 1.78 (1.59–2.00) 0.96 (0.81–1.14) 1.00 (0.85–1.18)

mid 1.43 (1.25–1.63) 1.43 (1.26–1.63) 0.91 (0.75–1.10) 0.93 (0.77–1.12)

high 1 1 1 1

France low 3.24 (2.03–5.15) 2.80 (1.87–4.19) 2.35 (1.18–4.70) 2.16 (1.16–4.05)

mid 2.46 (1.55–3.89) 2.15 (1.44–3.21) 1.43 (0.70–2.92) 1.42 (0.74–2.71)

high 1 1 1 1

Switzerland low 1.67 (1.48–1.89) 1.63 (1.45–1.82) 1.08 (0.88–1.33) 1.03 (0.85–1.25)

mid 1.40 (1.27–1.54) 1.35 (1.24–1.48) 1.10 (0.91–1.33) 1.02 (0.86–1.22)

high 1 1 1 1

Austria low 2.30 (1.78–2.97) 2.31 (1.79–2.97) 1.38 (0.89–2.15) 1.38 (0.89–2.14)

mid 1.78 (1.40–2.26) 1.78 (1.41–2.26) 0.95 (0.61–1.47) 0.95 (0.62–1.48)

high 1 1 1 1

Spain low 2.05 (1.71–2.47) 1.91 (1.63–2.23) 1.50 (1.13–2.00) 1.53 (1.18–1.97)

mid 1.39 (1.12–1.72) 1.32 (1.10–1.59) 1.55 (1.13–2.13) 1.52 (1.14–2.03)

high 1 1 1 1
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Table A3 Relative risks (RR) by educational level of suicide mortality before and after a 20%-redistribution 
of ill-defined causes of death by country, men and women, 30–79 years (continued)

Country Edu

MEN WOMEN

Suicide
Suicide after 

redistribution Suicide
Suicide after 

redistribution

RR 95%-CI RR 95%-CI RR 95%-CI RR 95%-CI

Italy low 1.40 (0.91–2.17) 1.26 (0.85–1.87) 0.83 (0.45–1.50) 0.91 (0.51–1.62)

mid 1.42 (0.89–2.27) 1.25 (0.82–1.92) 0.92 (0.48–1.75) 1.00 (0.54–1.85)

high 1 1 1 1

Hungary low 6.16 (5.48–6.93) 6.17 (5.49–6.94) 2.90 (2.38–3.54) 2.90 (2.38–3.54)

mid 2.63 (2.34–2.97) 2.64 (2.34–2.97) 1.73 (1.41–2.12) 1.73 (1.41–2.12)

high 1 1 1 1

Czech Republic low 2.49 (2.23–2.79) 2.52 (2.26–2.81) 1.67 (1.29–2.16) 1.64 (1.28–2.10)

mid 1.23 (1.08–1.39) 1.23 (1.08–1.39) 1.36 (1.04–1.78) 1.31 (1.01–1.70)

high 1 1 1 1

Poland low 5.80 (2.23–6.44) 5.20 (4.78–5.65) 2.37 (1.97–2.85) 2.39 (2.07–2.76)

mid 2.98 (2.69–3.30) 2.77 (2.55–3.01) 1.65 (1.38–1.97) 1.66 (1.44–1.91)

high 1 1 1 1

Estonia low 3.14 (2.52–3.91) 3.17 (2.57–3.91) 2.26 (1.50–3.40) 2.40 (1.64–3.54)

mid 2.25 (1.82–2.79) 2.27 (1.85–2.79) 1.56 (1.07–2.27) 1.64 (1.15–2.36)

high 1 1 1 1
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Abstract

Background

While educational inequalities in mortality are substantial in most European countries, 
they are relatively small in Spain. A better understanding of the causes of these smaller 
inequalities in Spain may help to develop policies to reduce inequalities in mortality 
elsewhere. The aim of the present study was therefore to identify the specific causes of 
death and determinants contributing to these smaller inequalities.

Methods

Data on mortality by education were obtained from longitudinal mortality studies in 
three Spanish populations (Barcelona, Madrid, the Basque Country), and six other 
Western European populations. Data on determinants by education were obtained from 
health interview surveys.

Results

The Spanish populations have considerably smaller absolute inequalities in mortality 
than other Western European populations. This is due mainly to smaller inequalities 
in mortality from cardiovascular diseases (men) and cancer (women). Inequalities in 
mortality from most other causes are not smaller in Spain than elsewhere. Spain also has 
smaller inequalities in smoking and sedentary lifestyle and this is due to more smoking 
and physical inactivity in higher educated groups.

Conclusion

Overall, the situation with regard to health inequalities does not appear to be more 
favourable in Spain than in other Western European populations. Smaller inequalities 
in mortality from cardiovascular diseases and cancer in Spain are likely to be related to 
its later socioeconomic modernization. Although these smaller inequalities in mortality 
seem to be a historical coincidence rather than the outcome of deliberate policies, the 
Spanish example does suggest that large inequalities in total mortality are not inevitable.
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Introduction

Mortality differentials among different socioeconomic groups belong to the most 
consistent findings in public health, but the magnitude of these inequalities differs 
substantially between countries. A recent study of inequalities in health in 22 European 
countries in the 1990s showed that some southern European populations have relatively 
small educational inequalities in mortality [1]. Smaller inequalities in mortality in Spain 
and Italy were also found in a previous study [2], but have never been satisfactorily ex-
plained. We therefore conducted an in-depth study of potential explanations for smaller 
inequalities in mortality in Spain.

Spain is a young democracy, with an underdeveloped welfare state, important income 
inequalities, and a universal national health service [3]. Evidence on socioeconomic 
differentials in mortality based on individual data is relatively scarce, due to the poor 
quality of socioeconomic information included in death certificates, and to restrictive 
legislation with regard to linkage of the death register with census information [4, 5]. 
International literature focused mainly on the city of Barcelona or the region of Madrid 
[5-9]. One factor standing out from the more detailed analyses that have been per-
formed is smoking: inequalities in smoking are smaller in Spain and Italy than in other 
Western European countries, particularly among women, and this is likely to contribute 
to smaller inequalities in ischaemic heart disease [10, 11] and lung cancer [12]. Studies 
which tried to explain the comparatively small inequalities in mortality in Spain are non-
existent, and a comprehensive explanation is lacking so far.

The present study was based on evidence from three Spanish populations (the city of 
Barcelona, the region of Madrid, and the Basque Country), which were compared to six 
other Western European populations (Finland, Sweden, Norway, Denmark, Belgium, and 
Turin (Italy)). Our analysis aimed at identifying the specific causes of death and some of 
the specific determinants which contributed to smaller inequalities in total mortality in 
the three Spanish populations.

Methods

Study population

Mortality data were obtained from longitudinal mortality studies based on linkage of 
death registries to population censuses and consisted of deaths and exposure counts by 
sex, 5-year age groups, cause of death and level of education (Table 1). The data covered 
national (Finland, Sweden, Norway, Denmark, Belgium), regional (Madrid, the Basque 
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Country) and urban (Barcelona and Turin) populations. The linkage between census data 
and death registries was achieved for almost 100% in all populations except in Barce-
lona, Madrid, and the Basque Country where the linkage was obtained for only 94.5%, 
70%, and 94.1% of the population, respectively. To correct for the underestimation of 
deaths we weighted the number of deaths in the three Spanish populations with a cor-
rection factor. The correction factors were 1/0.945 for Barcelona, 1/0.7 for Madrid and 
1/0.941 for the Basque Country. Data on determinants of mortality by socioeconomic 
position came from nationally representative health or multipurpose surveys with a 
cross-sectional design (Table 1).

Measures

The causes of death were classified according to the 9th and 10th revision of the In-
ternational Classification of Diseases (ICD). We analysed a few large groups of causes 
(cardiovascular diseases (CVD), cancer, infectious diseases, respiratory diseases, alcohol-
related causes, external causes and all other causes), as well as a few specific causes 
of death (ischaemic heart disease (IHD), cerebrovascular disease, stomach cancer, lung 
cancer, breast cancer, and pneumonia) (see Table A1 in appendix for ICD-codes).

Data on determinants included smoking, obesity, sedentary lifestyle, and health services 
utilization. Smoking status was measured as self-reported current tobacco smoking. 
Obesity was measured on the basis of self-reported height and weight, and defined as 
a body mass index >29 and <70. Sedentary lifestyle was measured either by asking the 
best described respondents´ leisure time activities or the frequency of respondents´ 
physical exercises or activities. The measurement of health services utilization was 
based on visits to a general practitioner, to specialists, and to any physician. All analyses 
of health services utilization were adjusted for self-assessed health.

Educational level declared at the census and during the interview surveys was used as 
a measure of socioeconomic status and classified according to the International Stan-
dard Classification of Education (ISCED) using three categories: low (primary and lower 
secondary education), middle (upper secondary education) and high (post-secondary 
or tertiary education). Persons with missing information on educational level (generally 
<5%) were excluded from the analysis.

Statistical analysis

Analyses were conducted separately for men and women aged 30–74 years at baseline 
(i.e., at the time of census). The follow-up time was 10 years for most countries except 
Belgium, Denmark, Basque Country (5 years) and Madrid (1.5 years). To obtain compa-
rable ages at death, analyses were conducted on slightly older age groups at baseline 
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for countries with shorter follow-up period (35–79 years for Madrid, and 30–79 years for 
Belgium and the Basque Country). In Denmark, no information on socioeconomic status 
was available for subject aged over 75 years. Further information on this adjustment 
procedure can be found elsewhere [13].

Mortality rates by educational attainment were age-standardized with the direct 
method using the European Standard Population. The contribution of a specific cause 
of death to inequalities in all-cause mortality between low and high educated people 
was determined as the share of the rate difference for each cause of death out of the 
rate difference for total mortality. The magnitude of mortality inequalities according to 
educational level was summarized by relative (relative index of inequality, RII) [14] as 
well as absolute (slope index of inequality, SII) measures of inequality [1] using Poisson 
regression due to count data.

Prevalence rates of determinants by educational level were also age-standardized, and 
inequalities in determinant prevalence were summarized by RIIs. As the prevalence of 
the determinants was relatively high (>10%), we used log-binomial regression.

Results

Mortality analyses

All populations included in the analysis show a graded relationship between educa-
tion and mortality, but the absolute gap in mortality between the lowest and highest 
educated is smaller in the three Spanish populations (Figure A1 in appendix). Average 
mortality rates are also lower in Spain than in other Western European populations, both 
among men (with the exception of Barcelona) and particularly among women, where 
mortality in the lowest educated group is lower compared with the highest educated 
group in all other Western European populations.

Table 2 shows relative inequalities in total and cause-specific mortality. Among men, 
relative inequalities in total mortality in all Spanish regions tend to be smaller than those 
in most other populations, although the differences are neither entirely consistent nor 
substantial. Among women, relative inequalities in total mortality in the three Spanish 
regions are substantially smaller than those in all other populations, with the exception 
of Turin, which has similarly small RIIs.

Among men, relative inequalities in CVD mortality in the three Spanish regions are 
smaller than those in all other populations, but inequalities in mortality from other 
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causes of death are similar in magnitude, or even larger than those elsewhere. Among 
women, relative inequalities in mortality from cancer are smaller in the three Spanish 
regions, but inequalities in mortality from other causes are not consistently smaller than 
those in other populations.

Moreover, reverse pattern was observed for lung cancer among women in the three 
Spanish populations and Turin, and for breast cancer among women in all populations 
except Turin and the Basque Country. The large inequalities in mortality from infectious 
diseases in Spain are predominantly due to AIDS mortality. More detailed data on cause-
specific mortality by educational level can be found in appendix (Tables A2, A3 and A4).

Figure 1 quantifies the contribution of specific causes of death to the difference in age-
standardized mortality rates between low and high educated men and women. It shows 
that the smaller absolute inequalities in mortality in the three Spanish populations are 
partly due to smaller absolute inequalities in CVD mortality. These are negligible in Spain, 
but substantial in most other populations. Among men, these smaller contributions of 
CVD are due to both lower average rates of mortality, and smaller relative inequalities in 
mortality (Table 2). Among women, these smaller contributions of CVD are mainly due 
to lower average rates of mortality, and not to smaller relative inequalities in mortal-
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Figure 1 Contribution of causes of death to the difference in age-standardized mortality rates between low 
and high educated men and women, 30–74 years
Legend: FIN = Finland, SWE = Sweden, NOR = Norway, DEN = Denmark, BEL = Belgium, TUR = Turin, BAR = 
Barcelona, MAD = Madrid, BSQ = Basque
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ity. Among women, smaller or negative absolute inequalities in cancer mortality also 
contribute importantly to smaller absolute inequalities in mortality in Spain (Table A5 
in appendix).

Analyses of survey data

Among men, inequalities in smoking are smaller in Spain than in most other popula-
tions (Figure 2) because of comparatively prevalent smoking among higher educated 
Spanish men (p-value < 0.0001 for the comparison between Spanish men and the rest 
of the countries), while among women, they are small or absent in Spain because higher 
educated Spanish women smoke more than the lower educated.

Similarly, the smaller inequalities in sedentary lifestyle in the Basque Country are due 
to the fact that the higher educated are less physically active (p-value < 0.0001). With 
regard to obesity, the inequalities are substantial in all countries (Figure 2).

Figure 2 Age-adjusted prevalence and relative index of inequality of (A) current smoking, (B) obesity, (C) 
sedentary lifestyle, (D) visit to GP and (E) visit to specialist
Legend: FIN = Finland, SWE = Sweden, NOR = Norway, DEN = Denmark, BEL = Belgium, ITA = Italy, SPA = 
Spain, BSQ = Basque Country
* Statistically significant RII values (p<0.05)
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After adjustment for self-assessed health, inequalities in health services utilization tend-
ed to favour the lower educated regarding visits to GP in most populations, including 
Spain. The opposite was observed for the use of specialized services, with the exception 
of the Basque Country.

Discussion

Summary of findings

The Spanish populations have considerably smaller absolute inequalities in total mortal-
ity than other Western European populations. This is the result of both lower average 
levels of mortality and smaller relative inequalities in mortality. However, the analysis by 
cause of death reveals an important heterogeneity: smaller relative inequalities in total 
mortality in Spain are due mainly to comparatively small inequalities in mortality from 
CVD (men) and cancer (women). Inequalities in mortality from most other causes are not 
smaller in Spain than elsewhere, and inequalities in infectious disease mortality are even 
substantially larger.

Spain also has smaller inequalities in smoking and sedentary lifestyle, but not in health 
services utilization and its inequalities in obesity among women are larger than in the 
other populations. On the basis of these four determinants, one cannot therefore con-
clude that the exposure of lower socioeconomic groups to health risks is generally more 
favourable in Spain than elsewhere.

Limitations

Although education as a measure of socioeconomic position remains constant during 
adult life and old age [15, 16], reverse causation is less likely [17] and educational level 
is comparable across European countries when broader categories classified according 
to the ISCED are used [18], the impact of education on individual overall socioeconomic 
position may differ between countries.

The comparability of the mortality rates may be compromised by differences between 
countries in calendar year at start and duration of follow-up. While we adjusted our 
results for different follow-up periods, we could not correct them for different starting 
years. Since there were mostly earlier for Northern Europe, and since inequalities in 
mortality have been widening in these European countries [19], any bias due to differ-
ences in starting year would tend to lead any differences in the magnitude of mortal-
ity inequalities in Spain to be underestimated. Regarding the differences in length of 
follow-up, ‘sensitivity analysis’ (comparison of countries with similar length of follow-up) 
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gives the same results. The data available on the prevalence of determinants and the 
mortality follow-up applied to the same period. Data that would allow proper time-lag 
to be incorporated between exposure and outcome in our analysis were not available. 
However, it is unlikely that the social patterning of these risk factors changes substan-
tially within a 5- or 10-year period.

We cannot exclude that some of our cause-specific results are affected by inaccuracies 
such as differences in certification or coding of causes of death between countries and 
socioeconomic groups [20]. However, we believe that those results using broad cause-
of-death categories are likely to be robust.

Differences in the magnitude of inequalities in mortality between Northern and 
Southern European populations may be biased by the fact that we compared national 
mortality data for Northern European countries with urban or regional mortality data 
in Southern European countries. Although Turin, Barcelona, Madrid and the Basque 
Country are relatively more prosperous than other regions in Italy and Spain, results 
show that inequalities in mortality in Turin, Barcelona and Madrid (where the share of 
the urban population is very large) are not greater than in the Basque Country (which 
contains only three medium-sized cities). In addition, on the basis of national mortality 
data during the 1980s, Kunst et al. [21] have shown smaller inequalities in mortality in 
Italy and Spain as a whole. Recently, Regidor et al. [22] reported small inequalities in 
mortality among older people in Spain. We therefore think that the comparatively small 
inequalities in mortality observed in Barcelona, Madrid and the Basque Country can be 
generalized to Spain as a whole.

Interpretation

The smaller educational inequalities in mortality observed in Spain are likely to be an 
effect of a later socioeconomic modernization of Spain than that of Northern Europe. 
The socioeconomic modernization refers to the historical process of large-scale socio-
economic changes in society, such as rising prosperity, industrialization, urbanization 
and expansion of mass education. This may have led to smaller educational inequalities 
in mortality in two ways.

The first is that, due to later socioeconomic modernization, educational attainment still 
may be less important as a social stratifier in Spain than in Northern Europe. During 
the 1990s, the proportion of low educated people was still about 70% in Spain, against 
only 30–50% in Northern Europe (Table A6 in appendix). Spain’s very rapid economic 
development after the Franco dictatorship [23] may have created a mismatch between 
education and other status-attainment variables such as income and occupational class. 
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This is confirmed by a review of comparative studies which found weaker relationship 
between educational attainment and occupational class in Spain compared with North-
ern European countries [24, 25] and the Netherlands [26]. The health survey data also 
suggested a weaker relationship between educational level and income in the Basque 
Country than in several Northern European countries, particularly among men (Table A7 
in appendix).

The second possible pathway is that later socioeconomic development has delayed 
the epidemiologic transition [27]. The transition from a mortality regime dominated by 
infectious diseases to one dominated by CVD and cancer occurred several decades later 
in Spain than in Northern Europe [28]. The small absolute inequalities in CVD mortality 
in Spain are partly because average rates of mortality from CVD, particularly IHD, have 
remained low, especially among men (Tables A2, A3 and A4 in appendix). While the 
increase in IHD mortality started many years later than in Northern Europe, the decline 
started only a few years later [29]. The decline in IHD mortality in Spain after 1975 has 
been ascribed to the decline in smoking (only among men) and to improvements in 
medical care (e.g., cardiovascular drugs and intensive care units) [29]. In other words, 
Spain already started to benefit from advances in knowledge about risk factors for IHD 
and advances in medical care before the epidemic could reach a higher peak.

That IHD mortality has never reached great heights in Spain is probably also due to the 
role of the Mediterranean diet with comparatively high consumption of wine, fish, fruits, 
vegetables and olive oil [30]. In view of the fact that partial adherence to the Mediterra-
nean diet seems to explain the low average rates of mortality from IHD in Spain, it seems 
likely that adherence to this diet by lower socioeconomic groups also explains part of 
the smaller inequalities in IHD mortality and the low rates of IHD mortality among the 
high educated despite their high prevalence of smoking and physical inactivity. This 
is confirmed by a  review of inequalities in diet in different European countries, which 
shows that the association between education and fruit and vegetable consumption 
is inconsistent in Spain (and clearly positive in Northern Europe), while the higher 
educated in Spain consume more animal fat and fewer vegetable oils than the lower 
educated [31]. Not all studies, however, reach the same conclusions [32, 33].

Another reason for the smaller relative inequalities in IHD mortality in Spain can probably 
also be found in the different timing of epidemiologic developments. Previous studies 
have concluded that Southern European countries tend to be at an earlier stage of the 
smoking epidemic, in which smoking is still more prevalent in upper socioeconomic 
groups, especially among older people and women [19].
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Regarding cancer mortality, smaller absolute inequalities among women in the three 
Spanish populations were due partly to the strong reverse gradients for breast and lung 
cancer. Breast cancer is related to reproductive behaviour (a particularly high age at 
first pregnancy), and reverse gradients of breast cancer arise because higher educated 
women are the first to delay pregnancy to higher ages [34]. The stronger reverse gradi-
ent in Spain may be due to the fact that this aspect of modernization started later, too 
[34].

Spain had very large inequalities in mortality from infectious diseases, due mainly to 
AIDS. During the 1990s, large inequalities in AIDS mortality in Spain were driven by a 
combination of lower access and adherence to treatment and to unfavourable material 
conditions among vulnerable groups [35]. The introduction of highly active antiretrovi-
ral therapy (HAART) has contributed importantly to narrowing absolute inequalities in 
AIDS mortality in Spain [36].

Conclusion

Educational inequalities in cause-specific mortality and its determinants are not consis-
tently smaller in Spain than in other Western European populations. Smaller absolute 
inequalities in total mortality in Spain reflect smaller absolute inequalities in mortality 
from CVD and cancer. On the other hand, Spain does not have smaller inequalities in 
mortality from many other causes of death, and as many of these relate to living condi-
tions, our findings suggest that smaller inequalities in total mortality in Spain do not 
reflect a generally more favourable situation with regard to social inequality.

Smaller inequalities in mortality from CVD and cancer are likely to be due to Spain’s 
later socioeconomic modernization. While the Spanish example shows that inequalities 
in total mortality are not inevitable, the favourable situation in terms of inequalities 
in mortality from CVD and cancer in this country seems to be a historical coincidence 
rather than the outcome of deliberate policies. Unfortunately, in view of the on-going 
changes in social-protection policies in Spain and the changing socioeconomic distribu-
tion of risk factors for mortality in the Spanish population [37], this favourable situation 
is also likely to be transitory.
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Figure A1 Age-standardized mortality rates (per 100,000 person-years) according to educational level, 
30–74 years
Legend: FIN = Finland, SWE = Sweden, NOR = Norway, DEN = Denmark, BEL = Belgium, TUR = Turin, BAR = 
Barcelona, MAD = Madrid, BSQ = Basque Country

Table A1 ICD codes of causes of death selected for the analysis

Cause of death ICD-9 codes ICD-10 codes

Cardiovascular diseases 390–459 I00–I99

Ischaemic heart disease 410–414 I20–I25

Cerebrovascular disease 430–438 I60–I69

Other circulatory diseases Rest (390–459) Rest (I00–I99)

Cancer 140–239 C00–D48

Stomach cancer 151 C16

Lung cancer 162–163, 165 C33–C34, C39

Breast cancer 174–175 C50

Other cancer Rest (140–239) Rest (C00–D48)

Infectious diseases 001–139 A00–B99

Respiratory diseases 480–487, 490–494, 496 J10–J18, J40–J47

Pneumonia 480–487 J10–J18

Other respiratory diseases 490–494, 496 J40–J47

Alcohol-related causes 291,303,305.0,425.5, 571.0–571.3, 
577.0–577.1, E860

F10, I42.6, K70, K85–K86.0, X45

External causes E800–E999 (except E860) V01–Y98 (except X45)

Other causes Rest (001–E999) Rest (A00–Y98)
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Table A6 Educational distribution (in %), mortality data, 30–74 years

Country
Educational level

Lower secondary and less Upper secondary Tertiary

Finland 50.1 29.3 20.6

Sweden 40.6 41.7 17.7

Norway 33.1 47.7 19.2

Denmark 45.1 34.9 20.0

Belgium 64.4 20.3 15.3

Italy (Turin) 71.5 19.8 8.6

Spain (Barcelona) 71.5 12.1 16.4

Spain (Madrid) 70.4 14.8 14.9

Spain (Basque) 70.9 16.2 12.9

Table A7 Prevalence ratios of being in the lowest income quintiles (4-5) by educational level in the popula-
tion over 50 years

Country Education
Men Women

Prevalence ratio 95%-CI Prevalence ratio 95%-CI

Norway low 4.81 (3.57-6.47) 3.36 (2.65-4.25)

middle 2.77 (2.05-3.75) 2.04 (1.60-2.61)

high 1 1

Sweden low 3.43 (2.74-4.29) 3.91 (3.19-4.79)

middle 1.80 (1.42-2.29) 2.24 (1.81-2.78)

high 1 1

Denmark low 2.80 (2.50-3.14) 2.73 (2.47-3.02)

  middle 1.93 (1.71-2.18) 1.77 (1.57-2.00)

high 1 1

Belgium low 2.26 (1.98-2.58) 2.07 (1.80-2.38)

  middle 1.48 (1.26-1.73) 1.46 (1.24-1.71)

high 1 1

Basque Country low 2.06 (1.69-2.53) 2.34 (1.47-3.72)

middle 1.18 (0.89-1.56) 0.90 (0.41-1.99)

high 1 1
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Abstract

Objectives

Using new facilities for linking large databases, we aimed to evaluate for the first time 
the magnitude of relative and absolute educational inequalities in mortality by sex and 
cause of death in the Netherlands.

Methods

We analysed data from Dutch Labour Force Surveys (1998–2002) with mortality follow-
up 1998–2007 among people aged 30–79 years. We calculated hazard ratios using Cox 
proportional hazards model, age-standardized mortality rates and partial life expectancy 
by education. We compared results for the Netherlands with those for other European 
countries.

Results

The relative risk of dying was about two times higher among primary educated men 
and women as compared to their tertiary educated counterparts, leading to a gap in 
partial life expectancy of 3.4 years (men) and 2.4 years (women). Inequalities in mortality 
are similar to those in other countries in North-Western Europe, but inequalities in lung 
cancer mortality are substantially larger in the Netherlands, particularly among men.

Conclusions

The Netherlands has large inequalities in mortality, especially for smoking-related 
causes of death. These large inequalities require the urgent attention of policy makers.
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Introduction

Socioeconomic inequalities in total and cause-specific mortality have been reported 
from most European countries [1, 2], but until recently these data were not available 
for the Netherlands, due to deficiencies in the national data collection system [3]. The 
Netherlands has a strong tradition of research into socioeconomic inequalities in health 
but this is mainly built on national self-reported data [4, 5], regional mortality data 
from specific cohorts such as the GLOBE [6, 7] and MORGEN studies [8, 9], or ecological 
studies [10, 11]. Although these studies have clearly demonstrated that socioeconomic 
inequalities in mortality are present in the Netherlands, it is so far unclear whether the 
magnitude and cause-specific patterning of these inequalities are similar or different 
from those in other North-Western European countries, partly because these studies are 
not directly comparable to similar studies in other countries.

Studies of mortality by socioeconomic position have found substantial differences in the 
magnitude of inequalities between European populations [1, 2]. Broadly speaking, three 
geographical areas, each with their own ‘regime’ of socioeconomic inequalities in cause-
specific mortality and related risk factors, can be distinguished. North-Western Europe 
(e.g., the Scandinavian countries, England and Wales, Belgium) is characterized by large 
inequalities in mortality from cardiovascular diseases and cancer, and from conditions 
due to smoking and alcohol consumption, and by small inequalities in mortality from 
conditions amenable to health care. Southern Europe (i.e., Spain and Italy) is character-
ized by small inequalities in mortality from cardiovascular diseases and cancer (women 
only), from conditions due to smoking and alcohol consumption (women only), and 
from conditions amenable to health care. Finally, Central and Eastern Europe (e.g., Czech 
Republic, Hungary, Baltic states) is characterized by huge inequalities in mortality from 
cardiovascular diseases, cancer (men only), and injury, from conditions due to smoking 
(men only) and alcohol consumption, and from conditions amenable to health care [2, 
12, 13].

The aim of this study was to quantify inequalities in total and cause-specific mortality by 
education in the Netherlands, in order to compare the Netherlands with other European 
countries, and in order to identify entry-points for tackling inequalities in mortality. We 
focused on education as a measure of socioeconomic status (instead of, e.g., income or 
occupational class) because it is the most stable measure and has several advantages 
over other measures of socioeconomic status. Education is easy to measure, is easily 
reported and is relevant for both men and women regardless of their employment con-
ditions. It is completed in early adulthood; therefore, contrary to other socioeconomic 
indicators, reverse causality (ill-health leading to low socioeconomic position, instead 
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of vice versa) is unlikely to happen, except for major mental disorders, and education 
avoids the problem of health-related social mobility later in life [14, 15]. Education is 
closely linked to mortality. An increasing body of the literature suggests that a large part 
of this association is causal [16, 17]. Education captures the knowledge-related assets 
of a person. Higher education can be interpreted as a better ability to understand and 
follow health prevention messages, to use the health care system and to modify his/
her behaviour. In addition, education is partly determined by childhood socioeconomic 
circumstances, it is associated with a lower probability of unemployment, better work-
ing conditions and higher income [14, 18].

Methods

Study population

To estimate socioeconomic inequalities in mortality, we linked death records to a large 
national survey containing information on education level, i.e., the Dutch Labour Force 
Survey (LFS). The Dutch LFS is a household survey carried out by Statistics Netherlands 
since 1987. Its representative sample of the Dutch population is drawn from the popula-
tion administrations of Dutch municipalities. The target population consists of persons 
15 years and older excluding people living in institutions. Although the main objective 
of the Dutch LFS is to collect statistics about the employment status of persons and 
households, it also covers persons 65 years and older. The information is gathered by 
means of a face-to-face or phone interview and checked for internal inconsistencies. The 
response rate fluctuates around 60% over the years [19]. An under- or over-representa-
tion of certain population groups in the response rate is corrected through weighting. 
Mortality data classified by sex, age and underlying cause of death were obtained from 
the death records collected by Statistics Netherlands. These death records were avail-
able for the years 1998–2007.

Statistics Netherlands assigns an encoded personal number to all death records and 
all respondents to the Dutch LFS which is unique to each person and identifies that 
person in the population register, and we used this to assess the survival status and 
cause of death of respondents to the Dutch LFS. Five baseline years of the Dutch LFS 
(1998–2002) were available for the linkage with the death records. We selected people 
at age 30 years and older at baseline and followed them 6 years from each baseline year 
(i.e., we followed the people included in the death registries for 1998–2003, 1999–2004, 
2000–2005, 2001–2006 and 2002–2007). The individuals who died beyond the follow-up 
time for each baseline year were treated as alive.
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Measures

Socioeconomic status was measured by the highest completed educational level. For 
the sake of comparability with data from other countries (see below), we recoded the 
Dutch educational level into four categories according to the International Standard 
Classification of Education (ISCED): primary education (ISCED 0, 1), lower secondary 
education (ISCED  2), upper secondary education (ISCED 3, 4), and tertiary education 
(ISCED 5, 6). The Netherlands’ educational profile is on average comparable with that 
in other North-Western European countries for both men and women. However, 60–79-
year old men in the Netherlands are less often low educated than men of the same age 
in other North-Western European countries. Dutch women are more often low educated 
at younger ages (30–59 years) than their counterparts in the Nordic countries.

We investigated total as well as cause-specific mortality. The causes of death were clas-
sified according to the 10th revision of the International Classification of Diseases. We 
analysed five broader causes of death: cardiovascular diseases (CVD) (I00–I99), cancer 
(C00–D48), respiratory diseases (J00–J06, J10–J18, J20–J22, J40–J47), other diseases 
(rest of A00–R99), and external causes (V01–Y98). Specific causes of death were selected 
on the basis of their relative importance and a sufficient number of deaths: ischaemic 
heart disease (IHD) (I20–I25), cerebrovascular disease (I60–I69), other cardiovascular 
diseases (rest of I00–I99), colorectal cancer (C18–C21), lung cancer (C33–C34), female 
breast cancer (C50), prostate cancer (C61), and other neoplasms (rest of C00–D48).

Statistical analysis

The statistical analyses were restricted to the ages between 30 and 79 years because 
education gradually loses its discriminatory power as a measure of socioeconomic 
status among the elderly, and because cause-specific analyses become more difficult 
due to the increasing number of multiple causes of death at older age. All analyses were 
conducted separately for men and women using the statistical package STATA version 
11.0. Individuals with unknown educational level were excluded from the analysis (1.6%). 
After the exclusion of persons who did not fulfil our criteria, the dataset includes 332,869 
individuals (164,507 men; 168,362 women), and 9,875 deaths (6,079 men; 3,796 women) 
in 1,802,289 person-years (889,511 men; 912,778 women). More detailed characteristics 
of the dataset can be obtained from Table A1 in appendix. This represents approximately 
2% of the Dutch population, and about 1% of all deaths occurring in these six years.

As a measure of absolute inequality, we calculated age-standardized mortality rates 
(ASMR) by educational level by means of direct standardization using the European 
Standard Population. Relative inequalities were calculated using the Cox proportional 
hazards model with cause-specific baseline hazard. We treated risks of dying of particular 
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causes of death as independent and applied standard Cox proportional hazards models 
without taking into account competing risks [20].

h(t)=h0(t)exp 
 
∑
p

k=1
βkxk

where h(t) is the expected hazard at time t, h0(t) is the baseline hazard, β is the regression 
coefficient of an explanatory variable x and k is the number of the explanatory variables. 
Age was used as time variable. The cause-specific hazard rates are assumed to be pro-
portional translating to covariate effects that are constant over time.

As a summary measure, we calculated population attributable fractions (PAF) and partial 
life expectancies between ages 30 and 79 years according to educational level. The PAF 
quantifies the proportion of all deaths in the population that would not occur if every-
one had the mortality of the high educated [21].

PAF =
∑
n

i=1 
Pi(RRi - 1)

∑
n

i=1 
Pi(RRi - 1) +1

where Pi is the prevalence and RRi is the relative risk of each educational level i. The 
partial life expectancies were calculated by the following formula proposed by Arriaga 
[22] using functions of the life tables.

iex=
Tx−Tx+i

lx

where iex is the partial life expectancy between exact ages x and x+i, Tx and Tx+i are 
the numbers of person-years lived after exact ages x and x+i, and lx is the number of 
person-years surviving to the exact age x. We constructed abridged life tables for the 
exact ages between 30 and 79 years according to the standard life table technique [23] 
using the age- and education-specific death rates. In addition, we applied the method of 
life expectancy decomposition [22] in order to obtain age- and cause-specific contribu-
tions to the difference in partial life expectancy between primary and tertiary educated 
individuals.

Comparison with other European countries

We compared absolute inequalities in mortality in the Netherlands with those in other 
European countries using data from the EURO-GBD-SE study [24]. In this study, cause-
specific mortality data by education from 21 European populations were collected and 
harmonized. In this harmonization process we compared all variables available in the 
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national studies, identified similarities and dissimilarities in their operationalization and 
constructed common variables that could be measured with the data available from 
different countries. We calculated ASMRs by sex, education and cause of death (total 
mortality, CVD, cancer and external causes) and rate differences between less than sec-
ondary and tertiary educated for each country. Countries were grouped by geographical 
region: North-West (Finland, Sweden, Norway, Denmark, England and Wales, Belgium, 
France, Switzerland, Austria), South (Barcelona, Basque Country, Madrid, Turin, Tuscany), 
and Central/East (Hungary, Czech Republic, Poland, Estonia). For the sake of comparabil-
ity across European countries, we grouped primary and lower secondary educated men 
and women together in all countries investigated.

Results

Relative inequalities in total mortality show a clear gradient of increasing mortality with 
decreasing level of education (Table 1). Primary educated men and women had a risk 
of dying twice as high as their tertiary educated counterparts. Mortality also decreased 
with increasing educational level for most causes of death, and in most cases, the 95% 
confidence intervals (CI) of the hazard ratio (HR) for the primary educated did not in-
clude one. The main exceptions were colorectal and prostate cancer among men, and 
colorectal cancer, breast cancer and external causes of death among women, for which 
no clear educational differences in mortality were found. On the other hand, relative 
inequalities in mortality were very large for respiratory diseases: the risk of dying from 
respiratory diseases was about five times higher among primary educated men (HR = 
4.85; CI: 3.21–7.32) and women (HR = 5.07; CI: 2.33–11.05) than among their tertiary 
educated counterparts. For CVD and lung cancer, relative inequalities were also large, 
both among men and women.

Absolute inequalities in mortality are presented in Table 2. The absolute differences 
in ASMR between primary and tertiary educated were particularly large for CVD and 
cancer among both men and women and for lung cancer among men. Although relative 
inequalities in mortality are higher among women than among men for many causes 
of death, such as CVD, IHD and lung cancer (Table 1), absolute inequalities are usually 
lower among women. It is interesting to note that the ASMR of tertiary educated men 
(547.1 per 100,000 person-years) is in-between that of primary educated (663.4) and 
lower secondary educated women (455.2), and that mortality among primary educated 
men (1,094.3) is more than three times higher than that among tertiary educated women 
(342.0).
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Table 2 also presents the PAFs. These show that if all men and women in the Netherlands 
would have the ASMR of the tertiary educated, mortality in the population as a whole 
would decrease by about a quarter (27.8% among men, 24.9% among women).

Table 2 Age-standardized mortality rates by education, rate difference between primary and tertiary edu-
cated and population attributable fraction (PAF) for total and cause-specific mortality, men and women, 
30–79 years, the Netherlands, 1998–2007

Causes of death

Mortality rate by educationa Mortality rate 
difference 
primary vs. 

tertiarya

PAF
(in %)Primary

Lower 
secondary

Upper 
secondary

Tertiary

MEN

All-cause mortality 1,094.3 915.2 734.1 547.1 547.2 27.8

Cardiovascular diseases 352.0 302.6 236.3 156.7 195.3 36.7

Ischaemic heart disease 151.1 139.2 107.8 69.2 81.8 37.0

Cerebrovascular disease 59.9 51.1 47.2 24.9 35.0 44.6

Other cardiovascular diseases 141.0 112.3 81.3 62.5 78.5 32.9

Cancer 385.2 368.3 310.9 235.9 149.3 23.2

Lung cancer 159.4 135.2 95.5 55.5 103.9 44.3

Colorectal cancer 28.1 30.3 32.0 38.3 -10.2 n.a.

Prostate cancer 26.7 32.3 24.2 17.2 9.5 24.8

Other neoplasms 171.0 169.9 159.2 123.6 47.5 18.1

Respiratory diseases 99.6 64.7 36.9 21.7 77.9 54.9

Other diseases 200.7 136.5 123.9 109.8 90.9 17.0

External causes of death 56.9 43.1 26.1 23.0 33.9 22.4

WOMEN

All-cause mortality 663.4 455.2 380.7 342.0 321.4 24.9

Cardiovascular diseases 204.2 123.0 96.2 70.0 134.2 43.6

Ischaemic heart disease 80.9 41.9 32.8 22.7 58.2 50.9

Cerebrovascular disease 45.1 31.8 25.0 19.4 25.7 32.2

Other cardiovascular diseases 78.2 49.3 38.4 28.0 50.2 44.5

Cancer 272.7 210.1 190.6 174.2 98.6 17.5

Lung cancer 66.2 37.5 37.8 25.7 40.5 48.4

Colorectal cancer 23.2 21.8 15.7 11.8 11.4 23.8

Breast cancer 56.2 43.8 41.8 46.7 9.5 n.a.

Other neoplasms 127.1 107.1 95.3 89.9 37.2 18.8

Respiratory diseases 43.5 23.5 10.2 9.1 34.5 54.2

Other diseases 127.8 83.9 66.2 72.4 55.4 20.1

External causes of death 15.2 14.7 17.5 16.4 -1.2 5.7

a per 100,000 person-years
n.a. = not available
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The results for partial life expectancy between ages 30 and 79 are in line with our find-
ings on relative and absolute inequalities (Table 3). Tertiary educated men and women 
live longer than their less educated counterparts and women live longer than men 
regardless of education. Partial life expectancy was 42.8 years among primary and 46.2 
years among tertiary educated men, giving a  difference of 3.4 years. Among women, 
partial life expectancy was 45.1 years among primary and 47.5 years among tertiary 
educated, giving a difference of 2.4 years. The gap in partial life expectancy between 
men and women was 2.3 years among the primary educated, and only 1.3 years among 
the tertiary educated.

The contribution of different causes of deaths to differences in partial life expectancy are 
presented in Figures 1 and 2. In total, CVD accounts for 35% and 37% of the difference in 
partial life expectancy among men and women, respectively. Cancer was a second major 
contributor accounting for 27% and 35% of the difference in partial life expectancy 
among men and women, with lung cancer making a particularly large contribution. 
Lung cancer accounts for 72% of the cancer contribution among men and 47% of the 
cancer contribution among women. We found a  negative contribution of colorectal 
cancer to the difference in partial life expectancy among men, due to the reverse social 
gradient for this cause of death already noted in Table 1. Whereas CVD, in particular IHD, 
is a major contributor to the excess mortality of primary educated at middle and older 
ages (50–74 years), external causes contribute importantly to the differences between 
primary and tertiary educated at younger ages (30–44 years), particularly among men. 
Among women, we found negative contributions of external causes and breast cancer 
across all age groups, and of lung cancer at older ages (70–79 years), due to a reverse 
gradient for the latter cause of death among older women (results not shown).

Table 4 presents rate difference (per 100,000) between less than secondary and tertiary 
educated men and women in all-cause mortality, CVD and cancer mortality, and exter-
nal causes across European ‘regimes’ compared with the Netherlands. The rate differ-
ence in all-cause mortality is 430 for men and 185 for women in the Netherlands. These 
estimates fall within the range of rate differences reported for other North-Western 

Table 3 Partial life expectancy (in years) between ages 30 and 79 by sex and education, the Netherlands, 
1998–2007

Education
Total

Primary Lower secondary Upper secondary Tertiary

Men 42.8 44.0 45.1 46.2 44.8

Women 45.1 46.5 47.1 47.5 46.6
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Figure 1 Contribution (in years) of age groups and causes of death to the difference in partial life expec-
tancy between ages 30 and 79 between primary and tertiary educated men, the Netherlands, 1998–2007
Legend: IHD = ischaemic heart disease, CVD = cardiovascular diseases
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Figure 2 Contribution (in years) of age groups and causes of death to the difference in partial life expectan-
cy between ages 30 and 79 between primary and tertiary educated women, the Netherlands, 1998–2007
Legend: IHD = ischaemic heart disease, CVD = cardiovascular diseases
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European countries. The rate difference for all-cause mortality in the Netherlands was 
higher than the maximum observed in Southern Europe (men: 325; women: 98) and 
much lower than the minimum found in Eastern Europe (men: 1,158; women: 413). The 
same is true for mortality from CVD, cancer and external causes (men only).

Discussion

Summary of findings

In the Netherlands, the relative risk of dying of those with primary education only, as 
compared to those with tertiary education, is 1.98 (95% CI: 1.81–2.15) among men, and 
2.03  (95% CI: 1.79–2.30) among women, leading to a gap in partial life expectancy of 
3.4 and 2.4 years among men and women, respectively. The magnitude of relative and 
absolute inequalities in mortality by education is similar to that in other countries in 
North-Western Europe. Like in other European countries, educational inequalities in 
mortality in the Netherlands are mainly driven by CVD and cancer, but inequalities in 
lung cancer mortality are substantially larger in the Netherlands than in other countries 
of North-Western Europe, particularly among men. No inequalities in mortality were 
found for colorectal cancer (men and women), prostate cancer (men), breast cancer 
(women), and external causes (women).

Table 4 Rate difference (per 100,000 person-years) between less than secondary and tertiary educated for 
total and cause-specific mortality, men and women, 30–79 years, comparison between the Netherlands 
and European ‘regimes’, 1998–2007

Cause of death Netherlands
North-Westa Southb Central/Eastc

Min Max Min Max Min Max

MEN

All-cause mortality 430 410 615 262 325 1,158 1,788

CVD 164 116 237 35 68 457 713

Cancer 138 73 210 96 147 248 448

External causes 24 10 116 13 37 90 431

WOMEN

All-cause mortality 185 160 319 51 98 413 691

CVD 82 51 103 15 40 208 359

Cancer 57 23 89 -5 23 45 116

External causes -2 3 32 0 7 17 127

CVD = cardiovascular diseases
a North-West ‘regime’ was represented by Finland, Sweden, Norway, Denmark, England and Wales, Belgium, 
France, Switzerland, Austria
b South ‘regime’ was represented by Spain (Barcelona, Basque Country, Madrid), Italy (Turin, Tuscany)
c Central/East ‘regime’ was represented by Hungary, Czech Republic, Poland, Estonia
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Limitations

This is the first nationally representative study of socioeconomic inequalities in mortal-
ity in the Netherlands, which has become feasible because Statistics Netherlands has 
created new facilities for linking databases, in this case, databases with socioeconomic 
information to databases on mortality and causes of death [25]. However, because the 
Netherlands does not have a census, we had to rely on a large survey for information 
on the educational achievement of individuals. To a  large extent, the validity of our 
findings depends on the representativeness of this survey. There are several potential 
problems. First, the institutionalized population is not included in the Dutch LFS, and 
because people living in institutions tend to have both a lower level of education [26] 
and a higher risk of mortality this could have biased our results. We believe that this 
bias is likely to be small, because in the Netherlands the proportion of institutionalized 
people under the age 80 years is negligible [26] and because we restricted the analysis 
to individuals aged 30–79 years.

Another potential problem affecting the representativeness of our findings is the high 
non-response (40–45%) of the Dutch LFS. A low response rate does not necessarily 
mean that our estimates of inequalities in mortality are biased. This will only be the case 
if the magnitude of relative and/or absolute inequalities in mortality differs between 
respondents and non-respondents. Studies of non-respondents to surveys have shown 
that these usually have higher rates of morbidity and mortality than respondents [27]. 
We also know that the non-response rate in the Dutch LFS is higher among lower edu-
cated men and women [28]. However, whether the association between education and 
mortality differs between respondents and non-respondents is unknown. We think that 
our estimates of relative inequalities may well be unbiased, but because of the likely 
under-representation of people with health problems among respondents to the Dutch 
LFS we may have underestimate absolute inequalities in mortality. We therefore com-
pared the mortality rates observed in our study and those registered for the complete 
Dutch population by Statistics Netherlands and found that our study underestimates 
average mortality rates by approximately 12%. This implies that we may have underes-
timated absolute inequalities in mortality between educational groups, as presented 
in Tables 2 and 4, by a similar percentage. In a sensitivity analysis, we have used this 
percentage to upwardly adjust the absolute inequalities in mortality in the Netherlands 
presented in Table 4. This brings the Dutch results closer to the middle of the range of 
North-Western European countries (results not shown) and shows that our substantive 
results are not seriously biased. Also, there is little reason to think that our estimates of 
relative inequalities in mortality are biased.
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We used education as an indicator of socioeconomic position, but a single indicator 
of socioeconomic status does not comprehensively portray the entire picture of health 
inequalities [15]. As mentioned above, education has several advantages compared 
to occupation and income [15, 29], but although education is highly correlated with 
occupation and income, we cannot assume that the same results will be obtained with 
other indicators of socioeconomic position.

Data on inequalities in cause-specific mortality might be biased if there are differences 
between educational groups in accuracy of diagnoses, certification of causes of death 
or coding of underlying cause of death. Harteloh and others studied the reliability of 
cause-of-death statistics in the Netherlands and found that for major causes of death 
such as cancer and heart diseases the reliability was higher than 90% [30]. Interna-
tional comparative studies showed that the reliability of cause-of-death statistics in the 
Netherlands compares favourably with that in other countries [31]. On the other hand, 
it is unknown, in the Netherlands as elsewhere, whether reliability of cause-of-death 
information differs between socioeconomic groups. We therefore assessed whether 
there are differences in the proportion of ill-defined causes of death across educational 
categories (results not shown). Although this proportion is higher in the Netherlands 
than in most other European countries, we did not find statistically significant differ-
ences in the proportion of these causes of death among educational groups (p-value: 
men = 0.218; women = 0.597).

Interpretation

As noted in the introduction, an educational gradient in all-cause mortality has been 
reported from all European countries with available data. We show that this educational 
gradient can also be found in the Netherlands. The magnitude of educational inequalities 
in all-cause mortality in the Netherlands is comparable to that in other North-Western 
European countries [2]. Cause-specific patterns are also largely similar, both at the level 
of broad groups of causes of death (such as CVD and cancer), and at the level of specific 
causes. Whereas breast cancer was reported to have a reverse educational gradient in 
most European countries except France, Finland and Barcelona [32], we did not find sta-
tistically significant differences in breast cancer mortality between educational groups 
in the Netherlands. We found no differences by education in mortality from external 
causes among women in the Netherlands, as has been found before for injuries for 
Norway, Switzerland, Turin and Barcelona [12].

A cause of death for which we found larger inequalities in the Netherlands than else-
where is lung cancer. Like other North-Western European countries the Netherlands is 
in the fourth stage of the smoking epidemic [33], during which smoking increasingly 
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becomes concentrated among those with lower socioeconomic positions [34]. In earlier 
stages of the epidemic, smoking prevalence rates have reached very high values in the 
Netherlands, which has led to a relative stagnation of life expectancy during the 1980s 
and 1990s in both men and women [35], and which probably also explains the large 
contribution of lung cancer (20% men; 16% women) to inequalities in mortality in the 
Netherlands.

The Netherlands has a strong tradition of investigating inequalities in mortality, and there 
is therefore a lot of scientific evidence on the explanation of inequalities in mortality in 
this country. Studies have shown that people in lower educated groups have a higher 
prevalence of a less than good perceived general health, more chronic diseases, higher 
disability rates and higher risks of all-cause mortality compared to higher educated 
groups [7, 36]. A substantial part of the worse health observed among lower educated 
groups has been found to be attributable to unhealthy behaviours, such as smoking [7, 
37] , physical inactivity [7, 38] or excessive alcohol consumption [7, 39]. Material living 
conditions, working conditions, psychosocial stress and social support contribute to the 
educational inequalities as well [36, 37]. All this implies that the Netherlands is in a good 
position to start tackling the inequalities in mortality found in our study [40].

Conclusion

Cross-country comparisons of socioeconomic inequalities in mortality are an important 
source of information for understanding the mechanisms that generate these inequali-
ties. The exploration of such mechanisms is essential for policy makers in order to de-
velop effective policies and large-scale interventions to reduce the observed burden 
in morality due to educational disparities. We reported large educational inequalities 
in mortality in the Netherlands and showed that their magnitude and cause-specific 
patterning are similar to those observed in other countries in North-Western Europe. 
These educational inequalities in mortality in the Netherlands are partly driven by cause 
of death attributable to lifestyle-related risk factors such as smoking. These findings are 
important for the development of efficient health interventions and require the urgent 
attention of policy makers.



99

Educational inequalities in mortality by cause of death in the Netherlands

Ch
ap

te
r 4

References

	 1.	 Huisman M, Kunst AE, Bopp M, Borgan JK, Borrell C, Costa G, et al. Educational inequalities in 
cause-specific mortality in middle-aged and older men and women in eight western European 
populations. Lancet. 2005;365:493-500.

	 2.	 Mackenbach JP, Stirbu I, Roskam AJ, Schaap MM, Menvielle G, Leinsalu M, et al. Socioeconomic 
inequalities in health in 22 European countries. N Engl J Med. 2008;358:2468-81.

	 3.	 Groenewold G, van Ginneken J, Masseria C. Towards comparable statistics on mortality by socio-
economic status in EU Member States. Brussels: European Commission; 2008.

	 4.	 Dalstra JA, Kunst AE, Geurts JJ, Frenken FJ, Mackenbach JP. Trends in socioeconomic health 
inequalities in the Netherlands, 1981-1999. J Epidemiol Community Health. 200;56:927-34.

	 5.	 Mackenbach JP. Inequalities in health in The Netherlands according to age, gender, marital status, 
level of education, degree of urbanization, and region. Eur J Public Health. 1993;3:112-8.

	 6.	 Bosma H, Dike van de Mheen H, Borsboom GJJM, Mackenbach JP. Neighborhood Socioeconomic 
Status and All-Cause Mortality. Am J Epidemiol. 2001;153:363-71.

	 7.	 van Lenthe FJ, Schrijvers CT, Droomers M, Joung IM, Louwman MJ, Mackenbach JP. Investigat-
ing explanations of socio-economic inequalities in health: the Dutch GLOBE study. Eur J Public 
Health. 2004;14:63-70.

	 8.	 Burger KN, Beulens JW, Boer JM, Spijkerman AM, van der A DL. Dietary glycemic load and glycemic 
index and risk of coronary heart disease and stroke in Dutch men and women: the EPIC-MORGEN 
study. PloS One. 2011;6:e25955.

	 9.	 van der A DL, Nooyens AC, van Duijnhoven FJ, Verschuren MM, Boer JM. All-cause mortality risk 
of metabolically healthy abdominal obese individuals: The EPIC-MORGEN study. Obesity (Silver 
Spring). 2014;22:557-564.

	 10.	 Kunst AE, Looman CW, Mackenbach JP. Determinants of regional differences in lung cancer 
mortality in The Netherlands. Soc Sci Med. 1993;37:623-31.

	 11.	 Kunst AE, Looman CW, Mackenbach JP. Socio-economic mortality differences in The Netherlands 
in 1950-1984: a regional study of cause-specific mortality. Soc Sci Med. 1990;31:141-52.

	 12.	 Borrell C, Plasencia A, Huisman M, Costa G, Kunst A, Andersen O, et al. Education level inequalities 
and transportation injury mortality in the middle aged and elderly in European settings. Inj Prev. 
2005;11:138-42.

	 13.	 Stirbu I, Kunst AE, Bopp M, Leinsalu M, Regidor E, Esnaola S, et al. Educational inequalities in 
avoidable mortality in Europe. J Epidemiol Community Health. 2010;64:913-20.

	 14.	 Galobardes B, Lynch J, Smith GD. Measuring socioeconomic position in health research. Br Med 
Bull. 2007;81-82:21-37.

	 15.	 Lahelma E, Martikainen P, Laaksonen M, Aittomaki A. Pathways between socioeconomic determi-
nants of health. J Epidemiol Community Health. 2004;58:327-32.

	 16.	 Gathmann C, Jurges H, Reinhold S. Compulsory schooling reforms, education and mortality in 
twentieth century Europe. Soc Sci Med. 2014 Feb 4.

	 17.	 Lager AC, Torssander J. Causal effect of education on mortality in a quasi-experiment on 1.2 mil-
lion Swedes. Proc Natl Acad Sci USA. 2012;109:8461-6.

	 18.	 Ross CE, Wu C. The Links Between Education and Health. Am Sociol Rev. 1995;60:719-45.
	 19.	 Cobben F. Nonresponse in Sample Survey. Methods for Analyses. [PhD thesis]. Den Haag: Univer-

siteit van Amsterdam; 2009.
	 20.	 Cox DR. Regression Models and Life-Tables. J R Stat Soc B. 1972;34:187-220.



Chapter 4

100

	 21.	 Murray C, Ezzati M, Lopez A, Rodgers A, Vander Hoorn S. Comparative quantification of health 
risks: Conceptual framework and methodological issues. Popul Health Metr. 2003;1:1.

	 22.	 Arriaga EE. Measuring and Explaining the Change in Life Expectancies. Demography. 1984;21:83-
96.

	 23.	 Chiang CL. The life table and its applications. Malabar, Florida: Robert E. Krieger Publishing Com-
pany; 1984.

	 24.	 Eikemo TA, Mackenbach JP. The potential for reduction of health inequalities in Europe. The 
EURO-GBD-SE final report. Rotterdam: Department of Public Health, Erasmus University Medical 
Center Rotterdam; 2012.

	 25.	 Bastiaans F, Engberts L, Linder F, editors. Sociale samenhang in beeld, het SSB nu en straks. [Social 
cohesion in focus, SSB now and later]. Voorburg: Centraal Bureau voor de Statistiek; 2006.

	 26.	 den Draak M. Oudere tehuisbewoners: landelijk overzicht van de leefsituatie van ouderen in 
instellingen 2008/2009. [Elderly care home residents: A nationwide survey of living conditions of 
elderly in institutions 2008/2009]. Den Haag: Sociaal en Cultureel Planbureau; 2010.

	 27.	 Ferrie JE, Kivimaki M, Singh-Manoux A, Shortt A, Martikainen P, Head J, et al. Non-response to 
baseline, non-response to follow-up and mortality in the Whitehall II cohort. Int  J  Epidemiol. 
2009;38:831-7.

	 28.	 Visscher G. De blinde vlek van het CBS: systematische vertekening in het opleidingsniveau. De 
nonrespons in de Enquête Beroepsbevolking. [Bias in the level of education: The Dutch case]. 
Sociologische gids. 1997;44:155-79.

	 29.	 Cutler DM, Lleras-Muney A. Education and health: evaluating theories and evidence. In: Schoeni 
RF, House JS, Kaplan GA, Pollack H, editors. Making Americans healthier: social and economic 
policy as health policy: Russell Sage Foundation; 2008. p. 29–60.

	 30.	 Harteloh P, de Bruin K, Kardaun J. The reliability of cause-of-death coding in The Netherlands. Eur 
J Epidemiol. 2010;25:531-8.

	 31.	 Mackenbach JP, Van Duyne WM, Kelson MC. Certification and coding of two underlying causes 
of death in The Netherlands and other countries of the European Community. J Epidemiol Com-
munity Health. 1987;41:156-60.

	 32.	 Strand BH, Kunst A, Huisman M, Menvielle G, Glickman M, Bopp M, et al. The reversed social 
gradient: higher breast cancer mortality in the higher educated compared to lower educated. A 
comparison of 11 European populations during the 1990s. Eur J Cancer. 2007;43:1200-7.

	 33.	 Lopez AD, Collishaw N, Piha TA. A descriptive model of the cigarette epidemic in developed 
countries. Tob Control. 1994;3:242–7.

	 34.	 Giskes K, Kunst AE, Benach J, Borrell C, Costa G, Dahl E, et al. Trends in smoking behaviour be-
tween 1985 and 2000 in nine European countries by education. J Epidemiol Community Health. 
2005;59:395-401.

	 35.	 Janssen F, Nusselder WJ, Looman CW, Mackenbach JP, Kunst AE. Stagnation in mortality decline 
among elders in the Netherlands. Gerontologist. 2003;43:722-34.

	 36.	 Mackenbach JP. Socio-economic health differences in The Netherlands: a review of recent empiri-
cal findings. Soc Sci Med. 1992;34:213-26.

	 37.	 van Oort FV, van Lenthe FJ, Mackenbach JP. Material, psychosocial, and behavioural factors in the 
explanation of educational inequalities in mortality in The Netherlands. J Epidemiol Community 
Health. 2005;59:214-20.

	 38.	 Droomers M, Schrijvers CTM, van de Mheen H, Mackenbach JP. Educational differences in leisure-
time physical inactivity: a descriptive and explanatory study. Soc Sci Med. 1998;47:1665-76.



101

Educational inequalities in mortality by cause of death in the Netherlands

Ch
ap

te
r 4

	 39.	 Droomers M, Schrijvers CTM, Stronks K, van de Mheen D, Mackenbach JP. Educational Differences 
in Excessive Alcohol Consumption: The Role of Psychosocial and Material Stressors. Prev Med. 
1999;29:1-10.

	 40.	 Mackenbach JP, Stronks K. A strategy for tackling health inequalities in the Netherlands. BMJ. 
2002;325:1029-32.



Chapter 4

102

Appendix

Table A1 Distribution of education and age by sex, 30–79 years, the Netherlands, 1998–2007

MEN WOMEN

% Number of subjects % Number of subjects

Education

primary 10.8 17,760 14.3 24,128

lower secondary 22.7 37,397 30.7 51,614

upper secondary 41.1 67,692 37.4 62,988

tertiary 25.3 41,658 17.6 29,632

Age group

30-34 15.1 24,876 15.7 26,401

35-39 15.2 24,986 15.6 26,259

40-44 14.5 23,919 14.6 24,657

45-49 13.6 22,374 13.6 22,824

50-54 13.1 21,583 12.7 21,387

55-59 10.1 16,607 9.6 16,225

60-64 7.8 12,839 7.6 12,741

65-69 5.1 8,381 4.2 7,121

70-74 3.3 5,427 3.6 5,993

75-79 2.1 3,515 2.8 4,754
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Abstract

Background

Over the last decades of the 20th century, a widening of the gap in death rates between 
upper and lower socioeconomic groups has been reported for many European coun-
tries. For most countries, it is unknown whether this widening has continued into the 
first decade of the 21st century.

Methods

We collected and harmonized data on mortality by educational level among men and 
women aged 30–74 years in all countries with available data: Finland, Sweden, Norway, 
Denmark, England and Wales, Belgium, France, Switzerland, Spain, Italy, Hungary, Lithu-
ania and Estonia.

Results

Relative inequalities in premature mortality increased in most populations in the North, 
West and East of Europe, but not in the South. This was mostly due to smaller propor-
tional reductions in mortality among the lower than the higher educated, but in the 
case of Lithuania and Estonia, mortality rose among the lower and declined among the 
higher educated. Mortality among the lower educated rose in many countries for condi-
tions linked to smoking (lung cancer, women only) and excessive alcohol consumption 
(liver cirrhosis and external causes). In absolute terms, however, reductions in premature 
mortality were larger among the lower educated in many countries, mainly due to larger 
absolute reductions in mortality from cardiovascular disease and cancer (men only). 
Despite rising levels of education, population attributable fractions of lower education 
for mortality rose in many countries.

Conclusions

Relative inequalities in premature mortality have continued to rise in most European 
countries, and since the 1990s, the contrast between the South (with smaller inequali-
ties) and the East (with larger inequalities) has become stronger. While the population 
impact of these inequalities has further increased, there are also some encouraging 
signs of larger absolute reductions in mortality among the lower educated in many 
countries. Reducing inequalities in mortality critically depends upon speeding up 
mortality declines among the lower educated, and countering mortality increases from 
conditions linked to smoking and excessive alcohol consumption such as lung cancer, 
liver cirrhosis and external causes.
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Introduction

During the 1980s and 1990s socioeconomic inequalities in mortality have widened 
in many countries. This has been well documented for relative inequalities in mortal-
ity between educational or occupational groups in Northern, Western and Southern 
Europe [1-5]. For absolute inequalities in mortality, findings have been less consistent, 
with increases reported for some countries such as Finland [2-4, 6] and Norway [3-5], 
but not for others such as Sweden [2-4] and Italy [2, 3]. Inequalities in life expectancy 
between socioeconomic groups have generally increased as well [6-12]. In Eastern Eu-
rope, inequalities in mortality have increased too, on a relative and on an absolute scale 
[13, 14]. Widening inequalities have also been reported for non-European high-income 
countries, such as the USA [15-18] and New Zealand [19, 20].

Although some studies have started to look at trends into the 21st century, a com-
prehensive analysis of recent trends, allowing a comparison of these trends between 
countries, is lacking. We therefore studied changes in mortality by education in all 
European countries with available data between the 1990s and 2000s, and focused on 
whether relative and absolute inequalities in mortality have widened or narrowed, and if 
so, which causes of death have contributed to these developments. We consider relative 
and absolute inequalities to be relevant: while the first are independent from average 
rates of mortality and therefore useful for analytical purposes, the second indicate the 
real impact that these inequalities have on the mortality risks of people with a  lower 
socioeconomic position, which is useful for informing public health decisions [21].

Methods

Data

The data were obtained from official mortality registers and cover 13 countries: 4 
countries in Northern Europe (Finland, Sweden, Norway, Denmark), 4 countries in 
Western Europe (England and Wales, Belgium, France and Switzerland), 2 countries in 
Southern Europe (Spain and Italy), and 3 countries in Eastern Europe (Hungary, Lithu-
ania and Estonia). These are all European countries with comparable data for the 1990s 
and 2000s which, together, are likely to represent the full range of inequality trends 
in the subcontinent. Most data cover complete national populations, as in the case of 
the national longitudinal mortality registers of the Nordic countries. The exceptions are 
England and Wales (a 1% representative sample of the population; known as the Office 
of National Statistics Longitudinal Mortality Study), France (a 1% representative sample 
of the population; the so-called Echantillon Démographique Permanent created by the 
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Table 1 Mortality data sources

Country Type of study Years
Years of 

follow-up
Person-years Deaths

Educational 
structure (in %)

Low Mid High

Finland Longitudinal 1990–2000 10 25,874,201 270,232 50.1 29.3 20.6

Finlanda Longitudinal 2001–2007   7 15,435,298 105,379 33.9 36.8 29.3

Sweden Longitudinal 1991–2000 10 43,042,216 393,038 40.6 41.7 17.7

Sweden  Longitudinal 2001–2006   6 28,087,496 187,168 27.1 50.3 22.6

Norway Longitudinal 1990–2000 10 19,956,767 213,022 33.1 47.7 19.2

Norway Longitudinal 2001–2006 5 11,645,682 70,191 19.7 55.0 25.3

Denmark Longitudinal 1996–2000 5 13,926,291 136,065 45.1 34.9 20.0

Denmark Longitudinal 2001–2005   5 14,498,528 122,728 38.6 37.7 23.7

England & Walesb Longitudinal 1991–1996 5.5 1,530,278 14,966 85.1 - 14.9

England & Walesb  Longitudinal 2001–2006   5 1,432,977 9,145 80.7 - 19.3

Belgium Longitudinal 1991–1995 5 23,684,150 206,444 63.1 21.0 15.9

Belgium  Longitudinal 2004–2005   2 11,221,276 73,001 48.6 25.2 26.2

Francec Longitudinal 1990–1999 10 2,478,782 20,215 56.1 32.3 11.6

Franced Longitudinal 1999–2005  6 1,521,946 8,796 42.4 40.4 17.2

Switzerlande Longitudinal 1990–2000 10 27,910,587 255,275 30.3 54.5 15.2

Switzerlande Longitudinal 2001–2005  5 15,635,957 82,195 19.8 57.8 22.4

Barcelona Repeated CS 1992–1998 7 6,285,178 39,830 64.9 18.0 17.1

Barcelona  Repeated CS 2000–2006   7 6,858,828 35,143 55.7 21.5 22.8

Basque Country Longitudinal 1996–2001 5 6,048,696 34,230 69.9 16.8 13.3

Basque Country Longitudinal 2001–2006 5 6,312,758 32,169 60.9 20.5 18.6

Madrid Longitudinal 1996–1997 1.5 4,122,305 25,356 64.9 18.1 17.1

Madrid  Longitudinal 2001–2003 1.5 4,967,231 26,279 56.6 21.9 21.5

Turin Longitudinal 1991–2001 10 4,873,109 50,621 71.5 19.8 8.6

Turin  Longitudinal 2001–2006   5 2,422,742 14,186 59.2 27.4 13.4

Hungary CS unlinked 1988–1991 4 22,408,012 297,749 59.4 30.2 10.4

Hungary  CS unlinked 1999–2002   4 22,479,484 282,601 43.6 43.2 13.2

Lithuaniaf CS unlinked 1988–1990 3 5,135,151 45,449 44.6 42.1 13.4

Lithuaniaf  CS unlinked 2000–2002   3 5,199,153 48,092 22.5 59.5 18.0

Estonia CS unlinked 1987–1991 5 4,011,470 45,611 41.9 42.6 15.5

Estonia  CS unlinked 1998–2002   5 3,684,050 50,035 26.2 55.7 18.1

All data, unless otherwise mentioned, refer to the age group 30–74 years.
a 20% of Finns are excluded (at random)
b 1% representative sample of the population
c 1% representative sample of the population; people from overseas areas, military and students are ex-
cluded
d 1% representative sample of the population; people born outside France mainland are excluded
e Non-Swiss nationals excluded
f age range 30–69 years
CS = cross-sectional
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French National Institute of Statistics (INSEE)), Spain (Barcelona, Madrid and Basque 
Country only; urban and regional mortality registers) and Italy (Turin only; known as the 
Turin Longitudinal Study). A full overview of data sources is given in Table 1.

For each country, numbers of deaths by 5-year age group, sex and educational group 
were obtained for the 1990s and the 2000s. These data were mostly collected in the 
framework of a  longitudinal mortality follow-up of population censuses carried out 
around 1991 and around 2000, respectively. Although around 2010, a more recent 
census has been held in many countries, mortality follow-up will only be complete after 
5–10 years, and at the moment of writing (2014), our data, therefore, represent the most 
recent data available for those countries. Data for Hungary, Lithuania and Estonia derive 
from unlinked cross-sectional studies in which numerator data (deaths by educational 
group, as counted in the mortality register) and denominator data (persons by educa-
tional group, as counted in a census) have been collected at approximately the same 
point in time. In most countries linkage between the population and death registries 
was more than 95% complete; for countries where linkage failure exceeded 5% (Madrid, 
Barcelona and the Basque Country) weights were used in the analysis to account for the 
difference. A total of around 3.2 million deaths are included in this study, deriving from 
around 360 million person-years of observation.

Socioeconomic status was indicated by highest level of completed education. We fo-
cused on educational inequalities in mortality (instead of, e.g., occupational inequalities 
in mortality) because comparable data on educational attainment are available for men 
and women in all European populations under study. Additionally, education is the 
most stable measure of socioeconomic position because it is normally completed early 
in adulthood which avoids reverse causation problems (i.e., health outcomes at older 
ages cannot change a person’s level of education) [22]. Education was classified accord-
ing to the International Standard Classification of Education (ISCED-97). The categories 
used in this analysis were ‘no, primary or lower secondary education’ (ISCED 0, 1, 2; ‘low’), 
‘upper secondary and post-secondary non-tertiary education’ (ISCED 3, 4; ‘mid’) and ‘ter-
tiary education’ (ISCED 5, 6; ‘high’). In the 1990s dataset for England and Wales only two 
levels of education could be distinguished (‘low and mid’ vs. ‘high’), and we therefore 
also classified the English data for the 2000s in this way. In order to reduce problems 
with the educational classification of elderly people, the main analysis is limited to the 
age-group 30–74 years. Because average life expectancy at birth exceeded 74 years in 
most European countries during the study-period, we label mortality in this age-range 
as ‘premature’.
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In addition to all-cause mortality, we analysed four broad cause-of-death groups that 
together account for all deaths (cardiovascular disease, cancer, other diseases, and 
external causes), and five specific causes of death each that signal potential explanatory 
factors (ischaemic heart disease (smoking, diet, hypertension, hypertension detection 
and treatment, myocardial infarction treatment), cerebrovascular disease (hypertension, 
hypertension detection and treatment, stroke treatment), lung cancer (smoking), liver 
cirrhosis (excessive alcohol consumption), and road traffic accidents (excessive alcohol 
consumption, road safety)). Cause-of-death information was not available for mortality 
by education in France. Causes of death were classified according to the 9th or 10th 
revision of the International Classification of Diseases (ICD). ICD-code numbers are given 
in appendix (Table A1).

Data for the 1990s were collected in the framework of the Eurothine study and have 
been used for international comparative purposes before [23]. Data for the 2000s were 
collected in the framework of the EURO-GBD-SE study [24]. Data were centrally harmo-
nized to enhance comparability between countries and over time.

Methods

We calculated age-standardized mortality rates and their 95% confidence intervals (CIs) 
[25] by period, country, level of education, and sex, using the European Standard Popula-
tion as defined by WHO. Age-adjusted rate ratios comparing the ‘low’ and ‘mid’ educated 
with the ‘high’ educated and their 95% CIs were calculated with Poisson regression using 
STATA statistical software version 12.0.

The age-standardized mortality rates were used to calculate proportional and absolute 
changes in mortality by country, level of education, and sex, and subtraction of these 
changes among the ‘high’ educated from those among the ‘low’ educated allowed us 
to evaluate differences in proportional and absolute mortality change between educa-
tional groups.

The age-standardized mortality rates were also used to calculate population attribut-
able fractions of education for mortality for the two points in time. This is a straightfor-
ward measure of the population impact of inequalities in mortality [21]. The population 
attributable fraction takes into account inequalities in mortality between educational 
groups and the size of educational groups, and quantifies the proportion of all deaths in 
the population that could be avoided or postponed if everyone had the mortality rates 
of the high educated [21, 26].
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Most countries with longitudinal data classified person-years and deaths by age at 
baseline, and as length of follow-up differed between studies (Table 1) adjustment was 
necessary. This adjustment procedure was developed and validated within the EURO-
GBD-SE study [27], and was used wherever deaths were classified by age at baseline. 
Further details can be found in appendix (Table A2).

Results

All-cause mortality

Age-standardized mortality rates by education for the 1990s and 2000s can be found 
in Figure 1 and appendix Table A3, whereas rate ratios are presented in Table 2. Mortal-
ity declined between the 1990s and 2000s in all educational groups, except the low 
educated in Hungary, Lithuania and Estonia among whom mortality remained stable or 
increased. Mortality among the high educated in Hungary, Lithuania and Estonia was 
similar to that among the low educated in many Western European countries (Figure 1).

Among men, relative inequalities in mortality increased in most populations, with the 
exceptions of England and Wales, France, Barcelona, the Basque Country, Madrid and 
Turin, where no clear changes were found. Among women, about half the countries 
had widening and half had stable inequalities. The rise in relative inequalities was very 
strong in Hungary, Lithuania and Estonia, particularly for men (Table 2).

As a result of these changes, the variation in magnitude of inequalities in mortal-
ity between European countries has increased considerably. In the 1990s, the South 
(represented by Barcelona, the Basque Country, Madrid and Turin) already tended to 
have smaller inequalities in mortality than the North and West, and the North and West 
than the East (represented by Hungary, Lithuania and Estonia), particularly among men. 
In the 2000s, the same pattern is still found, but with substantially larger differences 
between countries (Table 2).

These changes in relative inequalities in mortality between the 1990s and 2000s are 
the result of large differences between educational groups in proportional mortality 
change (see the column for all causes in Tables 3A and 3B). For example, in the case of 
Finnish men, mortality declined 10.7%-points more among the high than among the 
low educated, as mortality declined by 35.9% among the high and 25.2% among the low 
educated. Light grey shading in Table 3 indicates that mortality declined less among the 
low than among the high educated; dark grey shading indicates that mortality actually 
increased among the low educated. The latter is seen for all-cause mortality in Lithuania 
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Figure 1 All-cause mortality among the low and high educated, by country and sex, 1990s and 2000s, (A) 
men, (B) women
Note: Mortality standardized to the European Standard Population. Low = ‘no, primary or lower secondary 
education’ (ISCED 0, 1, 2). High = ‘tertiary education’ (ISCED 5, 6). For full details, including 95% confidence 
intervals, see Table A3 in appendix.
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Table 2 Changes between the 1990s and 2000s in rate ratios (RR) by education for all-cause mortality, by 
country and sex

Country Edu

MEN WOMEN

1990s 2000s 1990s 2000s

RR 95% CI RR 95% CI RR 95% CI RR 95% CI

NORTH

Finland low 1.97 (1.93–2.01) 2.08 (2.03–2.13) 1.59 (1.55–1.64) 1.84 (1.78–1.90)

mid 1.60 (1.57–1.64) 1.61 (1.57–1.65) 1.22 (1.19–1.26) 1.35 (1.30–1.39)

high 1 1 1 1

Sweden low 1.78 (1.75–1.81) 1.90 (1.86–1.94) 1.88 (1.84–1.93) 1.88 (1.83–1.93)

mid 1.42 (1.39–1.44) 1.47 (1.44–1.51) 1.47 (1.43–1.50) 1.42 (1.38–1.46)

high 1 1 1 1

Norway low 1.88 (1.83–1.92) 2.35 (2.27–2.44) 1.76 (1.70–1.82) 2.12 (2.02–2.22)

mid 1.43 (1.40–1.47) 1.63 (1.57–1.68) 1.30 (1.26–1.35) 1.45 (1.38–1.52)

high 1 1 1 1

Denmark low 1.77 (1.73–1.82) 2.00 (1.95–2.06) 1.62 (1.57–1.68) 1.85 (1.79–1.91)

mid 1.46 (1.42–1.50) 1.53 (1.49–1.57) 1.24 (1.20–1.29) 1.34 (1.29–1.39)

high 1 1 1 1

WEST

England & Wales lowa 1.65 (1.51–1.80) 1.55 (1.43–1.69) 1.55 (1.36–1.75) 1.52 (1.36–1.69)

high 1 1 1 1

Belgium low 1.69 (1.65–1.73) 1.86 (1.81–1.92) 1.40 (1.35–1.44) 1.57 (1.51–1.64)

mid 1.30 (1.27–1.34) 1.40 (1.36–1.46) 1.10 (1.06–1.14) 1.25 (1.19–1.31)

high 1 1 1 1

France low 2.23 (2.04–2.44) 2.37 (2.14–2.62) 1.64 (1.42–1.90) 1.80 (1.55–2.09)

mid 1.60 (1.46–1.76) 1.70 (1.54–1.89) 1.17 (1.00–1.36) 1.38 (1.18–1.62)

high 1 1 1 1

Switzerland low 1.95 (1.91–1.98) 2.22 (2.16–2.29) 1.43 (1.38–1.49) 1.54 (1.47–1.63)

mid 1.41 (1.38–1.43) 1.52 (1.48–1.56) 1.11 (1.07–1.15) 1.13 (1.08–1.19)

high 1 1 1 1

SOUTH

Barcelona low 1.51 (1.45–1.57) 1.60 (1.54–1.66) 1.29 (1.20–1.38) 1.40 (1.32–1.49)

mid 1.02 (0.97–1.08) 1.18 (1.12–1.24) 0.83 (0.75–0.91) 1.09 (1.01–1.18)

high 1 1 1 1

Basque Country low 1.49 (1.42–1.57) 1.51 (1.44–1.58) 1.25 (1.14–1.38) 1.39 (1.28–1.51)

mid 1.20 (1.12–1.27) 1.16 (1.10–1.23) 1.12 (1.00–1.26) 1.22 (1.10–1.35)

high 1 1 1 1

Madrid low 1.55 (1.48–1.63) 1.56 (1.49–1.63) 1.37 (1.24–1.50) 1.30 (1.20–1.40)

mid 1.30 (1.22–1.38) 1.27 (1.20–1.35) 1.18 (1.05–1.32) 1.23 (1.11–1.35)

high 1 1 1 1

Turin low 1.58 (1.49–1.67) 1.66 (1.53–1.80) 1.28 (1.17–1.40) 1.22 (1.09–1.36)

mid 1.19 (1.12–1.27) 1.17 (1.07–1.28) 1.09 (0.99–1.21) 1.12 (0.98–1.27)

high 1 1 1 1
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and Estonia only. In other countries, widening relative inequalities in all-cause mortality 
are due to less declines among the low than among the high educated. Among men in 
England and Wales and Barcelona and among women in England and Wales, Madrid and 
Turin, there was more proportional decline in all-cause mortality among the low than 
among the high educated.

However, Tables 3C and 3D show that differences between educational groups in abso-
lute mortality change have often favoured the low educated. For example, in the case 
of Finnish men, mortality declined by 75.3 deaths per 100,000 more among the low 
than among the high educated, as it went down by 361.9 and 286.6 deaths per 100,000, 
respectively. In many populations, including Finland (men only), Sweden, Norway, 
England and Wales, Belgium (men only), France, Switzerland, Barcelona, Basque Country 
(men only), Madrid, and Turin, absolute reductions in mortality have been larger among 
the low than among the high educated. Please note that there is no contradiction be-
tween smaller proportional reductions and larger absolute reductions in mortality: the 
latter also depend on starting levels of mortality which are always higher among the 
low educated.

Cause-specific mortality

A pattern of generally smaller proportional reductions in mortality among the low edu-
cated is found for many specific causes of death, including all cardiovascular disease, 

Table 2 Changes between the 1990s and 2000s in rate ratios (RR) by education for all-cause mortality, by 
country and sex (continued)

Country Edu

MEN WOMEN

1990s 2000s 1990s 2000s

RR 95% CI RR 95% CI RR 95% CI RR 95% CI

EAST

Hungary low 2.35 (2.30–2.39) 3.26 (3.19–3.32) 1.67 (1.62–1.73) 2.09 (2.03–2.16)

mid 0.99 (0.97–1.02) 1.49 (1.46–1.53) 1.27 (1.22–1.32) 1.28 (1.24–1.32)

high 1 1 1 1

Lithuaniab low 2.21 (2.10–2.32) 3.09 (2.96–3.23) 1.61 (1.50–1.73) 2.66 (2.50–2.84)

mid 1.69 (1.60–1.78) 1.97 (1.89–2.06) 1.28 (1.19–1.38) 1.65 (1.55–1.75)

high 1 1 1 1

Estonia low 1.83 (1.75–1.91) 2.61 (2.50–2.72) 1.51 (1.42–1.61) 2.29 (2.17–2.43)

mid 1.44 (1.37–1.51) 2.04 (1.95–2.13) 1.35 (1.26–1.44) 1.77 (1.67–1.88)

high 1 1 1 1

In bold: no overlap in 95% confidence interval (CI) of rate ratio (RR) between 2000s and 1990s
a low and middle educated combined
b age 30–69 years
Edu = education
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Figure 2 Changes between the 1990s and 2000s in population attributable fraction of education for all-
cause mortality, by country and gender, (A) men, (B) women
Note: Population attributable fractions were calculated as (M – Mhigh)/M, in which M = Age-standardized 
mortality rate in the whole population, and Mhigh = Age-standardized mortality rate among the high edu-
cated [26].
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ischaemic heart disease, cerebrovascular disease, all cancer, lung cancer (men only), 
and all other diseases (Tables 3A and 3B). Among men, the main exceptions are liver 
cirrhosis and external causes, for which several countries have experienced increases in 
mortality among the low educated. Among women, mortality has increased among the 
low educated for liver cirrhosis and external causes, and also for lung cancer in many 
countries. Rising all-cause mortality among the low educated in Lithuania and Estonia is 
due to rising mortality from a wide range of causes of death.

As mentioned above, in Northern, Western and Southern Europe absolute reductions 
in all-cause mortality have been larger among the low than among the high educated 
in many countries. This was often due, in large part, to larger absolute reductions for 
cardiovascular disease (Tables 3C and 3D). Among Finnish men, for example, the dif-
ference in decline of mortality between low and high educated was 75.3 deaths per 
100,000 for all-cause mortality, of which 61.3 deaths per 100,000 are accounted for by 
cardiovascular disease mortality. In many countries, other causes of death, mainly can-
cer and all other diseases, contributed as well, but less so among women, which partly 
explains why larger absolute reductions in all-cause mortality among the low educated 
are more clearly and more often seen among men than among women.

Population attributable fractions

Over time, the proportion of higher educated has increased in all populations (Table 
1), and larger inequalities in mortality between educational groups, therefore, do not 
necessarily imply that the population impact of these inequalities has become larger. 
However, as Figure 2 shows, the population attributable fractions have risen somewhat 
in many countries, among men and among women, particularly in Hungary, Lithuania 
and Estonia.

Discussion

Summary of findings

Relative inequalities in premature mortality increased in most populations in the North, 
West and East of Europe, but not in the South. This was mostly due to smaller propor-
tional reductions in mortality among the lower than the higher educated, but in the 
case of Lithuania and Estonia mortality rose among the lower and declined among the 
higher educated. Mortality among the lower educated rose in many countries for condi-
tions linked to smoking (lung cancer, women only) and excessive alcohol consumption 
(liver cirrhosis and external causes). In absolute terms, however, reductions in premature 
mortality were larger among the lower educated in many countries, mainly due to larger 
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absolute reductions in mortality from cardiovascular disease and cancer (men only). 
Despite rising levels of education, population attributable fractions of lower education 
for mortality rose in many countries.

Strengths and limitations

This is the most comprehensive analysis of trends in inequalities in mortality ever 
conducted, covering 13 countries with different socioeconomic and health conditions. 
However, its broad international scope inevitably raises issues of data comparability. 
Despite extensive harmonization efforts, our comparisons between countries and over 
time may be biased by differences in data collection, for example, with regard to study 
design, population coverage, time-periods covered, and data classification. For example, 
in Hungary, Lithuania and Estonia, mortality data were collected in a cross-sectional 
unlinked design. A study comparing cross-sectional unlinked and longitudinal mortality 
data in Lithuania found that the former overestimated inequalities in mortality, but the 
bias was larger at older ages and significantly attenuated when the age limits were set 
to 30–74 years as in our study [28].

There are also differences between countries in population coverage. The most notable 
relate to Spain and Italy, for which only a few urban and relatively prosperous popula-
tions could be included that are not necessarily representative of the whole of Spain or 
Italy. However, studies of the situation in the 1980s, which used national data for Spain 
and Italy from methodologically less-refined sources, also found smaller inequalities 
in mortality there than in other European countries [2, 29], as did recent national-level 
studies from Spain [30] and Italy [31, 32], so there is no reason to think that our study 
misrepresents the situation in these Southern European countries.

Information on education was fairly complete in all countries, and the proportion of 
individuals with missing education ranged between 2% and 6% only. We reclassified 
national educational levels into the ISCED scheme, and this should have removed most 
differences in classification between countries. The main problem in our study concerns 
England and Wales, for which we had to pool together the ‘low’ and ‘mid’ educated be-
cause of the crude educational classification used in the 1990s mortality data. However, 
the sensitivity analysis reported in appendix (Table A4), in which a two-group classifica-
tion was used in all countries, confirms that whereas many other countries experienced 
an increase in relative inequalities in all-cause mortality, England and Wales did not, and 
its absolute inequalities therefore also went down more than elsewhere. It would have 
been useful to add another indicator of socioeconomic position to our analysis, such as 
occupational class or income, but income is generally unavailable in mortality registers, 
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whereas data on occupational class that are comparable between countries and over 
time are available for a small number of countries only [23].

As our analysis has focused on changes over time within countries, between-country 
variations in data collection do not pose a major risk of bias. Potentially more important 
are changes over time in data collection, but these have been minimal (Table 1). The 
main change has been in the length of follow-up and in the classification of person-
years and deaths by age (see Table A2 in appendix). As our adjustment method for the 
latter problem could not be validated for the 1990s, and some uncertainty therefore 
remains concerning the comparability of absolute levels of mortality between the 1990s 
and 2000s, we have restricted analyses of absolute changes to within-country compari-
sons between the low and high educated, which are unlikely to be substantially biased. 
Still, our results require confirmation from national-level studies that are more strictly 
harmonized over time than is feasible in an international comparative study.

Our analysis covers the age group 30–74 years at baseline, and thereby excludes younger 
age groups, and also underrepresents older age groups which currently carry the larg-
est share of the burden of mortality, particularly in Western Europe where average life 
expectancy at birth in the 2000s exceeded 75 years for men and 80 years for women. 
This implies that our results cannot necessarily be generalized to mortality in the whole 
population, and this may also explain discrepancies with the few national studies which 
have followed trends in inequalities in life expectancy into the 2000s and which cover 
a wider age range [9, 11]. In our data, educational inequalities in life expectancy from 
the age of 30 years have increased in most countries, whereas inequalities in partial life 
expectancy between age 30 and 75 have been stable or declined (results not shown).

Interpretation

This is the first study to systematically document and compare trends since the 1990s in 
inequalities in mortality for a larger number of countries. It shows that after the turn of 
the century, relative inequalities have continued to widen in most European countries, 
but that in contrast to previous periods [3] absolute reductions of mortality seem to 
have been larger among the low educated in many countries in the North, West and 
South of Europe. This may announce a future narrowing of the gap in mortality between 
educational groups, but for the time being, rising population attributable fractions 
indicate an increasing, not a diminishing public health problem.

As these larger absolute declines were often partly due to larger absolute reductions in 
mortality from cardiovascular disease, changes in ‘proximate’ determinants of cardio-
vascular disease, such as health-related behaviours (e.g., smoking, diet, exercise) and/



121

Trends in inequalities in premature mortality

Ch
ap

te
r 5

or health care interventions (e.g., hypertension detection and treatment, thrombolytic 
therapy), must have been larger among the low educated. Smoking-related inequalities 
are widening in many European countries [33, 34], so smoking is an implausible explana-
tion. A recent narrowing of absolute inequalities in cardiovascular disease mortality has 
previously been reported for England [35], and has more likely been caused by an even 
distribution of treatment benefits [35] than of risk factor changes [36]. It is unlikely, on 
the other hand, that England’s more favourable trends are related to its national policy 
to tackle health inequalities because the latter has not had clear population-wide effects 
[6, 37, 38].

Southern Europe presents a partly different pattern. Inequalities in mortality are smaller 
than elsewhere, and the relative gap has also widened less over time, as has been shown 
before for Barcelona [39]. Part of the explanation for smaller inequalities in mortality 
in Southern Europe is that inequalities in mortality from smoking-related and alcohol-
related conditions, and from conditions amenable to medical intervention are relatively 
small, particularly among women [23]. Despite rising mortality from lung cancer among 
low educated women, and from liver cirrhosis among low educated men, Barcelona, the 
Basque Country, Madrid and Turin have been able to strengthen their favourable posi-
tions because differences in mortality decline between the low and high educated often 
were smaller than in other countries (Tables 3A and 3B). Further study of downstream 
and upstream determinants of inequalities in mortality in Southern Europe may help to 
better exploit this ‘good practice’ for mutual learning.

Inequalities in mortality in Eastern Europe have exploded during the study period, and 
in Lithuania and Estonia this was not due to differential mortality decline, as in other 
parts of Europe and in Hungary, but to a combination of rising mortality among the low, 
and declining mortality among the high educated [13]. The same has been observed 
in Russia [40]. It is likely that these unfavourable developments were caused by the 
economic crisis and the subsequent economic reforms that followed the collapse of the 
Soviet Union. In the early 1990s, Estonia and Lithuania experienced large declines in 
national income and large increases in unemployment rates, and more so than Eastern 
European countries that had not been part of the Soviet Union [13]. Our results point 
to the important contribution of mortality from external causes to the widening gap in 
all-cause mortality in these two countries (Table 3), which suggests a mediating role of 
excessive alcohol consumption. Migration patterns (e.g., selective emigration of higher 
educated and relatively healthier persons towards the West) may also have played a role.
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Conclusions

Relative inequalities in premature mortality have continued to rise in most European 
countries, and since the 1990s the contrast between the South (with smaller inequali-
ties) and the East (with larger inequalities) has become stronger. While the population 
impact of these inequalities has further increased, there are also some encouraging 
signs of larger absolute reductions in mortality among the lower educated in many 
countries. Reducing inequalities in mortality critically depends upon speeding up 
mortality declines among the lower educated, and countering mortality increases from 
conditions linked to smoking and excessive alcohol consumption such as lung cancer, 
liver cirrhosis and external causes.
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Table A1 ICD codes of causes of death selected for the analysis

Causes of death ICD-9 codes ICD-10 codes

Ischaemic heart disease 410–414 I20–I25

Cerebrovascular disease 430–438 I60–I69

Lung cancer 162a C33–C34a

Liver cirrhosisb 571.0–571.3, 577.0–577.1c K70, K85–K86.0c

Road traffic accidents E800–E829d V01–V89, Y85d

Cardiovascular diseases 390–459 I00–I99

Cancer 140–239 C00–D48

Other diseases Rest (001–799) Rest (A00–R99)

External causes E800–E999 V01–Y98

a 162–163, 165 (ICD-9) and C33–34, C39 (ICD-10) in most studies in the 1990s
b Alcoholic cirrhosis of liver and pancreas
c Not available for Estonia and Lithuania
d In Barcelona, England and Wales, Estonia and Lithuania, road traffic accidents were combined with other 
traffic accidents coded as E800–E848 (ICD-9) and V01–V99, Y85 (ICD-10)

Appendix
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Table A2 Data design and length of follow-up of Eurothine (1990s) and EURO-GBD-SE (2000s) datasets, 
with a note on the method of adjustment for age at baseline

Country
Eurothine (1990s) EURO-GBD-SE (2000s)

Design Follow-up (years) Design Follow-up (years)

Finland age at baseline 10 age at death 7

Sweden age at baseline 10 age at baseline 6

Norway age at baseline 10 age at baseline 5

Denmark age at baseline 5 age at baseline 5

England & Wales age at baseline 5.5 age at death 5

Belgium age at baseline 5 age at baseline 2

France age at baseline 10 age at death 6

Switzerland age at baseline 10 age at baseline 5

Barcelona repeated CS 7 repeated CS 7

Basque Country age at death 5 age at death 5

Madrid age at death 1.5 age at death 1.5

Turin age at baseline 10 age at death 5

Hungary CS unlinked 4 CS unlinked 4

Lithuania CS unlinked 3 CS unlinked 3

Estonia CS unlinked 5 CS unlinked 5

Note: In longitudinal studies with classification by age at baseline, people are not allowed to move into 
the next age category as they grow older, and therefore age-specific mortality estimates obtained in these 
studies will be upwardly biased as compared to studies with classification by age at death. This upward 
bias will be larger with longer follow-up periods (and is generally absent in cross-sectional (CS) studies). For 
longitudinal studies with classification by age at baseline we therefore developed an adjustment method 
based on the proportion of person-years spent outside the correct age interval and the observed increase 
of the death rate by age. This method was validated with 2000s mortality data for three countries that could 
provide both data classified by age at baseline and age at death (Finland, France, and Sweden), and was 
found to work satisfactorily [27]. As we did not have 1990s mortality data classified both by age at baseline 
and age at death, we could not directly validate this method for this time-period in which length of follow-
up was generally larger. We were, however, able to compare our adjusted results with data from the Human 
Mortality Database (http://www.mortality.org/), and again found the method to work well, although the 
upward bias could not completely be removed for countries with long follow-up periods. We therefore 
restrict analyses of changes in absolute levels of mortality between the 1990s and 2000s to within-country 
comparisons of low and high educated, which are unlikely to be substantially biased, because the upward 
bias will have roughly the same effects on the low and high educated within a single country.
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Table A3 Age-standardized mortality rates (per 100,000 person-years), by country, educational group, 
time-period and sex, 30–74 years

Country Edu

MEN WOMEN

1990s 2000s 1990s 2000s

ASMR 95%-CI ASMR 95%-CI ASMR 95%-CI ASMR 95%-CI

NORTH

Finland low 1,438 (1,428–1,447) 1,076 (1,065–1,086) 613 (608–618) 490 (483–496)

mid 1,158 (1,143–1,173) 808 (796–819) 471 (463–480) 340 (333–347)

high 798 (784–812) 511 (501–522) 399 (389–409) 260 (253–267)

Sweden low 944 (938–949) 754 (747–761) 531 (527–534) 469 (464–474)

mid 745 (739–751) 573 (566–579) 409 (405–414) 344 (340–349)

high 537 (528–546) 396 (388–404) 285 (279–291) 246 (240–252)

Norway low 1,254 (1,243–1,265) 888 (873–903) 630 (624–636) 503 (493–513)

mid 939 (930–948) 595 (586–605) 458 (452–464) 333 (327–340)

high 676 (662–689) 381 (369–392) 359 (347–370) 241 (231–251)

Denmark low 1,142 (1,130–1,154) 1,040 (1,028–1,052) 708 (700–715) 654 (646–662)

mid 940 (928–953) 793 (782–803) 540 (529–551) 472 (463–481)

high 657 (642–673) 534 (521–547) 443 (430–457) 362 (351–373)

WEST

England & Wales lowa 947 (924–971) 728 (707–748) 552 (536–568) 468 (453–484)

high 583 (536–631) 472 (434–510) 357 (314–401) 307 (276–338)

Belgium low 1,035 (1,028–1,042) 846 (836–855) 485 (481–490) 424 (418–430)

mid 799 (786–812) 633 (618–648) 382 (372–391) 336 (325–347)

high 628 (615–642) 461 (448–474) 353 (342–364) 274 (263–284)

France low 1,099 (1,074–1,124) 939 (908–971) 413 (400–425) 369 (353–385)

mid 803 (771–835) 671 (642–700) 303 (281–325) 280 (259–300)

high 509 (466–552) 412 (374–451) 251 (216–285) 220 (190–251)

Switzerland low 1,283 (1,271–1,295) 834 (819–850) 505 (501–510) 365 (358–371)

mid 895 (887–902) 549 (542–557) 390 (385–395) 259 (244–274)

high 647 (637–656) 368 (359–376) 352 (339–365) 235 (224–246)
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Table A3 Age-standardized mortality rates (per 100,000 person-years), by country, educational group, time-period and 
sex, 30–74 years (continued)

Country Edu

MEN WOMEN

1990s 2000s 1990s 2000s

ASMR 95%-CI ASMR 95%-CI ASMR 95%-CI ASMR 95%-CI

SOUTH

Barcelona low 910 (897–922) 777 (765–789) 349 (343–356) 303 (297–309)

mid 620 (597–644) 576 (556–596) 220 (205–236) 239 (225–252)

high 606 (584–627) 485 (469–501) 285 (267–303) 221 (209–233)

Basque Country low 824 (812–836) 759 (747–770) 302 (296–309) 285 (279–292)

mid 691 (663–718) 597 (575–619) 270 (249–291) 253 (235–270)

high 587 (558–615) 525 (503–548) 252 (230–274) 232 (215–249)

Madrid low 979 (962–996) 861 (846–876) 371 (362–379) 326 (319–334)

mid 866 (828–903) 721 (693–750) 324 (300–348) 313 (293–332)

high 661 (631–692) 576 (552–600) 287 (262–313) 257 (238–276)

Turin low 1,089 (1,073–1,105) 678 (662–695) 516 (507–525) 322 (312–332)

mid 836 (806–866) 472 (448–496) 442 (419–464) 293 (273–313)

high 705 (668–742) 404 (373–434) 397 (361–432) 270 (241–299)

EAST

Hungary low 2,426 (2,414–2,438) 2,424 (2,411–2,437) 949 (943–955) 872 (866–878)

mid 1,515 (1,494–1,535) 1,128 (1,117–1,139) 868 (852–884) 525 (517–533)

high 1,039 (1,020–1,059) 728 (714–741) 598 (578–618) 461 (447–474)

Lithuaniab low 1,622 (1,599–1,644) 2,315 (2,281–2,350) 640 (628–651) 924 (903–945)

mid 1,233 (1,205–1,260) 1,367 (1,344–1,389) 488 (472–504) 444 (432–455)

high 787 (749–824) 678 (651–705) 401 (374–427) 274 (259–289)

Estonia low 2,014 (1,985–2,044) 2,567 (2,528–2,606) 831 (816–846) 1,053 (1,031–1,075)

mid 1,621 (1,584–1,658) 1,904 (1,871–1,936) 722 (702–742) 694 (678–710)

high 1,200 (1,150–1,249) 931 (895–968) 554 (521–586) 395 (375–416)

a low and  mid educated combined
b age 30–69 years
ASMR = age-standardized mortality rate, 95%-CI = 95% confidence interval
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Table A4 Sensitivity analysis: effect of combining low and mid educated in one group. Rate Ratios (RR) of 
low-mid vs. high educated, 1990s and 2000s, 30–74 years

Country Education

MEN WOMEN

1990s 2000s 1990s 2000s

RR 95%-CI RR 95%-CI RR 95%-CI RR 95%-CI

NORTH

Finland low-mid 1.87 (1.83–1.90) 1.89 (1.85–1.93) 1.48 (1.44–1.53) 1.62 (1.57–1.67)

high 1 1 1 1

Sweden low-mid 1.63 (1.60–1.66) 1.68 (1.64–1.72) 1.71 (1.67–1.75) 1.63 (1.59–1.67)

high 1 1 1 1

Norway low-mid 1.64 (1.61–1.67) 1.87 (1.81–1.93) 1.53 (1.48–1.59) 1.68 (1.61–1.76)

high 1 1 1 1

Denmark low-mid 1.63 (1.59–1.68) 1.76 (1.72–1.81) 1.50 (1.45–1.55) 1.65 (1.60–1.70)

high 1 1 1 1

WEST

England & Wales low-mid 1.65 (1.51–1.80) 1.55 (1.43–1.69) 1.55 (1.36–1.75) 1.52 (1.36–1.69)

high 1 1 1 1

Belgium low-mid 1.61 (1.57–1.65) 1.74 (1.69–1.79) 1.34 (1.30–1.39) 1.48 (1.42–1.55)

high 1 1 1 1

Switzerland low-mid 1.58 (1.56–1.61) 1.70 (1.66–1.74) 1.27 (1.22–1.32) 1.28 (1.22–1.35)

high 1 1 1 1

SOUTH

Barcelona low-mid 1.57 (1.50–1.63) 1.50 (1.45–1.56) 1.39 (1.29–1.49) 1.34 (1.26–1.42)

high 1 1 1 1

Basque Country low-mid 1.44 (1.36–1.51) 1.43 (1.37–1.50) 1.23 (1.12–1.35) 1.35 (1.24–1.46)

high 1 1 1 1

Madrid low-mid 1.50 (1.43–1.58) 1.50 (1.43–1.57) 1.34 (1.22–1.47) 1.28 (1.18–1.39)

high 1 1 1 1

Turin low-mid 1.51 (1.43–1.59) 1.53 (1.41–1.66) 1.25 (1.14–1.37) 1.19 (1.07–1.33)

high 1 1 1 1

EAST

Hungary low-mid 2.00 (1.96–2.04) 2.51 (2.47–2.56) 1.58 (1.53–1.64) 1.79 (1.73–1.84)

high 1 1 1 1

Lithuaniaa low-mid 2.00 (1.90–2.10) 2.42 (2.33–2.53) 1.47 (1.37–1.58) 1.99 (1.87–2.11)

high 1 1 1 1

Estonia low-mid 1.68 (1.61–1.75) 2.31 (2.22–2.41) 1.44 (1.36–1.54) 1.99 (1.88–2.10)

high 1 1 1 1

In bold: no overlap in 95%-CI of RR between 2000s and 1990s
a 30–69 years
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Abstract

Background

Socioeconomic differences in health are a major challenge for public health. However, 
realistic estimates to what extent they are modifiable are scarce. This problem can be 
met through the systematic application of the population attributable fraction (PAF) to 
socioeconomic health inequalities.

Methods

The authors used cause-specific mortality data by educational level from Belgium, Nor-
way and Czech Republic and data on the prevalence of smoking, alcohol, lack of physical 
activity and high body mass index from national health surveys. Information on the 
impact of these risk factors on mortality comes from the epidemiological literature. The 
authors calculated PAFs to quantify the impact on socioeconomic health inequalities 
of a social redistribution of risk factors. The authors developed an Excel tool covering 
a wide range of possible scenarios and the authors compared the results of the PAF 
approach with a conventional regression.

Results

In a scenario where the whole population gets the risk factors prevalence currently seen 
among the highly educated inequalities in mortality can be reduced substantially. Ac-
cording to the illustrative results, the reduction of inequality for all risk factors combined 
varies between 26% among Czech men and 94% among Norwegian men. Smoking has 
the highest impact for both genders, and physical activity has more impact among 
women.

Conclusions

After discussing the underlying assumptions of the PAF, the authors concluded that 
the approach is promising for estimating the extent to which health inequalities can be 
potentially reduced by interventions on specific risk factors. This reduction is likely to 
differ substantially between countries, risk factors and genders.
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Introduction

Inequalities in health between socioeconomic groups are increasingly recognized as one 
of the main challenges for health policy [1]. Studies from Europe have shown that health 
inequalities are substantial but that there are important variations between countries in 
the magnitude of health inequalities [2-4], suggesting great scope for reducing health 
inequalities. However, it is currently unknown to what extent they are actually modifi-
able, which is a  serious barrier for effective policy making, because it hinders priority 
setting and the formulation of realistic quantitative targets.

We know that inequalities in risk factors between socioeconomic groups are larger in 
some countries than in others and that countries with smaller inequalities in risk factors 
have smaller inequalities in mortality [4]. Until recently, however, methods to quantify 
the impact of changing risk factor distributions have not been applied to proximate 
risk factors and social inequalities in health. We do that by linking risk factors to health 
outcomes through the population attributable fraction (PAF). The PAF, first introduced 
for a single dichotomous risk factors [5], has since been used to quantify the contribu-
tion of risk factors to disease burden, also for multiple and continuous risk factors, and 
for comparative risk assessment as input for public health interventions [6-9].

We demonstrate how the PAF can be applied to socioeconomic inequalities in mortality 
on the basis of a counterfactual scenario using example data from three European coun-
tries. The scenario implies that the prevalence of four risk factors, single and combined, 
is reduced to the level currently seen among the highest educated. This scenario is first 
analysed for its impact on mortality and consequently in terms of its impact on educa-
tional differences in mortality in order to show the usefulness of the proposed method 
and the potential for reduction of health inequalities.

Data

To illustrate our approach, we use data that have previously been collected for the 
Eurothine project [4]. It allows differentiation by gender, five age groups (30–44, 45–59, 
60–69, 70–79 and 80+), three educational groups (ISCED 0–2, ISCED 3–4, ISCED 5–6), 
all-cause mortality and three causes of death (ischaemic heart disease, cerebrovascular 
disease and lung cancer) for Norway, Belgium and the Czech Republic. These countries 
have different welfare arrangements [10] and differ by educational structure as well as 
in the prevalence of risk behaviours (Table A1 in appendix).
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The data needed for calculating PAF are (1) prevalence data and (2) mortality rate ratios 
(RRs) for all categories of the risk factors: information on risk factor prevalence is based 
on national health surveys from Belgium (1997), Norway (2002) and the Czech Republic 
(2002), and mortality data were obtained from the national statistical offices of Belgium 
(1991–1995), Norway (1990–2000) and Czech Republic (1999–2003). All data sets are 
harmonized for international comparability, that is, categories of risk factors are made 
comparable as far as possible [11]. The RRs are gender and age specific and come from 
systematic reviews with statistical meta-analysis (Table A2 in appendix) [12, 13]. The 
relative risks are assumed to be the same for all countries.

Methods

We adapt the PAF in order to estimate the impact of counterfactual distributions of risk 
factors on the magnitude of health inequalities. The PAF is an estimate of the proportion 
of a population health outcome that would be reduced if exposure to a risk factor were 
changed (equation 1 in Box 1) [14-17]. We calculate the PAF for four proximate risk fac-

Box 1: Population Attributable Fraction

Equation 1

PAF =
∑
n

i=1 
PiRRi - 

 
∑
n

i=1 
Pi’RRi

∑
n

i=1 
PiRRi 

n = number of exposure categories
Pi = proportion of population currently in the ith exposure category
P´i = proportion of population in the ith exposure category in the counterfactual scenario
RRi = relative risk of disease-specific mortality for the ith exposure category

Many diseases are cause by multiple risk factors. In order to estimate the combined impact of 
more than one risk factor on the occurrence of mortality, equation 2 is used to calculate an at-
tributable fraction that takes into account multicausality [17].

Equation 2

PAF=1−∏
n

i=1
(1−PAFi)

PAFi = the proportion of the disease preventable by reducing exposure to the ith risk factor.
The product of all (1 – PAFi) represents the fraction of disease not preventable through interven-
tions on any of the n risk factors.
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tors separately and combined. This impact is analysed separately for each educational 
group and then combined in order to calculate the scenario´s impact on mortality in the 
total population and on mortality differences between educational groups.

In order to obtain accurate estimates of the impact of our scenario on inequalities in 
mortality, we stratified the analysis by gender, age and cause of death. For example, 
there are substantial differences between men and women in how educational status 
relates to health [18] and in the determinants of educational inequalities in health [19]. 
Also, the impact of risk factors on mortality is different at different ages and according 
to different causes of death [20, 21]. The age-specific results (not shown) are used to 
calculate PAFs for all ages by summing up the saved deaths over age categories.

Results

The impact of the scenarios will be addressed in two ways: first by calculating the PAF 
showing the reduction in mortality achieved by a social redistribution of risk factors and 
second, the impact of such redistribution on inequality in mortality.

The potential avoidance of deaths in the total population

Table 1 presents estimates of the expected decrease of cause-specific and all-cause 
mortality, given that the exposure to physical activity, alcohol, smoking and body mass 
index (BMI) would change to the level among the higher educated.

A change in the exposure of all risk factors would cause the largest reduction of all-cause 
mortality among Norwegian men (16.9%) for which smoking seems to contribute the 
most (10.6%). However, looking at Belgian women, the overall PAF of all-cause mortal-
ity is only 7.1 in which smoking and alcohol do not contribute much (1.4% and 0.2%, 
respectively). In order to understand these results, it is noteworthy that the magnitude 
of the PAF depends on two components: first, the difference in prevalence between 
educational groups and second, the impact of a risk factor on mortality. Smoking seems 
to be most important for men, while for women, physical inactivity is most important 
(except for the Czech Republic).

The potential reduction of inequalities in mortality between educational groups

Table 2 shows how our scenario reduces inequality in all-cause mortality, and Table 3 
shows the same for three single causes of death. In both tables, we first present original 
mortality RRs for educational groups, with the highest educational group as the refer-
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Illustration of a method based on population attributable fraction
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Illustration of a method based on population attributable fraction
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ence group, and second, scenario RRs with percentage reduction of inequality. The 
scenario RRs result from reducing the original levels of mortality in each educational 
group by the PAF values presented in Table 1.

The reduction of inequality is expressed in percentages, that is, how much the excess 
mortality (RR-1) is reduced. Increasing the level of physical activity has a compara-
tively large effect in Norway. The resulting reduction of inequality is 17% and 20% for 
Norwegian men and women, respectively. A similar change in the pattern of alcohol 
consumption would hardly alter the RRs. However, a change in the smoking pattern 
seems to be associated with a large decrease of inequality in some countries and mainly 
with respect to Norwegian men where a 44% reduction of inequality is observed. This 
substantial reduction occurs because the social smoking gradient is particularly high 
among Norwegian men and even more so in the higher ages where most deaths occur. 
With regard to the scenario RRs of BMI, it seems that inequalities in health would be 
reduced only modestly by a redistribution of BMI but still slightly more than for alcohol. 
The combined impact of all four risk factors would reduce inequalities in health in all 
countries, particularly for men but still substantial for women. Reductions of inequality 
between lowest and highest educated groups are between 26% (Czech men) and an 
almost total elimination of inequalities among Norwegian men (94%). With regard to 
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Figure 1 The potential reduction of health inequalities given the scenario that all educational groups have 
the same behaviour as the higher educated in terms of physical activity, alcohol consumption, smoking 
and body mass index
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the cause-specific results in Table 3, we see that the scenario on physical activity has an 
almost equal impact on inequality in ischaemic heart disease and cerebrovascular dis-
ease, alcohol on ischaemic heart disease, smoking on lung cancer and BMI on ischaemic 
heart disease.

Figure 1 provides a graphical presentation of the impact of our scenario on social in-
equality in all-cause mortality. It presents the excess mortality of the low compared with 
the high educated in per cent (y-axis), and this for the original RRs (real) and the adjusted 
RRs (scenario). The graphical presentation confirms the results described above suggest-
ing that inequalities in all-cause mortality can potentially be reduced substantially in all 
countries for both men and women by a redistribution of the four risk factors. In the case 
of Norwegian men, this scenario may be sufficient to almost eliminate social inequality 
in mortality.

Discussion

We have shown how the PAF approach can be used to calculate the impact of changes 
in the social distribution of proximate risk factors, first on mortality and second on the 
magnitude of socioeconomic inequalities in mortality in different countries. The fraction 
of all-cause mortality preventable by a redistribution of physical activity, alcohol con-
sumption, smoking and BMI to the level observed among the higher educated is typi-
cally above 10% for men and below 10% for women. There are large variations between 
countries, gender and risk factors, Norwegian men being the group with the highest 
fraction of avoidable deaths, mainly due to smoking. Inequalities in all-cause mortality 
can potentially be reduced for both men and women by a redistribution of risk factors 
by education but in most cases not sufficiently to totally eliminate them. Although the 
highest inequality in mortality exists in the Czech Republic, we see the highest potential 
reduction in Norway due to a higher impact of physical activity and smoking.

Although not exactly comparable, other studies show results of a similar order of mag-
nitude: levelling both smoking behaviour and physical activity could reduce inequality 
in mortality by 25% for men and women combined in the Netherlands [22] and smok-
ing behaviour alone reduces inequality by 32% in England [23]. Laaksonen et al. [24] 
show that levelling physical activity could reduce inequality for both lowest and middle 
educated by 14% among men and 9% among women and levelling smoking behav-
iour reduces inequality for the lowest educated by 28% among men and 22% among 
women. It should be mentioned that our choice of the highest socioeconomic group as 
the counterfactual prevalence implies that the percentage reduction in the excess RR 
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will be the same as that in the absolute mortality rate. This would not be the case if an 
even more optimistic scenario was used, for example, total elimination of smoking. In 
the following, we will discuss specific limitations of our study, assumptions inherent to 
the PAF methodology and a comparison of the PAF approach to a regression analysis.

Limitations

First, the categories used in the prevalence data and the categories for which the RRs 
are found in the literature sometimes differed between countries and could not always 
be perfectly harmonized. Second, we used risk factor data that were measured at the 
same time or after the mortality data were registered. Ideally, the mortality outcome 
would be measured after the risk factor, including a risk factor-specific latency time. 
Depending on the trend of social differences in risk factor prevalence by country and 
risk factor, our PAFs may be overestimated or underestimated. We made sensitivity 
analyses based on Norwegian data from the cross-sectional Health Surveys conducted 
by Statistics Norway in 1975, 1985, 1995, 1998, 2002 and 2005. Overall, the trends in risk 
factors between 1975 and 2005 were similar between educational levels. Among men, 
social difference in alcohol consumption slightly widened, while they narrowed among 
women. In the first case, our PAF estimates would be too high and in the second too 
low. On the contrary, social differences in physical activity narrowed among men and 
widened among women. Finally, social differences in smoking behaviour increased, also 
implying an overestimation of the PAF estimates. However, most of these differences 
were marginal. By far the most differential trend occurred for smoking among women 
where the prevalence of persons who do not smoke daily decreased by 1.7% for low 
educated and increased by 5.2% for high educated every 10 years. A similar exercise 
with Belgian data of ever/never-smokers by birth cohort revealed similar trends for 
different educational groups. Because this problem in principle limits the substantial 
interpretation of the results [25], we would like to stress that this article is driven by 
illustrative purposes on how to apply the PAF method to socioeconomic differences in 
mortality. Third, for the same reason, we also did not calculate CIs for the results. This 
would be possible by calculating SEs for the normal distributions of log-rate-ratios and 
for the multinomial distributions of prevalences, using number of deaths and sample 
sizes, respectively. Given the necessary background data, one could obtain the SE and 
CIs of the resulting PAF distribution with bootstrapping. However, data gathering and 
computational effort are beyond the scope of this article.

The first fundamental assumption of the PAF approach is that the relative risks used in 
the PAF calculation accurately reflect the causal effects of the risk factors on mortality [7, 
9]. We consider the assumption of causality from the proximate risk factor to mortality 
to be unproblematic because we relied on systematic reviews that have tried to filter out 
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the causal relationship between risk factors and mortality. For example, the relative risks 
collected by the GBD study were adjusted for correlation between risk factors, confound-
ing and mediation [26]. The more uncertain causality from education to risk factors does 
not have to be assumed here because we simply show the effect of redistributing risk 
factors but we do not interpret our results as an explanation of health inequalities.
Second, the relative risks for the proximate risk factors are assumed to be the same for 
all three countries [8]. This assumption is necessary for practical reasons, simply because 
there are no high-quality literature reviews on the impact of risk factors for each country. 
Here again, we rely on the Global Burden of Disease project. There is an increasing body 
of evidence stating that, when the metric of exposure is comparable, the RRs are similar 
across populations in different world regions [26].

Third, the relative risks of the proximate risk factors are assumed to be the same for all 
educational groups. Whether a RR of, for example, smoking can be regarded as a biologi-
cal constant or whether the impact of smoking differs between socioeconomic groups is 
still an open question [27]. Evidence from the Whitehall II study suggests that smoking 
is more harmful for those placed lower in the social hierarchy [28], and evidence from 
New Zealand shows that the impact of smoking on mortality varies over time and by 
ethnicity [29] but again there is no systematic data on how the impact of proximate risk 
factors differs by socioeconomic group.

Finally, the multicausal relationship in equation 2 is based on the assumption that expo-
sures to risks are uncorrelated. In the present paper, we can account for the correlation 
with education by stratifying the analysis by educational group. Equation 2 also assumes 
that the effect of one risk factor is not mediated through another risk factor [30]. In 
reality, it is likely that changing the distribution of one risk factor will also affect the 
distribution of other risk factors. As noted above, this potential bias has been partly cor-
rected by adjusted RRs. For the close relation between physical activity and BMI, there 
remains uncertainty whether all bias has been removed because we had to use RRs from 
several studies (Table A2 in appendix) using different correction methods.

The PAF approach compared with the conventional regression approach

The research questions of this study may also be addressed with other methods, such 
as regression analysis [19]. We therefore find it important to evaluate whether the PAF 
approach differs from a conventional Poisson regression in the quantification of the 
impact of a risk factor on social inequality in mortality. The cohort study GLOBE [31] 
provides individual data that can be exploited for a regression analysis as well as for the 
PAF calculation explained above. The categories for the variables are the same as in our 
PAF calculation above. Table 4 includes (1) the current situation (first three rows with 
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Table 4 Contribution of differential health behaviour to educational differences in mortality in a compari-
son between Poisson regression and the population attributable fraction (PAF) approach

Regression approach PAF approach

Educational level Mortality rate ratios 
between educational 
groups

Mortality rates
(per 100.000)

Mortality rate ratios 
between educational 
groups

Empty model At onset At onset

low 1.724 1496.4 1.724

middle 1.348 1169.9 1.348

high 1 868.1 1

PAF values

low 0.021

middle 0.010

high 0

Adjusted for smoking Scenario 1: smoking behaviour is as among the High educated 
(mortality rates are reduced by the PAF values from above

low 1.687 1464.3 1.687

middle 1.334 1158.0 1.334

high 1 868.1 1

PAF values

low 0.216

middle Smoking 0.200

high 0.186

low 0.140

middle BMI 0.126

high 0.109

low 0.485

middle Physical activity 0.441

high 0.419

low 0.653

middle 3 risk factors combined 0.609

high 0.578

Adjusted for smoking, 
BMI and physical 

activity and all 
interactions

Scenario 2: all three risk factors are eliminated (mortality rates 
are reduced by the PAF values for three risk factors combined 

from above)

low 1.454 519.3 1.418

middle 1.380 457.2 1.249

high 1 366.2 1

Data source: GLOBE study [31] (n = 13,804)
BMI = body mass index
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data), (2)  a  scenario where the smoking prevalence of the high educated is assumed 
for the whole population and (3) a scenario where the risk factors smoking, high BMI 
and low physical activity are completely eliminated. The left part of Table 4 contains the 
regression results: we first estimate the effect of education on mortality. Then, we adjust 
for smoking status in order to show how much levelling social differences in smoking 
would change social inequality in mortality. By controlling for smoking inequality in 
mortality between the highest and the lowest educational group decreases from 1.72 
to 1.69. The right part of Table 4 shows the PAF approach: mortality rates and PAF values 
for the three educational groups, and below the mortality rates and RRs. For the first 
scenario where only the risk factor smoking is involved, the results of the PAF approach 
are the same as from the regression (1.72 and 1.69).

In the first scenario, the results of the two approaches are the same if and only if we 
use the RR for the impact of smoking from a regression that controls for education. The 
second scenario where all three risk factors are eliminated is equivalent to a regression 
model where the interaction of each risk factor with education and all two-way interac-
tions are included. For this scenario, we see that the results from the PAF approach differ 
from the regression. This is because the combined effect of several risk factors in the 
PAF approach is calculated with equation 2, which assumes that risk factors are uncor-
related and that there is no mediation. This assumption has been discussed above, and 
the comparison in Table 4 shows the magnitude of the resulting bias in a real data set.

The main advantage of the PAF approach is that it can combine data from different 
sources, while a regression necessarily measures the risk exposure and the outcome in 
the same sample. This is not an advantage as such, but in many situations, country-
specific data on both exposure and impact are not available. Moreover, results from large 
literature reviews (as used in our study) might be more accurate than small national sur-
veys. The second advantage is that the PAF approach can address many scenarios where 
both prevalences and RRs are changed to any possible value in a straightforward way, 
while comparable regression results can only be obtained using a complex structure of 
dummy variables.

Conclusions

We show how the PAF methodology, which previously has only been used to calculate 
the contribution of risk factors to overall levels of health, can be systematically applied to 
socioeconomic inequalities in health. The results are similar to a conventional regression 
but the data requirements are much easier to meet, which facilitates comprehensive 
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comparative studies across many countries. Our analysis shows the extent to which 
health inequalities can realistically be reduced by interventions on proximate risk fac-
tors. Such interventions may have targets that are more or less ambitious than the ones 
we have assumed here, but for policy setting, it is crucial to know the gender, country 
and risk factor-specific effects on health inequality.
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Appendix

Table A1 Prevalence (in %) of education and four proximate risk factors by country, gender, age and educa-
tional group (Belgium, Czech Republic and Norway)

BELGIUM
MEN WOMEN

30-44 45-59 60-69 70-79 80+ 30-44 45-59 60-69 70-79 80+

Education low 47.9 64.4 76.0 81.1 84.9 49.5 70.9 82.8 88.5 91.4

middle 29.4 19.8 14.4 10.4 7.4 27.9 17.3 11.2 6.7 5.0

high 22.7 15.8 9.6 8.5 7.7 22.6 11.8 6.0 4.8 3.7

PA categories

low edu no 37.4 40.4 33.1 49.8 66.4 50.0 41.9 47.1 64.1 82.4

little 42.2 43.9 49.8 39.5 28.9 44.6 50.5 45.2 32.4 16.3

much 20.3 15.6 17.1 10.7 4.6 5.4 7.6 7.8 3.5 1.3

mid edu no 29.1 30.0 25.0 35.1 47.7 34.4 32.8 38.0 46.7 30.4

little 43.3 50.5 57.1 55.4 52.3 55.3 57.5 54.1 49.7 69.6

much 27.6 19.6 17.9 9.5 0.0 10.3 9.7 7.9 3.6 0.0

high edu no 18.4 22.6 26.8 40.3 66.0 27.1 26.8 21.9 54.4 71.1

little 55.5 57.6 51.7 45.3 26.0 61.2 59.2 69.4 40.8 23.7

much 26.0 19.8 21.5 14.4 8.0 11.6 13.9 8.8 4.9 5.3

Alcohol categories

low edu DIII 11.0 6.1 5.2 2.7 2.1 2.6 3.4 2.4 1.2 0.4

DII 6.7 7.7 5.4 3.6 2.8 12.0 13.1 8.0 6.9 5.7

DI 45.5 51.0 50.4 47.6 44.1 22.9 28.6 21.2 20.5 24.6

no 36.8 35.2 39.1 46.1 51.0 62.5 54.9 68.4 71.5 69.4

mid edu DIII 8.4 7.1 2.4 5.0 0.0 2.6 3.2 2.6 2.0 0.0

DII 5.5 8.5 8.2 9.9 2.7 14.1 20.6 18.9 15.5 2.5

DI 57.4 60.2 58.0 55.3 48.6 32.0 38.4 35.6 35.8 32.5

no 28.6 24.2 31.4 29.8 48.6 51.3 37.8 42.9 46.6 65.0

high edu DIII 3.9 5.7 7.1 3.1 4.3 1.9 5.9 3.4 2.1 0.0

DII 5.9 9.6 8.7 5.5 2.2 16.8 22.8 18.5 17.5 2.9

DI 64.5 66.4 60.2 63.3 54.3 45.2 38.3 37.7 27.8 38.2

no 25.6 18.2 24.0 28.1 39.1 36.1 33.0 40.4 52.6 58.8

Smoking categories

low edu smoker 54.6 44.3 25.3 22.2 8.8 41.8 28.4 13.1 5.5 4.0

non-smoker 45.4 55.7 74.7 77.8 91.2 58.2 71.6 86.9 94.5 96.0

mid edu smoker 41.4 39.6 25.8 16.4 15.4 33.5 28.7 12.3 10.5 4.8

non-smoker 58.6 60.4 74.2 83.6 84.6 66.5 71.3 87.7 89.5 95.2

high edu smoker 29.7 33.2 20.1 18.7 16.3 22.5 24.6 16.5 7.8 0.0

non-smoker 70.3 66.8 79.9 81.3 83.7 77.5 75.4 83.5 92.2 100.0
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BMI categories

low edu 30+ 13.2 19.8 19.3 15.3 4.8 15.5 21.0 20.2 20.3 11.7

25-30 39.2 46.9 46.4 43.5 35.9 25.6 32.0 39.5 36.2 25.4

-25 47.6 33.3 34.3 41.2 59.3 58.9 47.0 40.3 43.6 62.9

mid edu 30+ 12.2 14.8 19.4 9.9 8.7 7.8 13.2 14.6 12.2 4.3

25-30 38.2 46.3 46.0 48.5 34.8 22.8 27.9 34.4 35.4 32.6

-25 49.6 38.9 34.6 41.5 56.5 69.4 58.9 51.0 52.4 63.0

high edu 30+ 7.2 11.8 11.1 10.6 2.0 4.3 8.2 8.2 11.9 6.1

25-30 33.7 46.0 47.1 36.6 41.2 13.5 21.6 37.1 27.7 15.2

-25 59.1 42.2 41.8 52.8 56.9 82.2 70.2 54.7 60.4 78.8

CZECH REPUBLIC
MEN WOMEN

30-44 45-59 60-69 70-79 80+ 30-44 45-59 60-69 70-79 80+

Education low 57.1 63.6 64.6 66.3 73.8 47.6 59.6 74.7 87.0 89.7

middle 27.9 23.3 23.5 21.5 17.7 39.9 32.1 20.6 10.6 9.0

high 15.0 13.1 12.0 12.2 8.5 12.5 8.3 4.7 2.4 1.3

PA categories

low edu no 57.4 69.3 69.9 73.6 73.6 76.2 73.5 78.1 92.9 92.9

little 28.4 11.7 15.7 11.1 11.1 15.2 8.5 8.6 3.8 3.8

much 14.2 19.0 14.5 15.3 15.3 8.6 18.0 13.3 3.2 3.2

mid edu no 37.3 50.7 58.1 86.4 86.4 58.4 69.5 67.5 86.4 86.4

little 47.0 32.0 19.4 4.5 4.5 31.2 21.9 25.0 9.1 9.1

much 15.7 17.3 22.6 9.1 9.1 10.4 8.6 7.5 4.5 4.5

high edu no 41.1 46.9 58.8 81.3 81.3 58.0 68.3 75.0 77.8 77.8

little 50.0 42.9 11.8 12.5 12.5 34.0 19.5 8.3 11.1 11.1

much 8.9 10.2 29.4 6.3 6.3 8.0 12.2 16.7 11.1 11.1

Alcohol categories

low edu DIII 12.6 12.2 2.9 8.0 8.0 1.7 3.4 5.1 0.0 0.0

DII 15.0 15.6 8.8 6.0 6.0 6.7 8.0 12.8 5.4 5.4

DI 72.4 72.1 88.2 86.0 86.0 91.7 88.6 82.1 94.6 94.6

no 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

mid edu DIII 9.2 1.6 16.7 0.0 0.0 1.0 1.4 6.3 0.0 0.0

DII 5.3 4.8 16.7 6.7 6.7 5.2 11.4 12.5 0.0 0.0

DI 85.5 93.7 66.7 93.3 93.3 93.8 87.1 81.3 100.0 100.0

no 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

high edu DIII 4.1 13.6 8.3 0.0 0.0 5.6 0.0 11.1 0.0 0.0

DII 4.1 2.3 0.0 25.0 25.0 11.1 6.9 0.0 0.0 0.0

DI 91.8 84.1 91.7 75.0 75.0 83.3 93.1 88.9 100.0 100.0

no 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Smoking categories

low edu smoker 60.4 47.8 21.4 19.4 19.4 45.3 36.5 7.6 3.8 3.8

non-smoker 39.6 52.2 78.6 80.6 80.6 54.7 63.5 92.4 96.2 96.2

mid edu smoker 39.8 26.7 25.8 9.1 9.1 25.4 30.2 20.0 9.1 9.1

non-smoker 60.2 73.3 74.2 90.9 90.9 74.6 69.8 80.0 90.9 90.9

high edu smoker 23.2 28.6 5.9 12.5 12.5 22.0 14.3 16.7 0.0 0.0

non-smoker 76.8 71.4 94.1 87.5 87.5 78.0 85.7 83.3 100.0 100.0

BMI categories

low edu 30+ 14.6 21.0 27.4 21.1 21.1 15.1 29.5 35.6 27.7 27.7

25-30 40.3 49.2 57.1 46.5 46.5 25.5 40.5 43.3 40.6 40.6

-25 45.1 29.8 15.5 32.4 32.4 59.4 30.0 21.2 31.6 31.6

mid edu 30+ 3.7 18.9 25.8 0.0 0.0 8.7 15.1 20.0 4.5 4.5

25-30 60.5 56.8 45.2 54.5 54.5 16.7 47.2 42.5 54.5 54.5

-25 35.8 24.3 29.0 45.5 45.5 74.6 37.7 37.5 40.9 40.9

high edu 30+ 10.7 18.8 11.8 6.3 6.3 2.0 14.3 0.0 22.2 22.2

25-30 39.3 68.8 52.9 50.0 50.0 20.0 47.6 25.0 33.3 33.3

-25 50.0 12.5 35.3 43.8 43.8 78.0 38.1 75.0 44.4 44.4

NORWAY
MEN WOMEN

30-44 45-59 60-69 70-79 80+ 30-44 45-59 60-69 70-79 80+

Education low 18.6 31.3 44.6 52.6 59.1 19.6 38.0 55.0 63.9 66.8

middle 54.8 46.8 41.2 37.1 31.3 55.7 46.7 37.3 30.9 28.3

high 26.6 21.8 14.3 10.3 9.5 24.7 15.3 7.7 5.2 4.9

PA categories

low edu no 23.8 41.7 31.7 57.6 73.7 54.4 44.7 61.2 74.1 90.0

little 30.0 34.6 37.5 25.9 21.1 32.4 36.8 22.3 20.9 10.0

much 46.3 23.6 30.8 16.5 5.3 13.2 18.4 16.5 5.0 0.0

mid edu no 22.5 31.5 33.5 42.6 62.2 32.1 37.5 48.6 65.8 79.0

little 42.4 37.4 36.3 32.4 24.4 41.8 40.7 32.2 25.2 17.7

much 35.1 31.1 30.2 25.0 13.3 26.1 21.8 19.1 9.0 3.2

high edu no 13.8 17.2 22.6 25.5 73.3 16.5 22.6 41.2 44.8 72.2

little 44.6 50.8 40.9 36.2 6.7 53.5 53.3 41.2 34.5 27.8

much 41.6 32.0 36.6 38.3 20.0 30.0 24.1 17.6 20.7 0.0

Alcohol categories

low edu DIII 0.0 2.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

DII 2.3 0.0 0.0 0.0 0.0 0.0 0.9 2.5 1.1 0.0

DI 45.5 38.8 20.3 9.3 42.1 19.0 27.8 12.7 6.7 10.8

no 52.3 58.8 79.7 90.7 57.9 81.0 71.3 84.8 92.2 89.2
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mid edu DIII 0.3 1.4 0.7 1.2 0.0 0.5 0.0 1.3 0.0 0.0

DII 0.0 0.0 1.4 0.0 0.0 0.3 1.4 1.3 0.0 0.0

DI 38.8 43.7 41.4 32.9 42.3 23.1 29.8 25.5 16.5 27.8

no 61.0 54.9 56.4 65.9 57.7 76.2 68.8 72.0 83.5 72.2

high edu DIII 0.4 0.5 1.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0

DII 0.4 0.0 0.0 0.0 0.0 0.0 0.9 0.0 0.0 0.0

DI 39.8 54.8 55.8 51.3 30.8 73.9 39.1 31.7 37.0 10.0

no 59.3 44.7 42.9 48.7 69.2 26.1 60.0 68.3 63.0 90.0

Smoking categories

low edu smoker 67.5 58.3 37.5 30.6 17.9 66.2 53.9 32.8 20.0 11.3

non-smoker 32.5 41.7 62.5 69.4 82.1 33.8 46.1 67.2 80.0 88.8

mid edu smoker 46.4 44.7 33.3 12.8 22.2 46.2 48.5 26.5 16.1 12.9

non-smoker 53.6 55.3 66.7 87.2 77.8 53.8 51.5 73.5 83.9 87.1

high edu smoker 33.8 31.7 21.5 6.4 6.7 21.8 31.5 17.6 27.6 22.2

non-smoker 66.2 68.3 78.5 93.6 93.3 78.2 68.5 82.4 72.4 77.8

BMI categories

low edu 30+ 13.8 13.5 11.7 5.9 5.3 7.5 12.1 11.4 16.3 5.9

25-30 43.8 39.7 44.7 42.4 44.7 28.4 36.2 40.4 35.6 36.8

-25 42.5 46.8 43.7 51.8 50.0 64.2 51.7 48.2 48.1 57.4

mid edu 30+ 14.1 10.7 8.4 3.7 2.3 7.2 8.7 13.8 9.4 3.3

25-30 46.0 52.2 48.9 51.4 39.5 28.0 31.2 34.3 44.3 26.7

-25 39.9 37.0 42.7 44.9 58.1 64.8 60.1 51.9 46.2 70.0

high edu 30+ 5.6 7.3 4.3 2.1 0.0 5.7 7.8 10.4 3.6 0.0

25-30 46.9 48.5 38.7 29.8 20.0 20.6 25.1 22.4 28.6 22.2

-25 47.5 44.3 57.0 68.1 80.0 73.7 67.1 67.2 67.9 77.8

PA = physical activity, BMI = body mass index, edu = education
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Table A2 Rate ratios of cause-specific and all-cause mortality according to four risk factors for men and 
women by age

MEN WOMEN

30-44 45-59 60-69 70-79 80+ 30-44 45-59 60-69 70-79 80+

All-cause mortality

PA No 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

Little 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20

Much 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Alcohol DIII 1.47 1.26 1.14 1.11 1.10 1.43 1.39 1.31 1.27 1.23

DII 1.23 1.10 1.03 1.02 1.02 1.15 1.13 1.08 1.06 1.04

DI 1.05 0.98 0.96 0.96 0.97 1.03 1.02 1.00 0.99 0.98

No 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Smoking Yes 1.90 2.47 2.33 2.06 1.53 1.09 1.80 2.26 2.22 1.73

No 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

BMI 30+ 1.55 1.52 1.41 1.30 1.20 1.50 1.47 1.36 1.20 1.10

25-30 1.20 1.19 1.15 1.12 1.10 1.15 1.14 1.12 1.10 1.05

-25 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Ischaemic heart disease

PA No 1.97 1.97 1.97 1.73 1.50 1.97 1.97 1.97 1.73 1.50

Little 1.41 1.41 1.41 1.33 1.27 1.41 1.41 1.41 1.33 1.27

Much 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Alcohol DIII 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

DII 0.62 0.65 0.83 0.93 0.98 0.62 0.65 0.83 0.93 0.98

DI 0.60 0.63 0.82 0.92 0.97 0.60 0.63 0.82 0.92 0.97

No 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Smoking Yes 5.51 3.04 1.88 1.44 1.05 2.26 3.78 2.53 1.68 1.38

No 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

BMI 30+ 2.16 1.99 1.46 1.25 1.07 2.40 2.02 1.53 1.30 1.07

25-30 1.41 1.30 1.18 1.11 1.03 1.47 1.35 1.20 1.13 1.04

-25 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Cerebrovascular disease

PA No 1.72 1.72 1.72 1.55 1.39 1.72 1.72 1.72 1.55 1.39

Little 1.18 1.18 1.18 1.17 1.15 1.18 1.18 1.18 1.17 1.15

Much 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Alcohol DIII 3.84 2.52 1.69 1.32 1.00 1.33 1.22 1.10 1.05 1.00

DII 0.83 0.88 0.94 0.97 1.00 1.07 1.05 1.02 1.01 1.00

DI 0.83 0.88 0.94 0.97 1.00 0.88 0.91 0.96 0.98 1.00

No 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Smoking Yes 3.12 3.12 1.88 1.39 1.05 4.61 4.61 2.81 1.95 1.00

No 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

BMI 30+ 1.22 1.29 1.33 1.15 1.00 1.25 1.33 1.38 1.18 1.00

25-30 1.09 1.12 1.14 1.07 1.00 1.10 1.13 1.15 1.08 1.00

-25 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
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Lung cancer

PA No 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Little 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Much 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Alcohol DIII 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

DII 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

DI 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

No 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Smoking Yes 21.30 21.30 21.30 21.30 21.30 12.50 12.50 12.50 12.50 12.50

No 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

BMI 30+ 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

25-30 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

-25 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Data sources: All-cause mortality rate ratios for physical activity (PA), smoking, and cause-specific rate ratios 
for BMI are those used in van Kreijl et al. [13]. This is a comprehensive study report on the impact of risk 
factors on mortality in the Netherlands using the best available sources for rate ratios in the international 
literature (see their report p. 337–344 for all references). Rate ratios for alcohol (all-cause mortality and lung 
cancer mortality), and all-cause mortality rate ratios for BMI were the same as used in the DYNAMO-HIA 
project and are documented at the web page of the DYNAMO-HIA project and in Lhachimi et al. [12]. The 
associations provided in DYNAMO-HIA were based on a comprehensive review of the literature, which in-
cluded a number of meta-analyses and systematic reviews. Studies were excluded if the outcome measure 
was a prognosis, pre-cancerous lesions, pre-disease markers, and if the study did not examine any major 
confounding factors such as age, sex or smoking. With respect to BMI, the search was restricted to studies 
that used BMI as a way of categorising adiposity, and which reported the risk in comparison with a ‘normal’ 
BMI of between 18kg/m2 and 24.9 kg/m2. The remaining cause-specific rate ratios were taken from Danaei 
et al. [20]. This study used data on risk factor exposures in the US population from nationally representative 
health surveys and disease-specific mortality statistics from the National Center for Health Statistics. They 
obtained the etiological effects of risk factors on disease-specific mortality by age, from systematic reviews 
and meta-analyses of epidemiological studies that had adjusted (i) for major potential confounders, and (ii) 
where possible, for regression dilution bias. They estimated the number of disease-specific deaths attribut-
able to all non-optimal levels of each risk factor exposure, by age and sex. The authors quantified the sam-
pling uncertainty of the estimates and also analysed how specific methods and data sources affected the 
quantitative results in extensive sensitivity analyses. This demonstrated that although the specific numeri-
cal results are uncertain, the overall findings on the relative mortality effects of the risk factors were robust.
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Abstract

Although higher education has been associated with lower mortality rates in many stud-
ies, the effect of potential improvements in educational distribution on future mortality 
levels is unknown. We therefore estimated the impact of projected increases in higher 
education on mortality in European populations. We used mortality and population 
data according to educational level from 21 European populations and developed 
counterfactual scenarios. The first scenario represented the improvement in the future 
distribution of educational attainment as expected on the basis of an assumption of 
cohort replacement. We estimated the effect of this counterfactual scenario on mortal-
ity with a 10–15-year time horizon among men and women aged 30–79 years using a 
specially developed tool based on population attributable fractions (PAF). We compared 
this with a second, upward levelling scenario in which everyone has obtained tertiary 
education. The reduction of mortality in the cohort replacement scenario ranged from 
1.9 to 10.1% for men and from 1.7 to 9.0% for women. The reduction of mortality in the 
upward levelling scenario ranged from 22.0 to 57.0% for men and from 9.6 to 50.0% for 
women. The cohort replacement scenario was estimated to achieve only part (4–25% 
(men) and 10–31% (women)) of the potential mortality decrease seen in the upward lev-
elling scenario. We concluded that the effect of on-going improvements in educational 
attainment on average mortality in the population differs across Europe, and can be 
substantial. Further investments in education may have important positive side-effects 
on population health.
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Introduction

Lower education has been associated with many health-related outcomes, including 
self-reported health, physical functioning, disability, morbidity and mortality [1-4]. Al-
though social selection may partly explain this relationship (ill individuals underperform 
in school and therefore do not achieve a high level of education [5, 6], this probably has 
only a small impact and cannot explain the educational gradient in health [7].

Recently, studies exploiting natural experiments in which changes in educational level 
were exogenously imposed have indeed shown that the main explanation for educa-
tional inequalities in health is a causal effect of education on health [8-14]. The majority 
of the studies used school reforms or compulsory schooling laws and assessed their 
effect in a regression discontinuity design. The results imply that changes in educational 
attainment, such as those resulting from school reforms which aimed at increasing 
the amount of compulsory schooling and from the expansion of opportunities for 
higher education [15-17], may have had important positive side-effects for population 
health [18, 19]. It has been reported that an additional year of schooling increased life 
expectancy at the age of 35 by 1.7  years [12] or reduced the probability of dying by 
1.1 percentage points for men and by 0.8–0.9 percentage points for women [14]. Lager 
and Torssander [11] have shown that a one-year increase in compulsory schooling was 
associated with a 4% lower risk of all-cause mortality after the age of 40.

Changes in society, such as the introduction of information and communication technol-
ogy, require a growing participation in higher education [20, 21]. Consistent improve-
ments in educational attainment over time for both genders have indeed been reported 
in all European countries [22-24]. On average across OECD countries, it has been shown 
that between 1998 and 2008 the proportion of the 25–64 year-old population with less 
than upper secondary education decreased from 37% to 29%. At the same time, the 
proportion with upper secondary and post-secondary non-tertiary education remained 
almost unchanged (42% in 1998 vs. 44% in 2008), whereas that with tertiary education 
increased from 21% to 28% [23]. The increase in the percentage of tertiary educated in 
the OECD countries is the result of a 3.4% average annual growth rate in tertiary educa-
tion. The average annual growth in tertiary education even exceeded 5% between 1998 
and 2008 in Italy, Portugal and Poland, European countries in which overall levels of 
tertiary education were low at the beginning of the decade [23]. Further, a few studies 
projected the trends in educational attainment in a large amount of countries [25-27], 
but they did not provide any estimates regarding the effect of increasing education on 
health.
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In view of the documented health effects of education, these trends could well have an 
important impact on population health. However, studies that have quantified the ef-
fect of future improvements in educational attainment on population health are scarce. 
Although some recent studies quantified the health benefits obtained from investments 
in education in several populations, their estimates were related to the projection of 
future disability prevalence [28-30] or to the contribution of improvements in education 
to the reduction in child mortality [22]. To the best of our knowledge, there is no study 
assessing the effect of on-going improvements in educational attainment on adult 
mortality.

The aim of the present analysis was therefore to estimate future reductions in mortality 
due to further improvements in educational attainment in 21 European populations. To 
do so, we developed counterfactual scenarios using the changing social distribution of 
educational attainment over time, and applied these scenarios using currently observed 
mortality risks by country and level of education, and a method based on the population 
attributable fraction (PAF).

Data and methods

Data description

The analysis was based on mortality data from 21 European populations. Most data 
covered the entire national territory (Finland, Sweden, Norway, Denmark, England and 
Wales, Scotland, Netherlands, Belgium, France, Switzerland, Austria, Hungary, Czech 
Republic, Poland, Lithuania, Estonia). The exceptions were Italy and Spain, for which we 
had data limited to regional territory (Madrid and the Basque Country) or urban areas 
(Barcelona, Turin and Tuscany: Florence, Leghorn, Prato). Longitudinal data were avail-
able for most of the European populations investigated. For central/eastern European 
countries (Hungary, Czech Republic, Poland and Estonia), cross-sectional data, aggre-
gated over a few years around the year 2000, were collected. These data consisted of 
deaths and exposure counts by sex, 5-year age groups and level of education (Table 1).

The registries of deaths were linked with census data (in most of the European popula-
tions) or with a Labour Force Survey (in the Netherlands). In some countries, it was not 
possible to achieve 100% linkage between the population and the death registries. The 
percentage of unlinked deaths was higher than 5% in Austria, Barcelona, the Basque 
Country and Madrid. In Madrid, approximately 20% of deaths had to be excluded due 
to linkage failure. To adjust for the unlinked deaths, weights were applied for those four 
populations. In Austria, the weight was broken down by sex and 5-year age groups. In 
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Barcelona, the Basque Country and Madrid, there were no variations by age and sex 
for excluded deaths. The weights therefore equal 1.06 (1/0.946) for Barcelona and the 
Basque Country, and 1.25 (1/0.8) for Madrid. Data where the percentage of unlinked 
death was lower than 5% were not weighted.

Measures

The educational level declared at the census at the beginning of the follow-up was 
harmonized across countries according to the International Standard Classification of 
Education (ISCED) and split into three internationally comparable categories. These cor-
responded to less than secondary education (ISCED 0, 1, 2; ‘low’), secondary education 
(ISCED 3, 4; ‘middle’), and tertiary education (ISCED 5, 6; ‘high’). Individuals with missing 

Table 1 Characteristics of mortality data

Population Type of dataset Period Geographic 
coverage

Demographic coverage

Finland longitudinal 2001–2007 national 20% of Finns are excluded (at random)

Sweden longitudinal 2001–2006 national whole population

Norway longitudinal 2001–2006 national whole population

Denmark longitudinal 2001–2005 national whole population

England & Wales longitudinal 2001–2006 national 1% of the population

Scotland longitudinal 2001–2006 national 5.3% representative sample of the 
population

Netherlands longitudinal 1998–2007 national linkage based on the Labour Force Survey

Belgium longitudinal 2001–2005 national whole population

France longitudinal 1999–2005 national 1% of the population, born outside France 
mainland excluded

Switzerland longitudinal 2001–2005 national Non-Swiss nationals excluded

Austria longitudinal 2001–2002 national whole population

Barcelona repeated CS 2000–2006 city whole population

Basque Country longitudinal 2001–2006 region whole population

Madrid longitudinal 2001–2003 region whole population

Turin longitudinal 2001–2006 city whole population

Tuscany longitudinal 2001–2005 Florence, 
Leghorn, 
Prato

whole population

Hungary CS unlinked 1999–2002 national whole population

Czech Republic CS unlinked 1999–2003 national whole population

Poland CS unlinked 2001–2003 national whole population

Lithuania longitudinal 2001–2005 national whole population

Estonia CS unlinked 1998–2002 national whole population

CS = cross-sectional
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information on their educational attainment were excluded from the analysis. In the 
datasets of Denmark, Lithuania and Finland, unknown education was classified together 
with no or only primary education, whereas in most of the other countries unknown 
education was coded separately.

Educational scenarios

On the basis of the literature and empirical evidence for rate of improvement in educa-
tional attainment, we developed a counterfactual scenario called ‘cohort replacement 
scenario’ by taking a time horizon of 10–15 years and producing estimates based on 
the following replacement: The educational attainment of those currently aged 45–59, 
60–69 and 70–79 were replaced by the educational attainment of those currently aged 
30–44, 45–59 and 60–69, respectively. Those currently aged 30–44 were in turn replaced 
by a new group aged 15–29, whose educational attainment was unknown and was 
therefore estimated on the basis of past trends. We assumed that the incoming cohort 
aged 15–29 achieved a level of educational attainment based on the trends observed 
in the improvement between those aged 30–44 and 45–59 years, and that the overall 
population in each age group remained constant. In addition, we constrained this sce-
nario in such a way that the percentage of incoming people with low education aged 
30–44 could not fall below 0.5% of that age group. However, among men in several 
countries (Sweden, Netherlands, Tuscany, Hungary, Lithuania, Estonia), the percentage 
with high education was lower for the 30–44 age group than for the 45–59 age group. 
This phenomenon was opposite to the general trend. As our aim was to estimate the im-
pact of improvement in educational distribution on mortality, we made the percentage 
of high education for the incoming group aged 30–44 equal to the highest percentage 
recorded for any other age group. The group with middle education was treated as a re-
sidual. Although we observed some differences between the educational distribution in 
our mortality data and the educational distribution registered in the Eurostat Statistics 
Database [31] in few countries, we assume that these differences are partly attributable 
to a delayed registration of education.

Additionally, we compared the cohort replacement scenario to an upward levelling 
scenario, in which everyone has tertiary education. This theoretical scenario implies 
that all people have obtained the same, high level of education, and that educational 
inequalities in mortality have completely disappeared. To compare the more realistic 
cohort replacement scenario with the upward levelling scenario, we calculated what 
percentage of the upward levelling estimates was accounted for by the cohort replace-
ment scenario.
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As a sensitivity analysis, we developed a variation to the cohort replacement scenario. 
The sensitivity scenario was based on OECD annual growth rates [23] in which the future 
changes in the numbers of people in each education group, by age, were assumed to be 
the same as in the recent past. The future numbers in the incoming group of high and 
low educated people aged 15–29 years was constructed using a 15-year index value of 
OECD annual growth rate specific for each country investigated. The group with middle 
education was treated as a residual. The results of this scenario can be found in appendix 
(Tables A1 and A2).

Data analysis

All analyses were conducted separately for men and women aged 30–79 years and used 
the method of the population attributable fraction (PAF) [32]. The major assumption we 
had to make in order to use the PAF methodology was that the observed association 
between education and mortality reflects a causal effect. Generally speaking, the PAF 
estimates the proportion of disease cases that could be prevented by eliminating the 
exposure to a risk factor in the population [33]. In our case, we used the PAF to estimate 
the proportion of mortality that would be reduced if education were improved in the 
population:

PAF =
∑
n

i=1 
PiRRi - 

 
∑
n

i=1 
Pi’RRi

∑
n

i=1 
PiRRi 

where n is a number of exposure categories (educational categories), Pi is the proportion 
of population currently in the ith exposure category, P’i is the proportion of population 
in the ith exposure category in the counterfactual scenario and RRi is the relative risk of 
mortality for the ith exposure category.

The data needed for the PAF calculations are the current country-specific distribution 
of educational attainment (Pi), the scenario country-specific distribution of educational 
attainment (P’i) and the country-specific mortality rate ratios (RRi) for the three educa-
tional categories. The mortality rate ratios were calculated from the country-specific 
age-standardized mortality rates. The educational distribution and mortality rate ratios 
were calculated separately for men and women and for each age group (30–44, 45–59, 
60–69 and 70–79) from our data for each European population. Due to the different 
study designs and follow-up times, specific correction factors were used to obtain com-
parable average age at death [34].
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We first calculated age-specific PAFs in order to estimate new mortality rates and the 
number of saved deaths per 100,000 person-years in each age group. Afterwards we 
summed up the age-specific saved deaths per 100,000 person-years for the ages 30–79 
years and calculated the overall PAF. The background information for the PAF calcula-
tions – the current population educational distribution, the mortality rate ratios and the 
counterfactual population educational distribution – can be found in appendix (Tables 
A3 and A4).

The confidence intervals for the impact of the population educational redistribution 
on mortality measured by PAF were computed by bootstrapping methods using R. The 
bootstrapping methods are resampling techniques for assessing uncertainty [35]. The 
input data needed for bootstrapping were country-specific numbers of deaths and 
person-years in each age group and educational category. The confidence intervals ob-
tained by bootstrapping were then further used for calculation of confidence intervals 
around the saved deaths per 100,000 person-years.

Results

The impacts of the cohort replacement and the upward levelling scenario are presented 
in Table 2 (proportional reduction of mortality, expressed as a percentage) and Table 3 
(absolute reduction of mortality, expressed as saved deaths per 100,000 person-years). 
The results are shown for men and women aged 30–79 years by country. In this set of Eu-
ropean populations, the proportional reduction of mortality in the cohort replacement 
scenario ranged from 1.9 to 10.1% among men and from 1.7 to 9.0% among women. 
Although the proportional reduction of mortality varied across European populations, 
we found no clear geographical pattern. The greatest reduction in mortality for men was 
observed in Hungary (10.1%) and for women in Finland and Hungary (9.0%). The small-
est reduction in mortality was observed in Denmark among men (1.9%) and in Turin 
among women (1.7%). These variations result from the combination of the country-
specific future improvement in education and the country-specific effect of education 
on mortality.

The impact of completely equalizing the educational distribution is illustrated by 
the upward levelling scenario, which assumes that all people in the population have 
obtained tertiary education, and that consequently they also have the mortality level 
of the tertiary educated. This scenario represents the hypothetical maximum of educa-
tional interventions in the given population. By eliminating educational inequality in the 
population, mortality may be reduced substantially (Figure 1). The potential reduction 
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according to the upward levelling scenario varies across European populations. Among 
men, it ranged from 20–30% in the South, over about 30% in the North and West, to 
40–50% in the Central/East. Among women, the potential reduction of mortality accord-
ing to the upward levelling scenario ranged from 10–20% in the South, over 20–35% 
in the West and 30% in the North to 30–50% in the Central/East. The maximum reduc-
tion of mortality that could be achieved among men was 57.0% in the Czech Republic 
followed by Hungary and Poland (both 54.1%). Among women, the highest reduction 
of mortality was observed in the Czech Republic (50.0%) followed by Poland (42.9%). 
The smallest percentage was estimated in southern European populations, especially 
among men in the Basque Country (22.0%) and among women in Turin (9.6%). These 
results are explained by the large differences across European countries in the effect of 
education on mortality. The effect of education on mortality is smaller in the southern 
European populations and much larger in central/eastern European populations (Table 
A3 in appendix).

Table 3 shows the absolute number of saved deaths (per 100,000 person-years) in the 
age group 30–79 years that may be achieved under the counterfactual scenarios in the 
10–15-year time frame. For the cohort replacement scenario, the number of deaths that 
may be saved among men and women aged 30–79 years in the given time frame ranged 
from 17 to 182 deaths per 100,000 person-years among men and from 7 to 77 deaths 
per 100,000 person-years among women. The highest number of deaths could be saved 
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Figure 1 Percentage reduction in all-cause mortality in the cohort replacement and upward levelling sce-
narios, 30–79 years
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in Hungary among both men and women. Looking at the upward levelling scenario, 
mortality could be reduced by up to 1,063 deaths per 100,000 person-years among men 
and 376 deaths per 100,000 person-years among women, both in Estonia. Table 3 also 
shows the proportion of the total mortality reduction associated with upward levelling 
that is attributable to the cohort replacement scenario. The cohort replacement scenario 
was estimated to achieve only part of the potential mortality decrease assessed in the 
upward levelling scenario. This proportion of the cohort replacement scenario on the 
upward levelling scenario ranged between 4% (Czech Republic) and 25% (the Basque 
Country) among men and between 10% (Madrid, Czech Republic) and 31% (the Basque 
Country) among women.

Discussion

Summary of main findings

The cohort replacement scenario led to a reduction in all-cause mortality in each popu-
lation observed. There were, however, important variations between countries in the 
magnitude of mortality reduction, depending on the current population educational 
distribution, the projected speed of future improvements in educational distribution, 
and on the mortality rate ratios between educational groups observed in each country. 
The potential reduction in mortality according to the cohort replacement scenario 
ranged from 1.9 to 10.1% for men and from 1.7 to 9.0% for women. The reduction of 
mortality in the upward levelling scenario ranged from 22.0 to 57.0% for men and from 
9.6 to 50.0% for women. The cohort replacement scenario was estimated to achieve only 
part (4–25% (men) and 10–31% (women)) of the potential mortality decrease seen in the 
upward levelling scenario.

Limitations

The results have to be interpreted in view of some limitations. First, the assumptions 
inherent in the PAF methodology and the counterfactual scenarios should be discussed. 
The main assumption is that the observed associations between education and mortal-
ity can be interpreted as causal effects of education on mortality. As we mentioned in 
the introduction, while there is likely to be such a causal effect, part of the observed 
association may also be due to the selection of healthy individuals into higher educa-
tion. Although we stratified the analyses by sex and age and therefore controlled for 
these variables, we did not include any other confounders, such as cognitive ability, 
personality or family background, when calculating mortality rate ratios because such 
information was not available in our data. Our results are therefore likely to overestimate 
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the effect of education on mortality because we interpret the observed association as an 
approximation of the causal effect.

Second, in the cohort replacement scenario, we defined an educational structure for the 
youngest age group based on limited assumptions. However, as the mortality rates are 
low in this age group, this is not likely to strongly impact our results.

Third, our scenarios did not take into account any changes in migration, which are 
known to differ by education. This is likely to have impacted our results, but it is difficult 
to assess the magnitude of the effect, and our results should therefore be interpreted as 
estimates of what will happen in the absence of migration.

Fourth, we assumed that the populations size and relative risks of mortality by edu-
cational groups remained constant over time. However, this may not be true if lower 
educated people become a more selected group with worse health and consequently 
an increased mortality risk [36]. Similarly, higher educated may become a less selected 
group, which may raise their relative risks of mortality. We assume that new groups re-
ceiving high education also adopt the previously-observed lifestyle and the behaviour 
of high educated. However, this behaviour adoption may happen with different time 
lags and at different speeds across European countries due to different country-specific 
historical circumstances. Besides that, education as an indicator of social stratification 
may be less relevant as the proportion of tertiary educated in the population increases. 
It is likely that the increase in the proportion of high educated will not always match 
with the increase in the proportion of higher occupational opportunities. As a conse-
quence, a certain proportion of high educated people will face over-qualification and 
the health returns to education should therefore presumably diminish. Indeed, over-
qualification has been reported to be harmful for self-reported health [37] and mental 
health [38], although no association was found between over-qualification and all-cause 
or cardiovascular disease mortality [39]. It may also be that as the proportion of tertiary 
educated people increases, new stratifications appear within this group, both vertically 
(referring to distinct course levels or cycles, such as bachelor, master or PhD degree) 
and horizontally (considering the prestige of the university and of the study field) [40]. 
These new stratifications are likely to generate new educational inequalities in health 
within the high educated group. Erikson [41] found that in Sweden, university graduates 
having a PhD degree live longer that those having a Master’s degree.

These limitations imply that our calculations are hypothetical illustrations of the effect of 
educational changes on mortality. The findings show the rough dimensions and orders 
of magnitude of what could be gained if the enormous improvements in educational 
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expansion would continue. By illustrating the potential gains they also show what is at 
stake and how much potential health gains could be lost if we reduced efforts in the 
educational field.

Interpretation

Education is linked to health via several pathways which are not mutually exclusive. 
The education–health relationship may be confounded by childhood socioeconomic 
circumstances and/or cognitive ability and may be explained by several main factors 
including material conditions, social-psychological resources and healthy lifestyle [42].

Although childhood socioeconomic circumstances, such as parental socioeconomic 
background and material conditions during childhood, may play an important role 
in the final health outcomes over the life course [43], they happen before education 
is completed. The cognitive ability may be genetically given, however, it is enhanced 
through education [44]. The analytical and communication skills acquired by education 
promote risk assessment and decision making abilities, which in turn help to better cope 
with stress, to more effectively use the health care system [45, 46] or to avoid unneces-
sary treatments [47]. Therefore among the least educated people, lacking these skills 
may impair the ability to use the available health care services for prevention or clinical 
procedures, and in the end result in worse health outcome [48, 49].

Regarding the material conditions, such as work and economic conditions, low educated 
individuals are more likely to hold jobs with higher environmental and physical risks. For 
instance, mortality due to asbestosis, mesothelioma or silicosis, which is mostly due to 
occupational exposure to asbestos and silica, still largely contributes to socioeconomic 
inequalities in mortality in several European countries up until today [50]. Better edu-
cated people are less likely to be unemployed and face economic hardship. They have 
higher income and more fulfilling and rewarding jobs than less educated individuals 
[51]. In addition, better educated people were reported to have higher key social-
psychological resources, such as sense of personal control and social support. These 
resources improve health through enhancing health-related behaviour and decreasing 
mental health problems. Finally, high educated people have a more healthy way of life, 
including less smoking and drinking and more physical activity.

The upward levelling scenario presents a theoretical maximum that can be achieved 
if the educational distribution is ‘equalized’ without taking into account any other fac-
tors contributing to socioeconomic inequalities in mortality. The cohort replacement 
scenario is an illustration of the effect of the on-going improvement in education on 
mortality. As expected, the potential decrease in mortality is larger under the upward 
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levelling scenario that under the cohort replacement scenario. However, the gender 
pattern differs between the two scenarios and large differences in the magnitude of the 
reduction of mortality are observed between countries.

In the past, education was lower among women than among men. However during the 
past decades, education strongly increased among women and nowadays, education is 
similar or even higher among women, as shown by the educational distribution in the 
youngest age group. As a consequence, the observed improvement in educational attain-
ment has greater impact among women in most European populations investigated. In 
other words, without any intervention focusing on education, women will benefit more 
than men from the on-going educational improvement in terms of mortality decrease. 
The more important on-going improvement in educational attainment among women 
is mirrored in the share of the cohort replacement scenario on upward levelling scenario 
that is much higher among women than among men in all populations but Madrid. 
This is also shown by the larger proportional reduction of mortality among women in 
the cohort replacement scenario. The gender difference, though, is not very large. This 
is likely to be due to the educational differences in mortality that are smaller among 
women, and somehow compensate the gender differences in the educational structure 
of the population. The importance of educational differences in mortality is clear when 
we look at the upward levelling scenario. Contrary to the cohort replacement scenario, 
the upward levelling scenario suggests a bigger scope for improvement among men 
than women. This may seem counterintuitive given the lower education among women 
at older ages where the mortality rates are high, but this is largely explained by the 
larger educational differences in mortality among men than among women.

Although there is a large scope for improvement in all European countries, the greatest 
proportional reductions of mortality for the upward levelling scenario were found in 
central/eastern European countries for both men and women whereas these countries 
exhibit great but not outstanding proportional reductions of mortality for the cohort 
replacement scenario. These results are the consequence of both a country-specific 
pattern of educational differences in mortality and a country-specific educational dis-
tribution. In these countries, the on-going increase in education is mainly a shift from 
low to middle educated, the percentage of high educated men remaining stable, and 
mortality among the middle educated group is high. So there is not much mortality gain 
with the on-going educational improvement. On the other hand, mortality decreased 
substantially under the upward levelling scenario. This is the consequence of the very 
large educational differences in mortality and of the low proportion of high educated 
in these countries. These results may be partly attributable to the communist history 
of compulsory education until an advanced age, which led to a large proportion of 
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primary and secondary educated people but very few high educated. It may also be 
that education is still not recognized as an important factor of economic development 
in these countries. In contrast, the smallest theoretical potential gain in mortality was 
reported in the southern European populations, especially among women. These find-
ings are observed although the educational level is similar to or even lower than in the 
other European populations. They are likely to mirror the smaller effect of education on 
mortality in these countries than, e.g. in the Nordic countries.

Finally, the gender differences in the potential for mortality decrease are large for the up-
ward levelling scenario in all populations except in Northern Europe, England and Wales, 
Scotland, the Netherlands and Belgium. It therefore looks as if in the latter populations 
the higher education and the consequently smaller potential for educational improve-
ment among women are balanced by larger educational differences in mortality.

Implications

The educational distribution is one of the most important sources of population hetero-
geneity with major social, economic, cultural and health consequences. As the educa-
tional composition of the population is a key for economic development and productiv-
ity, the future progress in education very likely affects the population development [18, 
52]. Investments in education may have important side-effects on population health as 
better education is associated with lower mortality, better health, more migration and 
economic growth.

From this point of view, it is surprising that educational attainment was rarely included 
into population projections. Researchers have forecasted the effect of trends in selected 
proximal risk factors, such as smoking and obesity, on future life expectancy in the 
United States [53, 54]. Investigating the effect of distal factors, such as education, as 
in our analysis provides an improvement over those projections because distal factors 
involve access to diverse resources like money, knowledge, power, prestige, social sup-
port and social network [55] and are associated with mortality via diverse mechanisms. 
To the best of our knowledge, only one study investigated this issue by estimating the 
contribution of improvements in women’s education on the reduction in child mortality 
in 175 countries over the past 40 years [22]. The authors concluded that the increase in 
the mean number of years of education between 1970 and 2009 had a considerable ef-
fect on mortality and could avert about 51% of deaths in children younger than 5 years.

In addition, some recent studies estimated the effect of increasing education on health 
outcomes other than mortality and provided evidence that the changing educational 
composition of the elderly population will lower the prevalence of disability in the 
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population in the future [28, 29]. The on-going improvements in educational attainment 
are therefore good news for population health, and may alleviate the expected social 
burden of other demographic changes, such as population ageing [18, 29]. Therefore, 
most of the current literature likely overestimates the impact of ageing on health, in-
cluding mortality.

Conclusions

The effect of on-going improvements in educational attainment on average mortal-
ity in the population should not be overlooked. The magnitude of mortality reduction 
depends on the combination of the current population educational structure, the 
projected speed of future improvements in the population educational structure and 
the association between education and mortality. This should be taken into account in 
future mortality projections.

The difference in mortality reduction observed between the upward levelling scenario 
and the cohort replacement scenario suggests that there is still a large potential for 
further health gains from educational improvements. Given the substantial benefits 
of increased educational attainment regarding population health, growth of human 
capital and economic development, this issue should be given high priority by policy 
makers, and the long-term benefits of educational investments should be taken into 
account for future public policy planning.

However, one should not forget that the educational health gradient results from impor-
tant and well-documented mechanisms, such as differences in material conditions and 
health-related behaviours, which should also be targeted by policies and interventions. 
Increasing education is therefore not the only possible strategy to improve population 
health. This is fortunate because we will never be able to achieve a situation where ev-
erybody will be highly educated. The reason why less educated people are less healthy 
should be kept in mind and also tackled by policy action.
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Abstract

Background

Ischaemic heart disease (IHD) is one of the leading causes of death worldwide with a 
higher risk of dying among people with a lower socioeconomic status. We investigated 
the potential for reducing educational differences in IHD mortality in 21 European 
populations.

Methods

We used a method based on the Population Attributable Fraction to estimate the impact 
of a modified educational distribution of smoking, overweight and obesity, and physical 
inactivity on educational inequalities in IHD mortality among people aged 30–79. Risk 
factor prevalence was collected around the year 2000 and mortality data covered the 
early 2000s.

Results

The potential reduction of educational inequalities in IHD mortality differed by country, 
sex and risk factor. Smoking was the most important risk factor among men in Nordic 
and eastern European populations, whereas overweight and obesity was the most im-
portant among women in the South of Europe. We found only a small effect of physical 
inactivity on the reduction of inequalities in IHD mortality. Although the reduction in 
inequalities in IHD mortality may seem modest, substantial reduction in IHD mortality 
among the least educated can be achieved under the scenarios investigated.

Conclusions

Population-wide strategies to reduce the prevalence of risk factors such as smoking, 
and overweight and obesity targeted at the lower socioeconomic groups are likely to 
substantially contribute to the reduction of IHD mortality and inequalities in IHD mortal-
ity in Europe.
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Introduction

Despite a considerable decline in ischaemic heart disease (IHD) mortality over the past 
decades, IHD remains one of the leading causes of mortality worldwide [1]. Socioeco-
nomic inequalities in IHD mortality have been consistently reported with important 
variations in their magnitude between European countries [2]. In addition, the decrease 
in IHD mortality was more pronounced among people with high socioeconomic posi-
tion, which resulted in widening socioeconomic inequalities in IHD mortality in many 
European countries during the 1980s, 1990s and 2000s [3, 4].

The major risk factors of IHD mortality include behavioural risk factors, such as e.g., 
tobacco consumption, physical inactivity, unhealthy diet or harmful use of alcohol; in-
termediate risk factors, such as e.g., overweight and obesity, hypertension and diabetes; 
and insufficient medical care [5]. Most of these risk factors are amenable to change and 
could be reduced by suitable public health interventions. There are considerable health 
benefits at all ages, for men and women, in stopping smoking, reducing cholesterol or 
blood pressure, adopting a healthy diet or increasing physical activity [6-8]. In addition, 
as these risk factors are more prevalent in lower socioeconomic groups, except smoking 
among women in southern Europe [9], their redistribution has a potential for reducing 
inequalities in IHD mortality.

However, although a few studies have quantified the impact of eliminating socioeco-
nomic inequalities in risk factors distribution on socioeconomic inequalities in IHD 
mortality, the majority of studies is limited to a single country, especially to the United 
Kingdom [10, 11]. Because the socioeconomic distribution of risk factors and the aver-
age IHD mortality rates vary by country, scientific evidence limited to selected European 
countries hinders an effective public health policy in other parts of Europe.

The main purpose of this study was therefore to estimate to what extent educational 
differences in IHD mortality can potentially be reduced in 21 European populations 
by modifying the distribution of three lifestyle risk factors: smoking, overweight and 
obesity, and physical inactivity. We quantified the potential reduction in educational 
inequalities in IHD mortality by applying two scenarios in which the risk factor distribu-
tion according to educational level was modified.
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Methods

Data

We collected and harmonized mortality data by sex, age, cause of death and level of 
education for 21 European populations. The mortality data came from both longitudinal 
and cross-sectional country-specific datasets with one to seven years of follow-up at the 
beginning of the 2000s covering national (Finland, Sweden, Norway, Denmark, England 
and Wales, Scotland, Netherlands, Belgium, France, Switzerland, Austria, Hungary, Czech 
Republic, Poland, Lithuania, Estonia), regional (Madrid and the Basque Country) or 
urban (Barcelona, Turin and Tuscany: Florence, Leghorn, Prato) populations (Table A1 in 
appendix). Due to the different study designs and follow-up times, we used an adjust-
ment method in order to obtain comparable average age at death [12]. Additionally, we 
collected risk factors prevalence from representative national health surveys conducted 
around the year 2000 in the same populations (Table A2 in appendix).

IHD was coded according to the International Classification of Diseases and defined as 
codes 410–414 in the 9th revision (Austria, Turin, Tuscany) and I20–I25 in the 10th revi-
sion (other countries). The socioeconomic status was measured by completed education. 
Educational level was classified according to the International Standard Classification of 
Education (ISCED) and split into three categories: less than secondary education (ISCED 
0, 1, 2; ‘low’), secondary education (ISCED 3, 4; ‘mid’) and tertiary education (ISCED 5, 6; 
‘high’). Individuals with unknown education were excluded from the analysis, except in 
Finland, Denmark and Lithuania where unknown education was classified together with 
low education. The share of the population with unknown education was on average 
less than 5%.

Risk factors

Based on sufficient evidence on an association between the risk factor and IHD mortality 
and on the data availability, we selected smoking, overweight and obesity, and physical 
inactivity as important modifiable risk factors for IHD mortality. Smoking was measured 
as self-reported smoking status (current, former and never smokers). The regular and 
occasional smokers were combined together as current smokers in order to ensure 
comparability across European countries which survey questions slightly differ. The RRs 
of IHD mortality by smoking status, sex and age group came from the Cancer Prevention 
Study II [13]. Overweight and obesity was measured by means of body mass index (BMI), 
which was calculated from self-reported weight and height. BMI was then categorized 
in three groups: normal weight (BMI < 25), overweight (25 =< BMI <30) and obese (BMI 
>= 30). BMI lower than 10 or greater than 70 was considered as missing value due to 
its implausibility. The RRs of IHD mortality by BMI category, sex, and age group were 
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calculated based on single age values from a literature review [14]. Physical inactivity 
was derived from a variable measuring the respondent’s physical activity in terms of 
regular sport training and physically intensive leisure time activities and was catego-
rized in two groups: active and sedentary. The active group includes people exercising 
approximately twice a week or more. The RRs of IHD mortality by physical inactivity, sex 
and age group were taken from a systematic review and meta-analysis [15]. All RRs are 
presented in appendix (Table A3).

Methods

We calculated age-standardized IHD mortality rates (ASMR) for the ages 30–79 and their 
95% confidence intervals (CI) directly standardized to the European Standard Population 
[16]. We estimated the impact of counterfactual distribution of smoking, overweight 
and obesity, and physical inactivity on educational differences in IHD mortality by us-
ing the measure of the Population Attributable Fraction (PAF). The PAF is defined as the 
proportion of disease cases or deaths which would be prevented if the exposure to the 
risk factor were eliminated or merely modified and was computed using the following 
formula [17].

PAF =
∑
n

i=1 
PiRRi - 

 
∑
n

i=1 
Pi’RRi

∑
n

i=1 
PiRRi 

with n the number of exposure categories (of the risk factor), Pi the proportion of popu-
lation currently in the ith exposure category, P’i the proportion of population in the ith 
exposure category in the scenario, and RRi the relative mortality risk for the ith exposure 
category (obtained from the literature).

The analyses were conducted by country and stratified by sex, age group (30–44, 45–59, 
60–69, 70–79) and educational level. Separately for men and women and by educational 
level, the age-specific PAFs were then combined to obtain a PAF for the age range 30–79. 
We calculated CIs around the PAFs by bootstrap [18]. We also calculated a European 
average PAF which is an arithmetic mean of the 18 country-specific estimates (for Spain 
and Italy, average PAF values were calculated from the regional PAFs). Separately for 
men and women and by educational level, the age-specific PAFs were also used to 
calculate new ASMRs corresponding to the mortality that would be observed after the 
implementation of the counterfactual scenario. Based on the original and new ASMRs, 
we computed mortality rate ratios (MRR) with high educated as a reference category. 
The potential reduction in relative inequalities in IHD mortality was expressed as a 
percentage change in excess mortality, using the following formula (for low educated):
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1- 
(MRR

low
scenario -1)

(MRR
low
original -1)  

*100

The potential reduction in absolute inequalities in IHD mortality was expressed as a 
number of deaths per 100,000 person-years and calculated as the difference in rate dif-
ference before and after the implementation of the counterfactual scenarios using the 
following formula (for low educated):

( ASMR 
low
original  - ASMR 

high
original  ) - ( ASMR 

low
scenario  - ASMR 

high
scenario  )   

Because of space limit, we will only show results contrasting the high and low educated, 
which will result in an underestimation of the overall inequality reduction.

We modelled two counterfactual scenarios in which the distribution of the risk factor 
changed. In the first scenario called upward levelling scenario, we set the prevalence of 
the risk factor to the level currently observed among the high educated. In rare cases 
where the scenario would lead to a mortality increase in lower educated groups (be-
cause of reverse social gradient of risk factor prevalence) we set the PAF to zero because 
it is implausible that a policy intervention would aim at deteriorating health outcomes. 
The second scenario called best-practice-country scenario modelled a currently optimal 
situation, applying the risk factor distribution of a country that combined (one of ) the 
lowest average risk factor prevalence with (one of ) the smallest relative inequalities in 
the specific risk factor (without reverse social gradient in the risk factor distribution). 
After careful evaluation, the countries that fulfilled best the above mentioned criteria 
were France (men) and Finland (women) for smoking, Norway (both men and women) 
for overweight and obesity, and Denmark (men) and Finland (women) for physical inac-
tivity. The prevalence of the risk factor among high educated individuals always changes 
in the best-practice-country scenario. It is therefore possible that by using the risk factor 
distribution of the ‘best country’ in other countries the mortality rate is reduced more 
among high educated than among low or mid educated and as a consequence, the rela-
tive inequalities increase. It is also possible that the mortality rate increases in a specific 
educational group if the risk factor distribution in this group is less ‘favourable’ in the 
best-practice country than in the specific country. This will lead to a negative PAF value. 
Although this is not what we aim for, we accepted negative values so that our results 
always show how the mortality would change if we applied the risk factor distribution of 
the best practice country, regardless of whether this is an improvement or a deteriora-
tion.
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Results

Although we consistently observed lower IHD mortality among higher educated men 
and women and higher mortality rates among men than among women, the level of 
IHD mortality as well as educational differences in IHD mortality differed substantially 
across the 21 European populations studied (Figure 1, Table 2). The smallest relative and 
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Figure 1 Age-standardized mortality rates (per 100,000 person-years) from IHD by education, country 
and sex, with corresponding 95% confidence intervals, 21 European populations, 30–79 years, (A) men, (B) 
women
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Figure 2 Percentage reduction of those with a low educational level under the upward levelling (UL) and 
the best-practice-country (BPC) scenario, by population and sex, 30–79 years, (A) men, smoking, (B) wom-
en, smoking, (C) men, overweight and obesity, (D) women, overweight and obesity, (E) men, physical inac-
tivity, (F) women, physical inactivity
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absolute inequalities were found in the Spanish and Italian populations. Mortality rates 
and inequalities were largest in Eastern Europe, leading to a remarkable excess mortality 
among low educated in these countries.

Table 1 presents by which percentage the mortality rate among low educated may be 
decreased if the assumptions of the upward levelling scenario held. The PAF values var-
ied substantially by country, gender and risk factor. The PAF ranged from 0 (for smoking 
among women in Turin and Tuscany, overweight and obesity among Estonian men and 
physical inactivity among Czech men and Finnish women) to 12% for smoking among 
Norwegian men and among Scottish women. Among low educated, the most beneficial 
for IHD mortality would be the elimination of educational differences in smoking among 
men and in overweight and obesity among women. From the figure 2 it is evident 
that both scenarios lead to different mortality reductions among low educated men 
and women. The decrease in mortality was more pronounced under the best-practice-
country scenario than under the upward levelling scenario in many situations for all 
three risk factors, such as in Southern Europe for smoking among men, in Northern and 
Western Europe for smoking among women or in the UK and in Eastern Europe among 
men and women for overweight and obesity. For physical inactivity, the percentage 
reduction under the best-practice-country scenario was around or above 20% in several 
countries, especially in the South. Substantial mortality reductions were also achieved 
among high educated (Table A4 in appendix).

Table 2 describes the potential reduction of relative and absolute inequalities in IHD 
mortality. Among men, eliminating educational inequalities in smoking reduced relative 
inequalities in IHD mortality by more than 10% in most European populations, whereas 
the elimination of educational inequalities in overweight and obesity and in physical 
inactivity had considerable impact on relative inequalities only in southern Europe. 
Among women, the elimination of educational inequalities in smoking and in physical 
inactivity would lead to a negligible reduction in relative inequalities in IHD mortality 
in most populations. By contrast, eliminating inequalities in overweight and obesity 
could reduce relative inequalities in IHD mortality by 10% to 50% in most European 
populations. Although the largest percentage reductions were achieved in southern 
European regions, these reductions applied to low mortality rate ratio and/or to low 
mortality rate and did not lead to any considerable reductions in absolute terms. The 
reduction in absolute inequalities was largest in Eastern Europe, especially among men 
(e.g., among Estonian men with reduction of 42 deaths per 100,000 person-years). A 
substantial reduction in absolute inequalities would also be observed with an elimina-
tion of inequalities in smoking in the Nordic countries (men), England and Wales and the 
Netherlands (men) and Scotland (men and women).
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The results did not differ considerably between the two scenarios. However, the reduc-
tion in inequalities was smaller under the best-practice-country scenario than under the 
upward levelling scenario, and inequalities even sometimes slightly increased, mostly 
for smoking among women in southern Europe.

Table 2 Original mortality rate ratios (MRR), original rate difference (RD), and potential reduction of relative 
(in %) and absolute (deaths per 100,000 person-years) inequalities in IHD mortality between those with 
high and low educational level, upward levelling (UL) and best-practice-country (BPC) scenarios, by popu-
lation and sex, 30–79 years

Country

Original Inequality decrease after implementation of the scenario

MRR RD

Smoking Overweight/Obesity Physical inactivity

UL 
scenario

BPC 
scenario

UL 
scenario

BPC 
scenario

UL 
scenario

BPC 
scenario

rel 
red

abs 
red

rel 
red

abs 
red

rel 
red

abs 
red

rel 
red

abs 
red

rel 
red

abs 
red

rel 
red

abs 
red

MEN

Finland 2.13 157 11 17 7 11 3 4 -17 -2 1 2 -7 -4

Sweden 2.10 107 12 13 8 7 7 8 -3 2 n.a. n.a. n.a. n.a.

Norway 2.51 114 19 22 15 14 8 10 ref ref 5 6 0 16

Denmark 1.87 76 14 10 10 13 12 9 0 4 6 5 ref ref

England & Wales 1.60 83 22 20 18 14 9 7 -5 7 n.a. n.a. n.a. n.a.

Scotland 2.11 130 18 23 12 17 7 10 -3 11 n.a. n.a. n.a. n.a.

Netherlands 2.08 75 10 8 6 10 11 8 1 3 2 2 -4 7

Belgium 1.80 56 7 4 2 5 11 6 -1 3 7 4 0 3

France 2.16 51 6 3 ref ref 13 6 3 4 n.a. n.a. n.a. n.a.

Switzerland 1.95 68 8 5 4 6 13 9 2 4 10 7 4 2

Austria 1.63 90 9 8 6 4 20 18 4 8 n.a. n.a. n.a. n.a.

Barcelona 1.33 24 10 3 -1 2 16 4 -7 1 12 3 0 5

Basque Country 1.24 17 16 3 0 1 11 2 -19 -1 16 3 0 3

Madrid 1.12 11 22 3 -1 1 36 4 -19 -1 28 3 -1 2

Turin 1.35 26 6 2 -3 0 20 5 0 1 5 1 -7 3

Tuscany 1.54 32 4 1 -2 1 14 5 0 1 4 1 -5 4

Hungary 2.53 308 n.a. n.a. n.a. n.a. 4 12 -5 20 n.a. n.a. n.a. n.a.

Czech Republic 2.90 251 14 36 12 25 9 22 2 25 0 0 -5 36

Poland 2.04 143 21 31 17 26 3 4 -9 6 n.a. n.a. n.a. n.a.

Lithuania 2.04 309 12 36 9 37 5 15 -7 3 10 30 5 39

Estonia 2.29 400 10 42 5 54 0 1 -13 3 2 7 -9 48
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Discussion

Our findings on educational inequalities in IHD mortality are in line with what has been 
reported previously [2]. In absolute terms, IHD mortality was extremely large in Eastern 
European populations leading to large inequalities. We observed the north-south gradi-
ent with IHD mortality and inequalities in IHD mortality being higher in the North and 

Table 2 Original mortality rate ratios (MRR), original rate difference (RD), and potential reduction of relative 
(in %) and absolute (deaths per 100,000 person-years) inequalities in IHD mortality between those with 
high and low educational level, upward levelling (UL) and best-practice-country (BPC) scenarios, by popu-
lation and sex, 30–79 years (continued)

Country

Original Inequality decrease after implementation of the scenario

MRR RD

Smoking Overweight/Obesity Physical inactivity

UL 
scenario

BPC 
scenario

UL 
scenario

BPC 
scenario

UL 
scenario

BPC 
scenario

rel 
red

abs 
red

rel 
red

abs 
red

rel 
red

abs 
red

rel 
red

abs 
red

rel 
red

abs 
red

rel 
red

abs 
red

WOMEN

Finland 2.64 56 4 2 ref ref 9 5 -4 2 0 0 ref ref

Sweden 2.72 48 8 4 4 4 10 5 -3 1 n.a. n.a. n.a. n.a.

Norway 2.91 42 15 6 12 6 11 5 ref ref 3 1 3 10

Denmark 2.28 35 6 2 2 6 11 4 -2 0 8 3 9 2

England & Wales 2.70 60 10 6 6 8 11 7 -1 7 n.a. n.a. n.a. n.a.

Scotland 3.23 81 17 14 12 15 4 3 -8 5 n.a. n.a. n.a. n.a.

Netherlands 2.44 33 5 2 -2 3 12 4 -2 1 7 2 8 6

Belgium 2.20 23 2 0 -8 0 15 4 2 1 12 3 14 4

France 3.48 19 3 1 -8 -1 14 3 3 1 n.a. n.a. n.a. n.a.

Switzerland 2.21 23 1 0 -11 0 19 4 5 1 10 2 12 2

Austria 1.88 43 1 0 -6 -3 22 10 5 3 n.a. n.a. n.a. n.a.

Barcelona 1.62 9 1 0 -26 -2 24 2 5 1 6 1 10 3

Basque Country 1.49 7 2 0 -26 -1 30 2 8 1 7 1 12 2

Madrid 1.37 8 1 0 -31 -2 33 3 5 1 8 1 14 3

Turin 1.21 5 0 0 -57 -2 48 3 2 0 9 0 13 2

Tuscany 1.32 7 0 0 -44 -3 35 3 1 0 7 1 6 2

Hungary 2.08 102 n.a. n.a. n.a. n.a. 12 12 -3 8 n.a. n.a. n.a. n.a.

Czech Republic 3.06 96 5 4 -5 0 12 12 1 11 3 3 4 24

Poland 2.35 57 5 3 -10 -1 15 9 1 6 n.a. n.a. n.a. n.a.

Lithuania 2.48 138 2 3 -10 -20 3 4 -19 5 18 24 3 33

Estonia 2.52 174 4 7 1 0 14 25 -1 25 5 8 8 33

rel red = relative reduction, abs red = absolute reduction, ref = reference country, n.a. = not available
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lower in the South of Europe, which is believed to be at least partly attributable to the 
Mediterranean diet [19].

Our findings regarding the potential for inequalities reduction revealed important 
country- and gender-specific patterns. The impact of smoking on IHD mortality and on 
educational differences in IHD mortality was larger in the North, West and East (men 
only) of Europe and the impact of overweight and obesity was larger in the South of 
Europe, especially among women. We found only a small impact of physical inactivity in 
most European countries, except Lithuania, which may partly be due to imprecision in 
the measurement of this risk factor. Although these results are consistent with the avail-
able literature on socioeconomic inequalities in these risk factors in Europe [9, 20-22], 
they cannot fully explain the large cross-country differences in IHD mortality.

The relatively small IHD mortality gains from the elimination or modification of the ex-
posure to certain behavioural risk factors may be a consequence of the limited number 
of risk factors investigated. Although behavioural risk factors explained 53% among 
men and 25% among women of the relative differences between the low and high 
educated in IHD mortality [23], and smoking and physical inactivity were reported to be 
the most important health behaviours explaining educational differences in mortality 
[24], a large proportion of educational inequalities in IHD mortality cannot be explained 
by the behavioural risk factors investigated in our study. Air pollution is associated with 
IHD mortality [25, 26] and may partly account for our findings in Eastern Europe as both 
outdoor and indoor air pollution is higher in Eastern European countries than in other 
parts of Europe, with large inequalities in the exposure to this risk factor [27, 28]. Other 
risk factors, such as working conditions (both physical and psychosocial) or material 
circumstances [29], have been found to be major sources of health inequalities and may 
play an important role in the explanation of educational inequalities in IHD mortality as 
well.

Despite differences in study populations, measurement of socioeconomic position and 
method of analysis, our results are consistent with the studies investigating the role of 
various risk factors in socioeconomic inequalities in IHD mortality. Interventions based 
on smoking cessation in the UK have shown that relative inequalities in IHD mortality 
could be reduced by 28% among men [10], a value close to the 22%-reduction we found 
in England and Wales and the 18%-reduction in Scotland if all men had the same smok-
ing prevalence as high educated men. In Denmark, among men, 8% and 21% of the 
excess mortality between low and high educated was attributed to smoking and BMI, 
respectively, whereas these figures were 6% and 14% among women. The effect of low 
physical activity was negligible among men and women [30]. Again, these estimates are 
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close to our results. We found that, when inequalities in smoking and BMI are eliminated 
in Denmark, educational inequalities in IHD mortality could be reduced by 14% and 12% 
among men and by 6% and 11% among women, respectively.

The reduction of relative and absolute inequalities in IHD mortality does not exten-
sively differ between the two scenarios investigated, especially in countries with large 
inequalities in IHD mortality and/or high IHD mortality. This means that the upward 
levelling scenario does not lead to a clear larger decrease in inequalities in IHD mortality. 
On the contrary, the best-practice-country scenario often showed a larger decrease in 
mortality among low educated than the upward levelling scenario did. The decrease 
was even sometimes more than double. These results mean that low educated in the 
best-practice country have a lower prevalence of risk factors than high educated in the 
studied country. Our results then point to countries where efforts should be made to 
decrease the risk factor prevalence among the whole population. They also suggest 
that focusing only on the reduction of inequalities in IHD mortality does not show the 
entire picture and may not be the best option to decrease health inequalities in some 
countries. For instance in England and Wales, the population health regarding IHD 
would be much more improved in all educational groups if we manage to lower the BMI 
to that observed in Norway, even though inequalities would remain, than if we would 
remove educational differences in BMI. Indeed, the mortality would decrease by 11.8% 
among low educated men (vs. 3.3%) and by 13.5% among high educated men (vs. no 
reduction). Under the best-practice-country scenario a large mortality decrease among 
low educated does not necessarily imply a decrease in inequalities in IHD mortality as 
measured with mortality rate ratio if mortality also decreased among high educated. 
However, the considerable reduction in IHD mortality among low educated is in itself a 
great achievement from a health inequalities perspective.

In this study we encountered several limitations that have to be mentioned. IHD is 
prone to misclassification with variation in coding practices across countries [31, 32], 
which may affect comparability. While IHD may be overestimated in eastern European 
countries, a substantial underestimation of IHD in official mortality statistics has been 
reported in Belgium [32] and in France, where IHD mortality could be underestimated 
by 27% for men and 35% for women [31]. Although the coding practice unlikely differed 
by socioeconomic groups, we probably over- or underestimated IHD mortality in differ-
ent parts of Europe, which may have affected the absolute differences in IHD mortality 
between the low and high educated. Finally, in addition to IHD misclassification, the 
surprisingly low IHD mortality rates observed in France despite the high consumption 
of animal fat and increased concentration of serum cholesterol [33] may be explained by 
the protective effect of mild wine consumption [34].
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Differences in the measurement of exposure to risk factors between countries may 
hamper comparability. It is likely that physical inactivity is the risk factor with the larg-
est heterogeneity due to variation in survey questions across European populations. 
Self-reporting bias may also be an issue. Although self-reports may underestimate the 
true smoking prevalence [35], most studies, including biochemical validations, reported 
that self-reported smoking status was reliable with no differences by socioeconomic 
groups [36, 37]. People were moderately accurate in recalling their physical activity, 
with a tendency towards an underestimation of sedentary activities, especially among 
obese, an overestimation of aerobic activities, especially among men [38] and a better 
self-reporting among higher educated [39]. People usually underestimate their BMI, es-
pecially women, obese, elderly and higher educated [40, 41]. On the other hand, there is 
evidence that self-reported weight and height are remarkably accurate indicators of ac-
tual weight and height [42]. Despite these limitations we believe that the self-reporting 
bias is negligible.

Other limitations concern the assumptions of the PAF methodology. The relative 
risks used in the calculations should reflect the causal effect of the risk factors on IHD 
mortality. This is realistic because we used relative risks from literature reviews or large 
empirical studies. Due to data availability, the relative risks were assumed to be the same 
for all European populations investigated and for all educational groups. However, the 
literature suggests that when the metric of exposure is comparable, the effects of risk 
factors are similar across populations in different world regions [43]. In addition, there 
is no systematic evidence on how the impact of smoking, overweight and obesity or 
physical inactivity would differ by education. However, higher relative risks among those 
with lower education would result in higher potential for reducing mortality among low 
educated and educational inequalities in mortality.

Furthermore, mortality and risk factor prevalence data were collected at the same pe-
riod around the year 2000 and therefore we could not take into account any time-lag 
between risk factor exposure and IHD mortality. The implicit time frame is that we can 
only expect to see a decrease in mortality after persons that have been moved from one 
exposure group to another have also acquired the mortality risk of this new group [44]. 
Regarding smoking, although one study found that the IHD risk among former smokers 
returned to the level of never smokers 10 to 14 years after smoking cessation [45], sev-
eral other studies have shown that the biological effect of smoking on IHD was related 
to current use [46] and that the risk of IHD therefore became similar to the risk of never 
smokers within two or three years after smoking cessation [47-49]. Regular physical ac-
tivity and weight loss are associated with several biological mechanisms, such as blood 
pressure reduction improvements in glucose control, reduction of cholesterol level or 
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reduction of stress, anxiety and depression [8, 50], and their positive modification leads 
to the reduction of premature IHD mortality. Although the time-lag is not known, the as-
sociation of physical activity and weight loss with these biological mechanisms suggest 
an immediate beneficial effect on IHD mortality.

Conclusions

Drawing general conclusions from our analysis is challenging due to the diversity of 
country-specific situations. Although the upward levelling scenario may not be achiev-
able, the best-practice-country scenario is realistic. Our analysis shows that even if a 
modest reduction of educational inequalities in IHD mortality may be achieved under 
this realistic scenario, substantial reduction in the IHD mortality level among all educa-
tional groups, especially among the least educated, can be achieved in many countries. 
In order to tackle health inequalities in IHD mortality, policy makers should learn from 
countries that managed to combine low exposure to the main risk factors and small 
inequalities in these risk factors distribution.
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Appendix

Table A1 Characteristics of mortality data

Population Type of 
dataset

Period Geographic coverage Demographic coverage

Finland longitudinal 2001–2007 national 20% of Finns are excluded (at 
random)

Sweden longitudinal 2001–2006 national whole population

Norway longitudinal 2001–2006 national whole population

Denmark longitudinal 2001–2005 national whole population

England & Wales longitudinal 2001–2006 national 1% of the population

Scotland longitudinal 2001–2006 national 5.3% representative sample of the 
population

Netherlands longitudinal 1998–2007 national linkage based on the Labour Force 
Survey

Belgium longitudinal 2004–2005 national whole population

France longitudinal 1999–2005 national 1% of the population, born outside 
France mainland excluded

Switzerland longitudinal 2001–2005 national Non-Swiss nationals excluded

Austria longitudinal 2001–2002 national whole population

Barcelona repeated CS 2000–2006 city whole population

Basque Country longitudinal 2001–2006 region whole population

Madrid longitudinal 2001–2003 region whole population

Turin longitudinal 2001–2006 city whole population

Tuscany longitudinal 2001–2005 Florence, Leghorn, Prato whole population

Hungary CS unlinked 1999–2002 national whole population

Czech Republic CS unlinked 1999–2003 national whole population

Poland CS unlinked 2001–2003 national whole population

Lithuania longitudinal 2001–2005 national whole population

Estonia CS unlinked 1998–2002 national whole population

CS = cross-sectional



205

Role of lifestyle risk factors in reducing educational differences in IHD mortality

Ch
ap

te
r 8

Table A2 Data sources of risk factors prevalence

Country Name of surveya Years N

Austria European Community Household Survey, wave 7 2000 5,801

Basque Country Health Survey of the Basque Country 2002 13,244

Belgium Health Interview Survey 1997 + 2001 1997/2001 17,481

Czech Republic Sample Survey of the Health Status of the Czech 
Population

2002 2,476

Denmark Danish Health and Morbidity Survey 2000 2000 16,690

England & Wales English Health Survey 2001 2001 15,767

Estonia Finbalt Health Monitor 2002/2004 4,376

Finland Finbalt Health Monitor 94/98/00/02/04 20,371

France National Health Survey (Enquete Décennale Santé)b 2002 13,603

Italy Health and health care utilization 1999–2000 1999/2000 118,245

Lithuania Finbalt Health Monitor 94/98/00/02/04 11,647

Netherlands Permanent Onderzoek Leefsituatie (POLS) 2003/2004 15,803

Poland Second nationwide sample survey of the health status of 
the Polish population

2004 35,248

Scotland Scottish Health Survey 2003 6,912

Spain National Health Survey 2001 2001 20,748

Sweden Swedish Survey of Living Conditions 2000/2001 11,484

Switzerland Swiss Health Survey 2002 19,511

a Survey was used only when the percentage of risk factor information was lower than 20%
b Santé – 2003 (standard version) – (2003) [electronic file], INSEE [data producer], Centre Maurice Halbwachs 
(CMH) [data distributor]
N = number of respondents
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Table A3 Rate ratios for the impact of selected risk factors on IHD mortality by age group and sex

Risk factor
Men Women

30–44 45–59 60–69 70–79 30–44 45–59 60–69 70–79

Smoking

current 2.80 2.80 1.51 1.51 3.08 3.08 1.60 1.60

former 1.64 1.64 1.21 1.21 1.32 1.32 1.20 1.20

never 1 1 1 1 1 1 1 1

BMI

>=30 2.00 2.00 1.85 1.70 2.00 2.00 1.85 1.70

25–29 1.35 1.35 1.30 1.25 1.35 1.35 1.30 1.25

<25 1 1 1 1 1 1 1 1

Physical inactivity

sedentary 1.35 1.35 1.35 1.35 1.54 1.54 1.54 1.54

active 1 1 1 1 1 1 1 1

BMI = body mass index
Source: smoking [13], BMI [14], physical inactivity [15]
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Table A4 PAF (in %) by population, sex, education and risk factor among low and high educated, best-
practice-country scenario, 30–79 years

Country

MEN WOMEN

Smoking
Overweight/

Obesity
Physical 

inactivity
Smoking

Overweight/
Obesity

Physical 
inactivity

Low High Low High Low High Low High Low High Low High

Finland 4.0 0.3 6.0 13.8 0.7 4.3 ref ref 5.4 7.8 ref ref

Sweden 2.3 -2.1 3.5 5.2 n.a. n.a. 7.9 5.7 2.8 4.6 n.a. n.a.

Norway 6.1 -3.4 ref ref 14.3 14.1 11.1 3.5 ref ref 23.2 21.5

Denmark 12.4 8.3 4.6 4.7 ref ref 15.8 14.8 0.7 0.2 1.4 -3.6

England & 
Wales

5.6 -1.3 11.8 13.5 n.a. n.a. 10.5 7.1 11.5 12.0 n.a. n.a.

Scotland 7.2 0.9 9.5 11.0 n.a. n.a. 14.8 7.3 7.9 12.4 n.a. n.a.

Netherlands 10.0 7.0 3.4 3.1 10.3 12.1 9.9 10.8 3.0 4.2 15.4 11.0

Belgium 7.4 6.6 5.0 5.6 5.2 5.3 3.5 7.7 3.9 3.0 12.0 4.8

France ref ref 5.4 3.9 n.a. n.a. -2.8 2.9 2.5 0.3 n.a. n.a.

Switzerland 6.3 4.6 4.5 3.5 1.3 -0.7 3.2 8.7 0.9 -2.1 4.5 -2.4

Austria 1.0 -1.4 7.0 5.6 n.a. n.a. -3.2 -0.3 4.5 2.0 n.a. n.a.

Barcelona 6.6 6.7 7.0 8.6 18.5 18.5 -5.1 4.5 8.1 6.4 25.8 22.9

Basque C 3.9 3.9 5.7 9.0 18.5 18.4 -4.1 4.0 3.6 1.0 25.2 22.1

Madrid 6.4 6.5 7.1 8.9 18.5 18.5 -4.8 3.2 8.0 6.7 25.9 23.1

Turin 3.6 4.2 4.3 4.4 14.1 15.6 -1.8 7.3 1.5 1.2 23.4 21.6

Tuscany 3.6 4.2 4.2 5.5 14.1 15.6 -2.6 7.2 1.4 1.3 23.0 21.9

Hungary n.a. n.a. 8.2 10.7 n.a. n.a. n.a. n.a. 8.6 10.1 n.a. n.a.

Czech 
Republic

5.4 -3.0 9.4 8.3 15.8 18.6 1.5 4.6 10.6 9.8 24.1 21.9

Poland 10.0 1.6 7.8 11.7 n.a. n.a. 2.4 7.5 10.3 9.6 n.a. n.a.

Lithuania 8.0 3.8 3.9 7.2 10.4 8.1 -10.5 -4.3 9.6 18.8 15.3 2.2

Estonia 11.3 8.6 5.7 12.1 15.2 19.3 -0.3 -1.0 14.6 14.8 15.9 11.6

EU average 6.6 2.5 6.0 7.6 10.6 11.5 3.6 5.4 6.0 6.7 16.1 11.1

ref = reference country, n.a. = not available
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General discussion

This thesis presents a collection of studies focusing on educational inequalities in mor-
tality in Europe during the 1990s and the early 2000s, with the aim of quantifying these 
inequalities and assessing their potential for reduction. This final chapter summarizes 
the main findings and discusses the answers to the research questions of this thesis. 
In addition, the findings are presented in light of several methodological limitations 
and interpreted in reference to previous studies. Finally, we consider the implications of 
these findings for policy strategies and future research.

Main findings

Answer to study questions

1)	 Are there differences in the reliability of cause-of-death statistics by education in 
European countries?

In chapter 2, we investigated educational differences in the proportion of ill-defined 
causes of death among subjects aged 30–79 years as one of the indicators for cause-
of-death data quality. This proportion varied in the 16 European countries investigated, 
however, without any clear geographical pattern. This proportion was generally low 
among both men and women, and did not exceed 7% in any European country investi-
gated. Our findings suggested that the proportion of ill-defined causes of death tended 
to be lower in countries with higher autopsy rate. The proportion of ill-defined causes 
of death differed statistically significantly by education in Denmark, England and Wales, 
Belgium, Switzerland, Italy, Hungary, Czech Republic, Poland and Estonia among men, 
and in Switzerland and Poland among women with the tendency of a higher proportion 
among low educated individuals. However, the absolute difference in the proportion of 
ill-defined causes between low and high educated men and women was generally less 
than one percentage point, with the exception of Polish men among whom the differ-
ence was 2.9%-points. Due to these small percentage differences between educational 
groups, a redistribution of ill-defined causes of death to some well-defined causes of 
death, such as ischaemic heart disease (IHD) or suicide, did not considerably affect the 
educational inequalities observed for these latter causes of death.

2)	 What is the magnitude of educational inequalities in all-cause and cause-specific 
mortality in Europe in a comparative perspective and has it changed over time?
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Chapters 3 and 4 described the magnitude of both relative and absolute educational 
inequalities in all-cause and cause-specific mortality in Spain (30–74 years) and the 
Netherlands (30–79 years) putting these countries into a European perspective. Chapter 
5 then documented trends in educational inequalities in all-cause and cause-specific 
mortality in a wide range of European populations between the 1990s and the 2000s 
among people aged 30–74 years.

The Spanish populations represented by the city of Barcelona, by the region of Madrid 
and by the Basque Country have substantially smaller absolute inequalities in total 
mortality than the other Western European populations as the result of lower average 
levels of mortality and smaller relative inequalities in mortality. These smaller absolute 
inequalities were found to be due mainly to comparatively small absolute and relative 
inequalities in mortality from cardiovascular disease (men) and cancer (women). How-
ever, relative inequalities in mortality from most other causes were not smaller in Spain 
than elsewhere and were even substantially larger for infectious disease mortality. Spain 
has smaller inequalities in smoking and sedentary lifestyle, due to a higher prevalence 
of these risk factors among higher educated individuals, whereas inequalities in obesity 
among women are larger than in the other European populations. Therefore, the overall 
situation with regard to educational inequalities in health does not appear to be more 
favourable in Spain than in other Western European populations. From a historical point 
of view, the smaller absolute and relative inequalities in mortality observed in Spain are 
likely to be an effect of the later socioeconomic modernization of Spain when compared 
with Northern Europe, delaying large-scale socioeconomic changes in society, and the 
epidemiologic transition. These smaller educational inequalities in mortality in Spain 
therefore seem to be a  historical coincidence rather than the outcome of deliberate 
policies.

To quantify absolute and relative educational inequalities in total and cause-specific 
mortality in the Netherlands and compare these estimates with those in other European 
countries, we linked the Dutch Labour Force Survey (1998–2002) with death records 
(1998–2007) via an encoded unique personal number. We reported large absolute edu-
cational inequalities in mortality and showed that their magnitude and cause-specific 
patterning were similar to those observed in other countries of North-Western Europe. 
The relative risk of dying was two times higher among people with primary education 
when compared with tertiary educated. This difference in total mortality led to a gap in 
partial life expectancy between ages 30 and 79 years of 3.4 and 2.4 years among men and 
women, respectively. The contributions to this gap were mainly driven by cardiovascular 
diseases and cancer. No inequalities in mortality were found for colorectal cancer, pros-
tate cancer and female breast cancer. On the contrary, absolute and relative inequalities 
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in lung cancer mortality were found to be substantially larger in the Netherlands than in 
other countries of North-Western Europe, particularly among men. The contribution of 
lung cancer to the gap between primary and tertiary educated people was 20% among 
men and 16% among women, suggesting an important contribution of smoking to 
educational inequalities in mortality in the Netherlands. This is consistent with the high 
smoking prevalence rates reported in the Netherlands during the last decades.

In chapter 5, we focused on trends in relative and absolute educational inequalities in 
total and cause-specific mortality in 13 European countries between the 1990s and the 
2000s. We reported an increase in relative inequalities in most populations in the North, 
West and East of Europe, but not in the South. The increase in the relative inequalities 
was mostly due to smaller proportional reductions in mortality among the lower than 
the higher educated. In the case of Lithuania and Estonia, mortality rose among the 
lower educated, due to conditions related to smoking (lung cancer, women only) and 
excessive alcohol consumption (liver cirrhosis and external causes), whereas it declined 
among the higher educated. This fact very likely contributed to the increasing differ-
ence between the South, characterized by smaller relative inequalities, and the East of 
Europe, characterized by large relative inequalities, since the 1990s. In absolute terms, 
however, we observed a larger mortality decline among the lower educated in many 
countries in the North, West and South of Europe, due mainly to larger absolute reduc-
tions in mortality from cardiovascular disease and cancer (men only). It suggests that 
changes in health-related behaviours (e.g., smoking, diet, physical activity) and in health 
care interventions (e.g., hypertension detection and treatment, thrombolytic therapy) 
must have been larger among the low educated.

3)	 What is the potential for reducing educational inequalities in mortality in Europe?

Chapters 6, 7 and 8 discussed the potential health gains and inequality reductions due 
to different policies and interventions. All estimations were obtained using a methodol-
ogy based on the Population Attributable Fraction (PAF).

Chapter 6 presented the methodology used as well as illustrative calculations. For il-
lustrative purposes, we investigated how changes in the educational distribution of 
smoking, alcohol consumption, lack of physical activity, and overweight and obesity 
may impact educational inequalities in mortality in three European countries (Belgium, 
Norway and Czech Republic). We applied a scenario implying that the prevalence of the 
four risk factors is reduced to the level currently seen among high educated. We found 
that socioeconomic inequalities in all-cause mortality could potentially be reduced for 



Chapter 9

214

both men and women by a redistribution of risk factors by education. Additionally, we 
found that the PAF methodology and the conventional regression yielded similar results.

Chapter 7 provided an innovative approach for assessing the effect of the on-going 
improvement in the educational structure on mortality for people aged 30–79 years. 
The educational distribution is one of the most important sources of population het-
erogeneity with major social, economic, cultural and health consequences, and as such 
it is a key for economic development and productivity. Hence, based on two scenarios 
we estimated the impact of the projected increase in higher education on mortality in 
21 European populations. The first scenario represented the improvement in the future 
distribution of educational attainment as expected on the basis of cohort replacement. 
The second scenario represented the levelling up situation when everyone has ob-
tained tertiary education. The effect of these counterfactual scenarios on mortality was 
estimated with a 10–15-year time horizon. We observed important variations between 
countries in the magnitude of mortality reduction, depending on the current educa-
tional distribution, on the projected speed of future improvements in the educational 
distribution, and on the mortality rate ratios between educational groups observed in 
each country. The potential reduction in mortality ranged from 1.9 to 10.1% among 
men and 1.7 to 9.0% among women according to the cohort replacement scenario and 
from 22.0 to 57.0% among men and from 9.6 to 50.0% among women according to the 
upward levelling scenario. In addition, the cohort replacement scenario was estimated 
to achieve only part of the potential mortality decrease seen in the upward levelling 
scenario (4–25% for men and 10–31% for women). Despite the large scope for mortality 
reduction in all European countries, the greatest theoretical potential gain in mortality 
was found in eastern European countries for both men and women whereas the smallest 
theoretical potential gain in mortality was observed in southern European populations. 
As shown in this chapter, the on-going improvements in educational attainment may 
have important positive side-effects on mortality.

In chapter 8, we estimated the potential reduction in educational inequalities in IHD 
mortality in 21  European populations by modifying the educational distribution of 
smoking, overweight and obesity, and physical inactivity. We investigated two redis-
tribution scenarios. In the upward levelling scenario, the risk factor prevalence was 
changed to the level currently observed among the high educated in each country. In 
the best-practice-country scenario, the risk factor prevalence was changed to the level 
observed in the best practice country, which was selected as the country with the low-
est average risk factor prevalence combined with the smallest relative inequalities in 
the specific risk factor. These scenarios showed that the reduction of inequalities in IHD 
mortality varied by country, sex and risk factor. Under the upward levelling scenario, the 
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maximal potential reduction of relative inequalities in IHD mortality between low and 
high educated amounted up to 22% for smoking, 36% for overweight and obesity, and 
28% for physical inactivity among men and to 17% for smoking, 48% for overweight 
and obesity, and 18% for physical inactivity among women. Although the decrease in 
inequalities in IHD mortality was slightly smaller under the best-practice-country sce-
nario, the mortality reduction among low educated was much more important in most 
of the countries under this scenario than under the upward levelling scenario.

Methodological considerations

Several specific data limitations relevant for some studies included in this thesis, such as 
certification and coding of causes of death, differences in data design and differences 
in population coverage, have been addressed in previous chapters. In addition to these 
limitations, we would like to discuss two general methodological issues in more detail in 
this part of the thesis. First, the attention will be given to the causality between educa-
tion and mortality. Second, we will discuss the PAF methodology.

Causal relationship between education and mortality

Educational inequalities in mortality are widely documented in the literature. However, 
while many studies reflect on the association between education and mortality in gen-
eral, only few of them address a causal relation. Indeed, most of the epidemiological 
studies are observational rather than experimental. Observing an association does not 
necessarily mean that there is a causal relationship because the observed association 
may be due to chance, bias or confounding. Causality is one of the main assumptions of 
the PAF methodology used in this thesis. The assumption of causal relationship between 
education and mortality may be problematic for the educational scenario (chapter 7) 
because we are interested in the effect of a social exposure (i.e. education) rather than 
a biological one and we will address this issue in more detail below. However, when 
calculating the contribution of a proximate risk factor, such as smoking, BMI or physical 
inactivity to mortality (chapters 6 and 8), we do not have to assume a causal effect of 
education on mortality because education serves here merely as a stratifier for the spe-
cific lifestyle risk factors. We even do not have to assume a causal relationship between 
education and the specific lifestyle risk factors because smoking, overweight/obesity 
and physical inactivity have a negative effect on mortality regardless of educational 
level.

We now review the assumption of causal relationship between education and mortality. 
In order to determine whether an observed association between education and mortal-



Chapter 9

216

ity represents a causal relationship, a number of criteria have been proposed. Bradford 
Hill´s criteria are widely used in epidemiology for assessing whether an observed as-
sociation is likely to be causal [1]. According to Bradford Hill, a  relation between two 
variables can be causal if it fulfils nine criteria: strength of the association, consistency, 
specificity, temporality, biological gradient, plausibility, coherence, experiment, and 
analogy.

It can easily be seen that several of these criteria are fulfilled. The literature consistently 
reports a  strong association between education and mortality, with a  gradient. Most 
people achieve their highest educational level early in life, and education therefore pre-
cedes the occurrence of most conditions leading to mortality. Education can plausibly 
be linked to mortality via several mechanisms including cognitive ability, living and 
working conditions, psychosocial resources and lifestyle determinants.

The criterion “experiment”, however, needs more in-depth discussion. An experiment 
corresponds to a set of observations, conducted under controlled circumstances, 
in which the scientist manipulates the conditions to ascertain what effect such ma-
nipulation has on the observation [2]. However, experiments on human beings are 
often difficult to perform, particularly in social epidemiology. Randomized experiments, 
in which education is randomly assigned across individuals, and which would solve 
the self-selection problem, are practically impossible. Natural or quasi-experimental 
methods, however, can be used instead. Exploiting changes in the economic environ-
ment or in government policy, natural experiments allow an evaluation of changes in 
education that occur regardless of the will or action of the observed individuals, e.g. 
school reforms changing the minimum school leaving age. Various statistical methods, 
such as difference-in-difference analysis, fixed effects models, regression discontinuity, 
instrumental variables, propensity score matching and interrupted time series, can be 
used to evaluate natural experiments [3-6].

It is difficult to estimate what percentage of the observed educational inequalities in 
mortality is due to a causal effect. Although such a quantification has never been as-
sessed, recent studies exploiting natural experiments in which changes in educational 
level were exogenously imposed have shown that education may have a causal effect 
on mortality [7-13]. The majority of the studies used school reforms or compulsory 
schooling laws and assessed their effect in a regression discontinuity design. It has been 
reported that an additional year of schooling increased life expectancy at age of 35 by 
1.7 years [11] or reduced the probability of dying by 1.1 percentage points for men and 
by  0.8–0.9 percentage points for women [13]. Lager and Torssander [10] have shown 
that a one-year increase in compulsory schooling was associated with a 4% lower risk of 
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all-cause mortality after the age of 40. In addition, the increase in education can have an 
important side-effect on health outcomes, such as disability [14, 15]. Even though the 
estimated effects of the increased compulsory schooling age on mortality in those stud-
ies can probably not assess the impact of further increases in educational attainment 
nowadays, they serve as valuable examples of evidence for causal relationship between 
education and mortality.

Population attributable fraction methodology

The Population Attributable Fraction (PAF) estimates the proportion of a population 
health outcome that is attributable to a particular exposure, i.e. the proportion by which 
a population health outcome would be reduced if the exposure to a particular risk factor 
were completely eliminated [16-18]. The PAF is closely related to another measure, the 
Potential Impact Fraction (PIF), which estimates the proportion by which a population 
health outcome would be reduced if the exposure to a particular risk factor were only 
partially eliminated. These two measures are very similar and we therefore only used the 
term PAF in this thesis.

The PAF methodology was used in two different ways. In chapter 7, we investigated 
how changes in the educational distribution impacted mortality; in this analysis, the 
risk factor investigated was education. In chapter 8, we investigated how changes in the 
distribution of smoking, BMI and physical inactivity impacted mortality. The analyses 
were conducted by educational groups, so that we could in a second step assess how 
these changes impacted educational differences in mortality.

We implemented this methodology in an Excel tool that offered PAF calculations for 
selected risk factors. In the Excel tool, all necessary data for the calculations were stored 
by country, sex, age groups, educational category, and cause of death. The necessary 
input data for the PAF calculations comprised 1) risk factors prevalence by country, 
age group and sex, 2) rate ratios (RRs) for the impact of risk factors on total and cause-
specific mortality by age group and sex, and 3) all-cause or cause-specific mortality rates 
by country, age groups and sex.

Although the PAF calculations are relatively simple, there are several strong assumptions 
behind the PAF methodology. One of the main assumptions is, again, causality. There 
should be a causal relationship between the risk factor investigated and the health 
outcome in order to be able to interpret the calculated mortality reduction as being 
attributable to the risk factor change [19]. In the previous section, we already discussed 
this assumption for the association between education and mortality; here, we will fo-
cus on the specific risk factors. The causality assumption also implies that the RRs for the 
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impact of the risk factor on mortality reflect the causal effect. This might be problematic 
because the observed association can be a mix of causal effects with the effects of selec-
tion bias or confounding. Moreover, when investigating the effect of health behaviours, 
we assumed that the RRs of the risk factors were the same for all countries investigated 
and for all educational groups. These limitations have been discussed in the previous 
chapters, and we believe that the use of RRs from large meta-analyses probably largely 
overcomes these problems.

Next to these important assumptions, it is also essential that the prevalence of the risk 
factors accurately reflects the relevant exposure, which may be hampered by differences 
in data collection, data classification or survey non-response between the European 
countries. Indeed, a European study comparing smoking prevalence between three 
morbidity data sources showed that the magnitude of inequalities in smoking preva-
lence depended on the survey used [20]. Its results suggested that the National Health 
Interview Surveys were the most reliable sources of information. These National Health 
Interview Surveys were used in our analyses.

Furthermore, the risk factor prevalence must be measured at a point in time which is 
consistent with the causal effect of the risk factors on mortality. In other words, any time 
lag between the risk factors exposure and the effect on mortality should be taken into 
account when collecting data on risk factors exposure. This may not always have been 
the case, as we collected risk factors data from around the year 2000 and mortality data 
from the early 2000s. These limitations have been addressed in chapter 8.

Finally, a last assumption is about the time frame. The expected reductions in mortality 
will only occur after a person has moved from one exposure group to another, and has 
also acquired the mortality risk of this new exposure group [21]. In our calculations, 
we have not specified the time dimension of the changes in mortality and mortality 
inequalities, because it is in general unknown how long it takes before a person acquires 
the new mortality risk after moving to the new exposure group. This should be kept in 
mind when interpreting the results.

Despite these limitations, the PAF approach offers several advantages. In chapter 6, we 
showed the similarity of the results between the PAF methodology and a conventional 
multivariate regression analysis. One of the main advantages of the PAF approach over 
a  conventional regression analysis is the lesser demand on data collection. Whereas 
a conventional regression analysis necessitates a dataset including both risk factors ex-
posure and outcome for the same individuals, the PAF approach can combine data from 
different sources. Such individual level data comprising information on cause-specific 
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mortality, socioeconomic status and risk factors, are often not available. Due to this lack 
of relevant datasets, the results presented in chapter 8 could not have been obtained 
with regression analysis. Another major advantage is that the PAF approach can easily 
address many scenarios where the prevalence of the risk factors is changed to any pos-
sible value in a  straightforward way, while comparable regression results can only be 
obtained using a complex regression framework.

The PAF approach, however, implies the investigation of simple risk factors and no 
possibility to include interactions. Many diseases have multiple risk factors acting simul-
taneously [22]. As a result of multicausality, the PAF calculations for multiple risk factors 
cannot be obtained by simple addition of each risk factor PAF, as the latter overlap [23]. 
Under specific conditions, the joint effect of more than one risk factor can be estimated 
to assess the proportion of mortality that can be avoided by reducing exposure to all 
these risk factors. There are two key assumptions when using this approach [22]. First, 
the exposure to the different risk factors is uncorrelated. Second, the hazardous effect 
of one risk factor is not mediated through the other risk factors. We did not use this 
joint-effect-approach in this thesis. Due to the strong assumptions of the multicausality, 
we focused only on the single effect of one risk factor. Nevertheless, it should be kept 
in mind that the lifestyle risk factors, such as e.g., overweight and obesity, and physical 
inactivity are correlated.

Based on the simplicity of the calculations, the easy interpretability and the similarity 
with regression models, the PAF measure is a useful tool for policy makers to develop 
effective health policies. Although we reported results only for a limited number of sce-
narios, the tool we developed in our project offers more opportunities for intervention 
settings going beyond the upward levelling or the best-practice-country scenario.

Interpretation of findings

This thesis explores educational inequalities in mortality based on cross-country 
comparative studies. We mentioned the quality of cause-of-death data, estimated the 
magnitude of educational inequalities in mortality, assessed trends in these inequalities 
and provided a couple of examples for policies to reduce these inequalities. Although 
we used different datasets and applied different methodologies in several studies of this 
thesis, educational inequalities in mortality were present in all European populations in-
vestigated. Moreover, there were some systematic variations in the magnitude of these 
inequalities confirming a  north-south gradient of these inequalities and an east-west 
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gap in mortality and in educational inequalities in mortality, which have been previously 
found in the literature. These two phenomena will now be elaborated in more detail.

North-South gradient in educational inequalities in mortality

A north-south gradient in educational inequalities in mortality has been reported for a 
long time in the literature with smaller educational inequalities in cardiovascular and 
total mortality in the southern European populations compared with other European 
populations [24-27]. Our findings are consistent with this gradient. In chapter 8, we 
showed that the lowest mortality rates from ischaemic heart disease could be found 
in the Basque Country among women and that the Spanish and Italian populations, in 
general, had the smallest relative inequalities in mortality from ischaemic heart disease. 
In chapter 5, we also documented that not only the educational inequalities in mortality 
were smaller in southern Europe but also trends over time in these inequalities were 
more favourable in the South than elsewhere in Europe. Indeed, we found no increase 
in relative inequalities in premature mortality in the South of Europe between the 1990s 
and the 2000s, while we did observe an increase in these inequalities in most popula-
tions in the North, West and East of Europe. Similar findings were already reported for 
earlier time-periods, both for total and cause-specific mortality [28]. More specifically, 
the north-south gradient in relative and absolute inequalities in mortality from isch-
aemic heart disease within Europe has been reported previously [26, 29, 30]. Our find-
ings for the most recent period were also confirmed by recent national data for Spain 
[31] and Italy [32].

In chapter 3, we performed an in-depth investigation of the cause-specific pattern 
explaining the small educational inequalities in one Southern European country, Spain, 
based on data from three Spanish regional and urban populations. We found that Spain 
had considerably smaller absolute inequalities in total mortality than other Western Eu-
ropean populations due to a combination of lower average mortality level and smaller 
relative inequalities in mortality, especially from cardiovascular diseases among men 
and cancer among women. Relative inequalities in most other causes were not smaller 
in Spain than elsewhere and even larger for respiratory and infectious disease mortality. 
These findings are in line with a recent study using national data for Spain, which also 
reported the strongest educational gradient for mortality from HIV disease [31].

As shown in this thesis and reported in previous literature, the north-south gradient in 
socioeconomic inequalities in mortality in Europe is largely a consequence of cardiovas-
cular diseases being of greater importance in the North of Europe [28]. Socioeconomic 
inequalities in cardiovascular risk factors are therefore likely to be of major importance 
in explaining these geographical patterns [33]. North-south variations in the magnitude 
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of socioeconomic differences in smoking, alcohol consumption, overweight and obesity, 
vegetable consumption or physical activity have been reported to largely contribute to 
the differences in socioeconomic inequalities in mortality between the North and the 
South of Europe. For smoking, a north-south gradient has been documented with larger 
socioeconomic differences in smoking in northern countries [34-36], as a consequence 
of differences in timing of the smoking epidemic. Northern European countries are con-
sidered to be in stage 4 of this epidemic, characterized by a decrease in smoking rates 
for both men and women and smoking being a habit of lower socioeconomic groups. 
Southern European countries are thought to be in stage 3 of this epidemic, which is 
depicted by a decline in smoking among men, especially among higher educated men, 
but an increase in smoking among women [34]. The north-south gradient in smoking 
can then possibly be explained by a time-lag of adoption of unhealthy and then healthy 
behaviour between the North and South of Europe [37].

On the other hand, educational inequalities in overweight and obesity were largest 
in Southern Europe, especially among women [38], among whom these inequalities 
seemed to be more pronounced in Spain than in Italy [39]. This is a striking finding in 
view of the smaller educational inequalities in energy intake in these countries due to 
the adherence to the Mediterranean diet. For instance, fruit and vegetable consump-
tion was more common among high educated men and women in northern Europe 
whereas in southern European countries, educational differences in fruit and vegetable 
consumption were small or non-existent [35, 40]. One possible explanation for these 
larger educational inequalities in overweight and obesity among southern European 
women may be the education-related differences in labour force participation, with 
larger differences between high and low educated women in the proportion having a 
job [41]. The educational inequalities in labour force participation may further be linked 
to the educational inequalities in overweight and obesity via differences in parity, differ-
ences in leisure time physical activity or differences in sociocultural environment, with 
a stronger emphasis on thinness and healthy diet among highly educated women in 
Southern Europe [42].

In addition to differences in educational inequalities in exposure to risk factors, the 
north-south gradient may also partly be explained by differences in the meaning of edu-
cation itself. In chapter 7, we estimated the smallest theoretical potential gain in mortal-
ity when increasing education in the southern European populations, especially among 
women. These findings were observed although the educational level was similar to or 
even lower than in other European populations. This result is likely to mirror the smaller 
effect of education on mortality in these countries than, e.g. in the Nordic countries. The 
southern European countries experienced dramatic changes in the 1970s when dicta-
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torial regimes were replaced by democratic ones in Portugal, Spain and Greece. Major 
political changes occurred in Italy as well [43]. These political changes likely delayed 
two major historical processes, namely large-scale socioeconomic modernization and 
the epidemiologic transition [44]. Socioeconomic modernization is a process of societal 
changes, such as rising prosperity, industrialization, urbanization and expansion of 
mass education, that is also characterized by an increasing importance of educational 
qualifications for occupational careers [45-47]. Due to this later socioeconomic modern-
ization of societies in southern Europe, educational attainment may be less relevant as 
a measure of socioeconomic position in the South compared with the North of Europe.

We consistently reported smaller educational inequalities in Italy and Spain. However, 
due to the lack of data in other southern European populations, such as Portugal and 
Greece, we do not know if the results can be generalized to the entire southern Europe. 
Nevertheless, recent calculations of life expectancy by education provided by Eurostat 
showed that small inequalities could also be found in Malta [48]. In addition, the inter-
national literature reported a similar pattern in overweight and obesity in Portugal and 
in smoking in Portugal and Greece [36, 38]. If this evidence suggests the existence of a 
‘South Europe pattern’, a closer look at the literature and at this thesis’ findings for Italy 
and Spain also reveals some differences at the cause-specific level within this ‘South Eu-
rope pattern’. First, although all countries are at a delayed stage of the smoking epidemic 
when compared with the other Western European countries, there are some differences 
within the Southern European countries. Thus, it has been stated that Portugal lagged 
behind Italy and Spain in the smoking epidemic [34]. Moreover, although we showed 
a reverse social gradient for lung cancer mortality among people aged 30–74 in both 
Spain and Italy, a recent EURO-GBD-SE study describing these inequalities by age groups 
clearly showed that Spanish men and women lagged behind Italians in the diffusion of 
the smoking epidemic [49]. Second, some specific causes of death may exhibit large 
inequalities in one country due to a specific context, as observed in Spain with the large 
educational inequalities in infectious diseases, likely due to the AIDS epidemic (chapter 
3). This finding was confirmed by a  recent study based on Spanish national data [31]. 
This has not been found for Italy neither in our analysis nor in the international literature. 
Finally, if our trend analysis showed a reduction in absolute inequalities in Spain and 
Italy, the decrease was much more pronounced in Turin than in the Spanish populations 
both among men and women.

In chapter 5, we found that trends over time in educational inequalities in mortality 
between the 1990s and the 2000s were more favourable in the South than elsewhere in 
Europe. An important question is how this North-South gradient will change in the com-
ing years. However, the future trends are uncertain given the economic crisis, which hit 
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most severely the southern European countries. Due to a lack of up-to-date morbidity 
and mortality data it is difficult to estimate the immediate effects of the economic crisis 
on population health. However, the consequences of the economic crisis, such as bud-
getary restrictions of health care or an increase in unemployment rates may have an im-
portant impact on health outcomes [50]. These effects are likely to be more pronounced 
among the most deprived groups of the population. Unemployment is associated with 
adverse health outcomes [51], and it has been reported that the increasing unemploy-
ment rate in the southern European countries was connected with rises in suicide and in 
mental disorders in Spain and Greece [50, 52, 53]. Additionally to these health problems, 
outbreaks of infectious diseases are becoming more common, as observed for instance 
with the HIV outbreaks in Greece due to increasing prostitution [53]. On the other hand, 
it has been hypothesised that recession may improve health behaviours by several 
mechanisms. Unemployed people can spend more time in leisure time physical activity, 
and the most deprived people may decrease their tobacco and alcohol consumption 
and consumption of unhealthy food due to a lack of financial resources. Finally, a fall in 
the number of deaths from road traffic accidents can be observed as a consequence of 
traffic decrease [50].

East-West divide in mortality

The east-west divide in mortality is characterized by high mortality rates in eastern 
European countries leading to a mortality gap between the western and eastern part of 
Europe [54]. Central and Eastern European (CEE) countries were included in the analyses 
in chapters 2, 5, 6, 7 and 8 of this thesis. The analyses of all these chapters consistently 
showed excessive premature mortality for total and cause-specific mortality, especially 
mortality from ischaemic heart disease. Additionally, CEE countries showed large educa-
tional inequalities in all-cause and cause-specific mortality. The east-west divide in mor-
tality is then combined with an east-west gap in educational inequalities in mortality, 
which is particularly remarkable in absolute terms and among men. Recent studies on 
lifespan variation also showed that larger educational inequalities in mortality observed 
in CEE countries were due to large between-individual variations in age at death among 
lower educated people [55, 56]. Our results confirm findings from previous international 
literature reporting an east-west gap in mortality as well as in educational inequalities in 
mortality [27, 57-60]. In addition, we demonstrated that the east-west gap in educational 
inequalities in mortality has worsened during the last two decades. Indeed, contrary 
to the other European countries, a considerable increase in absolute inequalities in 
total mortality was reported in CEE countries between the 1990s and 2000s, which was 
largely explained by a disadvantaged position of low educated in these countries when 
compared with the rest of Europe. Cardiovascular diseases and external causes were 
found to substantially contribute to this increase in absolute inequalities.



Chapter 9

224

The international literature offers some explanations for the excessive mortality in 
CEE countries. The contribution of medical care to the east-west gap plays a role but is 
unlikely to be the main explanation [54]. Air pollution may contribute to the increased 
mortality in the eastern part of Europe [61, 62] as the most polluted European areas can 
be found in the Czech Republic, Poland and former East Germany [54, 63]. Apart from 
these likely limited contributions, it has been argued that health behaviours, such as 
smoking, alcohol consumption, diet and physical exercise, and psychosocial factors were 
the most important factors creating the east-west gap in mortality as these risk factors 
are less favourable in the eastern part of Europe compared with the western European 
countries [54, 63, 64]. Based on a survey among young adults in eastern and western 
Europe, Steptoe and Wardle [63] found differences in the prevalence of regular exercise, 
alcohol consumption, fat and salt consumption, or using sunscreen protection between 
the two European parts. The authors also observed that Eastern European people were 
less likely to have adequate knowledge of the risk factors, such as smoking, exercise and 
diet, which may explain their higher exposure to these risk factors. In addition, Eastern 
Europeans were less likely to use seat-belts when driving, which likely contributes to the 
observed excess mortality from external causes, such as traffic accidents. Other studies 
found remarkable differences in the level of depression and the perceptions of social 
support between the East and the West of Europe [65, 66], with a much less favourable 
situation in Eastern Europe. Depression and lack of social support have been reported 
to have an impact on health behaviours [67], which can partly explain the higher preva-
lence of unhealthy behaviours among eastern European men and women.

According to the evidence in the literature, not only is the average exposure to the risk 
factors less favourable in the CEE countries, but educational inequalities in the exposure 
to these risk factors are also large, with particularly contrasting pattern between Baltic 
and Central Europe. Although not many studies focusing on educational inequalities 
in exposure to the risk factors in CEE countries are available, the existing literature 
points to large educational differences in exposure to the lifestyle risk factors, such as 
smoking, alcohol consumption or overweight and obesity in CEE countries. For instance, 
substantially larger relative educational inequalities in heavy episodic drinking and 
alcohol-related problems were found among men in the Czech Republic and Hungary 
compared to men in other European countries [68]. If relative educational inequalities in 
overweight and obesity were comparable or even smaller in Hungary than in other Eu-
ropean countries [39], larger absolute educational inequalities in overweight (women) 
and in obesity (men and women) were observed in Hungary compared to western 
European countries. This is likely the consequence of a generally higher prevalence of 
overweight and obesity in Hungary [39]. In light of these differences in health behaviour 
and psychosocial stress between eastern and western part of Europe reported in the 
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international literature, it is not surprising that cardiovascular diseases and external 
causes are the major contributors to the east-west gap in mortality and in educational 
inequalities in mortality [39, 54, 63, 65, 67, 68].

We used education as a measure of socioeconomic position. International literature con-
firms the large differences between eastern and western European countries regarding 
educational differences in mortality; it is not clear, however, if education has the same 
meaning in the East as in the West. Although education was provided free of charge 
during communism in order to eliminate differences in financial access to education, the 
educational trajectories of individuals depended on socioeconomic position, employ-
ment and political loyalty of their parents and therefore were not primarily driven by 
skills and abilities of each individual [69, 70]. The main focus on heavy industry in the 
socialist societies emphasized technical and vocational programs [69-71]. The promo-
tion of manual jobs and the orientation on vocational programs under the communist 
regime led to a high proportion of secondary educated in CEE countries. However, 
secondary education was highly stratified offering lower vocational, secondary general 
and upper vocational programs and leading to strong social inequalities within this level 
of education [71]. Individuals from lower socioeconomic groups selected themselves 
into lower vocational programs without any possibility for entering later a higher educa-
tion, whereas individuals from advantaged socioeconomic groups attended more often 
upper secondary general or upper secondary vocational programs providing access to 
higher education as well as to better occupational opportunities [71]. As some manual 
jobs were more rewarded than intellectual ones, and the returns to education were low 
in CEE countries under communism, people had low motivation to invest in higher edu-
cation [69, 71, 72]. Apart from this educational focus, the communist countries were well-
known for their small income differences due to wage levelling [73]. Due to the absence 
of financial compensation for higher education, only a selective group of people seeing 
high education as a cultural value or as a source of social prestige pursued studies at 
universities [70]. This explains the specific educational distribution in CEE countries, with 
a high proportion of middle educated (upper secondary education) and a small propor-
tion of high educated (tertiary education). This may also explain the surprisingly low 
mortality level among high educated compared to their lower educated counterparts in 
CEE countries, leading to huge educational inequalities in mortality. Finally, the specific-
ity of the secondary educational level in CEE countries led to difficulties in recoding CEE 
countries’ diplomas into ISCED categories, which represents an unavoidable limitation 
of our European comparisons.

After the collapse of communism, expansion and differentiation of tertiary education 
have proceeded at a high speed in many CEE countries. However, the quality of pro-
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viders and the role of market-based financing of higher education substantially varied 
across countries depending on the national history and institutional context of each 
country [71]. For instance, two different approaches of educational reform can be found 
in the Czech Republic and Poland. While the low public expenditures on tertiary educa-
tion hindered reforming the system of tertiary education and increasing the number of 
educational opportunities in the Czech Republic [69, 73], the smooth privatisation of 
higher education in Poland was a successful process [70]. Nevertheless, neither the lib-
eral approach in Poland nor the conservative approach in the Czech Republic succeeded 
in avoiding three major problems of the reform of the educational system, i.e. difficulties 
in measuring the quality of teaching and research; the information asymmetry in the 
higher education market; and a shortage of academic staff [70]. How these educational 
reforms will affect the east-west differences in mortality and in educational inequalities 
in mortality remains a task for future research.

In chapter 7, we found that the potential for mortality reduction with an increase in 
education was larger in Eastern Europe compared with Western Europe. It is therefore of 
major importance that these countries succeed in their educational reform by providing 
higher education to and improving health of all socioeconomic groups of the popula-
tion. The increase in education induced by the educational reform will, however, affect 
mortality only after several decades, when people who graduated after the collapse of 
communism will reach their 50s. In the meantime, there will be very modest reduction 
in mortality due to education increase as illustrated by the cohort replacement scenario 
(chapter 7). This scenario indeed showed that among adult population aged above 30 
years around the year 2000 – the vast majority of whom completed their education 
under the communist educational system – no clear increase in education was observed 
with decreasing age. Available evidence shows that the social selectivity of educational 
attainment both at secondary and tertiary education was pronounced in CEE countries 
still after the collapse of communism, which suggests that large educational inequalities 
in mortality will remain [71]. Additionally, in view of the different directions of current 
changes in education policy in CEE countries, we can expect larger variations of educa-
tional inequalities in mortality between the countries of central and eastern Europe in 
the future.

Policy and research implications and recommendations

Policy implications and recommendations

The investigation of educational inequalities in mortality and the assessment of their 
potential reduction are not possible without high quality epidemiologic data includ-
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ing information on education. To successfully monitor these inequalities, authorities 
responsible for public health policy should assure availability of such high quality 
data. In this thesis, we encountered some deficiencies in data, such as unlinked cross-
sectional designs and small sample sizes. Furthermore, for several European countries 
data were available for a few regions only (in Italy and Spain) or data by education were 
not available at all (e.g. Portugal, Greece or Ireland). The poor quality of socioeconomic 
information included in death certificates and the restrictive legislation concerning the 
linkage of death registries with censuses are the main barriers for monitoring socio-
economic differences in mortality in the southern European countries [74], although 
recently studies have been published using national datasets in Italy [32] and Spain 
[31]. Additionally, the stricter legislation in many European countries makes the use 
of census data more complex than several years ago. These data problems hinder the 
comparability of educational inequalities in mortality between countries and over time. 
Health authorities should therefore put more efforts in data collection according to the 
European standards in order to achieve comparability at the international level, and 
should also ensure accessibility to these data for research purposes.

We demonstrated that there is a substantial scope for mortality reduction based on 
on-going improvements in educational attainment. From this perspective, policy mak-
ers should invest and improve education for the whole population. Indeed, under the 
assumption of a causal relationship between education and mortality, raising education 
for everybody to the highest level will diminish mortality. Thus, it is important to invest 
in education for the entire population and remove the barriers of education accessibil-
ity, e.g. due to high tuition fees.

Nevertheless, despite the beneficial effects of education on health, a high level of 
education can also have negative impacts on health when the educational qualifica-
tion does not match with the occupational achievements and earnings expectations. 
This phenomenon is known as over-qualification. Over-qualification is associated with 
frustration and less satisfaction at work [75] as well as declining self-reported health 
[76] and mental health [77]. As we reported in this thesis, the on-going improvements 
in educational attainment likely have important positive side-effects on mortality and 
population health. However, the full beneficial effect of education will be achieved only 
if there are enough employment opportunities and if the achieved education meets the 
occupational needs. Policy makers should therefore not only invest in education but at 
the same time also monitor the needs of the labour market, create new job opportuni-
ties matching the increased proportion of higher educated people in society and/or 
create new study programmes needed in view of technological progress in society.
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The complete levelling up of education and its perfect matching with the occupational 
opportunities are of course utopian solutions, rather than practically feasible solutions. 
Therefore, as long as not everybody has the same high level of education, there will be 
a need for policies and interventions that reduce educational inequalities in mortality 
through risk factor modifications. We have reported that changes in the prevalence of 
major lifestyle risk factors, such as smoking, overweight and obesity, and physical inac-
tivity, can have an important impact on mortality and educational inequalities in mor-
tality in European populations. Evidence-based health policies based on primary and 
secondary prevention have been developed in Europe, although with different degrees 
of successful implementation in the European countries [78-80]. The success of health 
policy implementation very likely depends on country-specific financial resources, 
functioning institutions, effective government and competent public health workforce 
[80]. Tobacco control policies, such as price increases, restrictions on smoking in public 
and advertising bans, have been implemented in several western European countries, 
e.g. England and Wales or Sweden. This reduced the prevalence of smoking [79, 80] and 
contributed to decreasing mortality from ischaemic heart disease [81]. Alcohol control 
policies, such as accessibility restrictions, price increases and marketing control, were 
designed to reduce excessive alcohol consumption. These policies were successful for 
instance in France [79]. The decrease in alcohol consumption consequently contributed 
to the decline in mortality from liver cirrhosis [82].

Lower education has been reported to be associated with higher prevalence of harmful 
behaviour, e.g. higher tobacco and alcohol consumption, poorer eating habits, exces-
sive body weight or inadequate physical exercise [83-88]. From this point of view and as 
shown in this thesis, reducing exposure to lifestyle risk factors seems to be an important 
entry point for reducing educational inequalities in mortality. Indeed, as the potential 
health gains are larger among low educated people, raising health status of these people 
may not only reduce educational inequalities in mortality but also improve average 
population health. However, despite the major successes of health policies that tackle 
harmful behaviour, these policies are not equally effective in different socioeconomic 
groups and are often more effective in the most privileged groups, which remains an 
important barrier for reducing socioeconomic inequalities in mortality. Health promo-
tion campaigns discouraging smoking or excessive drinking or encouraging healthy diet 
and physical exercise are not sufficient if we want to decrease inequalities in these risk 
factors. Health policies should target disadvantaged individuals, e.g. lower educated 
people, by controlling their risk factor exposure, by protecting them against the nega-
tive effects of the risk factor exposure and by addressing specific barriers to behaviour 
change [89].
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For instance, it has been shown that all educational groups have equal will quitting 
smoking, however, lower educated people do not succeed as frequently as their higher 
educated counterparts [90]. This suggests that there are restrictions which limit the 
individual choice of risky behaviour among low educated people, such as financial 
resources, low social support, neuroticism, and low perceived control [90]. Interventions 
like free or cheap prescriptions for nicotine replacement therapy, smoking restrictions 
in the workplace, or raising tobacco taxes may have positive effects among lower edu-
cated people. One of the most successful strategies, however, i.e. raising the price of 
tobacco, penalises smokers from the most disadvantaged groups who are not able to 
stop their addiction [91]. Although the financial hardship forces people to cut expenses 
on cigarettes and stop smoking, the stress of living in deprivation coped with through 
smoking hinders smoking cessation [84]. Material barriers do not only affect smoking 
cessation behaviour but also eating habits and participation in physical activity. Invest-
ments in programs emphasizing physical activity which does not depend on attendance 
at expensive facilities or programs creating safe and accessible environment for physical 
activity may be potentially more effective interventions to promote activity among low 
educated individuals. Effective health policies regarding nutrition should reduce mate-
rial barriers low educated people face to purchase more healthy food for a reasonable 
price, for instance by promoting the installation of groceries or the consumption of 
fruits and vegetables at school in deprived areas.

In general, health promotion policies seem to overlook several material and psychosocial 
restrictions people face. Additional interventions that focus on the childhood conditions 
which may partly generate these material and psychosocial restrictions may contribute 
to the decrease of socioeconomic differences in health as suggested for physical inactiv-
ity [86]. As structural and economic determinants of health-related behaviour are mainly 
beyond individual control, it is an important part of health policy to intervene on these 
determinants in order to reduce risky behaviour among low educated individuals.

The heterogeneity of the findings of this thesis across European countries highlights 
the fact that there is no single common strategy in Europe that would effectively de-
crease educational differences in mortality. Policy makers should therefore first identify 
the most important entry-points for interventions specific to their particular country, 
in particular in reference to the country-specific stage of the smoking or the obesity 
epidemic [92, 93]. Interventions focusing on decreasing smoking prevalence will likely 
have important effects on reducing educational inequalities in mortality in the Nordic 
and western European countries. On the other hand, southern European populations 
will probably benefit the most from interventions focusing on obesity reduction, es-
pecially among women. However, policy makers should not only evaluate the current 
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risk factor distribution, they should also be aware of future trends. For instance, current 
smoking habits do not look like a threat in southern European populations, which may 
send a misleading message to public health policy makers. In the near future, smok-
ing inequalities will most likely emerge in southern Europe as the smoking epidemic 
progresses [93]. Thus, awareness of long-run consequences of changing risk factors 
distribution is essential for successful policy interventions.

Finally, tackling merely lifestyle risk factors would contribute to decrease educational 
differences in mortality but not eliminate these inequalities. Although the main focus 
of this thesis was on lifestyle risk factors, health authorities should also be aware of 
potential health gains from improvements in material and working conditions as well 
as psychosocial well-being of the population, in particular among the least educated. 
These determinants are likely to also play an important role in reducing educational 
inequalities in mortality.

Research implications and recommendations

We focused on education as a measure of socioeconomic status, and it is not known 
if the conclusions described in the previous chapters, would hold for other measures 
of socioeconomic position, e.g. occupational class or income. However, a recent study 
on trends in life expectancy by income in Finland showed that the increase in disparity 
was more extreme when using income instead of occupational class or education [94]. 
This is likely because income identifies economically more deprived population groups 
more clearly than other measures of the socioeconomic position. Future research should 
therefore focus on other measures of the socioeconomic position. However, these 
measures are in many cases not available or difficult to gather for certain groups of the 
population, e.g. students, housewives, unemployed or retired people. More attention 
should therefore be given to data collection and statistical techniques dealing with 
missing values in order to elude these problems.

We concentrated on the contribution of lifestyle factors to educational inequalities in 
mortality in this thesis. However, only part of these inequalities can be explained by 
these factors. Future studies should also focus on environmental, material and psycho-
social determinants and assess their contribution to educational differences in mortality.

Finally, it is also important to explore in more detail the processes leading to health re-
lated behaviour by investigating the role of determinants like intelligence, social norms, 
social support or perceived control. A better understanding of these mechanisms would 
not only shed light on the mechanisms generating educational inequalities in health 
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related behaviour, but is also necessary to underpin the development of more effective 
interventions to reduce health inequalities.



Chapter 9

232

References

	 1.	 Hill AB. The Environment and Disease: Association or Causation? Proc R Soc Med. 1965;58:295-
300.

	 2.	 Rothman KJ, S. G. Modern Epidemiology. Second edition ed. Philadelphia: Lippincott-Raven 
Publishers; 1998.

	 3.	 Angrist JD, Imbens GW, Rubin DB. Identification of Causal Effects Using Instrumental Variables. J 
Am Stat Assoc. 1996;91:444-55.

	 4.	 Dehejia RH, Wahba S. Propensity Score-Matching Methods for Nonexperimental Causal Studies. 
Rev Econ Stat. 2002;84:151-61.

	 5.	 Rutter M. Proceeding From Observed Correlation to Causal Inference: The Use of Natural Experi-
ments. Perspect Psychol Sci. 2007;2:377-95.

	 6.	 Shadish WR, Cook TD, Campbell DT. Experimental and quasi-experimental designs for general-
ized causal inference. Boston: Houghton Mifflin; 2002.

	 7.	 Albouy V, Lequien L. Does compulsory education lower mortality? J Health Econ. 2009;28:155-68.
	 8.	 Clark D, Royer H. The Effect of Education on Adult Mortality and Health: Evidence from Britain. Am 

Econ Rev. 2013;103:2087-120.
	 9.	 Cutler DM, Lleras-Muney A. Education and health: evaluating theories and evidence. In: Schoeni 

RF, House JS, Kaplan GA, Pollack H, editors. Making Americans healthier: social and economic 
policy as health policy. New York: Russell Sage Foundation; 2008. p. 29-60.

	 10.	 Lager AC, Torssander J. Causal effect of education on mortality in a quasi-experiment on 1.2 mil-
lion Swedes. Proc Natl Acad Sci USA. 2012;109:8461-6.

	 11.	 Lleras-Muney A. The Relationship between Education and Adult Mortality in the United States. 
Rev Econ Stud. 2005;72:189-221.

	 12.	 Meghir C, Palme M. Educational Reform, Ability, and Family Background. Am Econ Rev. 
2005;95:414-24.

	 13.	 van Kippersluis H, O’Donnell O, van Doorslaer E. Long Run Returns to Education: Does Schooling 
Lead to an Extended Old Age? J Hum Resour. 2009;4:1-33.

	 14.	 Lutz W, KC S. Global human capital: integrating education and population. Science. 2011;333:587-
92.

	 15.	 Shkolnikov VM, Andreev EM, Jasilionis D, Leinsalu M, Antonova OI, McKee M. The changing 
relation between education and life expectancy in central and eastern Europe in the 1990s. J 
Epidemiol Community Health. 2006;60:875-81.

	 16.	 Murray CJ, Ezzati M, Lopez AD, Rodgers A, Vander Hoorn S. Comparative quantification of health 
risks conceptual framework and methodological issues. Popul Health Metr. 2003;1:1.

	 17.	 Rockhill B, Newman B, Weinberg C. Use and misuse of population attributable fractions. Am J 
Public Health. 1998;88:15-9.

	 18.	 Steenland K, Armstrong B. An overview of methods for calculating the burden of disease due to 
specific risk factors. Epidemiology. 2006;17:512-9.

	 19.	 Walter SD. The estimation and interpretation of attributable risk in health research. Biometrics. 
1976;32:829-49.

	 20.	 Kulik MC, Eikemo TA, Regidor E, Menvielle G, Mackenbach JP. Does the pattern of educational 
inequalities in smoking in Western Europe depend on the choice of survey? Int J Public Health. 
2014;59:587-97.

	 21.	 Rockhill B, Newman B, Weinberg C. Use and misuse of population attributable fractions. Am J 
Public Health. 1998;88:15-9.



233

General discussion

Ch
ap

te
r 9

	 22.	 Gakidou E, Oza S, Vidal Fuertes C, et al. Improving child survival through environmental and 
nutritional interventions: The importance of targeting interventions toward the poor. JAMA. 
2007;298:1876-87.

	 23.	 Ezzati M, Hoorn SV, Rodgers A, Lopez AD, Mathers CD, Murray CJ, et al. Estimates of global and 
regional potential health gains from reducing multiple major risk factors. Lancet. 2003;362:271-
80.

	 24.	 Huisman M, Kunst AE, Bopp M, Borgan JK, Borrell C, Costa G, et al. Educational inequalities in 
cause-specific mortality in middle-aged and older men and women in eight western European 
populations. Lancet. 2005;365:493-500.

	 25.	 Müller-Nordhorn J, Binting S, Roll S, Willich SN. An update on regional variation in cardiovascular 
mortality within Europe. Eur Heart J. 2008;29:1316-26.

	 26.	 Mackenbach JP, Cavelaars AE, Kunst AE, Groenhof F. Socioeconomic inequalities in cardiovascular 
disease mortality; an international study. Eur Heart J. 2000;21:1141-51.

	 27.	 Mackenbach JP, Stirbu I, Roskam AJ, Schaap MM, Menvielle G, Leinsalu M, et al. Socioeconomic 
inequalities in health in 22 European countries. N Engl J Med. 2008;358:2468-81.

	 28.	 Mackenbach JP, Kunst AE, Cavelaars AE, Groenhof F, Geurts JJ. Socioeconomic inequalities in mor-
bidity and mortality in western Europe. The EU Working Group on Socioeconomic Inequalities in 
Health. Lancet. 1997;349:1655-9.

	 29.	 Avendano M, Kunst AE, Huisman M, Lenthe FV, Bopp M, Regidor E, et al. Socioeconomic status 
and ischaemic heart disease mortality in 10 western European populations during the 1990s. 
Heart. 2006;92:461-7.

	 30.	 Kunst AE, Groenhof F, Andersen O, Borgan JK, Costa G, Desplanques G, et al. Occupational class 
and ischemic heart disease mortality in the United States and 11 European countries. Am J Public 
Health. 1999;89:47-53.

	 31.	 Reques L, Giraldez-Garcia C, Miqueleiz E, Belza MJ, Regidor E. Educational differences in mortality 
and the relative importance of different causes of death: a 7-year follow-up study of Spanish 
adults. J Epidemiol Community Health. 2014 Aug 14. doi: 10.1136/jech-2014-204186

	 32.	 Marinacci C, Grippo F, Pappagallo M, Sebastiani G, Demaria M, Vittori P, et al. Social inequalities in 
total and cause-specific mortality of a sample of the Italian population, from 1999 to 2007. Eur J 
Public Health. 2013;23:582-7.

	 33.	 Strand B, Tverdal A. Trends in educational inequalities in cardiovascular risk factors: A longitudinal 
study among 48,000 middle-aged Norwegian men and women. Eur J Epidemiol. 2006;21:731-9.

	 34.	 Cavelaars AE, Kunst AE, Geurts JJ, Crialesi R, Grotvedt L, Helmert U, et al. Educational differences 
in smoking: international comparison. BMJ. 2000;320:1102-7.

	 35.	 Cavelaars AEJM, Kunst AE, Mackenbach JP. Socio-economic Differences in Risk Factors for Morbid-
ity and Mortality in the European Community: An International Comparison. J Health Psychol. 
1997;2:353-72.

	 36.	 Huisman M, Kunst AE, Mackenbach JP. Inequalities in the prevalence of smoking in the European 
Union: comparing education and income. Prev Med. 2005;40:756-64.

	 37.	 Pierce JP. International comparisons of trends in cigarette smoking prevalence. Am  J  Public 
Health. 1989;79:152-7.

	 38.	 Roskam A-JR, Kunst AE, Van Oyen H, Demarest S, Klumbiene J, Regidor E, et al. Comparative 
appraisal of educational inequalities in overweight and obesity among adults in 19 European 
countries. Int J Epidemiol. 2010;39:392-404.

	 39.	 Devaux M, Sassi F. Social inequalities in obesity and overweight in 11 OECD countries. Eur J Public 
Health. 2013;23:464-9.



Chapter 9

234

	 40.	 Roos G, Prättälä R. Disparities in food habits. Review of research in 15 European countries. Hel-
sinki: National Public Health Institute; 1999.

	 41.	 Schoenmaeckers RC, Lodewijckx E. Demographic Behaviour in Europe: Some Results from FFS 
Country Reports and Suggestions for Further Research. Eur J Popul. 1999;15:207-40.

	 42.	 McLaren L. Socioeconomic status and obesity. Epidemiol Rev. 2007;29:29-48.
	 43.	 Malefakis E. The Political and Socioeconomic Contours of Southern European History. In: Günther 

R, Diamandouros NP, Puhle H-J, editors. The Politics of Democratic Consolidation: Southern 
Europe in Comparative Perspective. Baltimore and London: The Johns Hopkins University Press; 
1995. p. 33-76.

	 44.	 Omran AR. The Epidemiologic Transition: A Theory of the Epidemiology of Population Change. 
Milbank Meml Fund Q. 1971;49:509-38.

	 45.	 Feldman AS, Hurn C. The Experience of Modernization. Sociometry. 1966;29:378-95.
	 46.	 Schofer E, Meyer JW. The Worldwide Expansion of Higher Education in the Twentieth Century. Am 

Sociol Rev. 2005;70:898-920.
	 47.	 Tolsma J, Wolbers MHJ. Social origin and occupational success at labour market entry in The 

Netherlands, 1931–80. Acta Sociol. 2014;57:253–69.
	 48.	 Corsini V. HIghly educated men and women likely to live longer. Life expectancy by educaitonal 

attainment Luxembourg: Eurostat; 2010.
	 49.	 Kulik MC, Menvielle G, Eikemo TA, Bopp M, Jasilionis D, Kulhánová I, et al. Educational inequali-

ties in three smoking-related causes of death in 18 European populations. Nicotine Tob Res. 
2014;16:507-18.

	 50.	 Karanikolos M, Mladovsky P, Cylus J, Thomson S, Basu S, Stuckler D, et al. Financial crisis, austerity, 
and health in Europe. Lancet. 2013;381:1323-31.

	 51.	 Jin RL, Shah CP, Svoboda TJ. The impact of unemployment on health: a review of the evidence. 
CMAJ. 1995;153:529-40.

	 52.	 Gili M, Roca M, Basu S, McKee M, Stuckler D. The mental health risks of economic crisis in Spain: 
evidence from primary care centres, 2006 and 2010. Eur J Public Health. 2013;23:103-8.

	 53.	 Kentikelenis A, Karanikolos M, Papanicolas I, Basu S, McKee M, Stuckler D. Health effects of finan-
cial crisis: omens of a Greek tragedy. Lancet. 2011;378:1457-8.

	 54.	 Bobak M, Marmot M. East-West mortality divide and its potential explanations: proposed research 
agenda. BMJ. 1996;312:421-5.

	 55.	 van Raalte AA, Kunst AE, Deboosere P, Leinsalu M, Lundberg O, Martikainen P, et al. More varia-
tion in lifespan in lower educated groups: evidence from 10 European countries. Int J Epidemiol. 
2011;40:1703-14.

	 56.	 van Raalte AA, Kunst AE, Lundberg O, Leinsalu M, Martikainen P, Artnik B, et al. The contribution 
of educational inequalities to lifespan variation. Popul Health Metr. 2012;10:3.

	 57.	 Velkova A, Wolleswinkel-van den Bosch JH, Mackenbach JP. The East-West life expectancy gap: 
differences in mortality from conditions amenable to medical intervention. Int J Epidemiol. 
1997;26:75-84.

	 58.	 Meslé F, Vallin J, Andreyev Z. Mortality in Europe: The Divergence between East and West. Popula-
tion (English Edition). 2002;57:157-97.

	 59.	 Stirbu I, Kunst AE, Bopp M, Leinsalu M, Regidor E, Esnaola S, et al. Educational inequalities in 
avoidable mortality in Europe. J Epidemiol Community Health. 2010;64:913-20.

	 60.	 Leinsalu M, Stirbu I, Vagero D, Kalediene R, Kovacs K, Wojtyniak B, et al. Educational inequalities 
in mortality in four Eastern European countries: divergence in trends during the post-communist 
transition from 1990 to 2000. Int J Epidemiol. 2009;38:512-25.



235

General discussion

Ch
ap

te
r 9

	 61.	 Krzyzanowski M, Wojtyniak B. Air pollution and daily mortality in Cracow. Public Health Rev. 
1991;19:73-81.

	 62.	 Spix C, Heinrich J, Dockery D, Schwartz J, Volksch G, Schwinkowski K, et al. Air pollution and daily 
mortality in Erfurt, east Germany, 1980-1989. Environ Health Perspect. 1993;101:518-26.

	 63.	 Steptoe A, Wardle J. Health behaviour, risk awareness and emotional well-being in students from 
Eastern Europe and Western Europe. Soc Sci Med. 2001;53:1621-30.

	 64.	 Watson P. Explaining rising mortality among men in eastern Europe. Soc Sci Med. 1995;41:923-34.
	 65.	 Kristenson M, Kucinskiene Z, Bergdahl B, Calkauskas H, Urmonas V, Orth-Gomer K. Increased 

psychosocial strain in Lithuanian versus Swedish men: the LiVicordia study. Psychosom Med. 
1998;60:277-82.

	 66.	 Wardle J, Steptoe A, Guliš G, Sartory G, Sêk H, Todorova I, et al. Depression, perceived control, and 
life satisfaction in university students from Central-Eastern and Western Europe. Int J Behav Med. 
2004;11:27-36.

	 67.	 Allgower A, Wardle J, Steptoe A. Depressive symptoms, social support, and personal health 
behaviors in young men and women. Health Psychol. 2001;20:223-7.

	 68.	 Bloomfield K, Grittner U, Kramer S, Gmel G. Social inequalities in alcohol consumption and 
alcohol-related problems in the study countries of the EU concerted action ‘Gender, culture and 
alcohol problems: a multi-nationa study’. Alcohol Alcoholism. 2006;41(Suppl 1):i26–i36.

	 69.	 Simonová N. Educational inequalities and educational mobility under socialism in the Czech 
Republic. Sociol Rev. 2008;56:429–53.

	 70.	 Simonová N, Antonowicz D. Czech and Polish higher education – from bureaucracy to market 
competition. Czech Sociol Rev. 2006;42:517–36.

	 71.	 Kogan I, Gebel M, Noelke C. Educational systems and inequalities in educational attainment in 
Central and Eastern European countries. STSS. 2012;4:69–83.

	 72.	 Chase RS. Markets for Communist Human Capital: Returns to Education and Experience in the 
Czech Republic and Slovakia. ILR Review. 1998;51:401-23.

	 73.	 Matějů P, Smith ML, Basl J. Rozdílné mechanismy – stejné nerovnosti. Změny v determinaci 
vzdělanostních aspirací mezi roky 1989 a 2003. [Different mechanisms – the same inequalities. 
Changes in the determinants of educational aspirations between 1989 and 2003]. Czech Sociol 
Rev. 2008;44:371–99.

	 74.	 Borrell C, Pasarin MI. The study of social inequalities in health in Spain: where are we? J Epidemiol 
Community Health. 1999;53:388-9.

	 75.	 Crompton S. I still feel overqualified in my job. Can Soc Trends. 2002(Winter):23–6.
	 76.	 Smith P, Frank J. When aspirations and achievements don’t meet. A longitudinal examination of 

the differential effect of education and occupational attainment on declines in self-rated health 
among Canadian labour force participants. Int J Epidemiol. 2005;34:827-34.

	 77.	 Chen C, Smith P, Mustard C. The prevalence of over-qualification and its association with health 
status among occupationally active new immigrants to Canada. Ethnic Health. 2010;15:601-19.

	 78.	 Mackenbach JP, McKee M. A comparative analysis of health policy performance in 43 European 
countries. Eur J Public Health. 2013;23:195-201.

	 79.	 Mackenbach JP, Karanikolos M, McKee M. The unequal health of Europeans: successes and failures 
of policies. Lancet. 2013;381:1125-34.

	 80.	 Mackenbach JP, Karanikolos M, McKee M. Health policy in Europe: factors critical for success. BMJ. 
2013;346.



Chapter 9

236

	 81.	 Unal B, A. CJ, S. C. Modelling the decline in coronary heart disease deaths in England and Wales, 
1981-2000: comparing contributions from primary prevention and secondary prevention. BMJ. 
2005;331:614.

	 82.	 Bosetti C, Levi F, Lucchini F, Zatonski WA, Negri E, La Vecchia C. Worldwide mortality from cirrhosis: 
an update to 2002. J Hepatol. 2007;46:827-39.

	 83.	 Report of the independent inquiry into inequalities in health. London: Stationery Office; 1998.
	 84.	 Droomers M, Schrijvers CT, Mackenbach JP. Why do lower educated people continue smoking? 

Explanations from the longitudinal GLOBE study. Health Psychol. 2002;21:263-72.
	 85.	 Droomers M, Schrijvers CT, Stronks K, van de Mheen D, Mackenbach JP. Educational differences 

in excessive alcohol consumption: the role of psychosocial and material stressors. Prev Med. 
1999;29:1-10.

	 86.	 Droomers M, Schrijvers CTM, van de Mheen H, Mackenbach JP. Educational differences in leisure-
time physical inactivity: a descriptive and explanatory study. Soc Sci Med. 1998;47:1665-76.

	 87.	 Giskes K, Avendaňo M, Brug J, Kunst AE. A systematic review of studies on socioeconomic 
inequalities in dietary intakes associated with weight gain and overweight/obesity conducted 
among European adults. Obes Rev. 2010;11:413-29.

	 88.	 Irala-Estevez JD, Groth M, Johansson L, Oltersdorf U, Prattala R, Martinez-Gonzalez MA. A sys-
tematic review of socio-economic differences in food habits in Europe: consumption of fruit and 
vegetables. Eur J Clin Nutr. 2000;54:706-14.

	 89.	 Rose G. The Strategy of Preventive Medicine. Oxford, New York, Tokyo: Oxford University Press; 
1992.

	 90.	 Droomers M, Schrijvers CT, Mackenbach JP. Educational differences in the intention to stop smok-
ing: explanations based on the Theory of Planned Behaviour. Eur J Public Health. 2004;14:194-8.

	 91.	 Townsend JRPCJ. Cigarette smoking by socioeconomic group, sex, and age: effects of price, 
income, and health publicity. BMJ. 1994;309:923-7.

	 92.	 James PT, Leach R, Kalamara E, Shayeghi M. The Worldwide Obesity Epidemic. Obes Res. 
2001;9(Suppl 4):228S-233S.

	 93.	 Lopez AD, Collishaw N, Piha TA. A descriptive model of the cigarette epidemic in developed 
countries. Tob Control. 1994;3:242–7.

	 94.	 Tarkiainen L, Martikainen P, Laaksonen M, Valkonen T. Trends in life expectancy by income 
from 1988 to 2007: decomposition by age and cause of death. J Epidemiol Community Health. 
2012;66:573-8.



Summary 





239

Su
m

m
ar

y

Summary

Summary

Education is an important indicator of socioeconomic position. The association between 
education and health has been widely documented and there is now an extensive body 
of literature on educational inequalities in all-cause and cause-specific mortality in Eu-
rope. These cross-country comparisons have been an important source of information for 
understanding the mechanisms that generate these inequalities. However, unanswered 
questions still remain and this thesis aims at answering some of them. For instance, there 
is not much evidence regarding the quality of the cause-of-death data used in these 
European studies. Second, although many studies investigated educational inequalities 
in mortality in Europe, some countries were not included in these comparisons (e.g. 
the Netherlands) and there is a shortage of comprehensive studies focusing on trends 
over time in socioeconomic inequalities in a larger amount of European countries. Third, 
the smaller socioeconomic inequalities in mortality consistently reported in Southern 
Europe remained largely unexplored in a comprehensive and comparative framework. 
Finally, even though findings from international literature suggested a  great scope 
for potential reduction of socioeconomic inequalities in mortality, studies quantifying 
the potential health gains and inequality reductions due to different interventions are 
scarce and mostly limited to a single or a small number of countries.

To address these questions, we used aggregated mortality and morbidity data collected 
in the framework of two large European projects – Eurothine and EURO-GBD-SE – and 
individual mortality data based on two data sources provided by Statistics Netherlands, 
namely death records in the Netherlands and the Dutch Labour Force Survey. We lim-
ited our analyses to adult population aged 30–74 or 30–79 years. This data collection 
provided a unique source for exploring educational inequalities in all-cause and cause-
specific mortality in Europe.

In the first part of this thesis, including chapter 2, we investigated the quality of cause-of-
death data by studying educational differences in the proportion of ill-defined causes of 
death among subjects aged 30–79 years in 16 European countries. This proportion was 
generally low among both men and women, and did not exceed 7% in any European 
country investigated. Our findings suggested that the proportion of ill-defined causes 
of death tended to be lower in countries with higher autopsy rate. The proportion of 
ill-defined causes of death differed statistically by education in Denmark, England and 
Wales, Belgium, Switzerland, Italy, Hungary, Czech Republic, Poland and Estonia among 
men, and in Switzerland and Poland among women with the tendency of a higher 
proportion among low educated individuals. Despite some statistically significant dif-
ference, the absolute difference in the proportion of ill-defined causes between low and 
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high educated men and women was generally less than one percentage point, with the 
exception of Polish men among whom the difference was 2.9%-points. Due to these 
small percentage differences between educational groups, a redistribution of ill-defined 
causes of death to some well-defined causes of deaths, such as ischaemic heart disease 
(IHD) or suicide, did not considerably affect the educational inequalities observed for 
these latter causes of death.

In the second part of this thesis, comprising chapters 3 to 5, we expanded the current 
knowledge on the magnitude of and the trends in educational inequalities in all-cause 
and cause-specific mortality in Europe.

In chapter 3, we explored the substantially smaller absolute inequalities in total mortality 
consistently observed in Spain compared to the other Western European populations. 
Based on three Spanish populations (city of Barcelona, region of Madrid and the Basque 
Country), we showed that these smaller absolute educational inequalities in total mor-
tality were the result of lower average levels of mortality and smaller relative inequali-
ties in mortality. These smaller absolute inequalities were found to be due mainly to 
comparatively small absolute and relative inequalities in mortality from cardiovascular 
disease (men) and cancer (women). In contrast, relative inequalities in mortality from 
most other causes were not smaller in Spain than elsewhere and were even substantially 
larger for infectious disease mortality. It has been further shown that Spain has smaller 
inequalities in smoking and sedentary lifestyle, due to a  higher prevalence of these 
risk factors among higher educated individuals, whereas inequalities in obesity among 
women are larger than in the other European populations. Regarding the cause-specific 
mortality patterns and the risk factors distribution in Spain, the smaller educational 
inequalities in mortality does not seem to be an outcome of deliberate policies. They are 
rather a historical coincidence suggesting widening of these inequalities in the future.

In chapter 4, we evaluated for the first time the magnitude of educational inequalities 
in all-cause and cause-specific mortality in the Netherlands and compared the findings 
with the estimates in other European countries. Using a linkage of the Dutch Labour 
Force Survey (1998–2002) with death records (1998–2007) via an encoded unique per-
sonal number in the Netherlands we reported large absolute educational inequalities in 
mortality and showed that their magnitude and cause-specific patterning were similar 
to those observed in other countries of North-Western Europe. The relative risk of dy-
ing was two times higher among people with primary education when compared with 
tertiary educated. This difference in total mortality led to a gap in partial life expectancy 
between ages 30 and 79 years of 3.4 and 2.4 years among men and women, respectively. 
The contributions to this gap were mainly driven by cardiovascular diseases and cancer, 
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especially by lung cancer, which mortality differences in both absolute and relative 
terms were found to be substantially larger in the Netherlands than in other countries 
of North-Western Europe, particularly among men. The contribution of lung cancer 
to the gap between primary and tertiary educated people was 20% among men and 
16% among women, suggesting an important contribution of smoking to educational 
inequalities in mortality in the Netherlands. This is consistent with the high smoking 
prevalence rates reported in the Netherlands during the last decades.

In chapter 5, we documented trends in relative and absolute educational inequalities in 
total and cause-specific mortality in 13 European countries between the 1990s and the 
2000s. We observed an increase in relative inequalities in most populations in the North, 
West and East of Europe, but not in the South. The increase in the relative inequalities 
was mostly due to smaller proportional reductions in mortality among the lower than 
the higher educated, with exception of Lithuania and Estonia where mortality rose 
among the lower educated, due to conditions related to smoking (lung cancer, women 
only) and excessive alcohol consumption (liver cirrhosis and external causes), whereas it 
declined among the higher educated. This fact very likely contributed to the increasing 
difference between the South, characterized by smaller relative inequalities, and the 
East of Europe, characterized by large relative inequalities, since the 1990s. In absolute 
terms, however, we observed a larger mortality decline among the lower educated in 
many countries in the North, West and South of Europe, due mainly to larger absolute 
reductions in mortality from cardiovascular disease and cancer (men only). These find-
ings suggested larger changes in health-related behaviours (e.g., smoking, diet, physical 
activity) and in health care interventions (e.g., hypertension detection and treatment, 
thrombolytic therapy) among the low educated.

Finally in the third part of this thesis, containing chapters 6 to 8, we discussed the poten-
tial health gains and inequality reductions due to different policies and interventions. 
We used an Excel tool specially developed for the estimation of the potential reductions 
of educational inequalities in mortality. This Excel tool was based on the Population At-
tributable Fraction (PAF) methodology.

The methodology is presented based on a couple of illustrative calculations (chapter 
6). For the illustration purpose, we investigated how changes in the educational distri-
bution of smoking, alcohol consumption, lack of physical activity, and overweight and 
obesity may impact educational inequalities in mortality in Belgium, Norway and Czech 
Republic. We applied a  scenario implying that the prevalence of the four risk factors 
is reduced to the level currently seen among high educated. We found that socioeco-
nomic inequalities in all-cause mortality could potentially be reduced for both men and 
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women by a redistribution of risk factors by education. Additionally, we found that the 
PAF methodology and the conventional regression yielded similar results. Subsequently, 
we applied this methodology to two different research questions.

In chapter 7, we provided an innovative approach for assessing the effect of the on-going 
improvement in the educational structure on mortality for people aged 30–79 years. 
Based on two scenarios we estimated the impact of the projected increase in higher 
education on mortality in 21 European populations. The first scenario represented the 
improvement in the future distribution of educational attainment as expected on the 
basis of cohort replacement. The second scenario represented the levelling up situation 
when everyone has obtained tertiary education. The effect of these counterfactual sce-
narios on mortality was estimated with a 10–15-year time horizon. We observed impor-
tant variations between countries in the magnitude of mortality reduction, depending 
on the current educational distribution, on the projected speed of future improvements 
in the educational distribution, and on the mortality rate ratios between educational 
groups observed in each country. The potential reduction in mortality ranged from 
1.9 to 10.1% among men and 1.7 to 9.0% among women according to the cohort re-
placement scenario and from 22.0 to 57.0% among men and from 9.6 to 50.0% among 
women according to the upward levelling scenario. In addition, the cohort replacement 
scenario was estimated to achieve only part of the potential mortality decrease seen 
in the upward levelling scenario (4–25% for men and 10–31% for women). Despite the 
large scope for mortality reduction in all European countries, the greatest theoretical 
potential gain in mortality was found in eastern European countries for both men and 
women whereas the smallest theoretical potential gain in mortality was observed in 
southern European populations. The on-going improvements in educational attainment 
may have important positive side-effects on mortality.

In chapter 8, we estimated the potential reduction in educational inequalities in IHD 
mortality in 21 European populations by modifying the educational distribution of smok-
ing, overweight and obesity, and physical inactivity. We investigated two redistribution 
scenarios: upward levelling scenario and best-practice-country scenario. In the upward 
levelling scenario, the risk factor prevalence was changed to the level currently observed 
among the high educated in each country. In the best-practice-country scenario, the risk 
factor prevalence was changed to the level observed in the best practice country, which 
was selected as the country with the lowest average risk factor prevalence combined 
with the smallest relative inequalities in the specific risk factor. These scenarios showed 
that the reduction of inequalities in IHD mortality varied by country, sex and risk fac-
tor. Under the upward levelling scenario, the maximal potential reduction of relative 
inequalities in IHD mortality between low and high educated amounted up to 22% for 
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smoking, 36% for overweight and obesity, and 28% for physical inactivity among men 
and to 17% for smoking, 48% for overweight and obesity, and 18% for physical inactiv-
ity among women. Although the decrease in inequalities in IHD mortality was slightly 
smaller under the best-practice-country scenario, the mortality reduction among low 
educated was much more important in most of the countries under this scenario than 
under the upward levelling scenario.

Based on these findings, we demonstrated that there are large variations in educational 
inequalities in mortality and that there is a substantial scope for mortality reduction 
based either on on-going improvements in educational attainment or on modification 
of risk factors distribution by education. From this perspective, policy makers should in-
vest and improve education for the whole population. However, the full beneficial effect 
of education will be achieved only if there are enough employment opportunities and if 
the achieved education meets the occupational needs. Policy makers should therefore 
invest in education and create new job opportunities at the same time. The complete 
levelling up of education and its perfect matching with the occupational opportunities 
are of course utopian solutions, rather than practically feasible solutions. Therefore, as 
long as not everybody has the same high level of education, there will be a need for 
policies and interventions that reduce educational inequalities in mortality through 
risk factor modifications. Nevertheless, the heterogeneity of the findings in this thesis 
across European countries highlights the fact that there is no single common strategy in 
Europe that would effectively decrease educational differences in mortality.
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Opleidingsniveau is een belangrijke indicator van sociaaleconomische status. De associ-
atie tussen opleidingsniveau en gezondheid is inmiddels op grote schaal gedocumen-
teerd en er is een uitgebreide hoeveelheid literatuur beschikbaar over ongelijkheden 
in totale en oorzaakspecifieke sterfte in Europa, voor personen met een verschillend 
opleidingsniveau. Studies tussen verschillende landen hebben veel informatie opgele-
verd om de mechanismen te begrijpen die de sociaaleconomische ongelijkheden ver-
oorzaken. Desalniettemin is er nog een aantal onbeantwoorde vragen. Dit proefschrift 
heeft als doel een aantal van deze vragen te beantwoorden. Ten eerste is er bijvoorbeeld 
weinig bewijs voor de kwaliteit van de doodsoorzaakspecifieke data die in deze Euro-
pese studies worden gebruikt. Ten tweede, ondanks dat veel studies de ongelijkheden 
in sterfte naar opleidingsniveau in Europa hebben onderzocht, ontbreken sommige Eu-
ropese landen (bijvoorbeeld Nederland) in deze vergelijkingen. Daarnaast is er een ge-
brek aan omvangrijke studies die aandacht besteden aan trends in sociaaleconomische 
verschillen in een groter aantal Europese landen. Ten derde worden de consistent gerap-
porteerde kleinere sociaaleconomische verschillen in sterfte in Zuid-Europese landen 
grotendeels buiten beschouwing gelaten in een omvangrijk en vergelijkend raamwerk. 
Tot slot suggereren bevindingen in de internationale literatuur een grote reikwijdte van 
potentiële vermindering in de sociaaleconomische ongelijkheden in sterfte. Studies die 
de potentiële gezondheidswinst van verschillende interventies kwantificeren zijn echter 
schaars en voornamelijk gelimiteerd tot slechts één land of een beperkt aantal landen.

Om bovenstaande vragen te beantwoorden hebben we gebruikt gemaakt van geag-
gregeerde mortaliteit- en morbiditeitdata, welke zijn verzameld in het kader van twee 
grote Europese projecten – Eurothine en EURO-GBD-SE – en individuele sterftegegevens 
gebaseerd op twee databronnen van het Centraal Bureau voor de Statistiek – sterfte-
registratie in Nederland en de Enquête Beroepsbevolking. We hebben onze analyses 
beperkt tot de volwassen populatie tussen de 30 en 74 of tussen de 30 en 79 jaar oud. 
Deze dataverzameling bood de unieke kans om de ongelijkheden in totale en oorzaak-
specifieke sterfte naar opleidingsniveau in Europa te verkennen.

In het eerste deel van dit proefschrift, hoofdstuk 2, hebben we de kwaliteit van 
doodsoorzaakspecifieke gegevens onderzocht. Hiervoor bestudeerden we verschillen 
naar opleidingsniveau in de proportie van de sterftecijfers door onvolkomen gedefi-
nieerde doodsoorzaken (in tegenstelling tot goed gedefinieerde doodsoorzaken) bij 
volwassenen tussen de 30 en 79 jaar in zestien Europese landen. Deze proportie was 
over het algemeen laag onder zowel mannen als vrouwen en kwam bij geen enkel 
Europees land dat werd onderzocht boven de 7% uit. Onze bevindingen suggereerden 
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dat de proportie van de sterfgevallen door onvolkomen gedefinieerde doodsoorzaken 
lager was in landen met een hogere autopsiegraad. De proportie van deze sterfgevallen 
verschilde significant per opleidingsniveau voor mannen in Denemarken, Engeland en 
Wales, België, Zwitserland, Italië, Hongarije, Tsjechië, Polen en Estland, en voor vrouwen 
in Zwitserland en Polen. Hierbij was er een tendens voor een hogere proportie onder 
lager opgeleide individuen. Ondanks een enkel statistiek significant verschil, was het 
absolute verschil in de proportie van de sterfgevallen door onvolkomen gedefinieerde 
doodsoorzaken tussen laag en hoog opgeleide mannen en vrouwen over het algemeen 
minder dan één procent punt, met de uitzondering van Poolse mannen onder wie het 
verschil 2,9 procent punt was. Vanwege de kleine percentuele verschillen tussen de 
opleidingscategorieën, bleek een herdistributie van de sterfgevallen door onvolkomen 
gedefinieerde doodsoorzaken naar de sterfgevallen door andere, goed gedefinieerde 
doodsoorzaken, zoals bijvoorbeeld ischemische hartziekte of zelfmoord, geen aanzien-
lijk gevolg te hebben voor de ongelijkheden in sterfte naar opleidingsniveau voor deze 
laatste groep doodsoorzaken.

In het tweede deel van dit proefschrift, hoofdstuk 3 tot en met 5, hebben we de kennis 
over de omvang van en de trends in de ongelijkheden naar opleidingsniveau in totale 
en oorzaakspecifieke sterfte in Europa uitgebreid.

In hoofdstuk 3 exploreren we de kleinere absolute ongelijkheden in de totale sterfte die 
consistent wordt geobserveerd in Spanje ten opzichte van de andere West-Europese 
landen. Op basis van gegevens uit drie Spaanse populaties (de stad Barcelona, de regio 
van Madrid en Baskenland) lieten we zien dat deze kleinere absolute ongelijkheden 
in de totale sterfte naar opleidingsniveau het resultaat zijn van een lager gemiddeld 
niveau van mortaliteit en kleinere relatieve ongelijkheden in mortaliteit. Deze kleinere 
absolute ongelijkheden bleken met name een gevolg van kleine absolute en relatieve 
ongelijkheden in mortaliteit door cardiovasculaire ziekten (voor mannen) en kanker 
(voor vrouwen). Relatieve ongelijkheden in sterfte naar de meeste andere doodsoorza-
ken waren niet kleiner in Spanje dan in de andere landen. Ze waren zelfs substantieel 
groter voor mortaliteit door infectieziekten. Verder is aangetoond dat Spanje kleinere 
ongelijkheden heeft wat betreft roken en het hebben van een zittende leefstijl. Dit komt 
door een hogere prevalentie van deze risicofactoren onder hoger opgeleide individuen. 
De ongelijkheden voor obesitas zijn daarentegen onder Spaanse vrouwen groter dan 
in de andere Europese populaties. Met betrekking tot de oorzaakspecifieke sterftepa-
tronen en de distributie van risicofactoren in Spanje bleken de kleinere ongelijkheden 
in sterfte naar opleidingsniveau geen gevolg te zijn van specifiek beleid. Deze kleinere 
ongelijkheden lijken eerder een historisch toeval te zijn en daarom is een toename van 
deze ongelijkheden in de toekomst waarschijnlijk.
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In hoofdstuk 4 hebben we als eerste de omvang van ongelijkheden in totale en 
oorzaakspecifieke sterfte naar opleidingsniveau in Nederland geëvalueerd en onze 
bevindingen vergeleken met de schattingen uit andere Europese landen. We gebruikten 
hiervoor een koppeling tussen de Enquête Beroepsbevolking (1998-2002) en sterfte-
registratie (1998-2007) via een gecodeerd uniek persoonsnummer. We observeerden 
grote absolute ongelijkheden in sterfte naar opleidingsniveau en lieten zien dat de 
omvang en oorzaakspecifieke patronen hetzelfde waren als die geobserveerd in andere 
Noordwest-Europese landen. Het relatieve risico op overlijden was tweemaal zo hoog 
onder mensen met basisonderwijs ten opzichte van mensen met hoger beroeps en/
of universitair onderwijs. Het verschil in totale sterfte leidde tot een verschil in partiële 
levensverwachting van respectievelijk 3,4 en 2,4 jaar voor mannen en vrouwen in de 
leeftijd tussen 30 en 79 jaar. Dit verschil is met name te danken aan verschillen in sterfte 
door cardiovasculaire ziekten en kanker, in het bijzonder longkanker, waar de sterftever-
schillen in zowel absolute als relatieve termen substantieel groter waren in Nederland 
dan in andere Noordwest-Europese landen (met name onder mannen). Longkanker 
droeg voor 20% voor mannen en voor 16% voor vrouwen bij aan het verschil in sterfte 
tussen personen met basisonderwijs en hoger beroepsonderwijs en/of een universitaire 
opleiding. Dit suggereert dat roken een belangrijke bijdrage levert aan de ongelijkheden 
in sterfte naar opleidingsniveau binnen Nederland. Deze bevinding lijkt consistent met 
de hoge prevalenties van roken die de afgelopen jaren in Nederland zijn gerapporteerd.

In hoofdstuk 5 hebben we de trends gedocumenteerd in relatieve en absolute ongelijk-
heden in totale en oorzaakspecifieke sterfte naar opleidingsniveau tussen 1990 en 2000 
in dertien Europese landen. We observeerden een toename in relatieve ongelijkheden 
in de meeste populaties in Noord-, West- en Oost-Europa, maar we observeerden geen 
toename in Zuid-Europa. De toename in relatieve ongelijkheden werd met name ver-
oorzaakt door de kleinere proportionele afnames in sterfte onder personen met een 
lage opleiding ten opzichte van personen met een hoge opleiding. Een uitzondering 
waren de landen Litouwen en Estland, waar de sterfte steeg onder de lager opgeleide 
bevolking. Deze stijging werd veroorzaakt door condities gerelateerd aan roken (long-
kanker bij vrouwen) en extreme alcohol consumptie (levercirrose en uitwendige oorza-
ken zoals ongelukken). Onder de hoogopgeleide bevolking daalde de sterfte aan deze 
doodsoorzaken. Deze feiten hebben hoogstwaarschijnlijk bijgedragen aan de toename 
in verschillen tussen het zuiden van Europa, met kenmerkende kleine relatieve onge-
lijkheden, en het oosten van Europa, met kenmerkende grote relatieve ongelijkheden, 
sinds de negentiger jaren. In absolute termen zagen we in veel landen in Noord-, West- 
en Zuid-Europa een grotere afname in sterfte onder de lager opgeleiden, met name 
veroorzaakt door grotere absolute dalingen in sterfte door cardiovasculaire ziekten en 
kanker (alleen mannen). Deze bevindingen suggereren dat er onder lager opgeleiden 
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grotere veranderingen waren in gezondheidgerelateerde gedragingen (bijvoorbeeld 
roken, voeding en fysieke activiteit) en gezondheidszorginterventies (bijvoorbeeld 
signalering en behandeling van hypertensie, behandeling van trombose).

Tot slot bespreken we in het derde deel van dit proefschrift, hoofdstuk 6 tot en met 8, de 
potentiële gezondheidswinst en afname in ongelijkheden door beleid en interventies. 
We hebben hiervoor een Excel tool gebruikt die specifiek is ontwikkeld voor het schat-
ten van mogelijke afnames in verschillen in sterfte naar opleidingsniveau. Deze Excel 
tool is gebaseerd op de Population Attributable Fraction (PAF) methodologie.

De PAF methodologie wordt gepresenteerd aan de hand van een aantal voorbeeld 
berekeningen (hoofdstuk 6). Ter verduidelijking van de tool, onderzochten we hoe ver-
anderingen in de opleidingsniveauspecifieke verdeling van roken, alcohol consumptie, 
gebrek aan fysieke activiteit en overgewicht en obesitas een invloed hebben op onge-
lijkheden in sterfte naar opleidingsniveau in België, Noorwegen en Tsjechië. We pasten 
een scenario toe waarin de prevalentie van de vier risico factoren gereduceerd werd 
naar het niveau dat momenteel van toepassing is voor de hoogopgeleide bevolking. 
We vonden dat de sociaaleconomische ongelijkheden in totale sterfte mogelijk konden 
worden verlaagd door een herdistributie van de risicofactoren per opleidingsniveau. Dit 
resultaat vonden we voor zowel mannen als vrouwen. Aanvullend vonden we dat de 
PAF methodologie en de conventionele regressie tot vergelijkbare resultaten leidden. 
Vervolgens hebben we deze methodologie toegepast om twee verschillende onder-
zoeksvragen te beantwoorden welke zijn besproken in hoofdstuk 7 en 8.

In hoofdstuk 7 bekeken we, met een innovatieve aanpak, de effecten van de continue 
verbetering in het onderwijssysteem op de sterfte van mannen en vrouwen in de leeftijd 
tussen 30 en 79 jaar. Op basis van twee scenario’s hebben we de invloed van een gepro-
jecteerde toename in hoger onderwijs op sterfte in 21 Europese populaties geschat. Het 
eerste scenario is representatief voor een verbetering in de verdeling van het behaalde 
opleidingsniveau in de toekomst, zoals kan worden verwacht op basis van cohort ver-
vanging. Het tweede scenario is representatief voor de situatie waarin iedereen een 
hoog opleidingsniveau heeft behaald, namelijk een upward levelling scenario. Het effect 
van deze counterfactual scenario’s op sterfte werd geschat met een tijdpad van 10–15 
jaar. We observeerden belangrijke verschillen tussen landen wat betreft de omvang van 
de reductie in sterfte (afhankelijk van de verdeling van het huidige opleidingsniveau in 
de landen), de geprojecteerde snelheid van toekomstige verbeteringen in de verdeling 
van opleidingsniveau en de ratio van sterftecijfers tussen de opleidingsgroepen in elk 
land. De potentiële afname in sterfte lag met het cohort vervangingsscenario tussen de 
1,9% en 10,1% voor mannen en 1,7% en 9,0% voor vrouwen. Voor het upward levelling 
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scenario lag de potentiele afname tussen de 22,0% en 57,0% voor mannen en tussen 
de 9,6% en 50,0% voor vrouwen. In aanvulling hierop werd ingeschat dat het cohort 
vervangingsscenario naar schatting slechts een deel van de afname van sterfte in het 
potentiële upward levelling scenario kon behalen (4–25% voor mannen en 10–31% voor 
vrouwen). Ondanks de brede omvang van potentiële sterftereductie in alle Europese 
landen, werd de grootste theoretische winst voor sterfte gevonden voor zowel mannen 
als vrouwen in Oost-Europese landen, terwijl de kleinste theoretische winst werd geob-
serveerd in de Zuid-Europese populaties. De continue verbeteringen in het behaalde 
opleidingsniveau zou belangrijke positieve bijeffecten kunnen hebben op sterfte.

In hoofdstuk 8 schatten we de potentiele afname in ongelijkheden in sterfte door 
ischemische hartziekten naar opleidingsniveau in 21 Europese landen door het veran-
deren van de verdeling van roken, overgewicht en obesitas en fysieke activiteit naar 
opleidingsniveau. We onderzochten twee herdistributie scenario’s: een upward levelling 
(UL) scenario en een best-practice-country (BPC) scenario. In het UL scenario werd de pre-
valentie van de risicofactor aangepast naar het huidige niveau voor de hoogopgeleiden 
in elk land. In het BPC scenario werd de prevalentie van de risicofactor aangepast naar 
het niveau van het BPC. Het BPC was het land met de gemiddeld laagste waarde voor de 
risicofactor in combinatie met de kleinste relatieve ongelijkheden voor deze risicofactor. 
Deze scenario’s lieten zien dat de afname in ongelijkheden in sterfte aan ischemische 
hartziekten varieerden per land, geslacht en risicofactor. Voor het UL scenario was de 
maximale reductie voor relatieve ongelijkheden in sterfte aan ischemische hartziekten 
voor mannen tussen laag- en hoogopgeleiden 22% voor roken, 36% voor overgewicht 
en obesitas en 28% voor fysieke activiteit. Voor vrouwen waren de reducties 17% voor 
roken, 48% voor overgewicht en obesitas en 18% voor fysieke activiteit. De afname in 
ongelijkheden in sterfte aan ischemische hartziekten waren enigszins kleiner bij het BPC 
scenario, echter bij dit scenario was de afname in sterfte onder laag opgeleiden veel 
belangrijker in de meeste landen dan het geval was in het UL scenario.

Op basis van onze bevindingen kunnen we stellen dat er grote variaties bestaan in 
opleidingsniveau en ongelijkheden in sterfte naar opleidingsniveau in Europa. Door 
continue verbeteringen in de behaalde opleiding of verandering van de verdeling van 
risicofactoren bestaat een substantiële kans om een verkleining van sterfteverschillen 
te realiseren. Vanuit dit perspectief zouden beleidsmakers moeten investeren in het 
onderwijssysteem en onderwijs voor de hele populatie moeten verbeteren. Echter, 
het volledige positieve effect van opleiding kan enkel worden bereikt als er voldoende 
mogelijkheden zijn tot werk en als de behaalde opleiding aansluit bij de beroepen in 
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de maatschappij. Beleidsmakers zouden daarom moeten investeren in educatie en 
tegelijkertijd nieuwe banen moeten creëren. Een volledige opschaling van educatie 
en een perfecte matching met beschikbaarheid van banen is uiteraard een utopische 
oplossing en geen praktisch haalbare oplossing. Zolang als niet iedereen hetzelfde 
opleidingsniveau heeft zal er behoefte zijn aan beleid en interventies gericht op het 
verminderen van ongelijkheden in sterfte naar opleidingsniveau door het veranderen 
van risicofactoren. Dit proefschrift benadrukt, door de heterogeniteit in de bevindingen 
tussen de Europese landen, dat er geen universele strategie is die in Europa effectief 
verschillen in sterfte naar opleidingsniveau kan verkleinen.
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