Research report

Olof Östergren, 1 Pekka Martikainen,1,2,3 Lasse Tarkiainen,2 Jon Ivar Elstad,4
Henrik Brønnum-Hansen 5
ABSTRACT
Background Despite being comparatively egalitarian
welfare states, the Nordic countries have not been
successful in reducing health inequalities. Previous
studies have suggested that smoking and alcohol
1
Department of Public Health
contribute to this pattern. Few studies have focused
Sciences, Stockholm University,
on variations in alcohol-related and smoking-related
Stockholm, Sweden, Europe
2
mortality within the Nordic countries. We assess the
Population Research Unit,
contribution of smoking and alcohol to differences in
Department of Social Research,
University of Helsinki, Helsinki,
life expectancy between countries and between income
Finland, Europe
quintiles within countries.
3
The Max Planck Institute
Methods We collected data from registers in
for Demographic Research,
Denmark, Finland, Norway and Sweden comprising
Germany
4
NOVA, Centre for Welfare
men and women aged 25–79 years during 1995–2007.
and Labour Research, Oslo
Estimations of alcohol-related mortality were based
Metropolitan University, Oslo,
on underlying and contributory causes of death on
Norway
5
individual death certificates, and smoking-related
Department of Public Health,
University of Copenhagen,
mortality was based on an indirect method that used
Copenhagen, Denmark
lung cancer mortality as an indicator for the populationlevel impact of smoking on mortality.
Correspondence to
Results About 40%–70% of the between-country
Dr Olof Östergren, Department
differences in life expectancy in the Nordic countries can
of Public Health Sciences,
Stockholm University, Stockholm be attributed to smoking and alcohol. Alcohol-related
SE-106 91, Europe; Olof.
and smoking-related mortality also made substantial
Ostergren@su.se
contributions to income differences in life expectancy
within countries. The magnitude of the contributions
Received 20 September 2018
were about 30% in Norway, Sweden and among Finnish
Revised 6 December 2018
women to around 50% among Finnish men and in
Accepted 5 January 2019
Denmark.
Conclusions Smoking and alcohol consumption make
substantial contributions to both between-country
differences in mortality among the Nordic countries and
within-country differences in mortality by income. The
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Despite many shared characteristics in terms of
history, welfare policy arrangement, economic
development and culture, there are substantial
differences in life expectancy between Denmark,
Finland, Norway and Sweden. Moreover, these
patterns differ among men and women. In 2015,
life expectancies at birth were similar among men
in Finland (78.7 years) and Denmark (78.8) while
being higher in Norway (80.5) and Sweden (80.4).
Danish women had the lowest life expectancy
(82.7), whereas life expectancy was similar among
women in Finland (84.4), Norway (84.2) and
Sweden (84.1).1

There are both similarities and differences
between the Nordic countries in terms of smoking
and alcohol consumption. The prevalence of daily
smoking has decreased in all Nordic countries since
1980 with the exception of Finnish women, among
whom smoking prevalence has remained low and
stable. The decrease was the most pronounced in
Denmark, although from a higher level.2 The prevalence of self-reported heavy episodic drinking is
higher among both sexes in Finland (88% among
men and 55% among women) and Denmark (80%
among men and 58% among women), compared
with Sweden and Norway (69% among men and
40%–44% among women).3
Several studies have indicated that social inequalities in health and mortality in the Nordic countries are of average magnitude in international
comparisons,4–6 and are increasing.7 This finding
has received attention from scholars who find it
surprising that the comparatively egalitarian Nordic
welfare states do not have smaller health inequalities. Smoking and alcohol, among other factors,
have been suggested to contribute to this pattern.8 9
Previous studies conducted in Finland,10
Denmark11 and Sweden12 have shown that alcohol-related and smoking-related mortality make
substantial contributions to social inequalities in
health. These studies suggest important differences between the countries. However, directly
comparing the results from these studies is difficult
because of differences in the chosen indicator of
social position, methods, age ranges and calendar
years covered.10–12 The life expectancy at the
country level is the aggregate of mortality patterns
in population subgroups, for example, social
groups. Alcohol and smoking may then contribute
to both income differences in life expectancy within
countries and differences in life expectancy between
countries.

Aims

We aim to assess the contribution of alcohol-related
and smoking-related mortality to between-country
differences and within-country income differences in life expectancy among men and women in
Denmark, Finland, Norway and Sweden. We estimate the contribution of alcohol to mortality by
identifying underlying and contributory alcohol-related causes of death. Smoking-related mortality is
estimated using an indirect method that relies on
lung cancer mortality as a marker for population
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Methods

We used national register data from administrative registers
in Denmark, Finland, Norway and Sweden. The data covered
basic demographic characteristics, cause of death and disposable
household income for the complete population between the years
1995 and 2007. The Finnish data comprised an 11% sample of
the total population with an 80% oversampling of deaths for the
years 1996–2007. Data on causes of death were obtained from
the national cause of death registries. We restricted the analysed
samples to individuals aged 25–79 years. At ages below 25 years,
alcohol-related and smoking-related mortality is negligible, and
income information may be less meaningful for those who are
still in education. Above age 80 years, income data were not
available for the Finnish population due to a large proportion of
individuals in out-of-home care.
Income was defined as disposable household income after
taxes and transfers, collected from tax registries, equivalised
to account for differences in household composition using the
Oxford method13 and divided into quintiles within countries.
The quintiles were calculated for all individuals aged 25–79
years and updated each year. Due to missing information on
household composition for 1998–2003 in the Norwegian data,
data on household size for these years were imputed. As a result,
the Oxford method could not be used in the Norwegian data.
Instead, household income was divided with the square root of
the household size. We compared the two approaches for the
years where data were available and found a very high correspondence, with Pearson’s r around 0.98–0.99.
Alcohol-related deaths were identified at the individual level
by the underlying or contributing cause of death as reported on

the death certificate. The International Classification of Disease
(ICD) guidelines dictate that all reported causes of death reflect
conditions that are causally related to the death. During the
observation period, both ICD-9 and ICD-10 were used. The
following causes of death were classified as alcohol-related in
ICD-9: alcohol-related psychosis and mental disorders (291AF,W,X), alcohol dependence (303), alcohol abuse (305A), alcohol-related nerve damage (357F), alcoholic myopathy (425F),
alcoholic gastritis (535D) and alcoholic liver disease and liver
cirrhosis (571A-D); in ICD-10: alcohol-related psychosis and
mental disorders (F10.0–9), alcohol-related nerve damage
(G31.2), alcohol-induced epilepsy (G40.5), alcoholic myopathy
(G72.1), alcoholic cardiomyopathy (I42.6), alcoholic gastritis
(K29.2), alcoholic liver cirrhosis (K70.0–4), alcoholic pancreatitis (K85.2, K86.0) and accidental alcohol poisoning (X45).
The proportion of smoking-related deaths was assessed using
an indirect method developed by Preston et al.14 The method
uses age-specific and sex-specific lung cancer death rates to
trace the population-level damage from smoking and introduces
a regression model that uses lung cancer mortality data from
21 high-income countries for the period 1950–2007 to predict
mortality from other causes of death. The regression coefficients
of this model and external information on expected lung cancer
death rates among non-smokers are used to estimate the overall
proportion of deaths attributable to smoking. This model,
together with information on observed lung cancer mortality
rates among different subpopulations in the Nordic countries,
are used to estimate the proportion of deaths attributable to
smoking. We used an extension developed by Martikainen et al15
to include individuals under age 50 years. Lung cancer deaths
were defined as deaths from malignant neoplasms of the lung,
trachea or bronchus (ICD-9: 162A,C-E,W,X and in ICD-10:
C33, C34.0–3,8-9). The number of smoking-related deaths were
estimated by multiplying the proportion of smoking-related
deaths with the observed total number of deaths.
The two methods differed in that alcohol-related deaths were
identified on a case-by-case basis and smoking-related deaths
were estimated at the aggregate level. In order to calculate the

Figure 1 Observed temporary life expectancy between 25 and 79 years and temporary life expectancy subtracting smoking-related and alcoholrelated deaths in Sweden, Norway, Finland and Denmark, men and women, 1995–2007.
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exposure to smoking. First, we assess alcohol-related and smoking-related mortality by gender in the four countries and how
much of the between-country differences in life expectancy can
be attributed to these two risk factors. Second, we assess the
contribution of alcohol-related and smoking-related mortality
to the difference in life expectancy between income quintiles
within countries.
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Contribution of risk factors (years)

Men

Women

Difference

Denmark

47.70

1.84

0.64

0.11

0.42

Finland

47.45

2.09

0.34

0.09

1.02

0.64

Norway

49.14

0.39

0.25

0.01

−0.10

0.23

Sweden

49.54

Reference

Denmark

50.04

1.49

0.73

0.07

0.16

0.54

Finland

51.40

0.13

−0.29

0.00

0.22

0.20

0.07

0.00

−0.02

0.01

Norway

51.47

0.06

Sweden

51.53

Reference

Smoking

Smoking and
alcohol*

25–79 years

Alcohol

Other
0.66

Negative estimates indicate that cause-specific mortality was higher at the point of reference (Sweden).
*Contribution of deaths attributable to both smoking and alcohol.

proportion of deaths attributable to both alcohol and smoking,
we first estimated the number of smoking-related deaths among
all deaths and second, among non-alcohol-related deaths. The
difference between the two estimates of smoking-related deaths
then indicates the proportion of deaths attributable to the combination of alcohol and smoking.
We calculated temporary life expectancies between the ages
25 and 79 years using the method by Chiang16. Temporary
life expectancy is the average number of years lived within a
set interval, thereby introducing a theoretical maximum when
no deaths are observed within the age interval (in this case 55
years). The contribution of alcohol-related and smoking-related
mortality to between-country and income differences in life
expectancy was calculated as the difference between life expectancies subtracting alcohol-related and smoking-related deaths
and the observed life expectancy. Since Sweden had the highest
overall life expectancy among the Nordic countries within the
specified years, it was used as the reference for comparing the
countries while the top income quintile was used as the reference
for income differences.

expectancy disadvantage in both Denmark and Finland, alcohol
was comparatively more important among Finnish men. Norwegian men had an advantage in terms of alcohol-related mortality
compared with Swedish men but a disadvantage in terms of
smoking-related mortality. Smoking and alcohol contributed
0.96 years (0.73+0.07+0.16) out of the 1.49 year disadvantage

Results

Figure 1 shows observed life expectancy between the ages 25
and 79 years by sex and country. Consistent with previous findings,1 life expectancy was lower among men in Denmark and
Finland compared with Norway and Sweden. Among women,
life expectancy was similarly lower in Denmark than in the other
Nordic countries while similar in Finland, Norway and Sweden.
The dashed bars in figure 1 indicate life expectancies after
subtracting deaths attributable to smoking and alcohol. Among
both men and women, more years of life expectancy were lost
due to alcohol and smoking in the countries with lower observed
life expectancy, namely Denmark and Finland. However, the
majority of deaths in these ages were due to other risk factors.
Exact estimates along with the contribution of each risk factor
can be found in online supplementary table S2.
Table 1 indicates the difference in observed life expectancy
between Sweden and the other Nordic countries and the contribution of alcohol and smoking to this difference. Among men,
most of the difference can be attributed to alcohol and smoking.
Out of the 1.84 year difference in life expectancy between
Sweden and Denmark, 1.17 years (64%) could be attributed
to smoking and alcohol. Comparing Sweden and Finland, the
corresponding contribution was 1.45 out of 2.09 years (70%).
Although both smoking and alcohol contributed to the life

Figure 2 Observed temporary life expectancy and temporary life
expectancy subtracting smoking-related and alcohol-related deaths
in the top and bottom income quintiles, men and women in Denmark,
Finland, Norway and Sweden, 25–79 years, 1995–2007.
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Table 1 The contribution of alcohol and smoking to the difference in observed temporary life expectancy between Sweden and Denmark, Norway
and Finland, men and women, 25–79 years, 1995–2007
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25–79 years

Men

Women

Contribution of risk factors (years)

Bottom

Top

Difference

Smoking

Smoking and
alcohol*

Alcohol

Other

Denmark

43.30

50.72

7.42

1.18

0.39

1.87

3.98

Finland

43.96

50.13

6.17

0.77

0.28

2.23

2.89

Norway

44.50

51.33

6.83

0.93

0.16

0.90

4.84

Sweden

46.15

51.43

5.27

0.59

0.10

0.93

3.65

Denmark

48.11

51.65

3.54

1.22

0.22

0.50

1.60

Finland

50.29

52.39

2.10

0.18

0.05

0.57

1.30

Norway

49.33

52.70

3.36

0.81

0.06

0.22

2.27

Sweden

49.84

52.64

2.80

0.58

0.05

0.22

1.95

*Contribution of deaths attributable to both smoking and alcohol.

(64%) in life expectancy among Danish women compared with
Swedish women. Smoking alone accounted for 49% (0.73 years).
All-cause, smoking-related and alcohol-related mortality each
followed a gradient where mortality was lower the higher the
income was. Here, we focus on the difference between the top
and bottom quintiles. Exact estimates for each income quintile
and risk factor can be found in online supplementary table S2.
Figure 2 indicates observed life expectancy in the top and bottom
income quintile. The dashed bars indicate life expectancies after
subtracting deaths attributable to smoking and alcohol.
Table 2 indicates that among men, smoking and alcohol
made the largest contributions to excess mortality by income
in Denmark, where 3.44 of the 7.42 year difference (46%) in
temporary life expectancy between the top and bottom income
quintiles were attributable to smoking and alcohol. In Finland,
the corresponding contribution was 3.28 out of 6.17 years
(53%). The proportions attributable to these risk factors to
income differences in life expectancy in Norway and Sweden
were smaller: 29% in Norway and 31% in Sweden. Alcohol
made a larger contribution in Finland and smoking made a larger
contribution in Denmark.
Among Danish women, 1.94 of the 3.54 year difference (55%)
were attributable to alcohol and smoking; 1.22 years (34%) were
attributable to smoking alone. The joint contribution of alcohol
and smoking to income differences were 0.80 out of 2.10 years
in Finland (38%), 1.09 out of 3.36 years in Norway (32%) and
0.85 out of 2.80 years in Sweden (30%). Alcohol made larger
contributions to mortality in Finland while smoking made larger
contributions in Norway and Sweden.

Discussion

The results indicate that the majority of the difference in life
expectancy between the Nordic countries can be attributed
to alcohol and smoking, for both men and women. Alcohol
made larger contributions to mortality among men compared
with women and in Finland compared with the other Nordic
countries. Smoking made comparatively larger contributions to
mortality in Denmark and smaller contributions among Swedish
men and Finnish women. In terms of income differences in life
expectancy, the contributions of smoking and alcohol were also
substantial. Nevertheless, at least half of the observed differences were due to other causes of death. This suggests that other
determinants and risk factors, for example material resources,
psychosocial factors and access to healthcare, are important for
income differences in mortality.
4

Interpretation of results

The observed patterns may partly be explained by differences
in alcohol and tobacco policies. Brand et al17 constructed a
composite index on the strength of alcohol control policies and
Joossens and Raw18 constructed a similar index for tobacco
control. Each index consists of several dimensions of alcohol and
tobacco control, including availability, pricing and advertising
regulations, scoring countries on a scale between 0 and 100 (for
the exact scoring criteria, see Brand et al17 and Joossens and
Raw18).
To some degree, the strength of the control policies corresponds to mortality levels. Sweden and Norway had the overall
strongest alcohol and tobacco policies while Denmark had the
weakest (table 3). However, Finland had stronger alcohol policies than Denmark and higher alcohol-related mortality. Policies
and consumption patterns may develop partly in response to
each other. A high prevalence of smoking-related and alcohol-related diseases may motivate policy changes that in turn influence consumption patterns. Furthermore, our results revealed
substantial gender differences in alcohol-related and smoking-related mortality across the Nordic countries, indicating that
factors other than policy influence consumption patterns since
men and women share policy contexts. Patterns of alcohol and
smoking depend on several interacting factors including differences in policy, culture, the distribution of economic resources,
cohort effects and gender norms. Alcohol-related mortality, for
example, is lower overall among women than among men within
all Nordic countries and make smaller contributions to income
differences in mortality among women compared with men.
Comparing the patterns across countries and identifying departures from general patterns may give some indication of where
to look for specific factors that are important within countries.
For example, the comparatively low smoking-related mortality
Table 3 Summary measures of alcohol and tobacco control policies
in Denmark, Finland, Norway and Sweden
Index of alcohol control policy
(Brand et al)

Tobacco control scale
(Joossens and Raw)

Denmark

33

45

Finland

54

58

Norway

67

71

Sweden

64

60

Both indices are based on policy data from years within the range of years used in this
study.
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Table 2 The contribution of smoking and alcohol use to differences in observed temporary life expectancy between the top and bottom income
quintiles in Denmark, Finland, Norway and Sweden, men and women, 25–79 years, 1995–2007
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Methodological considerations

We use administrative register data on cause of death to estimate
deaths attributable to alcohol and smoking. The relationship
between mortality and both smoking and alcohol consumption
is complex, and the mortality risk depends on factors beyond
total consumption.23 24 For example, individuals with low socioeconomic position have been observed to be more susceptible to
damages from smoking and alcohol consumption,25 26 possibly
due to relatively worse health overall6 and a higher likelihood
to engage in multiple risky health behaviors27 (in line with this
finding, the overlap in alcohol-related and smoking-related
mortality was concentrated in the bottom income quintile (online
supplementary table S2). As found in previous studies,11 15 this
overlap is of limited magnitude. The results may not be solely
attributable to differences in consumption patterns, which makes
straightforward interpretations about these patterns difficult.
However, since we use register data instead of self-reported
data, we avoid difficulties in accurately measuring the harmful
effects of smoking and alcohol use due to non-participation,
recall bias, preferential reporting and loss to follow-up.
Our methods of estimating deaths attributable to smoking28
and alcohol29 are broadly consistent with other indirect methods.
Our findings are in line with those of a recent report published
by the Nordic Council of Ministers, focusing on educational
differences in mortality using different methods.30

We included individuals aged 25–79 years in order to ensure
comparable data across the countries. Both alcohol-related and
smoking-related mortality mainly affect individuals within this
age range,15 which indicates that these risk factors may play a
smaller role when the complete age range is considered.
Consumption patterns, especially in terms of smoking, differ
substantially by cohort.31 32 However, country-level estimates on
life expectancy as well as international comparative studies on
social inequalities in health often present results using a period
approach in which results are presented for a specific year or
set of years. The primary aim of this study was to estimate the
contribution of alcohol and smoking in the Nordic countries
as reported in such studies. Therefore, we adopted a period
approach. Further research adopting a cohort approach may be
warranted.
We used high-quality register data with national coverage.
There are differences between the countries in terms of what
and how the data are collected as well as laws and regulations
determining data access. For a comprehensive discussion on
comparability issues, see the online supplementary comparability report.

Conclusions

Forty to seventy per cent of the between-country differences in
life expectancies in the Nordic countries can be attributed to
alcohol-related and smoking-related mortality. Alcohol-related
and smoking-related mortality contribute 30%–55% of income
differences in life expectancies within the Nordic countries. The
findings indicate that while smoking and alcohol consumption
make substantial contributions to between-country differences
in life expectancies and within-country differences in income,
there are substantial variations in these size of these contributions by country and sex.

What is already known on this subject?
►► Social inequalities in health are not smaller in the Nordic

countries despite extensive welfare programmes.

►► Previous theoretical and empirical work has suggested that

smoking and alcohol contribute to this pattern.

►► However, few studies have focused on variations in these

patterns between the Nordic countries.

What this study adds?
►► Between 40% and 70% of the differences in life expectancy

among the Nordic countries can be attributed to smoking
and alcohol use.
►► Between 30% and 55% of income differences in life
expectancies within countries can be attributed to smoking
and alcohol use.
►► Smoking and alcohol make substantial contributions to social
inequalities in health in the Nordic countries.
►► The contributions were larger in Denmark and among Finnish
men.
►► Alcohol made a larger contribution among men compared
with women.
Contributors The study was conceptualised by OÖ and PM. OÖ coordinated the
work and was responsible for performing the analysis and drafting the manuscript.
OÖ, PM, LT, JIE and HB-H were responsible for data acquisition and preparation, as
well as developing and finalising the manuscript.
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among Swedish men may be partly attributed to the use of wet
smokeless tobacco, a substitute for cigarettes commonly used
among Swedish men.19 It contains nicotine but is not a risk factor
for lung cancer.20 The difference in life expectancy between
Swedish and Danish women was largely due to smoking-attributable mortality. The prevalence of daily smokers among women
in Denmark has declined, converging with the other Nordic
countries.2 However, current smoking-related mortality is partly
the result of historical smoking patterns; therefore, the high
rate of smoking-related mortality among Danish women could
be attributed to the high smoking prevalence of the interwar
generations.21 Finnish men had a less dramatic social gradient in
alcohol-related mortality and comparatively high levels of alcohol-related mortality in all income groups, which may be due
to a generally higher level of alcohol consumption in Finland
compared with the other Nordic countries.
Both Bambra9 and Mackenbach8 identify, among other factors,
alcohol and smoking as potentially important contributors to
social inequalities in health in the Nordic countries. However,
neither of these accounts differentiate between the Nordic countries.8 9 Moreover, in international studies on social inequalities
in health, the Nordic countries are often grouped together. In a
bibliographic review of 54 studies that grouped countries using
different typologies, Bergqvist et al22 concluded that the results
were mixed and inconclusive,22 and suggested that specific institutional and historical characteristics of countries may be used
to understand international patterns in health inequalities. Our
results corroborate both perspectives, showing that smoking
and alcohol consumption make substantial contributions to
social inequalities in health in all Nordic countries and reveal
substantial variation between the Nordic countries in the range
of these contributions, from around 30% to 55%. The contributions were larger in Denmark and among Finnish men, where
the contribution of alcohol and smoking to the population life
expectancy was larger. This implies that patterns in alcohol-related and smoking-related mortality at the population level and
in population subgroups may have common determinants.
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