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ABSTRACT
Background Smoking contributes to socioeconomic
inequalities in mortality, but the extent to which this
contribution has changed over time and driven widening
or narrowing inequalities in total mortality remains
unknown. We studied socioeconomic inequalities in
smoking-attributable mortality and their contribution to
inequalities in total mortality in 1990–1994 and 2000–
2004 in 14 European countries.
Methods We collected, harmonised and standardised
population-wide data on all-cause and lung-cancer
mortality by age, gender, educational and occupational
level in 14 European populations in 1990–1994 and
2000–2004. Smoking-attributable mortality was indirectly
estimated using the Preston-Glei-Wilmoth method.
Results In 2000–2004, smoking-attributable mortality
was higher in lower socioeconomic groups in all countries
among men, and in all countries except Spain, Italy and
Slovenia, among women, and the contribution of
smoking to socioeconomic inequalities in mortality varied
between 19% and 55% among men, and between −1%
and 56% among women. Since 1990–1994, absolute
inequalities in smoking-attributable mortality and the
contribution of smoking to inequalities in total mortality
have decreased in most countries among men, but
increased among women.
Conclusions In many European countries, smoking has
become less important as a determinant of socioeconomic
inequalities in mortality among men, but not among
women. Inequalities in smoking remain one of the most
important entry points for reducing inequalities in mortality.

INTRODUCTION
Reducing socioeconomic inequalities in mortality is
an important challenge for public health and is one
of the main priorities of the European Region of
the WHO.1 Many different entry points for tack-
ling health inequalities have been suggested, and
among these smoking is an obvious candidate. In
Europe, smoking is not only the largest avoidable
health risk in the general population,2 but it also
constitutes the single most important contributor to
socioeconomic inequalities in mortality, at least
among men.3–9 Unfortunately, although tobacco
control efforts may have gradually contributed to
reducing the prevalence of smoking among men in
many countries, socioeconomic inequalities in
smoking have increased in many European coun-
tries, due to faster declines of smoking among

those with higher levels of education, occupation
and income.10 11

It is not well known to what extent these
smoking trends have contributed to narrowing or
widening inequalities in mortality. Over the past
decades, socioeconomic inequalities in mortality
have been widening in many European countries,
at least on a relative scale.12 13 Modelling studies
have suggested that declines in smoking contributed
to a narrowing of absolute inequalities (AIs) in car-
diovascular mortality in England,14 but studies in
other countries and/or on total mortality are scarce.
Recently, Preston et al2 developed a method that

allows an indirect estimation of smoking-attributable
mortality and relies on using lung cancer death rates
as an indicator of population exposure to smoking,
building on the earlier work of Peto et al.15 This new
method partially overcomes the generalisability lim-
itations of the Peto-Lopez method, which uses lung
cancer death rates for smokers and non-smokers, and
relative risks of cause-specific mortality for smokers
versus non-smokers from the US Cancer Prevention
Study II (CPS-II). The CPS-II, however, is based on a
sample of volunteers who are more likely to be
white, middle class and college educated, and the
Peto-Lopez method depends heavily on the assump-
tion that the CPS-II estimates of lung cancer death
rates for smokers and non-smokers, and relative risks,
apply to other countries and across time.15 Preston
et al developed an alternative approach for the indir-
ect estimation of smoking-attributable mortality.
Although this new method also uses lung cancer mor-
tality as an indicator of smoking damage, it exploits
the macrolevel statistical association between lung
cancer mortality and mortality from all other causes
of death, across countries and over time.2

Applying the new method, Martikainen et al16

showed an increase over time of the contribution of
smoking to educational inequalities in mortality
among Finnish women, and a decrease of this contri-
bution among men. We have now applied this
method to 1990–1994 and 2000–2004 data from 14
European countries, to examine the contribution of
smoking to inequalities in mortality and the extent to
which this contribution has changed over time and
driven widening or narrowing inequalities in total
mortality.

DATA AND METHODS
Data sources
We collected data on total and cause-specific mor-
tality by age (35–79 years, except for Norway (40–
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79 years), Lithuania (35–69 years) and Poland (35–64 years)),
gender, education and occupation, from population censuses
and vital registries of 14 European countries (table 1) for the
1990–1994 and 2000–2004 periods. A more detailed descrip-
tion of data sources is provided in online supplementary file
1. Data relate to complete national populations, except for Italy,
where we obtained data from Turin only and for Spain, with
data from Barcelona only. Owing to the high percentage of
older persons for which the occupational status was unknown,
analyses by occupation were limited to ages 35–64 years.

Socioeconomic status was ascertained on the basis of education
and occupation. Education was measured as the highest level of
education attained by a person and coded according to the
International Standard Classification of Education (ISCED-97)
into three groups: up to lower secondary education (ISCED 0, 1
and 2; ‘low’), completed secondary education (ISCED 3 and 4;
‘mid’) and tertiary education (ISCED 5 and 6; ‘high’). In England
and Wales, only two groups were available in the 1990–1994
period, those being ISCED 0–3 (classified as ‘low’ in the tables
and graphs of this paper) and ISCED 4–6 (‘high’).

Data on mortality by occupational class among men were
available for five countries. Persons’ own occupations were clas-
sified according to the Erikson-Goldthorpe scheme as ‘manual’
or ‘non-manual’; farmers and self-employed were excluded
from the analysis. Since results are generally similar to those
obtained for education, they will be presented in an online sup-
plementary file.

Methods
We applied a method developed by Preston et al,17 which
results in an indirect estimate of the smoking-attributable frac-
tion (SAF) of total deaths in a population. In this so-called
Preston-Glei-Wilmoth (PGW) method, age-specific and sex-
specific lung cancer death rates are used as indicators of the
damage from smoking. In brief, based on a regression analysis
of data from 21 high-income countries for the period 1950 to
2007, Preston et al used the observed lung cancer deaths to
predict mortality from other causes of death, and to estimate
the impact of smoking on these other causes of death.

The method consists of four steps. The first step, which was
conducted by Preston et al and does not need to be repeated in
every application, uses a negative binomial regression to model
annual mortality from causes other than lung cancer as a func-
tion of lung cancer mortality, taking into account age, calendar
year, country of observation and several interactions, thus esti-
mating the parameters to be used in step three. In the second
step, the observed lung cancer death rates in the population of
interest are compared to the CPS-II lung cancer death rates
among non-smokers, thereby providing the
population-attributable fraction of lung cancer due to smoking.
In the third step, the proportion of deaths from causes other
than lung cancer attributable to smoking is estimated by multi-
plying the excess mortality rate of lung cancer (as compared to
the CPS-II lung cancer death rates among non-smokers) by a
time-specific, age-specific and sex-specific parameter (estimated
in step one). The fourth and final step combines the
population-attributable fractions of lung cancer and of other
causes mortality in a weighted average to produce the overall
smoking-attributable fraction of deaths.

In the study reported here, we have taken the parameter esti-
mates from the PGW-model (ie, from step 2 mentioned above),
as published in Preston et al’s2 table 1, and the lung cancer
death rates in non-smokers, as observed in the CPS-II,18

together with the observed lung cancer death rates by country,

period, sex, age and socioeconomic group, to estimate the frac-
tion of all deaths attributable to smoking in each group.

Preston et al have demonstrated that their method produces
results very similar to those obtained with the older and widely
used method developed by Peto et al.15 The original PGW
method was developed for persons aged 50 years and older. We
included persons aged 35–79 years, and for those below the age
of 50 years we used the extended version of the model recently
described by Martikainen et al.19 The method is described in
more detail in online supplementary file 2.

We multiplied country-specific, period-specific, sex-specific, age-
specific and socioeconomic group-specific smoking-attributable
fractions (SAF) by their corresponding total mortality rates (TMR)
to arrive at smoking-attributable mortality rates per 100 000
person-years, and then computed age-standardised
smoking-attributable mortality rates (SAMRs) for each country,
period, sex and socioeconomic group, using the European
Standard Population.20 TMR were likewise age-standardised. We
then used the SAMRs and TMRs of the lowest and highest socio-
economic group to calculate both, rate differences (as a measure of
AI) and rate ratios (as a measure of relative inequalities (RI)). The
proportion of the rate difference for SAMR out of the rate differ-
ence for TMR was taken as a measure of the contribution of
inequalities in smoking-related mortality to inequalities in total
mortality. CIs around estimates were calculated using parametric
bootstrapping,19 assuming Poisson-distributed death counts and
setting the number of repetitions to 1000. The significance of
changes over time in inequalities was calculated using pooled t
tests, based on the rate differences and RR, and their CIs, assum-
ing normal distributions of the errors. Analyses were performed
using Stata V.13.1 SE.

RESULTS
Among men, the SAF were always larger for those with a low
level of education than for those with a high level of education
(figure 1). Among women, the variation between socioeconomic
groups was less pronounced. Over time, the SAFs generally fell
among low educated men and rose among low educated
women. Similar results were observed by occupational class (see
online supplementary figure 1).

Table 2 shows age-standardised SAMRs by education. Among
men, and without exception, SAMRs were highest among the
low educated and lowest among the high educated. Over time,
SAMRs decreased in almost all countries among men at each
educational level, except in Hungary. Among women, SAMRs
were generally much lower than among men, and only in some
countries was an educational gradient clearly visible, especially
in the North and West and in Poland. SAMRs tended to gener-
ally increase over time among women of all educational levels.
Those for whom education was not known suffered the highest
mortality rates (see online supplementary table S1). Essentially,
similar results were observed for mortality by occupation among
men: manual workers experienced higher SAMRs than non-
manual workers, and SAMRs declined over time in both groups
in almost all countries with available data (see online
supplementary table S2).

AIs in SAMRs were much larger among men than among
women in all countries (figure 2A). Among women, particularly
in the earlier period, some countries exhibited no or ‘reverse’
inequalities (favouring the lower educated) in SAMRs. Over
time, AIs in SAMRs generally declined among men, while in
Hungary, a large increase in AIs occurred. By contrast, among
women, AIs in SAMRs increased in most countries, with the
sole exception of England and Wales. RIs in SAMRs (figure 2B)
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tended to increase in most countries, especially among men.
The contribution of smoking-attributable mortality to AIs in
total mortality decreased in many countries among men, but
increased in several countries among women (figure 2C).
Similar results were observed by occupational class (see online
supplementary figure 2).

Figure 3 shows how changes over time in AIs in SAMRs
relate to changes in inequalities in TMRs. Among men, AIs in
TMRs have fallen in many countries, and more so when AIs in
smoking-attributable mortality further decreased (R2=0.80).
Among women, the trends are less favourable, but here again
there is a correlation (R2=0.20).

DISCUSSION
Strengths and limitations
Our study is the first to apply the new PGW method to inequal-
ities in mortality in such a wide range of countries. This unique
coverage, however, comes with a few caveats. Our data came
from countries with different practices of data collection, which
may affect comparability, for example, as a result of using both

longitudinal census-linked and cross-sectional unlinked
data.21 22 Differences between countries in geographic and
demographic coverage may also play a role. Swiss data, for
example, did not include foreign nationals and, due to a healthy
migrant effect, inequalities in that country may have been
slightly overestimated.23 Italy and Spain did not provide
national but provided only urban data, therefore small inequal-
ities in those countries have also been observed when using
national data.24 25

No single socioeconomic indicator fully captures the com-
plexity of a person’s socioeconomic position.26 However, results
by occupational class generally showed a picture similar to that
by educational level, suggesting that we are generally observing
a pattern of mortality by socioeconomic position. Persons for
whom education was unknown had the highest
smoking-attributable mortality rates (see online supplementary
table S1), and if those persons in reality had mostly had a lower
education, our comparisons between low and high educated will
have underestimated the real magnitude of inequalities in
smoking-attributable mortality. As the proportion with

Figure 1 Age-standardised
smoking-attributable fractions with
95% CIs in 14 European populations,
1990–1994 and 2000–2004, by sex
and by (A) low, (B) middle and (C)
high level of education.
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education unknown also changed over time (table 1), this exclu-
sion may also have biased our estimates of changes in inequal-
ities. In England and Wales, no distinction could be made
between the ‘low’ and ‘mid’ educated. However, when data for
all countries were categorised as ‘low’/‘mid’ versus ‘high’ edu-
cated, similar patterns and changes over time were observed
(results not shown).

The PGW method relies on several assumptions. The first
assumption is that smoking is the main source of variability in
lung cancer death rates—an assumption that would be violated
if, for example, certification and coding of lung cancer as a
cause of death differ between countries, but as lung cancer is a
relatively straightforward cause of death, this is likely to only be
a minor problem.27 28 The second assumption is that lung
cancer among never smokers is stable over time and across
countries—an assumption that would be violated if, for
example, decreasing levels of air pollution would lead to a
decline of lung cancer incidence29 or risks of lung cancer
among non-smokers would be higher in some countries.30 Also,

non-smoking behaviour in the CPS-II cohort was assessed only
at enrolment, therefore CPS-II rates are affected by misclassifica-
tion of non-smokers,31 and as they also do not account for
passive smoking they probably overestimate the real lung cancer
rates in absence of smoking. This suggests that the PGW
method may underestimate the true impact of smoking. The
third assumption is that lung cancer death rates in a calendar
year are a valid proxy for the total damage of smoking as it
occurs in that calendar year, including both the short-term and
long-term effects.18 32 This implies that the PGW method may
overestimate smoking-attributable mortality when smoking
prevalence has in previous years substantially declined, as it has
in many countries among men, because risks of cardiovascular
disease decline faster than those of lung cancer.33

A new assumption in our work is that the lung cancer mortality
rate among never smokers and the effect of smoking on mortality
from other causes of death are similar across socioeconomic
groups. Low socioeconomic status non-smokers may have a
higher risk of developing lung cancer than high socioeconomic

Figure 2 Absolute (A) and relative
(B) inequalities in smoking-attributable
mortality by sex and by educational
level, and (C) contribution of smoking
to absolute inequalities in total
mortality in 14 European countries in
1990–1994 and 2000–2004, by sex.
SAMRs, smoking-attributable mortality
rates; TMR, total mortality rates.
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status non-smokers because of higher environmental or occupa-
tional exposure to carcinogens and pollutants.29 34–37 If this is
indeed the case, it will lead to overestimation of the impact of
smoking on mortality in lower socioeconomic groups, and thus
on socioeconomic inequalities in mortality. However, another
mechanism may lead to underestimation of the impact of
smoking on socioeconomic inequalities in mortality: the PGW
method does not take into account that the effect of smoking on
mortality from causes other than lung cancer may be larger in
lower socioeconomic groups because survival of chronic
obstructive pulmonary disease (COPD), myocardial infarction
and other smoking-related diseases may be affected by lower
access or quality of medical care.38 39

More generally, the PGW parameters as calculated in the first
step are applicable under the assumption that the distribution of
deaths over specific non-lung cancer causes, some of which are
more sensitive to smoking than others, is similar across coun-
tries, over time and, in our case, across socioeconomic groups.
This potential problem was already highlighted in Preston et al2

in relation to Japan, a country with extremely low mortality
from ischaemic heart disease, for which the PGW method may
therefore somewhat overestimate the contribution of smoking.
In our data set, variations in proportional mortality from cardio-
vascular disease are well within the range of the majority of
Preston et al’s observations, and there are only minor variations
in proportional mortality between socioeconomic groups.
However, France stands out as a country with very low propor-
tional mortality owing to cardiovascular disease, particularly
among women, and even more strongly so among high educated
women (results not shown). This suggests that we may have
overestimated the contribution of smoking to mortality in
France.

Despite these limitations, the PGW method provided robust
results. Sensitivity analyses assuming 50% higher lung cancer
mortality rates in low educated non-smokers confirmed the find-
ings reported above, and when compared to our main results
they showed a reduction in AIs in SAMRs of about 15 deaths/
100 000 person-years in all countries and both genders, or a
reduction of only 1–3% in terms of smoking-attributable frac-
tions (results not shown). We also compared the ‘indirect’ esti-
mates based on the PGW method with ‘directly’ estimated
SMARs. The latter were calculated as the sum of three causes of
death that are largely caused by smoking (lung cancer, upper
113, COPD/asthma). The correlation between the two was high
(R2=0.94). The direct estimates, however, were always much
lower than the indirect estimates, reflecting the fact that the
PGW estimates include deaths from, for example, smoking-
related cardiovascular disease (see online supplementary
figure 3).

Interpretation
In the early 2000s, the contribution of smoking to socio-
economic inequalities in mortality in these European popula-
tions varied between 19% and 55% among men, and between
−1 and 56% among women. Our current findings are broadly
in line with our two previous studies based on different method-
ologies. In the first study, we found that the contribution of
three smoking-related causes (lung cancer, aerodigestive cancers,
COPD) to inequalities in all-cause mortality varied between
13% and 32% among men, and −5% and 30% among
women.4 In the second study, we used current smoking preva-
lence rates by socioeconomic group and RR of mortality among
smokers and non-smokers, and estimated that the contribution
of smoking to inequalities in total mortality varied between 4%
and 26% among men, and 1% and 20% among women.7

Patterns of variation between countries are generally similar
between the three methods. That our new estimates are gener-
ally higher than those obtained with the direct method based on
three smoking-related causes of death is unsurprising (see
above). That our estimates are also higher than those obtained
with current smoking rates suggests that either our new esti-
mates are too high (because the PGW method overestimates the
impact of smoking when smoking prevalence decreases over
time) or that estimates based on current smoking rates are too
low (because they do not take into account all the damage of
smoking in current and previous years).33 In-depth analyses of
more detailed country-specific data on trends in mortality and
smoking prevalence by socioeconomic position will be necessary
to elucidate the causes of these discrepancies.

Among men, the reduction in the contribution of smoking to
mortality inequalities between 1990–1994 and 2000–2004 is
due to an overall reduction in smoking-attributable mortality
over time. Over the past half century, men across Europe started
to quit smoking and as a result are dying less and less from
direct and indirect smoking-related causes. Since this happened
earlier, and at a faster rate among men in higher socioeconomic
groups,4 40 a well-known gap in smoking prevalence has opened
up, particularly in the North and West of Europe.41 42 How this
plays out in inequalities in mortality has, however, not been sys-
tematically studied. Our study shows that, although RIs in
smoking-attributable mortality among men have increased over
time, AIs have actually fallen in many countries.

To the extent that these reductions in smoking-attributable
mortality were due to the antismoking campaigns conducted
from the 1960s onwards, our findings seemingly contradict sug-
gestions that tobacco control efforts tend to contribute to

Figure 3 Changes in absolute educational inequalities in
smoking-attributable and total mortality in 14 European countries
between 1990–1994 and 2000–2004, for (A) men and (B) women.
SAMRs, smoking-attributable mortality rates; TMR, total mortality rates.
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widening inequalities in mortality.11 Systematic reviews have
shown that the effectiveness of policies and interventions to
reduce inequalities in smoking is limited, and that only some
policies have a larger impact on lower than among higher socio-
economic groups, such as a consistent increase in the price of
tobacco products.43 44 Previous studies have, however, not
always made a clear distinction between relative and absolute
inequalities, and our results show that widening RIs can go
together with narrowing absolute inequalities. We believe that
AIs are more important than RIs—because the lives of people in
lower socioeconomic groups are damaged more by a large abso-
lute than by a large relative excess of health problems45—and
therefore argue that our findings should encourage countries to
continue and further tighten their tobacco control policies.

The good news mainly concerns men in the North, West and
South of Europe. Among women, we observe increasing SAMRs
in lower socioeconomic groups, as well as increasing AIs in
SAMRs. Hidden below these widening inequalities is the fact that
rates of smoking-attributable mortality are still rising among high
educated women in many countries (table 2). While these differ-
ences between genders, countries and socioeconomic groups can
be seen as following from differences in progression of the
‘smoking epidemic’,4 perhaps also reflecting different rates of
women’s emancipation46 they also represent a spectacular failure
of tobacco control policies to prevent women from taking up
smoking, and to prevent a repetition of what happened to
inequalities in smoking among men. Our results suggest that, if
the widening of inequalities in smoking-attributable mortality
among women continues, this may become an important driver
for widening inequalities in total mortality (figure 3).

Together with the fact that smoking accounts for up to half of
inequalities in total mortality in some countries, our results
imply that smoking remains one of the most important entry
points for policies to tackle health inequalities.

What this paper adds

▸ It is known that socioeconomic inequalities in smoking have
increased in many European countries.

▸ It is not well known to what extent smoking trends have
contributed to narrowing or widening socioeconomic
inequalities in total mortality.

▸ This study shows that, over time, smoking has become less
important as a determinant of socioeconomic inequalities in
mortality among men, but not among women.

▸ Our results imply that smoking remains one of the most
important entry points for policies to tackle health
inequalities.
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