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a b s t r a c t
Introduction: Lower social class has higher lung cancer incidence, largely attributable to higher smoking
prevalence among the lower social classes. We assessed the magnitude and time dimension of potential
impact of targeted interventions on smoking on socioeconomic inequalities in lung cancer.
Methods: Using population dynamic modelling, we projected lung cancer incidence up to 2050 in lowest
and highest socioeconomic groups under two intervention scenarios (annual 10% increase in cigarette
prices and health advertisement) and compared this to a scenario of no intervention. For the analysis we
retrieved smoking prevalence data from the General Household Survey of England and Wales between
1980 and 2006 and cancer incidence data from the national cancer registry.
Results: By 2050, the model projected that lung cancer incidence inequality would almost double (Incidence Rate Ratio (IRR) = 4.2 in 2050 vs. 2.5 in 2005) in men and slightly decrease (IRR = 2.4 in 2050 vs.
2.7 in 2005) in women compared to what was observed in 2005. If annual increase in cigarette price
targeting the lowest socioeconomic group was implemented, socioeconomic inequality in lung cancer
incidence in 2050 might be largely reduced (IRR = 1.5 and 1.4 among men and women, respectively). If
in addition to annual price increase (targeted to the lowest socioeconomic group) health advertisement
was implemented and successfully reduced smoking prevalence in the highest socioeconomic group,
the lung cancer gap between the socioeconomic groups would be reduced by 78% and 58% in men and
women by 2050.
Conclusion: Even under the best scenarios, inequality in lung cancer was not fully eliminated within 45
years period. Though the process is lengthy, rigorous interventions may reduce the expected widening
of the future inequalities in lung cancer. Modelling exercise such as ours relies heavily on the quality of
the input data and the assumptions, thus caution is needed in interpretation of our ﬁndings and should
consider all the assumptions taken in the analysis.
© 2011 Elsevier Ireland Ltd. All rights reserved.

1. Introduction
Despite steady declines in smoking prevalence during recent
decades, lung cancer remains the main cause of cancer death worldwide [1]. In 2002, more than 1 million deaths were caused by lung
cancer alone [1], and in the UK, one in ﬁve cancer deaths were due
to lung cancer [2]. In developed countries where the smoking epidemic has reached its ﬁnal stage, the lowest socioeconomic groups
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are about twice as likely to die from lung cancer than their highest socioeconomic group counterparts [3]. A substantial part of this
inequality has been attributed to higher smoking prevalence in the
lower socioeconomic groups [4]. As disparities in smoking may continue to increase, lung cancer inequalities are expected to widen in
the coming decades [3,5].
A number of policy interventions have proved effective in reducing smoking prevalence in the lower socioeconomic groups [6,7].
Although there is controversy on the effect of cigarette price
increase and smoking among the different socioeconomic classes
[8,9], some studies have suggested that tobacco taxation (and resultant price increase) effectively reduces smoking prevalence in the
lower socioeconomic groups [6,10]. The Royal College of Physicians has recently proposed increasing the retail price of tobacco
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products by 10% annually using tax as part of a wider strategy of
discouraging smoking [11]. This strategy could not only help reducing smoking prevalence in the UK, but also in turn may contribute
to diminish the socioeconomic gap in smoking prevalence and lung
cancer incidence.
In this paper, we examine the potential impact of implementing
higher tobacco price on socioeconomic inequalities in lung cancer incidence during the coming decades. We especially wanted
to examine the time needed to eradicate this inequality. Because in
reality many interventions are running simultaneously in a population, therefore we also examined the impact on inequality if health
promotion against smoking were implemented [10]. This model
will provide insight of the prospect to reduce inequality in lung
cancer where multiple interventions are being implemented. Additionally, we also examine the impact of recent changes in cigarette
smoking among the highest and the lowest socioeconomic groups
on the future trend in inequality of lung cancer.

2. Materials and methods
We obtained the general household survey (GHS) [12] data on
three categories of cigarette smoking (smokers, ex-smokers and
non-smokers) for a nationally representative population in England and Wales between 1980 and 2006. The GHS is a continuous
survey which has been running since 1971 except in 1997/98 when
the survey was reviewed and 1999/2000 when it was re-developed.
It is based on a sample of the general population resident in private (non-institutional) and collects data on approximately 9000
households and 16,000 adults aged 16 and over. To derive yearly
prevalence of smokers, data for intermediate years were interpolated using a cubic spline.
Socioeconomic categories were based on the occupation and
approximated socio-economic group [13]. The occupational class
was classiﬁed on the basis of last main job, and never worker or
long-term unemployed are classiﬁed into a distinctive group that
were not included in our analysis. For women, the socioeconomic
group of the household head was used. Between 1980 and 2000,
we used professionals, employers and managers to represent the
highest socio-economic group, while the semi-skilled manual and
unskilled manual occupations represented the lowest group. In
2001 the socioeconomic classiﬁcation was improved by combining information on current or last main job and employment status
i.e. whether an employer, self-employed, a manager, a supervisor
or an employee. Therefore, since 2001, the highest socio-economic
group refers to large employers and higher managerial occupations,
while the lowest socio-economic group refers to semi-routine and
routine occupations.
One of our outcome measures was the future incidence rate
of lung cancer. Because lung cancer incidence is mainly driven
by smoking prevalence, we ﬁrstly modelled the future smoking prevalence. For this purpose, we used an existing prediction
method, which has been described elsewhere [14]. This model calculates prevalence of smoking based on the dynamics in people
who initiate smoking, quit smoking and those who die because
of smoking [15]. The net cessation rates (i.e. the proportional
changes in smoking prevalence) and initiation rates according to
sex, age, socio-economic groups and period are presented in Table 1
(Table 1). The predicted estimates based on the model produced a
good to reasonable ﬁt to the observed data in 1980–2006 (R2 = 0.98
and 0.85 for highest and lowest socio-economic group, respectively). The cessation rates produced here were used in Prevent (see
below) to calculate the future smoking prevalence as proposed by
Mendez to derive lung cancer incidence.
Incidence rates of lung cancer were retrieved by sex and 5-year
age groups for the year 2005 (base year) from the ofﬁce for national
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statistics [13]. Incidence rates for the highest and lowest socioeconomic groups were calculated by weighing the general incidence
rate to the lung cancer incidence rate of the speciﬁc socioeconomic
group (either I: highest socioeconomic group or V: lowest socioeconomic group) as reported by Shack et al. [5]. Reported incidence
rates in the present article are age standardized using the standard
European population (ESR).
We retrieved the following demographic data: (a) annual number of births and death rates by age and sex from 1980 to 2006;
(b) population size at January 1, 1980 for 1-year age groups by
sex; and (c) population projection up to 2050 [13,16,17]. We did
not use socioeconomic speciﬁc demographic data because demographic projection is highly uncertain. Therefore in this paper we do
not present number of lung cancer cases by socioeconomic groups.
As for annual mortality rates by age and sex, they were corrected
for socioeconomic groups by weighing the general population rates
to mortality rates by socioeconomic group [18].
To model the impact of intervention on cancer incidence we
used Prevent. The validity of this model has been tested as
compared to the Peto method [19]. Prevent is a state-transition
simulation model that estimates the health beneﬁts in a population
due to changes in risk factor prevalence [20]. The details of calculation within Prevent are described in Appendix 1. In short, the model
ﬁrstly calculates the incidence of disease that would be observed if
no intervention to prevent smoking is implemented (autonomous
trend). In this ﬁrst part, the incidence of lung cancer is calculated
based on the current change of smoking prevalence inﬂuenced by
the current policy on tobacco smoking. Here, trend impact fraction
(TIF) is calculated and applied to cancer incidence. TIF is based on
the relative risk and past prevalence data of the risk factor (smoking) [21]. We used the relative risk for lung cancer as reported by
Gandini et al. (Risk Ratios; 9.9 among men and 7.6 among women)
[22]. Secondly, after an intervention is speciﬁed, the model calculates the development of the potential impact fraction (PIF) due to
changes in smoking prevalence, which is caused by both the intervention and the autonomous trend. The difference between the ﬁrst
and the second estimate is attributable to the intervention [23].
Prevent models the relation between risk factor exposure and
disease risk dynamically with latency (LAT) and lag time (LAG) variables. LAT is the time that is needed between changes in risk factor
and any change in cancer risk. In this study we deﬁned the latency
time to be 5 years [24]. LAG is the time that is needed for a former
smoker to return to the risk of a non-smoker. We set LAG to be
15 years, declining of the risk in an exponential manner [24]. This
means that after a total 20 years since the intervention took place
the risk of lung cancer of a former smoker will return to the risk of
a non-smoker.
The Tobacco Advisory Group of the Royal College of Physicians
(RCP) has proposed a yearly increase in cigarette price as one of
the strategies to eradicate smoking prevalence in the UK [11]. Here
we applied 10% yearly increase in cigarette price and assumed that
the price increase was annually adjusted for inﬂation. In this study,
we assumed that the price increase only decreases cigarette smoking in the lower socioeconomic group [7,10,25]. We recognized the
controversies on the impact of cigarette price increase on smoking in different socioeconomic groups [8]. Therefore we examined
the impact on changing this assumption on the sensitivity analysis (further describe below). A one percentage point increase in
price was reported to decrease the demand for cigarettes by 1%
and 0.9% in men and women from the lowest socioeconomic class
[10]. For the main analysis, we assumed that it did not inﬂuence
the demand for cigarettes for the highest socioeconomic group
[10]. In the modelling, this means that every year the prevalence of
smokers would decrease by 10% for men and 9% for women, in the
lower socioeconomic class. In addition to the modelling based on
the price indexing, we also estimated the lung cancer incidence if a
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Table 1
Net cessations ratesa in England and Wales according to sex, socioeconomic group and period, 1980–2006.
Male
1980–1990
Socioeconomic group I (highest)
0.040
20–30 years
0.009
31–50 years
0.060
51+ years
Socioeconomic group V (lowest)
0.000
20–30 years
−0.001
31–50 years
0.030
51+ years

Female
1991–2000

2001–2006

1980–1995

1996–2001

2002–2006

0.023
0.014
0.022

0.070
0.058
0.069

0.022
0.028
0.077

0.017
0.003
0.036

0.091
0.037
0.065

0.016
0.020
0.045

−0.015
0.005
0.034

−0.003
−0.004
0.027

0.018
0.012
0.038

0.006
0.029
0.056

The proportional change is positive if prevalence declines or negative if prevalence increases.
a
Net cessation rate: proportional change in smoking prevalence.

rigorous (yearly) health campaign against smoking was to be implemented. Anti-smoking counter-advertising has been reported to
reduce the smoking prevalence among the higher socioeconomic
groups [10,26]. This model will provide insight of the prospect to
reduce inequality in lung cancer where multiple interventions are
being implemented.
2.1. Sensitivity analyses
As with any prediction method, Prevent makes several assumptions and relies heavily on underlying input data. Therefore,
baseline data including incidence, prevalence and population data
were derived from comparable and established resources and are
assumed to be reliable. To examine the robustness of our results
we performed several sensitivity analyses. We examined the effect
of assuming lag periods of 25 years (meaning that after 30 years
since the start of the intervention the risk of lung cancer for the
ex-smoker would be similar to the non-smoker); the effect of
assuming an inﬁnite lag time (meaning that risk of ex-smokers
would never reach that of the non-smoker); and the effect of
using a different relative risk estimates (23.9 and 8.7 for males
and females, respectively) [27]. Recognizing that various studies
have reported different price elasticities, we also examined the
effect of having a higher price elasticity in the younger age group
of the lowest socioeconomic group (those younger than 35 years
had twice the price elasticity of those 35 years and older) [28];
the effect on lung cancer inequality if the highest socioeconomic
group were also responsive to price change (the higher socioeconomic group was reported to have half of the price elasticity of the
lowest socioeconomic group) [8]; and the effect of using different
price elasticity estimates (0.45% for men and 0.41% for females)
[8].
3. Results
Fig. 1 illustrates the projected proportion of cigarette smokers according to socioeconomic group and sex. In 1980, 69% and
56% higher smoking prevalence was observed among the male and
female lower socioeconomic group as compared to the highest
socio-economic group. The relative difference increased markedly
over time and was observed in the projections. In the 1980s smoking prevalence was 50–70% higher in the lowest socioeconomic
group. In 2050 we expected the lowest socioeconomic group (men)
would be four times more likely to smoke as compared to the most
afﬂuent group.
Table 1 presents the net annual cessation rates for three age
groups according to sex, socioeconomic group and time period. In
general, net cessation rates were higher among the highest socioeconomic group as compared to the lower socioeconomic group. In
the last period (2002–2006), we estimated high age-speciﬁc quitting rates ranging from 5.8% to 9.0% annually among the highest

socioeconomic group and only 0.5–6.0% among the lower socioeconomic group.
Fig. 2a shows the lung cancer incidence rate for the highest
and lowest socio-economic groups for males as projected by the
model with and without intervention among men in the period
2005–2050. In 2005, the standardized lung cancer rate in the lowest socioeconomic group was 2.5 times higher than the rate in the
highest socioeconomic group. For both socioeconomic groups, lung
cancer incidence is predicted to decrease, but more so for the highest socioeconomic group. Under the scenario of no intervention,
the model predicts that lung cancer inequality will double by 2050
(Incidence Rate Ratio (IRR) = 4.2 in 2050). The model projected that
a yearly increase in cigarette price would decrease the socioeconomic gap in lung cancer incidence by 86% in 2050 i.e. IRR = 1.5
(with price increase) vs. 4.2 (without intervention). If anti-smoking
counter-advertising were implemented, lung cancer incidence rate
among the highest socioeconomic group is estimated to decrease
to 14.1 per 100,000. This would diminish the impact of the price
indexing in inequality: 78% of inequality will be reduced by 2050
IRR = 1.7 (with both interventions) vs. 4.2 (without intervention).
Fig. 2b presents the same projection of lung cancer incidence but
for women. Under the scenario of no intervention, socioeconomic
group inequalities in lung cancer incidence will slightly decrease
in 2050 (IRR = 2.4 and in 2005 IRR = 2.7). If annual increases in
cigarette prices were introduced, inequalities in lung cancer incidence would be reduced by 74% in 2050 (IRR = 1.4). If anti-smoking
counter-advertising was also included in the model, the lung cancer
incidence rate among the highest economic group would decrease
to 9.9 from the predicted 11.6 per 100,000 cases in 2050. Implementing an intervention targeted to both the lowest and the highest
socioeconomic group would reduce the inequality in lung cancer incidence by 58% i.e. IRR = 1.6 (with both interventions) vs. 2.4
(without intervention).
We undertook several sensitivity analyses by varying the lag
time and the relative risk estimates (Table 2). There was little effect

Fig. 1. Predicted proportion of smokers according to socioeconomic group and sex
in 1980–2050.
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the inequality in lung cancer would decrease slightly more than the
baseline estimate with IRR of 1.6. As for changing the price elasticity
estimates, the largest difference (as compared to the main analysis)
was found if the price elasticity was reduced by half for the lowest socioeconomic group. Other changes i.e. highest socioeconomic
groups being responsive to price change or the younger age group
being more responsive that other age groups, did not change the
results of the modelling as compared to the main model.
4. Discussion

Fig. 2. Predicted lung cancer incidence (European Standardised Rate, ESR) in England and Wales according to socioeconomic status (SES) group with and without
intervention (intervention: yearly 10% price increase for low socioeconomic group
and yearly health advertisement for high socioeconomic group). (A) Male; (B)
female.

of varying the lag time on the lung cancer inequality i.e. the incidence rate ratio between the lowest and the highest socioeconomic
group if the two intervention scenarios (price increase and health
advertisement) was 1.7 in males and 1.6 in females in 2050 if 30
years lag was used (similar to the baseline scenario with 15 years lag
time). If we assumed that the risk of ex-smokers never reached that
of the non-smoker, than the inequality the gap would be slightly
smaller than the baseline estimate (IRR = 1.4 for both genders). If
we used 23.9 instead of 9.7 for the relative risk estimate in men,

Our study illustrates the potential and the time needed to reduce
socioeconomic inequalities in lung cancer in England and Wales
using a targeted smoking intervention policy. If the current course
of smoking continued, we projected a widening of inequality in lung
cancer as has been expected by others [3]. Under the most rigorous
intervention i.e. annual price increase was implemented, the disparity in lung cancer was reduced but not eradicated. Among men,
the scenario of a yearly price increase would only eliminate the
socioeconomic gap in lung cancer by 86% in 2050. Among women,
74% of socioeconomic relative inequalities in lung cancer might
be reduced after 45 years. If another intervention that inﬂuences
prevalence among the higher socioeconomic groups e.g. health promotion efforts are included in the model, closing the gap is further
delayed.
As predicted by others [3,29], we projected an increase in lung
cancer inequality in men in the future in the UK. Although smoking
has been decreasing in all socioeconomic groups, we still observed
higher uptake among the adolescents in the lower socioeconomic
group. Furthermore, they are also more likely to become regular
smoker and less likely to stop smoking [30]. These all contribute to
the increasing gap in smoking among men, that in the future will
be reﬂected in the inequality in lung cancer rates.
In reality, many intervention programs are currently in place
in the UK and these will affect our ﬁndings [31]. New legislations
have also been implemented such as the smoke-free UK, which may
further increase quit rates [32]. If the higher socioeconomic group
responds the most to an intervention, it may potentially increase
inequalities in smoking. However, a current review on population tobacco control strategies showed little evidence of adverse
effects on inequality from population intervention programs such
as restrictions in workplaces, public places or schools, restrictions
of sales to minors, restrictions on tobacco advertisement and health

Table 2
Sensitivity analysis.
Models/scenarios

SES

Model A (Baseline): 20 years latency time, intervention for both SES groupsa

Highest
Lowest

Model B: 30 years latency time, intervention for both SES groupsa

Male, 2040

Female, 2040

IR

IRR

IR

IRR

14.1
24.2

1
1.7

10.0
16.0

1
1.6

Highest
Lowest

13.5
22.8

1
1.7

9.6
15.6

1
1.6

Model C: lung cancer risk in ex-smokers never equal to non-smoker, intervention for both SES groupsa

Highest
Lowest

15.9
22.3

1
1.4

11.11
15.5

1
1.4

Model D: relative risk 23.9 (male) and 8.7 (female) instead of 9.7 and 8.7 in Model A, intervention for both SES groupsa

Highest
Lowest

7.6
12.1

1
1.6

9.3
14.4

1
1.6

Model E: younger age group more price sensitive (price elasticity <35 years: 2% (men) and 1.8% (women) instead of 1%
and 0.9% in Model A), intervention for both SES groupsa

Highest
Lowest

14.1
23.5

1
1.7

10.0
15.7

1
1.6

Model F: highest SES group also price sensitive (price elasticity in highest SES 0.5% (men) and 0.45% (women) instead
of 0 in Model A), intervention for both SES groupsa

Highest
Lowest

14.1
24.2

1
1.7

10.2
16.0

1
1.6

Model G: different price elasticities for lowest SES group (0.45% for men and 0.41% for women instead of 1% and 0.9%
in Model A), intervention for both SES groupsa

Highest
Lowest

14.1
31.7

1
2.2

10.0
26.6

1
2.7

IR: Incidence Rate (European Standardized Rate, per 100,000); IRR: Incidence Rate Ratio; SES: socioeconomic status.
a
Price increase affecting the lowest socioeconomic group and health advertisement affecting the highest socioeconomic group.
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warning on tobacco products [33]. Therefore the major tobacco
control steps that have been taken by the UK government, e.g.
media advertisement ban, smoking cessation services, clean indoor
air laws and earmarking may have resulted in higher cessation rates
than what we have predicted [34]. But this might be equally true for
different socio-economic groups [7,31]. Although intuitively, workplace smoking bans in places with a high concentration of workers
from a lower socioeconomic class would impact smoking more in
this group, overall the impact of this intervention on daily cigarette
smoked is the same in different socioeconomic groups [7].
The positive impact of cigarette price increases on smoking may
be offset by increases in cigarette smuggling [35]. In the UK it is
estimated that about 13% of cigarettes in 2005–2006 are smuggled
[36]. Because the lower socioeconomic groups more often consume smuggled cigarettes, we may have overestimated the impact
of cigarette prices on inequalities in smoking prevalence and lung
cancer. However, over the last decades, the UK government seems
to have been successful in reducing the prevalence of contraband
tobacco which may continue in the future [36]. This study therefore
also points to the importance of comprehensive smoking intervention strategies i.e. reducing the availability of smuggled and
counterfeit tobacco, optimising smoking cessation services, international advocacy [11].
We used the price elasticity of demand for cigarettes from a
study based on data from 1972 to 1990 as the impact of the intervention [10]. Our model assumed that the impact of price indexing
on smoking prevalence is the same regardless of the price of
cigarettes in each time period. However, the impact of price indexing on smoking prevalence may decrease as background cigarette
prices increase [8]. On the other hand, the impact of price increases
on smoking prevalence may increase as background cigarette price
increases, because a 1% increase at a high price levels is in absolute
terms larger than at low price levels. At this point, there is insufﬁcient evidence on how the impact of cigarette price increases on
smoking prevalence varies across different background cigarette
prices. Furthermore, others have also reported different estimates
on price elasticity by gender, age group or socioeconomic group
[28,33]. In our sensitivity analysis we examined the impact of
varying price elasticity in different age groups and socioeconomic
status. Increasing price responsiveness among the younger age
group did not result in different lung cancer inequalities in 2050
as compared to the base model where all ages have the same price
elasticity. This is probably because changes in smoking prevalence
among the younger age groups would only affect lung cancer incidence in a very long time perspective, beyond the end of this study
period (2050). The largest difference to the main analysis was found
if other estimate of price elasticity was used [8]. Thus interpretation of this study should consider all assumptions that were taken
in the analysis. Another limitation that should be mentioned is the
fact that we used self-reported smoking. Yet studies have shown
that the validity of self-reported smoking is high and similar by
socioeconomic status [37].
We projected a marked decline in the proportion of smokers in
all groups that we studied except for males of the lower socioeconomic class. This is due to the low cessation rates (0.5% annual
decrease) in the middle aged men. As we reported, the ﬁt of our
predicted model for smoking prevalence in this group is only reasonable. Yet, the data showed that between 2000 and 2006, the
proportion of smokers in the middle age group (30–40) in men
among the lowest socioeconomic class in our study was 40% in 2000
and 43% in 2006. Secondly, the analysis was restricted to groups I
and V. Because of changes in the nature of works and occupation in
the late twentieth century, group V is gradually becoming smaller
over time i.e. in 1980 23% of the survey population was in this group
compared to 19% in 2001 [12]. For this reason the national statistics ofﬁce changed the Socioeconomic classiﬁcation in 2001 [38].

For continuity reasons, we kept the analysis to this group. Further,
increasing cigarette price by 10% annually is politically challenging
[39]. Yet, in the UK there has been on average 5% annual increase in
real price in cigarette [34]. From public health perspective it is ultimately more important how affordable cigarette price is. Yet in the
UK cigarettes are still more affordable than they were in the 1960s
[40]. Therefore there is ample room for price increase in retail price
of cigarette.
Our study illustrated the future of inequality in lung cancer
in UK and projected an increasing gap between the wealthy and
the poor. A long time perspective is needed to decrease socioeconomic disparities in lung cancer rates. Yet, slow, rigorous and
targeted interventions may reduce the expected widening of the
future inequalities in lung cancer.
Conﬂict of interest
None.
Acknowledgements
We thanked Gwenn Menvielle for her comments on earlier
manuscript of this paper. Isabelle Soerjomataram is funded through
the Eurocadet project under the FP6 European Union (contract
number: SP23-CT-2005-006528). Coral Gartner was supported by
an Australian NHMRC postdoctoral fellowship. Jan Barendregt is
partly funded by the ACE-Prevention project (NHMRC HSR 351558).
Appendix A. Supplementary data
Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.lungcan.2011.01.009.
References
[1] Ferlay J, Bray F, Pisani P, Parkin DM. GLOBOCAN 2002. Cancer incidence, mortality and prevalence worldwide. Lyon: IARC Press; 2002.
[2] Cancer Research UK. Accessed in 2009 at http://www.cancerresearchuk.org/.
[3] Mackenbach JP, Huisman M, Andersen O, Bopp M, Borgan JK, Borrell C, et al.
Inequalities in lung cancer mortality by the educational level in 10 European
populations. Eur J Cancer 2004;40:126–35.
[4] Huisman M, Kunst AE, Mackenbach JP. Educational inequalities in smoking
among men and women aged 16 years and older in 11 European countries.
Tob Control 2005;14:106–13.
[5] Shack L, Jordan C, Thomson CS, Mak V, Moller H. Registries UKAoC. Variation in
incidence of breast, lung and cervical cancer and malignant melanoma of skin
by socioeconomic group in England. BMC Cancer 2008;8:271.
[6] Thomas S, Fayter D, Misso K, Ogilvie D, Petticrew M, Sowden A, et al. Population tobacco control interventions and their effects on social inequalities in
smoking: systematic review. Tob Control 2008;17:230–7.
[7] Main C, Thomas S, Ogilvie D, Stirk L, Petticrew M, Whitehead M, et al. Population tobacco control interventions and their effects on social inequalities in
smoking: placing an equity lens on existing systematic reviews. BMC Public
Health 2008;8:178.
[8] Franks P, Jerant AF, Leigh JP, Lee D, Chiem A, Lewis I, et al. Cigarette prices,
smoking, and the poor: implications of recent trends. Am J Public Health
2007;97:1873–7.
[9] Regidor E, Pascual C, Gutierrez-Fisac JL. Increasing the price of tobacco: economically regressive today and probably ineffective tomorrow. Eur J Cancer
Prev 2007;16:380–4.
[10] Townsend J, Roderick P, Cooper J. Cigarette smoking by socioeconomic
group, sex, and age: effects of price, income, and health publicity. BMJ
1994;309:923–7.
[11] Ending tobacco smoking in Britain, Radical strategies for prevention and harm
reduction in nicotine addiction. London: Tobacco Advisory Group of The Royal
College of Physicians; 2008.
[12] Economic and social data service. http://www.esds.ac.uk/search/searchStart.asp
[accessed January 2009].
[13] Ofﬁce for National Statistics. http://www.statistics.gov.uk/default.asp
[accessed January 2009].
[14] Gartner CE, Barendregt JJ, Hall WD. Predicting the future prevalence of
cigarette smoking in Australia how low can we go and by when? Tob Control
2009;18(3):183–9.
[15] Thun MJ, Day-Lally CA, Calle EE, Flanders WD, Heath Jr CW. Excess mortality
among cigarette smokers: changes in a 20-year interval. Am J Public Health
1995;85:1223–30.

I. Soerjomataram et al. / Lung Cancer 73 (2011) 268–273
[16] Eurostat. http://epp.eurostat.ec.europa.eu/portal/page/portal/eurostat/home
[last accessed January 2009].
[17] Human Mortality Database. University of California, Berkeley (USA), and
Max Planck Institute for Demographic Research (Germany). Available at
www.mortality.org or www.humanmortality.de (data downloaded on 2009).
[18] ONS Longitudinal Study age-speciﬁc mortality data by social class 1972–2005.
ONS; 2007.
[19] Bronnum-Hansen H, Juel K. Estimating mortality due to cigarette smoking: two
methods, same result. Epidemiology 2000;11:422–6.
[20] Soerjomataram I, de Vries E, Engholm G, Paludan-Muller G, Storm H, Barendregt
JJ. Impact of smoking and alcohol intervention program on lung and breast
cancer incidence in Denmark: an example of dynamic modeling with Prevent.
Eur J Cancer 2010;46(14):2617–24.
[21] 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.
[22] Gandini S, Botteri E, Iodice S, Boniol M, Lowenfels AB, Maisonneuve P, et al.
Tobacco smoking and cancer a meta-analysis. Int J Cancer 2008;122:155–64.
[23] Bronnum-Hansen H. How good is the Prevent model for estimating the health
beneﬁts of prevention? J Epidemiol Comm Health 1999;53:300–5.
[24] Peto R, Darby S, Deo H, Silcocks P, Whitley E, Doll R. Smoking, smoking cessation,
and lung cancer in the UK since 1950: combination of national statistics with
two case–control studies. BMJ 2000;321:323–9.
[25] Siahpush M, Wakeﬁeld MA, Spittal MJ, Durkin SJ, Scollo MM. Taxation reduces
social disparities in adult smoking prevalence. Am J Prev Med 2009;36:285–
91.
[26] Niederdeppe J, Fiore MC, Baker TB, Smith SS. Smoking-cessation media campaigns and their effectiveness among socioeconomically advantaged and
disadvantaged populations. Am J Public Health 2008;98:916–24.
[27] Simonato L, Agudo A, Ahrens W, Benhamou E, Benhamou S, Boffetta P, et al.
Lung cancer and cigarette smoking in Europe: an update of risk estimates and
an assessment of inter-country heterogeneity. Int J Cancer 2001;91:876–87.

273

[28] Levy DT, Hyland A, Higbee C, Remer L, Compton C. The role of public policies in
reducing smoking prevalence in California: results from the California tobacco
policy simulation model. Health Policy 2007;82:167–85.
[29] Van der Heyden JH, Schaap MM, Kunst AE, Esnaola S, Borrell C, Cox B, et al.
Socioeconomic inequalities in lung cancer mortality in 16 European populations. Lung Cancer 2009;63:322–30.
[30] Gilman SE, Abrams DB, Buka SL. Socioeconomic status over the life course
and stages of cigarette use: initiation, regular use, and cessation. J Epidemiol
Community Health 2003;57:802–8.
[31] Lewis S, Arnott D, Godfrey C, Britton J. Public health measures to reduce
smoking prevalence in the UK: how many lives could be saved? Tob Control
2005;14:251–4.
[32] Arnott D, Dockrell M, Sandford A, Willmore I. Comprehensive smoke-free legislation in England: how advocacy won the day. Tob Control 2007;16:423–8.
[33] Fayter D, Main C, Misso K, Ogilvie D, Petticrew M, Sowden A, et al. Population tobacco control interventions and their effects on social inequalities in
smoking. York: University of York; 2008. p. 1–322.
[34] Guindon GE, Tobin S, Yach D. Trends and affordability of cigarette prices: ample
room for tax increases and related health gains. Tob Control 2002;11:35–43.
[35] Joossens L, Raw M. Smuggling and cross border shopping of tobacco in Europe.
BMJ 1995;310:1393–7.
[36] Joossens L, Raw M. Progress in combating cigarette smuggling: controlling the
supply chain. Tob Control 2008;17:399–404.
[37] Vartiainen E, Seppala T, Lillsunde P, Puska P. Validation of self reported smoking by serum cotinine measurement in a community-based study. J Epidemiol
Community Health 2002;56:167–70.
[38] Rose D, O’Reilly K. The ESCR review of government social classiﬁcations. London: Ofﬁce for National Statistics; 1998.
[39] Levy DT, Nikolayev L, Mumford E. Recent trends in smoking and the role of
public policies: results from the SimSmoke tobacco control policy simulation
model. Addiction 2005;100:1526–36.
[40] Smoking kills, a white paper on tobacco. Department of Health; 1998.

