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Abstract. Tobacco smoking is a main cause of disease in Switzerland; lung cancer being the most common cancer mortality
in men and the second most common in women. Although disease-specific mortality is decreasing in men, it is steadily
increasing in women. The four language regions in this country might play a role in this context as they are influenced in
different ways by the cultural and social behaviour of neighbouring countries. Bayesian hierarchical spatio-temporal, nega-
tive binomial models were fitted on subgroup-specific death rates indirectly standardized by national references to explore
age- and gender-specific spatio-temporal patterns of mortality due to lung cancer and other tobacco-related cancers in
Switzerland for the time period 1969-2002. Differences influenced by linguistic region and life in rural or urban areas were
also accounted for. Male lung cancer mortality was found to be rather homogeneous in space, whereas women were con-
firmed to be more affected in urban regions. Compared to the German-speaking part, female mortality was higher in the
French-speaking part of the country, a result contradicting other reports of similar comparisons between France and
Germany. The spatio-temporal patterns of mortality were similar for lung cancer and other tobacco-related cancers. The esti-
mated mortality maps can support the planning in health care services and evaluation of a national tobacco control pro-
gramme. Better understanding of spatial and temporal variation of cancer of the lung and other tobacco-related cancers may
help in allocating resources for more effective screening, diagnosis and therapy. The methodology can be applied to similar
studies in other settings.
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Introduction

In Switzerland, lung cancer is the first cause of can-

cer mortality in men and the second in women (after

breast cancer), accounting for 2,900 deaths per year

(Berrut and Junker, 2008). In 1970, the mortality rate

per 100,000 inhabitants was around 60 cases for

males, whereas it was only five for females but, by

2004, it had decreased to 45 for males and increased to

16 for females (Berrut and Junker, 2008). Also, the geo-

graphical distribution of the disease differs remarkably

by gender with female lung cancer showing high con-

centrations in the cities, whereas male lung cancer is

clustered in the central, more rural and industrialised

part of the country (Schüler and Bopp, 1997). Tobacco

smoking is the main cause (Tyczynski et al., 2003), but

can also result in cancers of the larynx, oral cavity,

pharynx and oesophagus (IARC, 2004). Even passive

exposure to tobacco smoke raises the risk of disease

(Subramanian and Govindan, 2007). The Swiss Federal

Office of Public Health (FOPH) launched a tobacco

prevention programme for the period 2001-2008, later

extended to also cover the following years (2009-

2012). The main objective of this programme is to

reduce the number of tobacco-related deaths and dis-

eases in Switzerland. To achieve appropriate public

health decisions, differences in regions influenced by

certain factors, e.g. gender and whether people live in

urban or rural neighbourhoods, have to be identified.

Maps of the spatial patterns and trends of lung cancer

and other tobacco-related cancers can assist the nation-

al tobacco programme by identifying high-priority

areas for particularly intensive anti-tobacco campaigns.
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Over the last 15 years, Bayesian hierarchical spatio-

temporal models have been widely used for disease

mapping (Xia et al., 1997; Bell and Broemling, 2000;

Johnson, 2004). This methodology enables the estima-

tion of covariate-adjusted smoothed maps highlighting

patterns of the disease and exploring covariate effects.

In Switzerland, only a few studies exploring the tempo-

ral differences and trends in lung cancer mortality have

been published (La Vecchia et al., 1988; Levi et al.,

2006). Available estimations of geographical disparities

are limited to raw rates at the regional level and cover

only selected years (Luthi et al., 2005; Bouchardy et al.,

2011; NICER, 2011a,b). Mapping the raw rates of the

disease mortality can be non-informative and even mis-

leading by overestimating the mortality in small popu-

lations (Clayton and Kaldor, 1987). 

The aim of this paper was to explore age- and gen-

der-specific spatio-temporal patterns of lung cancer

and other tobacco-related cancer mortality rates in

Switzerland using Bayesian hierarchical spatio-tempo-

ral models. We also wanted to use this approach to

determine differences between rural or urban living

and, as Switzerland is a multilingual country, extend

the investigation into age- and gender-specific mortal-

ity by linguistic region.

Materials and methods

Data sources

Mortality data were provided by the Federal

Statistical Office (FSO). The data covered yearly death

records during 1969-2008 at the individual level.

Information about year of birth, age at death, sex,

municipality of residence, nationality and cause of

death was available. During the period covered in this

study, there was a transition from the 8th revision of

international classification of diseases (ICD-8) to ICD-

10 in the period 1994/1995. We therefore chose to

standardize the whole database according to ICD-10.

Our analysis was separated into two parts. On the one

hand we focused exclusively on lung cancer mortality as

its smoking-attributable fraction is very high and there-

fore reflects trends in smoking behaviour. On the other

hand, we analysed mortality of all tobacco-related can-

cers, including lung cancer. Following the definition of

Doll and Peto (1976), the following cancers were con-

sidered as tobacco-related: lung (C33-C34), oesophagus

(C15), rectum (C20), pancreas (C25), bladder (C67) and

cancer of other respiratory sites (C00-C14), including

cancer of the lip, tongue, mouth, larynx, trachea and

pharynx (excluding nasopharynx).

Population size by age, sex and municipality was

obtained from the Swiss census. The municipality was

identified by name and the given FSO municipality

number. During the study period, a census was carried

out every 10 years starting in 1970. Due to the miss-

ing population data for the interim years, we divided

the study into four periods, each covering the four

years closest to the census year, i.e. 1969-1972, 1979-

1982, 1989-1992 and 1999-2002. The population size

was assumed to be constant within each period. The

four main language regions of Switzerland (German,

French, Italian and Romansh; see Fig. 1) were taken

into account because the language can be used as

proxy for culture and behaviour. Language informa-

tion at the municipality level was obtained from the

FSO.

Digital information on the structure of the munici-

pality boarders of Switzerland in 2009, given by

geospatial data in shapefile format, was extracted

from the FSO website (FSO, 2012b). Municipalities

were considered as rural if the population density was

less than 150 people per km2 and otherwise as urban,

following the definition of the Organisation for

Economic Co-operation and Development (OECD)

(Schrader, 1997). Information on the geographical

size of each municipality was extracted from the

shapefile offered by the FSO. The current number of

Swiss municipalities amounts to about 2,700, more

than 1,500 of which have less than 1,000 inhabitants.

The number of municipalities with population size

greater than 10,000 is less than 120 (census of 2000).

There have been numerous fusions and partitions of

municipalities over the time of the study. The death

records of the mortality dataset were updated by the

FSO to fit the municipality structure of October

2009. To align the data spatially, we converted the

population data of the last four censuses into this

municipality structure. Municipalities without popu-

lation were identified and merged with one of their

immediate neighbours. The shapefiles were modified

in R (R Development Core Team, 2011) to restructure

the municipality boarders.

Statistical analysis

Spatio-temporal models for all tobacco-related can-

cer mortality rates were fitted separately for each gen-

der and age group. Age was grouped in two categories:

middle aged (35-59 years old) and elderly (60 years

old and above) according to Peto et al. (1992).

Mortality before age 35 years was excluded. Time

trends were modelled as a categorical covariate with
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Fig. 1. Language regions of Switzerland in the year 2000 (source: FSO, 2012a).

four levels corresponding to the periods: 1969-1972,

1979-1982, 1989-1992 and 1999-2002.

Multivariate negative binomial regression models

were used to (i) assess the patterns of age- and gender-

specific lung mortality due to cancer and other tobac-

co-related cancers in space and time; and (ii) determine

differences by language and type of dwelling (urban or

rural). Spatial correlation was considered by introduc-

ing random effects at the municipality level. Models

were formulated following a Bayesian inferential

framework, considering age- and gender-specific inter-

actions of time periods with language region and type

of dwelling.

Mortality rates are often standardised to compare

observed and expected rates with reference to a stan-

dard population (Oberaigner and Vittadello, 2010).

Standardisation may be direct or indirect (Breslow and

Day, 1987), the latter usually done by calculating the

standardised mortality ratios (SMRs) (Johnson, 2004).

This is recommended if the mortality variation within-

country is of primary interest (Estève et al., 1994;

PAHO, 2002). In this case, age- and gender-specific

SMRs were used to measure mortality.

Standardisation over the entire study population was

not appropriate because of large absolute differences

in disease occurrence. Therefore, indirect standardisa-

tion was done using the subgroup-specific national

death rate averaged across the whole study period

from 1969 to 2002. However, this meant that the esti-

mates of the temporal trend for each period had to be

interpreted in relation to the remaining periods for the

specific age group and gender. Since the resulting sub-

group maps cannot be compared directly because of

the specific standardisation for each subgroup, a sepa-

rate analysis was carried out for the subset of mortal-

ity data during the 1999-2002 period, standardising

only over the corresponding time. To take into

account disparities in age distributions among munic-

ipalities, all SMRs were additionally standardised by

5-year age groups, starting with age group 35-39 years

(Sturtz and Ickstadt, 2007). An SMR of 1.0 implies

that there is no difference between the mortality rate

of the municipality under consideration and the

national rate for the specific subgroup. An SMR that

is lower or higher than 1.0 stands for a mortality rate

that is lower or higher than the national average.

We assumed the observed age- and gender-specific

counts of lung and all tobacco-related cancer deaths

Yijlt in municipality i (i = 1, ..., N), gender j (j = 1, 2)

and age group l (l = 1, 2) in period t to follow a nega-

tive binomial distribution Yijlt ~ NegBin(pijlt , r) with

parameters pijlt and r, where pijlt relates to the average
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number of cases via the formula pijlt = r/(r + μijlt ). Age-

and gender-specific spatial random effects as well as

possible non-linear trends were modelled on the log of

the mean age SMR following model formulations

according to Xia et al. (1997):

log(μijlt) = log(Eijlt) + α + Xis
T βs + φijl (1)

where Eijlt is the age- and gender-specific expected

number of deaths, Xis the vector of covariates s relat-

ed to municipality i and βs the coefficients of associat-

ed covariates. Spatial correlation was introduced by

age (l) and gender-specific (j) random effect φijl on

municipality level (i), modelled via a CAR process

(Besag et al., 1991; Bernardinelli and Montomoli,

1992). Spatial dependency among the municipalities

was introduced by the conditional prior distribution

of the age- and gender-specific φi with

(2)

where ciq indicates the degree of spatial influence of

municipality i to the remaining municipalities, taking

the value 1 if they are adjacent and otherwise 0, γ
quantifying the overall spatial dependence, assumed to

be 1 following Besag et al. (1991), and wi being the

number of neighbours of municipality i. As the

Bayesian formulation requires, specification of prior

distributions for the model parameters were specified.

The variance parameter r, controlling overdispersion,

was assumed to follow a gamma prior distribution.

We assumed a flat prior for the intercept α and uni-

form prior distributions (-∞, ∞) for the regression

coefficients βs.

After a “burn-in” of 1,000 iterations the model was

run for another 100,000 iterations achieving conver-

gence, which was assessed by graphical inspection of

the Markov chain output. Finally, another 10,000 iter-

ations were run to save a sample of 1,000 with thin-

ning 10 to obtain summaries of the posterior distribu-

tion of the parameters.

Preliminary analyses fitting negative binomial mod-

els were carried out in Stata/IC (Stata Corporation;

College Station, USA). Bayesian models were fitted

using OpenBUGS (Imperial College and MRC,

London, UK). The resulting maps of all tobacco-relat-

ed cancer mortality rates and results of the interaction

analysis are given as supplementary files (Figs. S1-S6

and Tables S1 and S2). The Kulldorff’s spatial scan

statistic implemented in the DCluster package within

the R software was used to detect significant mortali-

ty clusters in the most recent period (Kulldorf and

Nagarwalla, 1995; Gómez-Rubio et al., 2005).

Results

Lung cancer mortality 

Males

Table 1 reports a decline of lung cancer deaths in

males between 1990 and 2000. Table 2 shows the

results of the spatial negative binomial regression

analysis carried out on the mortality data over the

whole study period. Lung cancer SMR in younger

men (35-59 years old) decreased by 40% during

1999-2002 in comparison to 1969-1972. This trend

is illustrated in Fig. 2. A similar result has not been

confirmed for older men (≥60 years). On the con-

trary, SMR increased by around 25% in the 1980s

and 1990s and was not significantly different in

1999-2002, compared to the 1970s. Also, results

indicate no significant differences in lung cancer

mortality between the language regions (Table 2,

Figs. 2 and 3).

The SMR was 7% higher for older men in urban

areas. Models including interaction terms (Table S1)

indicate that the mortality in younger men had

decreased everywhere in Switzerland by the year 2000,

with the exception of the Romansh-speaking and

urban French-speaking regions. Older males showed

an increasing trend in the rural parts but the urban

areas showed no difference in SMR except for the

German ones, where SMRs decreased between the

1970s and 2000. Fig. 4 illustrates the most recent peri-

od (1999-2002) revealing a lower lung cancer mortal-

ity in the alpine regions. While the highest mortality

rate for young men was concentrated in the rural

French-speaking region, high mortality in older men

was more common in the generally rural German-

speaking and Italian-speaking parts.

φi |φq ~ 𝒩 (              ,      )wi wi

σ 2

γ ciq φq

q≠i

Σ
q=l
q≠i

N

Year Rate* Males Females

1970

1980

1990

2000

68

77

76

69

1,568 (90%)

2,111 (87%)

2,245 (82%)

2,044 (72%)

175 (10%)

311 (13%)

491 (18%)

781 (28%)

Table 1. Lung cancer mortality in Switzerland: death counts
and proportion of males and females.

*Per 100,000 inhabitants.
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Fig. 2. Geographical distribution of lung cancer mortality risks from 1969-1972 to 1999-2002 in Switzerland for males aged 35-59
years.

*Bayesian credible interval.

Males Females

Age group (years) 35-59 ≥60 35-59 ≥60

SMR ratio (95% BCI*)

Period

1969-1972

1979-1982

1989-1992

1999-2002

Language

German

French

Italian

Romansh

Dwelling

Rural

Urban

Spatial variation

1.00

1.07 (1.00; 1.15)

0.81 (0.75; 0.88)

0.60 (0.55; 0.64)

1.00

1.16 (0.99; 1.35)

1.25 (0.93; 1.66)

0.95 (0.58; 1.44)

1.00

0.97 (0.91; 1.03)

0.31 (0.26; 0.37)

1.00

1.26 (1.20; 1.31)

1.23 (1.18; 1.29)

0.96 (0.92; 1.01)

1.00

1.07 (0.94; 1.17)

1.15 (0.82; 1.41)

0.94 (0.71; 1.25)

1.00

1.07 (1.03; 1.12)

0.31 (0.27; 0.35)

1.00

1.64 (1.31; 2.05)

2.48 (2.03; 3.04)

3.50 (2.87; 4.28)

1.00

1.36 (0.98; 1.74)

0.93 (0.58; 1.39)

0.76 (0.23; 1.87)

1.00

1.20 (1.04; 1.36)

0.39 (0.28; 0.49)

1.00

1.32 (1.16; 1.50)

1.78 (1.58; 2.01)

2.52 (2.25; 2.86)

1.00

1.30 (1.07; 1.59)

1.23 (0.71; 2.06)

0.54 (0.25; 1.01)

1.00

1.28 (1.18; 1.40)

0.35 (0.29; 0.42)

Table 2. Spatio-temporal model estimates of age- and gender-specific lung cancer mortality in Switzerland from 1969-1972 to
1999-2002.
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Fig. 3. Geographical distribution of lung cancer mortality risks from 1969-1972 to 1999-2002 in Switzerland for males aged 60
years and above.

Fig. 4. Geographical distribution of age- and gender-specific lung cancer mortality risks in Switzerland in the period 1999-
2002.
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Females

Raw data (Table 1) indicate that female mortality

increased between 1970 and 2000. Also, Bayesian spa-

tial models suggest an increasing trend during the last

30 years. In particular, the SMR of younger females

was 3.5 times higher in 2000 than in the 1970s. The

SMR for older women was 2.5 times higher in 1999-

2002 compared to 1969-1972 (Table 2). The SMR in

urban regions was more than 20% higher than in the

rural areas (Figs. 5 and 6). In the French-speaking

part, older females had significantly higher mortality

compared to the German one (SMR ratio of 1.30).

The lowest mortality was estimated in the Romansh

part although the difference seen is not statistically sig-

nificant, probably due to the small number of deaths

(0.13% out of the total number for females in the year

2000). While the SMR increased from the 1970s to

2000 in all remaining regions, it was not significantly

different in 2000 in the rural Italian region. However,

this result was not seen in older women. Lung cancer

mortality increased in the French-speaking and urban

German-speaking regions for the older age group dur-

ing the 1990s and in the remainder of regions during

2000. Fig. 4 shows higher mortality in the French-

speaking area in 2000, whereas younger females

showed the highest mortality in the rural part of this

region.

Figs. 2 and 3, Figs. 5 and 6 and Figs. S1-S4 show the

spatial pattern of lung and all tobacco-related cancer

mortality separately for each age and gender group

over the four time periods investigated. The maps pre-

sented in Fig. 4 and Fig. S5 show the distribution of

lung cancer and all tobacco-related cancer mortality

for each subgroup in 1999-2002. The estimates have

to be interpreted independently for each subgroup.

Fig. 7 and Fig. S6 show the most (red) to the least (yel-

low) significant clusters of modelled lung and all

tobacco-related cancer mortality in 1999-2002 detect-

ed by Kulldorff’s spatial scan statistic.

Fig. 5. Geographical distribution of lung cancer mortality risks from 1969-1972 to 1999-2002 in Switzerland for females aged 35-
59 years.

Year Rate* Males Females

1970

1980

1990

2000

130

152

150

130

2,947 (79%)

3,747 (78%)

3,924 (73%)

3,571 (67%)

0,790 (21%)

1,050 (22%)

1,440 (27%)

1,781 (33%)

Table 3. Tobacco-related cancer mortality in Switzerland: death
counts and proportion of males and females.

*Per 100,000 inhabitants.
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Fig. 6. Geographical distribution of lung cancer mortality risks from 1969-1972 to 1999-2002 in Switzerland for females aged 60
years and above.

Tobacco-related cancer mortality

Males

The estimates of the Bayesian spatial models regard-

ing all tobacco-related cancer mortality (including

lung cancer) indicate a decrease of 33% for those 35-

59 years old and 20% for those aged 60 years and

above. For younger males a 21% significantly higher

SMR was observed for the French-speaking region in

comparison to the baseline German (Table 4 and Fig.

S1). The SMR in older men did not differ between the

language regions. Models including interaction terms

showed an overall decrease for younger men in 2000

with exception of the urban French part. For the older

age group an overall decrease was estimated, except

for the rural, French-speaking and Italian-speaking

areas. 

Females

Mortality increased steadily over the last 30 years.

The SMR nearly doubled for the 35-59 age group and

increased by 15% for the older women from 1969-

1972 to 1999-2002. There were no significant differ-

ences between the language regions over the entire

study period (Table 4). In comparison to the rural

areas, mortality in the urban regions was significantly

higher both for younger and older women, 14% and

11%, respectively (Figs. S3 and S4). In the 1990s, the

group aged 35-59 years showed a significantly higher

mortality in the German-speaking and rural French-

speaking areas. In 1999-2002 an overall increase was

observed, except in the rural Italian-speaking areas. In

the older age group, there was no significant interac-

tion between time period and language or urban

groups observed.

Discussion

This study explores the spatio-temporal patterns of

lung and tobacco-related cancer mortality in

Switzerland, for the first time based on advanced

Bayesian CAR models. Subgroups defined by age and

gender were studied separately. The results show the

steep and constant rise, especially in urban regions, of

mortality in women due to lung cancer and other

tobacco-related cancers. The lung cancer mortality in

women was found to be highest in the French-speak-

ing parts of the country, while the language region was
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*Bayesian credible interval.

Males Females

Age group (years) 35-59 ≥60 35-59 ≥60

SMR ratio (95% BCI*)

Period

1969-1972

1979-1982

1989-1992

1999-2002

Language

German

French

Italian

Romansh

Dwelling

Rural

Urban

Spatial variation

1.00

1.08 (1.01; 1.14)

0.89 (0.84; 0.95)

0.67 (0.63; 0.71)

1.00

1.21 (1.03; 1.43)

1.23 (0.87; 1.60)

0.86 (0.55; 1.20)

1.00

0.97 (0.92; 1.02)

0.30 (0.92; 0.36)

1.00

1.10 (1.06; 1.13)

1.05 (1.01; 1.08)

0.80 (0.77; 0.83)

1.00

1.12 (0.96; 1.23)

1.12 (0.96; 1.43)

0.87 (0.72; 1.06)

1.00

1.04 (1.01; 1.07)

0.25 (0.22; 0.28)

1.00

1.26 (1.12; 1.42)

1.57 (1.39; 1.76)

1.95 (1.74; 2.19)

1.00

1.14 (0.95; 1.36)

1.25 (0.92; 1.73)

1.15 (0.58; 2.11)

1.00

1.14 (1.04; 1.25)

0.32 (0.27; 0.40)

1.00

1.07 (1.00; 1.13)

1.12 (1.06; 1.19)

1.15 (1.09; 1.22)

1.00

1.04 (0.95; 1.20)

1.10 (0.76; 1.51)

1.10 (0.79; 1.46)

1.00

1.11 (1.05; 1.16)

0.26 (0.23; 0.32)

Table 4. Spatio-temporal model estimates of age- and gender-specific tobacco-related cancer mortality in Switzerland from 1969-
1972 to 1999-2002.

Fig. 7. Clusters of age- and gender-specific lung cancer mortality risks in Switzerland in the period 1999-2002* (*according to
Kulldorff's statistic; red colour = highly significant clustering; yellow colour = significant clustering at a lower level).
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not significantly associated with lung cancer mortality

in men. The rates of male lung cancer, and all tobac-

co-related cancer mortality, were higher than those for

women but with a decreasing temporal trend. A peak

of tobacco-related mortality for males was observed in

the 1980s followed by a constant decrease as also seen

in other European countries (Levi et al., 2004). Results

for lung cancer, and all other forms of tobacco-related

cancer mortality, were similar but the temporal trend

was particularly striking for lung cancer mortality. In

general, around 85% of the lung cancer cases in

Switzerland are attributed to the consumption of

tobacco (FOPH, 2012a). The temporal trends

observed in lung cancer mortality can be explained by

gender-specific changes in smoking habits. These facts

and the patterns observed reflect how ubiquitous the

habit of smoking is. 

Several recent reviews of lung cancer in people who

never smoked have highlighted the importance of

other risk factors such as genetic predisposition and

various forms of exposure, e.g. environmental tobacco

smoke, outdoor air pollution, ionizing radiation as

well as occupational exposures to carcinogens (Samet

et al., 2009; Torok et al., 2011; Couraud et al., 2012).

The second most important cause of lung cancer in

Switzerland (but far behind that of tobacco) is expo-

sure to radon, especially in alpine regions and in the

Jura. Radon is believed to be responsible for 200 lung

cancer deaths per year (FOPH, 2012b). Due to a

strong combined effect of smoking and radon, most of

the radon-induced lung cancers occur among smokers,

but radon is the primary cause of lung cancer among

people who never smoked (Zeeb and Schannoun,

2009). Radon exposure is assumed to be stable in

time, while the temporal and gender-specific trends

observed change and are not related to radon expo-

sure.

Schopper and Obrist (2005) report that the highest

incidence of male lung cancer is found in western and

southern Switzerland, corroborating our findings.

Like our results indicate, these authors also found the

highest female lung cancer incidence in the western,

French-speaking part. Apart from this, Schüler and

Bopp (1997) described a cluster of lung cancer in the

central part of the German-speaking part of

Switzerland, which is a rural but still a highly indus-

trialised region. Socio-economic or environmental fac-

tors related to high industrialisation might explain this

cluster (Fano et al., 2004), which is confirmed by our

analysis for older males (Fig. 3).

High female mortality in the urban areas is likely to

be due to the change in female smoking behaviour of

the middle of the twentieth century that took place

earlier and was more pronounced in the cities (Curtin

et al., 1997). Similar trends have been observed in

other populations of the Western World (Graham,

1996). Exposure to environmental risks such as air

pollution and peer-to-peer tobacco smoke, especially

in urban areas may have accentuated the trend

(Subramanian and Govindan et al., 2007). A similar

observation has been reported in Germany, where lung

cancer mortality rates in women doubled from 1960

to 1996 and increased by 155% in the 45-54 years age

group (Lienert et al., 2000).

Faeh et al. (2009) describe differences in cause-spe-

cific mortality between Swiss regions maintaining that

patterns follow disparities among European popula-

tions suggesting an important, cultural factor. Others

beg to differ, e.g. Tyczynski et al. (2003) who com-

pared lung cancer mortality among European coun-

tries and report that female lung cancer mortality rates

are highest in northern Europe, followed by the west-

ern part of the continent. Interestingly, while they

found lung cancer mortality in women to be lower in

France compared to Germany, we found the French-

speaking parts of Switzerland having higher mortality

rates than the German-speaking regions, similar to the

results of Faeh et al. (2009).

Lopez et al. (1994) describe a model of smoking epi-

demic defined by different stages. The most crucial

component of this model is the lag of three to four

decades between the rise in smoking prevalence and the

increase in smoking-attributable mortality. According

to them, female smoking highest prevalence typically

lags males by 10-20 years. In males, lung cancer mor-

tality has declined since the 1980s, so that if the pre-

dictions of Lopez et al. would take place in

Switzerland, a reduction in female smoking-related

mortality can be expected to start soon. Indeed, a

recent decline of female lung cancer incidence and mor-

tality from 2003-2007 has been reported from the USA

(Kohler et al., 2011). This trend is expected to contin-

ue for at least two more decades. Unfortunately, there

is a dearth of data on smoking behaviour in

Switzerland for the past few decades. One of the first

national surveys was not until 1997. Since then a

decrease in the number of smokers for both genders

has been reported (Marques-Vidal et al., 2011).

What sets this study apart is the methodological

approach using Bayesian CAR models on a small

spatial unit (the municipality), allowing the identifi-

cation of areas with high incidence of lung cancer

and other tobacco-related cancer mortality. We

updated the boundaries, in many places changed dur-
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ing the 40-year period covered, and defined the

urbanization level and language on the basis of the

most recent structure, i.e. that of October 2009. This

may have wrongly classified those that had been

restructured. However, less than 1% of the munici-

palities underwent re-classification and this low per-

centage should not affect the general results of the

study. Furthermore, the Bayesian approach introduc-

ing spatial correlation at the municipality level

should have reduced the impact of any potential re-

classification.

Several approaches for disease mapping exist, e.g.

count regression models accounting for spatial corre-

lation by the CAR process are widely used. Besag et al.

(1991) proposed the inclusion of unstructured random

effects into the model to account for heterogeneity in

the data. Identifiability issues may arise when there is

no prior information about the contribution of the

spatial and non-spatial variation to the total one

(Eberly and Carlin, 2000). Frequently Poisson regres-

sion models are used to map mortality rates but they

are based on the assumption of the equality of mean

and variance, which is not always valid. Negative

binomial models account for unobserved variation by

including an additional parameter. We did not consid-

er an unstructured random effect, as we assume that

additional variation is captured by the variance

parameter of the negative binomial distribution.

Before the change of coding system from ICD-8 to

ICD-10 in 1995, a priority rule was used by which

cancer was rated high-priority and assigned as cause

of death when multiple causes were documented on

the death certificate. Especially in older people with

several morbidities, this priority rule may have led to

inflated cancer rates. However, because the rule was

applied centrally and to all death certificates similarly,

it cannot have affected the spatial patterns. Moreover

it is unlikely that this rule could have had much influ-

ence on mortality of persons aged 60 years and above.

A re-analysis taking into account the correction factor

of 0.96 for lung cancer (Berrut and Junker, 2008) that

was provided by the FSO did not change the results of

the lung cancer related mortality.

A limitation of the present study is the lack of more

recent trends, which is due to the missing population

data at the municipality level for the more recent

years. As soon as data are available we will carry out

further analyses to explore the trends for the years

after 2002 and to address potential declining trends in

female tobacco-related cancer mortality as seen in the

USA. We are currently developing models to estimate

inter-censual population data to make use of the full

mortality dataset. However, in this study we aggregat-

ed the years around censuses, excluding the inter-cen-

sual years. Although proportional mortality rate esti-

mates do not rely on population size (Sitas et al.,

1989), we compared the results of this study using

both standardised and proportional mortality rates.

The conclusions by both approaches were similar, sug-

gesting that ignoring inter-censual years does not bias

the results. The results also suggest a cohort effect for

both genders, which is known for lung cancer mortal-

ity (Lee et al., 1990). Most of these findings can be

explained by the gender-specific tobacco epidemics.

Including information about the birth cohorts in this

analysis might improve the estimation of the temporal

trends.

Our results and newer trends would be useful as

basis for projections and estimates of lung and all

tobacco-related cancer mortality in the future. The

insights of spatial differences in mortality as well as

visualization of time and regional differences in tobac-

co-related cancer derived from this study will hopeful-

ly give new impetus to tobacco control activities and

help evaluate the effectiveness of the national control

programme.
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Fig. S2. Geographical distribution of tobacco-related cancer mortality risks from 1969-1972 to 1999-2002 in Switzerland for males
aged 60 years and above.

Supplementary data

Fig. S1. Geographical distribution of tobacco-related cancer mortality risks from 1969-1972 to 1999-2002 in Switzerland for
males aged 35-59 years.
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Fig. S3. Geographical distribution of tobacco-related cancer mortality risks from 1969-1972 to 1999-2002 in Switzerland for
females aged 35-59 years.

Fig. S4. Geographical distribution of tobacco-related cancer mortality risks from 1969-1972 to 1999-2002 in Switzerland for fema-
les aged 60 years and above.
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Fig. S6. Clusters of age- and gender-specific tobacco-related cancer mortality risks in Switzerland in the period 1999-2002* (*accor-
ding to Kulldorff's statistic; red colour = highly significant clustering; yellow colour = significant clustering at a lower level).

Fig. S5. Geographical distribution of age- and gender-specific tobacco-related cancer mortality risks in Switzerland in 1999-2002.
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*Due to very small counts, the estimates are not meaningful.

Factor 1 Factor 2 1979-1982 1989-1992 1999-2002

Dwelling Language Male, age 35-59 years

Urban

Urban

Urban

Urban

Rural

Rural

Rural

Rural

German

French

Italian

Romansh

German

French

Italian

Romansh

1.04 (0.80; 1.36)

1.26 (0.80; 1.93)

0.90 (0.48; 1.64)

1.07 (0.19; 5.73)

1.02 (0.91; 1.15)

1.23 (0.92; 1.63)

0.88 (0.55; 1.38)

1.04 (0.22; 4.84)

0.98 (0.71; 1.32)

0.98 (0.61; 1.59)

0.86 (0.47; 1.62)

/*

0.75 (0.65; 0.85)

0.98 (0.71; 1.32)

0.86 (0.55; 1.34)

3.42 (1.01; 13.07)

0.60 (0.45; 0.80)

0.78 (0.49; 1.23)

0.48 (0.42; 0.62)

1.09 (0.19; 5.59)

0.49 (0.43; 0.56)

0.63 (0.46; 0.85)

0.46 (0.28; 0.75)

0.89 (0.18; 3.86)

Dwelling Language Male, age ≥ 60 years

Urban

Urban

Urban

Urban

Rural

Rural

Rural

Rural

German

French

Italian

Romansh

German

French

Italian

Romansh

1.13 (0.96; 1.34)

1.32 (1.00; 1.76)

1.45 (0.99; 2.12)

1.06 (0.45; 2.57)

1.26 (1.17; 1.35)

1.47 (1.22; 1.77)

1.61 (1.20; 2.14)

1.19 (0.55; 2.59)

1.57 (1.32; 1.89)

1.19 (0.91; 1.58)

1.36 (0.93; 2.01)

1.48 (0.67; 3.51)

1.35 (1.26; 1.46)

1.57 (1.31; 1.89)

1.80 (1.36; 2.41)

1.96 (0.97; 4.21)

0.79 (0.66; 0.93)

0.92 (0.70; 1.23)

0.99 (0.97; 1.05)

1.24 (0.56; 2.99)

1.09 (1.01; 1.18)

1.28 (1.06; 1.55)

1.48 (1.10; 1.97)

1.73 (0.86; 3.77)

Dwelling Language Female, age 35-59 years

Urban

Urban

Urban

Urban

Rural

Rural

Rural

Rural

German

French

Italian

Romansh

German

French

Italian

Romansh

1.62 (0.68; 3.83)

2.09 (0.53; 8.03)

1.35 (0.22; 8.15)

/*

1.40 (0.89; 1.99)

1.81 (0.69; 4.16)

1.17 (0.28; 4.22)

/*

2.81 (1.17; 6.14)

2.59 (0.70; 8.36)

3.47 (0.73; 16.03)

4.27 (1.47; 24.19)

2.47 (1.67; 3.39)

2.81 (1.17; 6.14)

3.77 (1.20; 11.78)

/*

3.44 (1.52; 7.10)

3.86 (1.08; 11.91)

3.58 (3.71; 6.06)

/*

3.55 (2.37; 4.89)

3.98 (1.69; 8.20)

2.68 (0.87; 8.68)

/*

Dwelling Language Female, age ≥ 60 years

Urban

Urban

Urban

Urban

Rural

Rural

Rural

Rural

German

French

Italian

Romansh

German

French

Italian

Romansh

1.44 (0.86; 2.39)

1.66 (0.75; 3.64)

1.81 (0.62; 5.17)

/*

0.95 (0.73; 1.18)

1.09 (0.63; 1.80)

1.19 (0.52; 2.56)

/*

1.71 (1.05; 2.70)

2.51 (1.19; 5.07)

2.47 (0.92; 6.32)

/*

1.25 (0.98; 1.53)

1.71 (1.05; 2.70)

1.67 (0.82; 3.37)

/*

2.54 (1.66; 3.80)

3.08 (1.58; 5.96)

2.22 (1.69; 3.48)

/*

2.08 (1.68; 2.50)

2.52 (1.60; 3.92)

2.87 (1.47; 5.51)

/*

Table S1. Interpretation of the results of the spatial negative binomial regression analysis with interaction terms for age- and gen-
der-specific lung cancer mortality in Switzerland.
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*Due to very small counts, the estimates are not meaningful.

Factor 1 Factor 2 1979-1982 1989-1992 1999-2002

Dwelling Language Male, age 35-59 years

Urban

Urban

Urban

Urban

Rural

Rural

Rural

Rural

German

French

Italian

Romansh

German

French

Italian

Romansh

0.98 (0.79; 1.24)

1.16 (0.81; 1.68)

1.01 (0.61; 1.63)

1.01 (0.27; 3.62)

1.08 (0.97; 1.19)

1.27 (1.01; 1.62)

1.10 (0.75; 1.57)

1.10 (0.34; 3.48)

1.05 (0.83; 1.36)

0.98 (0.68; 1.42)

0.93 (0.58; 1.51)

2.14 (0.77; 6.99)

0.87 (0.79; 0.98)

1.05 (0.83; 1.36)

1.00 (0.71; 1.45)

2.31 (0.95; 6.69)

0.63 (0.49; 0.80)

0.77 (0.52; 1.12)

0.63 (0.57; 0.73)

0.85 (0.23; 3.27)

0.63 (0.56; 0.70)

0.78 (0.60; 0.98)

0.68 (0.47; 0.99)

0.85 (0.26; 2.87)

Dwelling Language Male, age ≥ 60 years

Urban

Urban

Urban

Urban

Rural

Rural

Rural

Rural

German

French

Italian

Romansh

German

French

Italian

Romansh

1.03 (0.91; 1.17)

1.11 (0.90; 1.37)

1.08 (0.82; 1.43)

1.37 (0.74; 2.51)

1.11 (1.05; 1.17)

1.20 (1.05; 1.37)

1.16 (0.95; 1.44)

1.48 (0.86; 2.52)

1.22 (1.07; 1.40)

1.02 (0.83; 1.25)

1.04 (0.77; 1.35)

1.40 (0.76; 2.57)

1.11 (1.06; 1.18)

1.22 (1.07; 1.40)

1.21 (0.99; 1.51)

1.67 (0.98; 2.87)

0.71 (0.63; 0.80)

0.79 (0.64; 0.97)

0.83 (0.80; 0.87)

1.22 (0.68; 2.21)

0.85 (0.80; 0.90)

0.94 (0.82; 1.08)

0.98 (0.80; 1.20)

1.46 (0.87; 2.46)

Dwelling Language Female, age 35-59 years

Urban

Urban

Urban

Urban

Rural

Rural

Rural

Rural

German

French

Italian

Romansh

German

French

Italian

Romansh

1.19 (0.68; 2.08)

1.65 (0.69; 3.93)

1.15 (0.38; 3.67)

/*

1.15 (0.89; 1.51)

1.59 (0.90; 2.85)

1.12 (0.50; 2.66)

/*

1.82 (1.05; 3.18)

1.84 (0.79; 4.32)

2.06 (0.69; 6.25)

/*

1.45 (1.13; 1.87)

1.82 (1.05; 3.18)

2.05 (0.92; 4.60)

/*

1.84 (1.12; 3.02)

2.37 (1.07; 5.11)

1.88 (1.71; 2.74)

/*

1.88 (1.50; 2.36)

2.42 (1.44; 3.99)

1.54 (0.97; 4.35)

/*

Dwelling Language Female age ≥ 60 years

Urban

Urban

Urban

Urban

Rural

Rural

Rural

Rural

German

French

Italian

Romansh

German

French

Italian

Romansh

1.09 (0.87; 1.35)

1.10 (0.76; 1.58)

1.03 (0.64; 1.68)

1.67 (0.62; 4.66)

1.03 (0.94; 1.15)

1.04 (0.82; 1.35)

0.98 (0.69; 1.43)

1.58 (0.67; 3.97)

1.15 (0.90; 1.47)

1.32 (0.92; 1.90)

1.35 (0.86; 2.09)

0.96 (0.33; 2.77)

0.99 (0.89; 1.09)

1.15 (0.90; 1.47)

1.18 (0.84; 1.62)

0.84 (0.33; 2.13)

1.16 (0.95; 1.41)

1.25 (0.89; 1.75)

1.08 (0.98; 1.26)

1.38 (0.55; 3.47)

1.07 (0.97; 1.17)

1.16 (0.91; 1.45)

1.26 (0.91; 1.76)

1.27 (0.57; 2.87)

Table S2. Interpretation of the results of the spatial negative binomial regression analysis with interaction terms for age- and gen-
der-specific tobacco-related cancer mortality in Switzerland.


