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Abstract

Alcohol related problems arecurrently regarded as one of the most serious public health problems in Finland.
These problems are not equally distributed around Finland, butthey are more common insome areas than
others. Purpose of this study is to describethe regional differences in alcohol related deaths in the early 21°
century.

The material consists of areally referenced census data, combined with alcohol-based deaths for the years
2001-2005. Statistical analysisis conducted with a Bayesian disease mapping model utilizing Gaussian
processes.The results areanalyzed and visualized with interactive Google Earth and Google Maps map
software.

The research confirms that alcohol related problems arestill unevenly distributed in Finland. When taking into
accountthe regional background populationand age, sex, and scholarly degree distribution, alcoholrelated
deaths arerelatively less common in the southwest coastof Ostrobothnia,and more common in Eastern and
south-eastern Finland.Research also highlights the differences in population centers and surroundingareas.
Risk of dyingfrom alcohol-based diseases is generally higherin denselythaninsparsely populated areas.In
overall, the effect of population density on standardized mortality ratio of alcohol related deaths is slightly
higher than of other regional differences, which may be caused, for example, by cultural differences or

differences inaccess toalcohol.



Introduction

In high-income countries, alcohol consumption is the second most important determinant, immediately after
smoking, of loss of healthy life years due to illnessand death (World Health Organization 2009). Similarly,
alcohol related deaths in Finland have animportant rolein the mortality of working-age population,andinthe
2000s alcohol related deaths have become even more widespread (Korpi and Huohvanainen 2009). Alcohol
related deaths and other problems are not equally distributed around Finland, butthey are more common in
some areas than others. Interventions to prevent alcohol related problems areincreasingly theresponsibility
of the municipalities, for which reason knowledge of the spatial distribution of alcohol related problems is

necessary.

The most commonly used measure to monitor alcohol related problems is the overall alcohol consumption per
capita.This informationis notuseful forinterregional comparisonssince the estimates for total consumption
are based on sales statistics,and the actual consumption by the permanent residents in the region may differ
greatly from the amount of alcohol sold. Agood example of this is Lapland, where alcohol sells considerably
more than on average (Ruuth & al.2008), but the saleis influenced by the consumption among tourists and

passengers that come to Finland for alcohol shopping.

Interregional comparisoninthealcohol problems needs information, which explains more precisely the
situation amongresidents of the territory. Statistics concerningalcohol related problems, such as hospital
treatments and deaths due to alcohol, fitbetter for this purpose. Municipality and provincewide information
on alcohol related hospital treatments is recorded on anannual basis (for example, Ruuth & al.2008).
However, describingthe regional differences inalcohol problems faces a practical problem:in order to be
useful, the divisioninto regions should beas fineas possible but, when the annual counts of alcohol related
deaths inFinland aredistributed into small areas, the number of cases perareais sosmall thatthe influence of

random effects grows large.

In Helsinki University of Technology, statistical models based on the Bayesian probability theory have been
developed duringa TERANA project (New Analysis Methods in Health Care Process Management), which was
part of the TEKES FinnWell Programme during 2005-2009. These models offer a solution to the problem, which
results from the need to use small areasinthedescription ofthe alcohol problems. With these models the
effect of randomness is smoothed out of the results after which the actual phenomenon becomes more
visible. The models provide a consistentway to smooth the results more in the areas with a small number of
observations, where the random effects play a greater role. With these new models and computational
methods the spatial accuracy of the analysiscan beenhanced from the earlier municipal level to within the

municipalities, in which casethe spatial divisionis nottied to administrative boundaries.

Inthis study, the data areaggregated into a lattice, formed of 25 squarekilometers grid cells. The other
advantage of the TERANA project and this paper arethe maps published in the internet
(http://www.lce.hut.fi/research/mm/finnwell/alcoholFinland/), which allow users to interactively focus the

map on areas they areinterested in, for example, a given municipality.

Inaddition to the yearly compilations of statisticson alcohol related deaths their regional differences have
previously been studied concerningthe years 1991-1996 (Mdakela et al.2001). The level of alcohol
consumption and alcohol-related deaths is, however, increased significantly fromthe level of early 1990s,so0a
new survey is justified. The main objective of this articleis to describethe spatial differences in alcohol related
mortality in Finland during 2001-2005. Secondly, we show how the level of alcohol related mortality has
changed between the years 1991-1995and 2001-2005, during which time the number of alcohol related

deaths inrelation to populationincreased nationwide 46 per cent.



Data and methods

Statistics Finland formed the research material by combiningthe 2001-2005 death registration data with the
census data of the year 2000 using the identity numbers (Statistics Finland'slicense TK-53-531-05).
Background population and the number of deaths were provided as counts pointed to cells . For this research,
we further divided the information about the alcohol related mortality and lived person years in the follow-up
period for the parameters defined by the categories:age (14 categories), sex, residence of the person (ina

5x5km lattice over the Finland)and scholarly degree (basic education or less, intermediate, higher education).

In this work, alcohol related death stands for all thedeath cases,in which the causeof death is alcohol related
disease(includingcirrhosisand alcoholism) or alcohol intoxication (theclassnumber 41 in 54 stage
classification by Statistics Finland). Although alcohol intoxication is an acuteevent, itis justified to combine it
with (mainly chronic)alcohol diseases:almostall died of alcohol poisoning have been heavy alcohol consumers
intheir lifetime, and at an autopsy from large part of them findings indicating anabundantand long-term use
of alcohol, such as fatty liver,arefound (Poikolainen 1977). During 2001-2005, there were a total of 7863

alcohol related deaths in Finland whichresults in anannual averageof 1573.

The prevalence of alcohol related deaths is examinedinrelation to regional variations in the demographic
structure of each region. The indicator used is a standardized mortality ratio (SMR), obtained by relatingthe
observed number of deaths to the expected number of deaths. The expected number of deaths is calculated
usingthe age, sex and scholarly degreestructure of the population (Ahmad et al.2000).

The 5x5 km squares cells contain only a fewalcohol related deaths. There are approximately 10 600 such cells
inhabited in Finland, so each cell has onaverage less than one alcohol related deathinit. Therefore, chance
canhave a profoundimpact on the SMR of anindividual cell. Generally, itcan be assumed that, without the
random effect the SMR would be similarin nearbyregions. This assumption can betaken into accountby
constructing a statistical model, where SMR is smoothed by takinginto account the correlation between
regions that are geographically closeto each other. The plainregional correlation did notexplain the variations
well enough, sowe assumedinour final model that, inaddition tothe spatial correlation, theregions correlate
the more the more similartheir population densities are. In this work, the statistical disease mapping model is
based on the Bayesian probability theory that utilizes Gaussian processes (Vanhataloetal.,2010). The model is
describedin more detail in Appendix 1. The used model and computational methods allowed a more accurate

analysisthanthe previously used municipality level analyses.

Results

The smoothed SMR is showninFigure 1. Value 1 means that such a cell contains, taking the demographic
structure into account (the background population, the age, sex and scholarly degree distribution of the cell),
as many alcohol related deaths as the national average. Larger values than 1lindicatethat basedon its
demographic structure the cell contains more alcohol related deaths than on average. Similarly,values less
than 1 indicatelower mortality than on average. The map contains the county borders and few cities to help
locatingthe regions. The samemap canbe viewed in more detail in Google Maps or Google Earth applications
at www-page http://www.lce.hut.fi/research/mm/finnwell/alcoholFinland/. These programs allow users to
interactively focus the map on areas they are interested in, whichis illustratedin Figure 2. In addition, those
maps are in color, which allows for better separation between empty regions and low-riskareas.

The firstobservation from Figure 1 is that the cells with the highest mortality risk for alcohol related diseases
are located in geographically smallareas, which aretypically high population density areas. Wereturn to this
later in the text. Examination of the entire Finland we can notice a clear distinction between both the whole
Ostrobothnia (South, Central and Northern Ostrobothnia and Ostrobothnia) and Lapland and the rest of
Finland. Ostrobothnia’s mortality is clearly lower than the national average. Eastern and south-eastern Finland,



inturn, contain clear concentration areas wherethe alcohol related mortality rateis higher than the national
average. All the cities adjacentto the Southern Finland’s border stations (Hamina, Kotka, Lappeenranta,
Imatra) have a fairly high SMR related to alcohol. When considering, if this is a consequence of imported
alcohol fromRussia, oneshould take into account that firstly the alcohol related mortality is also higher than
the average in the other cities in south-eastern Finland further away from the border, and secondly SMR is not
similarlyincreasedin the cities adjacentto the northern border stations (Kitee, [lomantsi,Joensuu). Helsinki
stands out clearly fromthe other major cities as a high SMR area. The alcohol related mortalityis clearly
higher than the average also nearby Lappeenranta and Imatra,inthe region following river Kymi from Nastola
to Kouvola and Hamina, andin the triangleformed by Loimaa, Salo and Forssa.In addition to these areas, the
alcohol related mortality has elevated, for example, around lisalmi, Pieksamaki, Varkausand Leppavirta, in

Jyvaskyld and in the area south from it, as well as in Pori and in the area south-east fromit.

Figure 1 distinguishes bestthe nationwide variations. Local variations stand out more clearlyin the Google
Earth and Google Maps applications, by focusing on a specific partof the map. For example, in Ostrobothnia,
which seems to be completely low riskarea in Figure 1 because of the low contrastinit, SMR is higher than on
average inthe area, among others, in Kokkola, Kauhava and Raahe.

From the local differences, one can generalizethat SMR related to alcohol isusually elevated in population
centers and inthe central areas of largecities.In many cases, the mortality ratio atthe center of the largest
cityis up to twice the level inthe surroundingareas. Tampere is a good example of this, becausethere SMR is
clearlylarger thanoneinthe center areas and well below one outside the center. Figure 3 illustrates how
population density affects the alcohol related SMR. Alcohol-related mortality clearly increases asthe
populationdensityincreases. When population density rises from 25 to 250 people per squarekilometer
(averaged in 25 squarekilometers cell), which corresponds to the transition fromrural areas to a small city,
mortality ratiorises about 50%. Notice, in comparison, thatthe population density of the cells in the center of
Helsinkiis about3000, in the center of Tampere 1600, in Kouvola and Nastola about 300, in Kauhava and
Lapua about 150, andinthe center of small and ruraltowns such as Siikainen and Kihni6 less than 40

inhabitants per squarekilometer.

The strong influence of population density on the level of mortality raises the question of the extent to which
Figure 1 reflects the regional differences in population density. To answer this question the part of SMR
explained by the population density is separated from the whole SMR and the remainingpart, arisingfrom
other factors,is drawnin Figure4. Figurel describes, therefore, the actual state of SMR, while Figure4 is a
tool for analyzing where the other reasons than population density originatefrom. When the effect of
differences in population density is removed, the other components of variation between different parts of
the country should be more visible,and these regional differences can be thought of as a reflection of regions
alcohol culturerelated to other aspects than urbanization. Figure4 shows that, the difference between east
and west is even more accentuated in comparison with Figure 1. Accordingto our model, the population

density explains approximately one half of the whole spatial variation.

Our second objective was to examine whether the spatialvariationinthe alcohol related SMR has changed
over the years between 1991-1995 and 2001-2005, during which time the alcohol related mortality increased
nationally 46 per cent. Figure5 presents the ratio of SMRs between the years 2001-2005 and 1991-1995. For
example, the valueof 2.0 may have occurredinsuch a way that SMR has been inthe early 1990s,0.4 (that is
SMR of the area was 40 percent of the national average),andinearly 2000s 0.8, or so that the SMR has
increased from 1.5 (whichis 50 per cent more than expected) to 3.0. Similarly, the value of 0.5 may occur
when SMR drops from 0.8 to 0,4 or from 3,0 to 1,5. In other words, in Figure 5, the values greater thanone
indicatea changeina worse and less than one change for the better inrelation to the national average.
Regional differences have somewhat leveled off inten years, sincethe trend of change in SMR has been



downward in eastern Finland and upward in western Finland, South-east Finland (Kainuu), South Lapland, and

inthe north from Salo.
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Figure 1. The posterior mean of standardized mortality ratio. Larger values than 1 indicatethat based on its
demographicstructure the cell contains more alcohol related deaths than on average. Similarly values less
than 1 indicatelower mortality than on average. (Borderlines _c Affecto Finland Oy, Karttakeskus, License
L8573/10).
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Figure 2. An example of studyingthe results with Google Earth program. In the figurethe map is zoomed to
Helsinki and area west from it. On the left are the tools of Google Earth, with which the user can choose the
objects shown on the map. Here are visibleroads, citiesand borders. On the left there is a slidebar, with
which the transparency of the SMR information can be increased to make the other information more visible.
The exact SMR of each cell can be seen by clicking with mouse. This is illustrated with a cell atthe center of
Helsinki (gridcell 67 15, value=2.0458).
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Figure 3. The standardized mortality ratioas a function of population density.
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Figure 4. The standardized mortality ratio after removing the component depending on population density.
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Figure 5. The ration of SMR in 2001-2005 to SMR in 1991-1995. Values greater than 1 tell that the alcohol
related deaths have become more common, with respect to the national average,inthat area after 1991 -
1995.Similarly values lessthan one tell that the alcohol related deaths have become less common. Borderlines
_c Affecto Finland Oy, Karttakeskus, License L8573/10).



Discussion

The results suggest that one of the key regional differences in alcohol related SMR in the early 2000s is the
distinction between Ostrobothnia and Lapland, where SMR is lower than average, and the rest of Finland. The
SMR is highespecially in eastern and south-eastern Finland. Similar regional differences havealso been
observed inlife expectancy, sothe regional differences are more prevailingthan justalcohol related SMR
indicates:the lifeexpectancy and morbidity arelower in eastern Finland (but alsoin Lapland) compared with
western Finland (Martel et al.2005).

Our results on alcohol related SMR arevery similar to the results on men's alcohol deaths in 1991-1996, which
were analyzed on the municipality level (Makela et al.2001).Similarly, theregional statistics indicatethat
Ostrobothnia has a particularly lowand Kymenlaakso a particularly high level of mortality due to alcohol
(Ruuth & al.2008). The most striking difference between regional statisticsand this studyis thatregional
statisticsreportlapland’s alcohol related mortality to be significantly higher than the national average. This
difference is due to the coarser structure of the regional statistics. Inthe statistics theresults of the whole of
Lapland arestronglyinfluenced by the largecenters such as Rovaniemi, Kemi, Tornio, Kemijarvi, Sodankyla and
Kittild, where the majority of the people in Lapland live,and where the alcohol related mortalityis high based
on our study as well. Accordingto our results, there is no evidence of high alcohol related mortality elsewhere
inLapland. Most of the cells in Lapland are either uninhabited or such that only a few people livein them.
More than 90 per cent of the cells inLapland do notcontain anyalcohol-related deaths and most of the cells

that have deaths appointed to them are located inthe above-mentioned population centers.

The high SMR of the cities inthe vicinity of South-East Finland’s border stations raises the question of what
roledoes the imported cheap alcohol fromRussia haveto regions alcohol deaths. SMR ratiois highinthe
vicinity of the four most southern (south of Imatra), but not the three more northern (north of Joensuu)
border stations. This corresponds quite well the information aboutwhere the number of border crossings,and
presumably alsothe importof alcohol arethe greatest. Accordingto Border Guard’s statistics, for example,in
2003 of the some six million eastern border crossings 40% happened in Vaalimaa, which is the southernmost
border station, and three of four crossings happened in the four southernmost border stations.Also, the
number of seizures of alcohol isroughlyin proportion to the traffic of the border stations (Olli Aalto / Eastern
Customs District, oral communication).Based onthese dataitis estimated that cross-border low-priced

imported alcohol,atleast weighin on the South-East Finland’s high alcohol related mortality.

Ostrobothnia’s lowalcohol-related mortality is notspecific news. District’s alcohol sale was per capita, for
example, in 2002 only 65-87 per cent of the general level throughout Finland. One of the main explanations for
this is seen the stricter moral climateinthe area, andin particular, thestrong religious traditions there. One of
the reasons may also be that the ratio of Swedish speaking people inthe region is high. Some studies show
that binge drinkingamong Finland's Swedish-speaking peopleis less common than among Finnish speaking
(Paljarvi2003), for which one explanationis probably thealready mentioned differences inreligious

background, but partlyitmay also be a consequence of other cultural differences

Of all the regional variationin alcohol related SMR the population density explained the higher portion than
other regional differences. Alcohol related deaths and, presumably, more generally, the alcohol problems are
typical especially for densely populated urban centers and urbanareas. There are several explanations for this.
On the one hand, the urban cultureis closely connected to lifestyle, where much time is spent outsidethe
home inplaces that have also alcohol serving,such as restaurants, bars, nightclubs, or cultural or sports
forums. High demand will also stimulatea varied and plentiful supply, fromwhich several different kinds of
customer groups canchoosetheir placebetter than insmall towns, whichinturn increases consumption.
Municipal planning should support those outside home activities where alcohol servingisnotintegral partof.
The current trend inurban centers has recently been that nearlyall leisure events, cafés,and others apply for

the right to dispensealcohol.



The greater SMR inlarger population centers is not necessarily only a consequence of the characteristics of
cities, such as the better availability of alcohol.Selective migration canalsoincreasetheir alcohol problems,in
two ways. Firstofall, those who decide to stayinrural areas may be less likely to usealcohol than those who
want to move to cities.Secondly, people sufferingfrom alcohol problems inruralareas may end up changing

to more anonymous and liberal urban environment.

One of our research questions was how the regional differences have changed from the early 1990s, to the
early 2000s. Above we mentioned that, compared with Makela et al’s (2001) research on the beginning of the
1990s, the regional differences were largely similar. Weinvestigated the change between the time periods
1991-1995 and 2001-2005 also directly, based on our own material, using the same definitions, models and
bounds. Also accordingto this comparison the regional differences have remained similar:in easternand
south-eastern Finland, the standardized mortality ratio was high,and in Ostrobothnia,itwas alsoin 1991-1995
low. Regional differences have, however, somewhat evened out. Throughout the country, alcohol related
mortality has increased. The trend has been less bad in comparison with the average in eastern Finland, where
the alcohol related mortality relative to the nationwide mortality has decreased. Despite this, alcohol related
mortalityis still high there, but inthe early 1990s eastern Finland’s difference from the rest of the country was
greater. The changeinthe alcohol related SMR has, on the other hand, been worse than averagein
Ostrobothnia, Kainuu, South Lapland as well asin Saloand north from it. Unfortunately, we were not ableto

study the changes after 2004 since our material ended on 2005.

Municipalities have developed their own drug strategies sincethe 1990s and they are recorded by the National
Institute for Health and Welfare. Accordingto this material,in eastern Finland, Lapland and Ostrobothnia
where the direction of the change of SMR has been decliningor consistently onalow level, work on drug
strategies has been more activethan inother regions,such as western Finland or Kymnelaakso (Leena
Warsell, National Institute for Health and Welfare, oral communication). In Eastern Finland and Lapland the
vastmajority of municipalities (33 and 8 municipalities) had drugstrategy approved in political bodies atthe
turn of the 21st century. Ostrobothnia has also been active in the drug strategy work already before the
current Ostrobothnia project. The interest inlocal and regional drug strategies may emerge for various
reasons.Insome places, the interest may emerge from a concern about a high number of alcohol related
deaths (eastern Finland), while elsewhere for the cultural reasons, which keep the alcohol issues onview
although alcohol related mortality was low (Ostrobothnia). The drug strategy work on these regions may,
however, be anindicator of region’s more general interest to investin reducingalcohol problems andintheir

treatment, andtherefore it does not reflect only the direct impactof the strategy.

More relevant reasons, than the lack of drug strategy, for the unfavorabletrend in Kainuu may be firstly
structural factors, such as theimpactof unemployment, and, secondly, the impactof the largeadministrative
changes: when region’s officials wereasked, how drug abuse prevention was developed inthe restructured
governance model, the response was very negative (Warsell and Tenkanen 2009). A new governance model
had breached the old structures that had supported the work, but had not yet been ableto offer anything
similar to compensation. There were also significantambiguities in thearrangements of drug abuse work and

its liability relations.

About the methods

The models and methods used inthis work are not limited to studies on alcohol related deaths but they can be
appliedto any disease mapping problem easily. Duringthe TERANA-project also, for example, cardiovascular
diseases and certain cancers have tentatively been studied. Used models can be generalized straightforwardly
to take into accountthe temporal component as well. This makes itpossibleto analyzethe temporal changes

inmore detail than inthis work.
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Appendix 1, The method

The Bayesian probability theory provides a consistentway to combine the prior assumptions made of the
phenomenon with the information from observations. In Bayesian modeling, probabilitiesareusedto describe
the uncertainty. The observation model describes the uncertainty associated with observations, the noise. The
modeler’s assumptions aboutthe phenomenon before the observations areencoded inthe observation model
andits parameters and the uncertainty associated with these prior assumptions aredescribed by the so-called
priordistributions. The Prior distribution is updated to posterior distribution using Bayes' formula, which

combines the information from data and the pre-assumptions into new information.

In our observation model, the number of deaths ineach cell is thought to be Negative-Binomial distributed
with mean given as expected number of deaths multiplied by the SMR

y~NB(yle-u,r),

where e is the expected number of deaths, uthe standardized mortality ratioandr the dispersion parameter.
Negative-Binomial distributionis a more robustobservation model than traditionally used Poisson distribution
sinceitallows for larger variancethan Poisson distribution with the small values of dispersion parameter,and
for this reasonitfits well the used areally sparsedata. We made a prior assumption thatcell’s SMR correlates
with other cells’ SMR the more the closer they are spatially with each others. The spatial correlation could not
alonedescribe well enough the variations, for whichreason, in the final model, we assumed that inaddition to
spatial correlation, regions’ SMRs correlatethe more the more similartheir population densityis. Both of the
correlation components were modeled with a generalization of Gaussian distribution, a Gaussian process, that
gave the prior for the log of SMR (Vanhatalo & al,2010)

log( ) ~ GP (O,Ka(xi,xj)+ Kv(xi,xj)),

Here K, (Xi , X j) is the covariancefunction thatdescribes the spatial correlation between cells X; and X,

and K (X;, Xj) the covariancefunction describingthecorrelation dueto population density.

Like the Gaussian probability distribution, also Gaussian processis defined by its mean andvariance
(covariance). The main benefit of the Gaussian process isthatby using different covariancefunctionitcan be
used to define very diverseregional correlation structures. Weinvestigated a wide range of covariance
functions during the modelingstage and chosethe most suitablefor the data. The various models were
compared usingten-fold cross validation for the predictive utility (Gelfand & al. 1992), (Vehtari and Lampinen
2002).

The significance of the results was examined with posterior probability maps proposed by Richardsoninet. al .
(Richardson & al.2004). These maps depict areas where SMR is above one or below one with certain
probability. Sincethe results from Bayesian disease mapping models are, in general, conservativeand
distinguish phenomena with great accuracy even from very sparsedata, Richardson etal.recommend 70-80%
probability for significancelevel. The posterior probability maps replicatethe clearestresultsin Figurel and,
thus, confirmtheir significance.



A variety of disease mapping models have been studied for a long time, and their common characteristicis
that the spatial correlationsare modeled with prior distributions. The biggest differences between the
different models relate to the choice of the prior distribution. The biggest difference between the now used
Gaussian processand a more traditional CAR model (conditionally autoregressive —-model, (Best & al.,2005)is
that the correlation structurecan be modeled ina versatile way with different covariancefunctions. The
problem with Gaussian processes istheir computational costwhich has, up to date, prevented their use for
large data sets. With the present methods, this problem has been alleviated, which has enabled the analysis of
more detailed data than former ones. Instead of the earlier municipality level analysis, we arenow ableto

analyzeeven areas within the municipalities with 5 kilometer accuracy.

Vanhataloetal.(2010) give an extensive description of the model and compare it with a CAR model. We
tested CAR model inthis work alsoand found out Gaussian processtowork better. We left out the detailed
comparison fromthis work since our intention was to describethe findings and not to concentrate on the

model as such.
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