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Abstract There are indications that the Portuguese population rggagieven [6].
Considering this fact, it is proposed to identify mortalitgtterns and regional dif-
ferences among the older Portuguese population (65 or neaes) The study of
the spatiotemporal distribution is essential to the urtdading of dynamics and
emergent trends, regarding mortality in older people, angrémote the health of
an aging population. It is applied Spatial Scan Statistg}s 4 methodology for
detecting space-time clusters. These techniques have #ératition in Spatial Epi-
demiology and the advantages of its application to incréassvliedge in public
health are particularly recognized [3, 11]. Stochastiacepame or time processes
are used, according to the level of available geographisalggregation data, to
describe the mortality rates of the older Portuguese ptipal&rom 1992 to 2006)
associated with Neoplasms and Diseases of the Circulayste®. Statistically sig-
nificant space-time clusters are identified, from an anslyisnilar and independent
for different age groups, by sex and cause of death. Thosmdpae units repre-
sent the simultaneous occurrence of high mortality ratesfiarent regions of the
Portuguese mainland.
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1 Introduction

In Portugal, like in most European countries, the older patnn doubled in the last
four decades of the twentieth century and is still increg$i}. This phenomenon
seems determined to continue and it is expected that thegiop of people aged
65 years, or more, will double again in forty years — reachfgper cent of the
population in almost all territory [5].

Population aging is becoming a very pertinent issue, inrs¢ead different con-
texts. The study of mortality at older ages is having a rismgact, particularly
on population projections and analysis of social-econdmijzacts resulting of the
changes in the classical population structure and fromxtending of life.

There are many studies on health care in Portugal. Someatbaza mortality
trends, at a subnational level, using classical statiggcaniques [10]. Considering
spatiotemporal analysis, there are also recent studied 21 &bout the incidence of
some particular diseases on Portuguese population usisgers detection methods.
Now we propose to apply them to the mortality rates assatiaith two leading
cause of death diseases.

Knowing that older population is not distributed equallyathghout the country,
what are the mortality trends and regional differences? dihe of this work is
to identify where and when the high mortality rates occurwiemeously in the
different regions of the Portuguese mainland. For this psep it is intended to
identify spatiotemporal clusters for the occurrence otldeper year and geographic
unit, by sex and age. The secondary objective is to modelehthdates time series
in aged regions, to estimate future regional trends by cafideath. Moreover, this
approach also allows us to understand if patterns, by cdudsath, come from the
variability between regions or from temporal variationshivi causes.

2 Methodology

Atfirst, it was used a descriptive analysis to charactelieatortality rates by cause
of death, age group, sex and region. Then, to identify homagespace-time areas,
we applied a space-time scanning method, Spatial Scarst®tafiroposed by [9]
and widely distributed in Public Health [2, 3, 8]. Thus, thegent study can be
considered part of the vast area of Spatial Epidemiology -eggephy of the causes
of death. In order to verify the stability of identified spaame clusters between age
groups, by cause of death and by sex, contingency tablesanatgzed, considering
a referential age group. Finally, time series models wemieghin some specific
areas, relating major causes of death and time correlaied un
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3 Case Study

Mortality death rates of Portuguese older population aseiileed and used to give
a general idea of leading causes of death in Portugal at @sabal level. For this
purpose itis intended to identify spatiotemporal clustershe occurrence of deaths
from 1992 to 2006. The space-time referential is defined byf MUWPortuguese
territorial units for statistical purposes) per year anel dmalysis are done by age
group and sex for two specific causes of death: Neoplasms &wh&es of the
Circulatory System. Usual 5 years age groups were used daviduals aged 65
and over. Annual data — number of deaths of the older Poragpepulation —
by NUTIII, cause of death, age group and sex, as well as e the average
subnational resident population for the selected timeogervere provided by INE.

3.1 Main Causes of Death in Portugal

A first descriptive analysis is done to establish regionfiedinces. These occur
only occasionally, by sex, especially in the age group 65%géars (to simplify,
we use age 65—-69) and 85 or more years (idem, 85+). Congidbermajor causes
reviewed, we chose the two leading causes of death to studgaBes of the Cir-
culatory System (CIRS) and Neoplasms (NEO). Considerincatie 65-69 as the
referential group for the mortality tendency study among dkder population, we
describe it now.

In general, there’s a greater range in mortality rates bgecafideath on males
comparing to females. For CIRS, there’s a larger range ittalityrrate values for
males, predominantly in the Northern and Central regianthé South, on the con-
trary, the range is larger in NEO deaths rates (particulanyfemales, these two
causes have similar statistics). The maximum rates areiassd to males and di-
vided by the two dominant causes of death, with major dispeia CIRS. In Fig. 1,
we illustrate (on the right side) regional death rates fa& @569, where, according
to preliminary analysis, there are, among the older pojmriamajor differences by
both cause of death and sex.

 NEO_F CIRS_F

27-Bai
13-Pinhal Interior Sul 28-Algal
14-Dao-Lafoes

Souce: hp:/ ptwikipedia org ik Unidades C3%ADsticss_de_Pormigl

Fig. 1 Average Mortality Rate by Cause of Death (on the right) andu@orese NUTIII (on the
left)), Females, Age 65-69 (1992-2006)
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As we can see, the dominance of the deaths from NEO and CIRBgiemales
aged 65 to 69 is confirmed. CIRS are, overall, the dominargesalthough overlap-
ping (Minho-Limaor Algarve or even occasionally being exceed&itgnde Lisboa
or Médio Tej9, in certain regions, by NEO. Still, in some regions, we aantify a
gap between the two dominant caus&sniegaor Baixo Alentej).

3.2 Clusters identified by Cause of Death, Age and Sex

Clusters were identified for all age groups, for both maéeséles, and for the two
selected causes of death, through retrospective anafgssming a Poisson dis-
tribution for death occurrences. We use circular windowthanscan (cylinders in
the space-time), up to 50 per cent of the population at r@bkihg for high values
clusters. The statistical significance of the test was detexd by the Monte Carlo
method. All clusters have shown a p-value less than 0.0@L.2Fshows the results
for deaths from CIRS on males (gray scale identifies the skogrelusters 2 and 3
— most likely as dark gray, while the main cluster (1), in tbése only temporal, is
shown in the lower right of each map).

65-69 70-74 75-79 80-84 85+

all a A oal L a
93-99 a ~— 9399 s 9399

MOSTUKELYCLUSTER: 1 SECONDARY CLUSTERS:2.3

Fig. 2 Identified Clusters for CIRS: Males, per Age

For deaths associated with CIRS, three clusters were fabghitly age group. The
main (or most likely) cluster — a temporal cluster —, is comntorll ages in the
period from 1993 to 1999, throughout the territory; the oth@® space-time clusters
(secondary clusters) divide the territory roughly in h&ém North to South. The
results point to a lack of spatial variation in the Portuguesinland. Comparing to
other groups, there are differences in the ages 75—79 ar@fi§feversal of primary
and secondary clusters), with no practical impact: tesistiavalues are similar and
with p-values less than 0.001.

In Table 1, we can see that the identified clusters in Fig. 2qareidentical Ob-
served/Expected ratios, for cluster 1, in all age groups.dhesters 2 and 3, the
ratios show some minor differences, more obvious in age 85+.
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Table1 Clusters Statistics for Deaths from CIRS, Males, Age 65-69

Cluster Time Observed Expected Obs./Exp.

1 1993-1999 13462 11183.70 1.20
2 1993-1999 6218 4819.99 1.29
3 1992-1997 5370 4209.07 1.28

Some important questions arise from the initial data amabysd clusters identi-
fication: will the spatiotemporal units’ behavior differ bge group and sex in NEO
deaths? Is there a pattern to mortality trend of the oldetugaese?

Well, for CIRS deaths (now for females), the patterns ardlaimie can only
point that the clusters are more restricted, geograplijcathen compared with
males (especially aged 75 and over). As for NEO deaths, wifidel spatiotem-
poral clusters, for all ages, on both males and females. Iliséecs are also located
in North and South of the country, mainly associated withrtietropolitan areas
of Lisbon and Oporto. On males aged 85+ and females aged 66efJs a sin-
gle spatiotemporal cluster in the Lisbon region. Also ondés aged 70-74 it was
identified a cluster that covers the entire South of the aguihe following section
attempts to keep answering the previous questions.

3.3 Comparative Analysis by Cause of Death, Age and Sex

To understand if the identified clusters are stable in spave+egarding the refer-
ence age group, contingency tables were built by cause tfi daa sex. Through
the sum of its diagonals we can measure the clusters propo(€luster (C)
and No Cluster (NC)), which remains constant (in each cedl,have number of
events/number of possible cases to 15 years and 28 regmmesponding to 420
units). We consider that the higher the ratio (see lowertriginner of the Table 2)
the greater the spatiotemporal coincidence in mortalitgg@among ages. Table 2
also shows comparisons between baseline age 65-69 and-agk i deaths from
CIRS on males. The overall results are shown in Fig. 3.

Table2 Crosstabs for Clusters Identified by Cause of Death and Age (Males)

SCIRy Age 65-69
C NC
Age 70-74 Cc 0.495 0.002
NC 0.495 0.002

0.995

On males, the clusters identified for deaths from CIRS remaldstantially con-
stant in the two age groups analyzed in Table 2. That is, lathdgions identified
as clusters or the regions which remained unidentified ramitihe same proportion.
For death from NEO we see a slight decrease (0.933) in th rHtiese indicate,
in general, when comparing ages 65-69 to 70-74, a small gpaeevariability to
high rates of mortality.



6 Sandra Lagarto, Carla Nunes, Dulce Gomes and Maria Filomendéde

In Fig. 3 we present the trend progression, of spatiotenhjpatterns, identified
for the two selected causes of death, by sex and age. As medtabove, the higher
the values of space-time correlation between each one gfthgs on analysis and
the reference group (values between 0 and 1), the greatstabidity of the clusters
identified by cause of death for the older Portuguese pdpulat

1,2
1,0 o * °
08 / N
\ —=—NEO_M

0,6 .\ / / - it NEO_F
0.4 }\,/ \ —e— CIRS_M

' / \. — e =CIRS_F
02
0,0

70-74 75-79 80-84 85+
Age

Fig. 3 Stability of Spatiotemporal Clusters Identified by Cause-e&id, Age and Sex

The clusters from CIRS show no significant differences irhesge for the ref-
erence group. Under these conditions, stability is maxin(thi space-time overlap
of clusters is almost total in all ages), that is to say, thistelrs are almost defined in
the same way. Minimal differences occur on females in the &§e 79 and 85+. For
the NEO deaths clusters, the pattern differs by sex and atfelasge fluctuations.
Differences are larger in ages 70—74 and 85+ for femalesimiades, the major os-
cillations occur mainly between age 75-79. Thus, if one ictans the entire older
population, there is less stability in clusters definedtegldo this cause of death.

Analyzed the oscillations by cause-of-death, age and séxniow possible to
identify the clusters that remained constant in the reviktirae period (see Fig. 4).

N
FEMALES MALES
All Ages All Ages

Fig. 4 Homogeneous Spatiotemporal Units: Deaths from CIRS

In the identified units, we highlight the correlation of largpatiotemporal clus-
ters, for deaths from CIRS in all ages. For clusters from NE@tls, there is a
spatiotemporal correlation by sex. Space-time units anéeced in the Lisbon and
Oporto metropolitan areas which cover, globally, no moenttwo age groups of
the older population on females (ages 70 to 79) with in a ore yg@mporal period
(the same for males, in all ages in a two years period).
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3.4 Analysis of Time Series

To complement the spatiotemporal analysis, we applied ldssical techniques of
time series analysis (methodology of Box and Jenkins) terdéhe whether there
are temporal association in each region, by cause of deatiiu$trate it, a more
detailed analysis was made for the regions of the countrgaalty critical regard-
ing the aging population process. Among these regions, wsidered the death
rates from NEO on both males (M) and females (F) aged 65-@9entejo Cen-
tral. The fitted models for the differenced data of ma¥)and femalesy") are,
respectively, an ARIMA(2,1,0) and an ARIMA(3,1,0) modelire form

YM = —0.845¢M, —0.868M, +eM and YF =—-0.767 5+ ¢,

with g™ and &l sequences of i.i.d. normal random variables vafh = 0.000351
andof = 0.00343.

After fitting the models, we checked if they were approprittiey were statisti-
cally significant and valid (considering the usual criteristability associated with
the adjustment of such models and the study of error termg.mbdels also ex-
plains, reasonably, the variability of the series. Conandgethe long-term forecasts,
Fig. 5 shows a low negative trend for males and a oscillatehakiior on females.

0025+ < 0070

Death Rate

Fig. 5 Fitted Models and Forecasting for NEO Mortality Rat&gentejo Centrgl Males (on the
left) and Females (on the right) — death rate forecast (dasteet@d) and bounds of the 95 per
cent confidence interval (dashed grey) on the right side oféhiical bar

As for deaths from NEO (consideririjentejo Centrakegion), the data doesn’t
show any temporal correlation. For that reason, in thisoregind for this age group,
we can conclude that the temporal patterns of these deasiesawe different.

4 Conclusions and Discussion

This article has explored differences in causes of deatingrRortuguese older pop-
ulation, at a subnational level. Temporal and spatialsttetilly significant clusters
were identified for a high number of deaths, for the Portugueainland, by sex,
age and cause of death, from 1992 to 2006. Although spatiatering is evident
for the whole time period, time clustering is also shown. VélasrSpatial clusters
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are evident on secondary clusters, the most likely clustetains all regions of
Portuguese mainland on most cases.

Identified clusters from Neoplasms are associated to maitap areas (in this
case on the coast). Considering this cause of death, idehtfusters are distinct
by sex and age group. As for mortality rates for DiseaseseoClinculatory System
seem to be mostly related to the North/South division andtifled clusters are
similar by sex and age group.

The dynamics of each cause of death is distinct in the styzkeidd. However,
it was possible to identify space-time homogeneous umittefims of the expected
number of mortality rates), but with different temporalteats.

Finally, since this is an introductory work to the applicatiof the methodology
to Portugal’s demographical data, further developmeikis tésting other variables
or using method alternatives, regarding results assessarerbeing prepared.
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