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MORTALITY FROM CARDIOVASCULAR DISEASES IN
THE MUNICIPALITIES OF MAINLAND PORTUGAL:
SPATIOTEMPORAL EVOLUTION BETWEEN 1991 AND 2017

ABSTRACT. During the last decades, important efforts have been taken to tackle cardiovascular diseases, which resulted in
important mortality and disability decreases. Despite this, cardiovascular diseases are still one of the major causes of death
in Portugal. Thus, the aim of this study is to analyse the evolution of the spatial pattern of deaths by cardiovascular diseases,
between 1991 and 2017, identifying areas of high risk, and its variation, in the 278 municipalities of Continental Portugal.

Secondary data on annual resident population and deaths by cardiovascular diseases (International Classification
of Diseases 10™ revision: 100-199) was collected from the Portuguese National Statistics for the municipalities of Portugal
Mainland, from the period under analysis.

To identify areas with significant high and low risk of mortality by cardiovascular diseases, towards time and space,
and areas with significantly high or low temporal trends, retrospective spatial-temporal cluster and a spatial variation in
temporal trends analysis were conducted.

In the spatial-temporal analysis 3 clusters of high risk and two of low risk were identified; municipalities forming the
clusters of high risk tend to have rural characteristics while the municipalities in the clusters of low risk are located in the two
metropolitan areas. The majority of the municipalities forming the clusters of low risk also present higher decreasing trends
than the country average.

The results presented can contribute to support the development of future interventions on cardiovascular mortality.
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INTRODUCTION socioeconomic risk factors and CVD mortality and morbidity:
unhealthy diet (Pekka et al. 2002, Akesson et al. 2007;
Circulatory system diseases are still the most common  Jackson et al. 2019), insufficient physical activity (Matthews
cause ofdeathinthe world (Bhatnagar2017). Accordingtothe et al. 2012; Patterson et al. 2018), tobacco use (Huxley and
WHO (2017), more people die annually from Cardiovascular Woodward 2011; Peters et al. 2013), harmful consumption
Diseases (CVD) than from any other cause, being responsible  of alcohol (Rehm et al. 2016; Ogunmoroti et al. 2019), air
for 31% of all deaths worldwide. CVD are also associated with pollution (Brook et al. 2010; Hvidtfeldt et al. 2019), thermal
important morbidity and disability burdens (Roth et al. 2017).  discomfort (Vasconcelos et al. 2011, Almendra et al. 2017),
The term “CVD”" is used to represent a group of disorders of ~ socioeconomic deprivation (Chum and O'Campo 2015;
the heart and blood vessels and it includes coronary heart Jimenez et al. 2019), unemployment (Naimi et al. 2009) and
disease, cerebrovascular disease, peripheral arterial disease, population density (Chaix et al. 2007), among others.
rheumatic and congenital heart diseases and venous Environment can impact health in a direct way (e.g.
thromboembolism (Stewart et al. 2017). through air quality) and also indirectly, through its influence
The increasing international awareness about CVD  on behaviors, and therefore on health (Malkhazova et al.
(among other noncommunicable disease) has contributed 2014; Barton 2017; Mitsakou et al. 2019); for instance, living in
to the growing evidence on CVD (Mahmood et al. 2014),  municipalities with low job opportunities may lead to stress
to track, and benchmark, opportunities for prevention and  and poor mental health which in consequence may result in
efforts to reduce its burden (Roth et al. 2017). According the adoption of unhealthier behaviors (Kamphuis et al. 2012;
to Bhatnagar (2017), CVD are caused by a set of chronic  Loureiro et al. 2019). Studies assessing the impact of sudden
conditions resulting from a complex interplay between  andsignificantchangesintheenvironmentwhere peoplelive,
genetic predisposition, life style factors and environmental  have been highlighting the consequences of environmental
influences that lead to a progressive deterioration of the conditions on CVD (Bhatnagar 2017). Robertson et al (1977),
structure of cardiovascular tissues; this process, at least found that the incidence of myocardial infarction and death
until a certain extent, could be prevented by maintaining a  from coronary heart disease was significantly higher among
healthy lifestyle (even though genetic defects underlie some  Japanese emigrants in the United States when compared to
infrequent forms of heart disease). Japanese in Japan; material, behavioural and psychosocial
Several authors have been providing evidence on the  factors were referred to as a major factor to explaining this
association between several behavioral, environmental and inequality. More recently, Hedlund et al. (2007) studied pairs
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of twins from Finland where one twin had lived one year,
or more, in Sweden and found a reduced prevalence of
coronary heart disease among the twins that migrated from
Finland to Sweden; they highlighted that the change in the
environment where the migrant lived may have contributed
to the adoption of new dietary habits and physical activity
patterns.

Mortality due to CVD is currently decreasing in nearly
all European countries (Roth et al. 2017). This decreasing
trend results from the positive evolution of some behaviour
risk factors such as smoking and alcohol consumption and
also the improvements of the disease treatment (Wilkins et
al. 2017). The same trend is found in Portugal (Almendra et
al. 2015), mostly in result of the significant improvements in
healthcare and life conditions (Santana 2014). Nonetheless,
despite this important decrease CVD are still one of the main
causes of morbidity and mortality in Portugal and should be
a priority to public health and urban planning stakeholders.

Assessing the unequal distribution of health outcomes
between regions with deferent environmental conditions,
and its evolution, can contribute to the identification of risk
factors to be addressed in the planning of suitable public
health interventions (Vardoulakis et al. 2014). Thus, this study
analyses the evolution of the spatial patterns of deaths by
CVD, between 1991 and 2017, identifying areas of high risk,
and its geographical variation, in the 278 municipalities of
Continental Portugal.

MATERIALS AND METHODS

Portugal mainland (hereinafter referred as Portugal) is
constituted of 278 municipalities. In 2017, Portugal resident
population was near 10 million inhabitants, 70% of whom
reside in urban spaces (Santana and Almendra 2018);
according to the national statistics (2018), at municipal
level, the population density (hab/km2) varies between 4
and 7,641 (with an average population density of 109 hab/
km?2). Lisbon and Porto are the two most populous cities; the
two cities are the capital of the correspondent metropolitan
areas, accounting together for nearly 4.5 million inhabitants
(Fig. 1a).

To identify areas with significant high risk of mortality
by CVD, towards time and space and areas with significantly
unusual high or low temporal trends, secondary data was
collected for the 278 municipalities of Portugal mainland, for
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Fig. 1a. Resident population in 2017

26 years (1991-2017) from the Portuguese National Statistics
Institute (National Statistics): 1. annual resident population
and 2. deaths due to CVD (International Classification of
Diseases 10™ revision: 100-199).

The  retrospective  spatial-temporal method  of
clusterization, developed by Martin Kulldorff, (Kulldorff 1997),
was applied to cluster the municipalities with significant
higher or lower CVD mortality rates, when compared to the
expected value, considering the period under analysis. It
assumes a Poisson probability model, estimating the Relative
Risk (RR), with significant levels of 5%, through the Monte
Carlo method. The spatial structure of the model was defined
considering: i) the centroid of each municipality, ii) a circular
spatial window, iii) 20% of the population, as the maximum
cluster size, iv) 2 years as the minimum temporal cluster
dimension, v) the impossibility of clusters overlapping.

The analysis of the spatial variation in temporal
trends identifies if the temporal trend within a group of
municipalities is significantly different than the expected
value (e.g. if a cluster of municipalities is decreasing at a
slower pace than the reference). In this analysis, a significant
cluster does not necessarily mean that the CVD mortality rate
is higher or lower, it reflects significant differences between
the rhythms of the evolution of CVD mortality.

SalScan v9.6 was used to develop the spatiotemporal
analysis and ArcMap 10.6 to map the results.

RESULTS

In 2017, the crude CVD mortality rate was of 312.4 deaths
per 100,000 inhabitants in Portugal (was of 468.1 in 1991)
(Fig 1b and 1¢). The spatial-temporal analysis of the CVD
mortality allowed the identification of 3 clusters with high
risk (represented by warm colours in Fig. 2a) and 2 clusters of
lower risk (represented by cold colours in Fig. 2a). The high-
risk clusters count 26% of the total deaths analysed.

High risk municipality clusters cover the several regions
of Portugal (Fig 2a): cluster E includes municipalities from
the North East region; Cluster B includes the majority of the
municipalities from the Centre and Southern regions; Cluster
D is constituted uniquely by the municipality of Lisbon.
Cluster D, lasting from 1991 until 2007, has the longest
temporal frame and the highestRR (1.81) with an average CVD
mortality rate of 668 deaths per 100,000 inhabitants (Table
1). No clusters of high risk were identified after 2008 (Clusters
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Fig. 2a. Spatiotemporal clusters of cardiovascular mortality

C, D and E last until 2008, 2007 and 2004, respectively) while
clusters of low risk are identified from 2000 onwards, lasting
until the end of the period under analysis.

Low risk clusters are mainly constituted by municipalities
of the two metropolitan areas; Porto Metropolitan Area
Cluster (Cluster A) includes the Porto municipality. On the
opposite direction, Lisbon Metropolitan Area Cluster (Cluster
B) does not include the municipality of Lisbon (which forms
Cluster D of high risk).

Clusters A and Cluster B have the same temporal
dimension (from 2000 until 2017) but the RR in cluster A is
lower (0.58) when compared to cluster B (0.74).

In the temporal analysis of the spatial variation an annual
average decrease of 1.8%, in the CVD mortality rate, was
found between 1991 and 2017.

Table 2 presents the results of the spatial variation in
temporal trend of CVD mortality. Despite the observed
decline of CVD mortality in all municipalities, there are
important inequalities in the pace of decrease. Clusters V
to X are decreasing at a slower pace than what would be
expected while clusters | to IV are decreasing faster than the
rest of the country (Table 2, Fig 2b). In the municipalities

low CVD mortality:

Space clusters of
temporal trends
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10 50
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Fig. 2b. Space clusters of temporal trends
of cardiovascular mortality

constituting Cluster I, CVD mortality has declined faster than
in any other municipality; despite this evolution the CVD
mortality rate in this cluster is still higher than the country
average.

DISCUSSION

This study analysed the evolution of the spatial patter
of deaths by CVD, between 1991 and 2017. The methods
adopted in this study combine space-time clustering
and spatial variation in temporal trends, allowing the
identification of municipalities (space or space-time)
characterized by higher CVD mortality, and of municipalities
with temporal trends different from the rest of the country.
The spatiotemporal pattern of CVD mortality in Portugal
has been changing between 1991 and 2017. A general
decreasing trend was identified between 1991 and 2017
(annual average decrease of 1.8%); this trend is also
represented in the evolution of the spatiotemporal clusters
asno cluster of highriskis identified after 2008. Municipalities
forming the lower risk clusters tend to be more urban when
compared to the municipalities forming clusters of high

Table 1. Relative Risk of the spatiotemporal clusters of cardiovascular mortality

Clusters Temporal N. of Av. Year Population density AR Cluster CVD mortality rate
(p-value <0.05) | frame (years) | municipalities | Population (hab./km?) (per 100,000 inhab.)
A 2000-17 19 1,946,680 774.0 0.58 229
B 2000-17 7 1,284,042 13214 0.74 288
C 1991-08 91 1,373,008 349 1.54 543
D 1991-07 1 562,593 5,622.9 1.81 668
E 1991-04 54 749,505 421 137 517
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Table 2. Space clusters of temporal trends of cardiovascular mortality

<0.05) municipalities | Population (hab./km?) 1991-2017 1991-2017 rate in 1991 rate in 2017
| 6 61,519 89.2 -3.23 -1.79 677.8 336.6
Il 14 334,389 454 -2.78 -1.77 594.5 350.0
Il 2 29,314 54.0 -2.66 -1.80 826.9 4712

\% 15 606,629 180.1 -2.23 -1.78 461.7 3014
\Y 14 1,180,155 695.3 -1.28 -1.82 293.0 2254
VI 47 602,960 364 -1.13 -1.84 513.7 416.8
VI 21 895,301 84.0 -1.07 -1.87 4016 314.2
VI 14 120,213 21.7 -0.91 -1.81 702.3 556.8
IX 3 517,334 23778 -0.70 -1.85 300.6 257.9
X 4 100,702 1779 -0.52 -1.82 416.1 385.1

risk; it is noteworthy that Cluster D, with the higher risk, is
constituted by the Lisbon Municipality alone. The majority
of the municipalities in the rural clusters present a lower
decreasing trend than what would be expected if they would
be evolving at the same pace as the other municipalities.

A continuous and rapid decline in CVD mortality has
been observed during the last years in the more developed
regions (Roth et al. 2017). The decreasing trend found in this
study is in line with previous works (Almendra et al. 2015;
Santana, 2005; Santana and Almendra 2018). In Portugal,
CVD mortality has been evolving positively for some decades
as a result of improvements in living conditions in terms of
basic sanitation, housing condition, education, for instance
(Santana and Almendra 2018). The growing adoption of
strategic and preventive measures and the improvements of
diagnosis and treatment of stroke and myocardial infarction
are also contributing to the trend identified (Direcdo-Geral
da Saude, 2017). In addition, important improvements in
lifestyles determinants such as the decrease of tobacco and
alcohol consumption have been registered during the last
years and its impact must also be considered (Santana 2005;
Santana and Almendra 2018). As an example, a set of public
health initiatives were implemented to reduce salt intake
which positively impacted the evolution of the number of
CVD events, and eventually also impacted premature deaths
(Abreu et al. 2018). Measures addressing excessive tobacco
and alcohol consumption were implemented and may also
have impacted the evolution of the CVD mortality.

The association between socioeconomic conditions
and health is often assessed under the rationale that people
living in more deprived areas people will present worst
health outcomes (Nogueira 2010; Santana et al. 2015b). As
referred before, the majority of the municipalities forming
the Clusters E and C are located in the inland of the country
which is characterized by higher material deprivation
(Almendra et al. 2017), a more pronounced ageing pattern
(Santanaand Almendra, 2018) and lower geographical access
to healthcare (Santana et al. 2015a). The conjugation of these
factors may contribute to a higher mortality rate found in
these municipalities. Santana (2005) and Correia et al. (2004)
identified a similar pattern during the 1990, highlighting that
CVD mortality was associated with rurality (e.g. more manual
workers, lower education levels).

On the other hand, clusters with low risk are constituted
by municipalities of the metropolitan areas, where the

population density tend to be higher; Winkleby et al. (2007),
in a study developed in Sweden, also found lower risk
of coronary heart disease incidence in areas with higher
population density. Malkhazova et al. (2014), refers that cities
create the most favorable conditions for life: people living
in urban spaces may benefit from better developed social
and health structures, providing more opportunities for
education and career choices.

Lisbon municipality was classified as a cluster of
high risk, contrasting with the other municipalities of the
metropolitan area. Possible explanations may be related with
the high number of migrants living in Lisbon in worst health
conditions (Harding et al. 2008) and with a high ageing
population recorded in Lisbon; according to the national
statistics (INE, 2019), in 2001, the ageing index in Lisbon was
of 198, being the highest of the Lisbon metropolitan area
(the country average was 105).

Roth et al. (2017) refer that political and social unrest
may be in the origin of discontinuities in the evolution
of CVD mortality, highlighting that further attention is
needed to understand how CVD is influenced by rapid
changes in material living conditions. In consequence of
the “Great Recession’, and the following implementation
of the Economic Adjustment Programme, portuguese
social and economic structures were shaken (e.g. such as
strong unemployment increases, loss of purchasing power,
important emigration flows) (Doetsch et al. 2017; Almendra
et al. 2019). This may also have contributed to the observed
spatial variation in temporal trend, since the decreasing
trend of the CVD mortality may have been slowed down in
the municipalities more affected by the consequences of the
economic downturn.

Other factors influencing the spatial variation in
temporal trend may be related to the different ageing
rhythms recorded throughout the country as there is a
positive association between CVD mortality and the ageing
rate (Casper et al. 2016). The decline of CVD mortality may
have been smoothed by the demographic evolution, mostly
in municipalities where the ageing process has been more
intense.

An important limitation of this study is related with the
unavailability of deaths by age at municipal level, which did
not allow the age-standardization of the results. This study
applied spatiotemporal scan statistic to detect clusters in
different space and periods but did not consider covariables
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that could help to understand these patterns. Further studies
should build up from our results and include covariables on
demographic and socioeconomic characteristics.

CONCLUSIONS

The spatiotemporal pattern of the CVD mortality in
Portugal has been decreasing since 1991. Municipalities with
rural characteristics tend to present higher CVD mortality risk
and, simultaneously, a slower decreasing trend.

The joint analysis of the spatiotemporal clustering
and spatial variation on temporal trends can contribute
to support the development of future interventions to
control this challenging problem. Strategies directed to the
municipalities where the CVD mortality is higher and the
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decreasing trend is slower can have a high impact on the
CVD burden. On the other hand, municipalities where the
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to the positive evolution.
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