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Resumo:

Introducgdo: As doencas cerebrovasculares (DCV) sao uma
das principais causas de morte em Portugal. O estudo da
histéria epidemioldgica deste fendmeno contribui para a sua
compreensao e ajuda a orientar estratégias de intervencgéo.
Objetivos: (1) Descrever tendéncias histéricas na mortalidade.
(2) Estimar o impacto das variagdes demograficas no numero
de casos registado.

Métodos: (1) Calculamos taxas, especificas e padroni-
zadas, para as mortes registadas como resultantes de DCV
(CID-10: 160-169, G45; ICD-8/9: 430-438; ICD-6/7: 330-334)
por sexo (1902-2012) e por sexo e grupos etarios (1913-
2012). Utilizamos Joinpoint-analysis para identificar variagdes
estatisticamente significativas na tendéncia temporal e mod-
elos multivariados de regressao, Poisson e binomial negativo,
controlando dindmicas demograficas e tendéncias temporais,
constrangidos a populagao exposta, de 1913 a 2012. (2) Af-
erimos 0 peso relativo de variacdes demogréficas recorren-
do a aplicacao RiskDiff. (3) Avaliamos se as interrupgdes na
continuidade das séries definidas por alteracdes nos critérios
de codificagéo da causa de morte podem ter constituido fac-
tores confundentes. Fontes dos dados: Instituto Nacional de
Estatistica.

Resultados: (1) Elencamos a mais longa e discriminada
série de mortalidade por DCV em Portugal com dados desde
que ha registo com abrangéncia nacional. A mortalidade au-
menta exponencialmente com a idade e é superior nos ho-
mens. (2) Observamos variacdes significativas na direccéo
e amplitude da tendéncia temporal das taxas padronizadas
(1913-1933: APC 2,0%; 1933-1955: APC -0,9%; 1955-1974:
2,9%; 1974-1996: -2,4%; 1996-2012: -6,5%). (3) O envelhe-
cimento demografico exerceu uma pressao significativa para
0 aumento no numero de casos particularmente na segunda
metade do século XX. No entanto este efeito foi neutralizado
por factores protectores.

Conclusdo: Em Portugal a DCV ¢é particularmente
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expressiva quando comparada com outros paises da Euro-
pa embora se tenham observado ganhos significativos nas
Ultimas décadas. O envelhecimento demografico combinado
com uma eventual transicao relativa entre as dimensdes mor-
bil e de mortalidade proporcionaram uma mudanga no para-
digma de saude publica.

Palavras-chave: Doencas Cerebrovasculares/mortalidade;
Portugal.

Abstract:

Introduction: Cerebrovascular diseases (CVD) are one of
the main causes of death in Portugal. Research on the epi-
demiologic history might help to understand the phenomenon
and guide intervention strategies. Objectives: (1) Describe his-
toric trends in mortality. (2) Estimate the impact of demograph-
ic variations on the registered number of cases.

Methods: (1) We calculated rates, specific and standard-
ized, for deaths registered as CVD (ICD-10: 160-169, G45; ICD-
8/9: 430-438; ICD-6/7: 330-334) by sex (1902-2012) and by
sex and age groups (1913-2012). We used Join point analy-
sis to identify statistically significant changes in standardized
death rates, and multivariate regression models, Poisson and
negative binomial, controlling for demographic dynamics and
time trend, from 1913 to 2012. (2) We calculated the contribu-
tion of demographic variations using the application RiskDIff.
(8) We evaluated if changes in coding rules might have been
a source of bias. Data source: National Institute of Statistics.

Results: (1) We gathered the longest and most discrimi-
nated mortality series from CVD in Portugal with data since the
beginning of nationwide collection. Mortality increases expo-
nentially with age and is higher in men. (2) We observed sig-
nificant variations in age-standardized time trends (1913-1933:
APC 2.0%,; 1933-1955: APC -0.9%, 1955-1974: 2.9%, 1974-
1996: -2.4%,; 1996-2012: -6.5%). (3) Population ageing exert-
ed a significant pressure to increase the number of deaths,
particularly in the second half of the twentieth century. How-
ever, this effect was counterweighted by protective factors.

Conclusion: CVD mortality in Portugal is particularly expres-
sive when compared to other European countries, although
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significant gains have been observed in the last decades. Pop-
ulation ageing combined with a transition between the morbid
and mortality dimensions changed the public health paradigm.

Keywords: Cerebrovascular Disorders/mortality; Portugal.

Background

In the beginning of the 20th century, little was known
about clinical manifestations and treatment of cerebrovascu-
lar diseases (CVD). Neurological signs and symptoms, such
as convulsions and paralysis, were associated with cerebral
haemorrhage and softening, following post-mortem studies of
the previous centuries by remarkable authors like Johann Wep-
fer.” The definition of this group of causes of death was heavily
based on clinical findings and encompassed other conditions
we now know can present these clinical manifestations.

In the second half of the 20" century, technological revolu-
tion produced major advances in antemortem visualization of
vascular lesions and discovery of new therapeutic strategies
for CVD.? Angiography invented by Egas Moniz provided valu-
able information about vascular anatomy. Similarly, computer-
ized tomographic (CT) scan and magnetic resonance imaging
invented in the 1970s by Hounsfield and Damadian, respec-
tively, have allowed definition of the site of brain infarction and
hemorrhage.?

These advances in the area of CVD have facilitated the es-
tablishment of stroke units that offer effective care for stroke
patients and survivors in the late 20" century following the
approval of the first effective treatment for ischemic stroke in
1995.2

Currently, CVD are the second largest single cause of
death in Europe after ischemic heart disease, accountable for
9% and 13% of all deaths in men and women, respectively.*
Interestingly, in Portugal there is a higher burden of cerebro-
vascular disease mortality relative to coronary heart disease,*
although substantial declines have been observed.*® These
declines were attributed to reduced disease incidence follow-
ing improvements in risk factor management, as well as im-
provements in diagnosis and treatment, leading to reduced
case-fatality.” Moreover, recent upward trends in the prev-
alence of known risk factors such as obesity and diabetes,
as well as higher systolic blood pressure, when compared to
most European countries, raise concerns about possible slow-
downs in cerebrovascular disease mortality progress seen so
far.#® Population ageing combined with a transition between
the morbid and mortality dimension might lead to a change
in the public health paradigm. Stroke is a disease of immense
public health importance with serious social and economic
consequences. Thus, the study of dynamic changes over the
last century might help to identify underlying determinants,
define priorities and plan community wide interventions ac-
cordingly.

140 Medicina Interna

REVISTA DA SOCIEDADE PORTUGUESA DE MEDICINA INTERNA

We aimed to (i) describe secular time trends in the absolute
number of deaths and death rates from CVD in the Portuguese
population since the beginning of nationwide data collection;
(ii) identify major changes in the time trend of age-sex adjusted
rates; (i) quantify the contribution of the variation in the popu-
lation’s size, age structure and age-independent rate of death
by CVD to the change in the corresponding number of deaths;
and to (iv) comment on potential sources of bias from changes
in mortality registration procedures.

Methods

DATA SOURCE AND DEFINITION

The number of deaths from CVD [International Classifica-
tion of Diseases 10th revision (ICD-10): 160-169, G45; ICD-8/9:
430-438; ICD-6/7: 330-334; and homologous groups], as well
as the estimates of the mid-year resident population, from 1902
to 2012 for each sex, and from 1913 to 2012 by sex and 5-year
age groups (up to >80 years), were obtained from official statis-
tics 9. ICD-2 was introduced in 1913, ICD-4 in 1931, ICD-6/7 in
1955, ICD-8 in 1971, ICD-9 in 1980 and ICD-10 in 2002.

SECULAR TRENDS IN MORTALITY

Standardized mortality rates were calculated by the direct
method using the Scandinavian European standard population
as reference.

We performed an exploratory join point analysis to calculate
the annual variation in age- standardized mortality for each sex
and in age-sex standardized death rates to identify points of sig-
nificant change in the log-linear slope of the trend (join points),
using Joinpoint® version 4.1.1.5 from the Surveillance Research
Program of the US National Cancer Institute. We present the
results of best fitting model according to Bayesian information
criterion. The estimated annual percent change (APC) in mortal-
ity for each period was calculated assuming a Poisson distribu-
tion and taking the calendar year as the independent variable.

RELATIVE WEIGHT OF DEMOGRAPHIC FACTORS

We performed a multivariate regression analysis for each
period with log-linear trend identified through Join point analy-
sis, for descriptive purposes. We ran a negative binomial re-
gression for CVD deaths (dependent variable) by sex, age
groups (<65, 65-69, 70-74, 75-79, 80+) and calendar year, as
independent variables, adjusting for the population estimates in
each subgroup (offset = In(population)). We calculated robust
standard errors (Huber-White Estimator) and 95% confidence
intervals (ClI).

CONTRIBUTION OF DEMOGRAPHIC FACTORS TO
CHANGES IN NUMBER OF DEATHS

We used the tool RiskDiff, a web-based application, to as-
sess the contribution of demographic changes and the variation
in the demographic-independent trend in deaths from CVD to
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Figure 1: A: Annual number of CVD deaths by sex, 1902-2012; B: Annual crude death rate by sex, 1902-2012; C: Age-specific
death rate by age group, 1913-2012; D: Age-standardized death rate by sex, 1913-2012. Vertical lines represent changes in cause

of death classification.

the observed number of deaths. This analysis was performed
for the periods with constant log-linear trend identified in the
join point analysis and we estimated annual effects assuming a
geometric change over time.

MISSING DATA

Mortality data was missing in three years (1911-1912,
1928) and incomplete in two (1926-1927). We used a log-lin-
ear interpolation method for graphical purposes only.

Results

The number of deaths by cerebrovascular diseases (CVD)
increased steadily in the first half of the 20" century followed
by an acceleration in the third quarter, plateauing in the 80s
and decreasing afterwards in both sexes (Fig. 1A and Table 1).

In both men and women, there is an exponential increase
in the death rate with age, with people older than 80 years ac-
counting for a rate 57 to 184 times higher than those younger
than 65 years-old, independently of sex (Fig. 1C Table 2).

There are more deaths in women and that gap increased
over the years due to population ageing (Fig. 1A and Table 1).

In fact, controlling for age differences the death rates were al-
ways higher in men (Fig. 1D). Independently of age and trend,
men had a 1.2 to 1.5 times higher death rate.

Overall, the age-sex-adjusted death rate from CVD in-
creased between 1913 and 1933 with an annual percentage
change (APC) of 2% per year; decreased between 1933 and
1955 (APC -0.9%); increased between 1955 and 1974 (APC
2.9%); and decreased since 1974 (APC -2.4%) but the de-
crease was more pronounced after 1996 (APC -6.5%). Similar
trends were observed in both sexes (Fig. 1; Table 2).

The variations in overall population size, particularly an in-
crease observed in the beginning of the twentieth century, con-
tributed to slight increases in the number of observed deaths
by CVD [1.19% of deaths per year (1913-1933) and 0.89% per
year (1933-1955)] (Table 2).

Moreover, variations in the Portuguese population age
structure (population ageing) contributed to an increase in the
number of deaths, especially since 1955 (1913-1933: 0.22%;
1933-1955: 0.52%; 1955-1974: 1.61%; 1974-1996: 3.29%;
1996-2012: 2.96%), due to a higher number of people in a
higher risk group (Table 2).
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Table 1: Cerebrovascular diseases mortality rate ratio by sex and age groups in each period with log linear trend in the joinpoint
analysis

Mortality Rate Ratio (95% ClI)

_ 1913-1933 1933-1955 1955-1974 1974-1996 1996-2012

Women*
Sex 1.07 117
Men
(1.23; 1.31) (1.15; 1.12)
<65*
15.89 20.15
e (15.13; 16.69) (19.57; 20.74)
27.18 36.63
Age oo (25.91; 28.51) (35.60; 37.69)
46.71 61.91
1) (44.37: 49.16) (60.30; 63.56)
804 57.73 83.22
(64.21; 61.48) (80.53; 86.00)

* Reference group

However, independently of variations in the population
size and demographic structure variations in unmeasured
risk factors contributed to variations in the number of deaths
(Table 2). Between 1913 and 1933 the age-independent
“risk” followed the same positive variation than that of popu-
lation size and structure therefore resulting in a 3% per year
increase in the number of deaths. From 1933 to 1955, un-
measured factors exerted a protective effect neutralizing the
increase in population size and ageing. This trend changed
from 1955 to 1974, when the risk increased significantly by
6.72% per year. After 1974, the population ageing pressure
to increase the number of deaths was counterweighted by
unmeasured protective factors and the rate of that decrease
was higher from 1996 to 2012, by -5.79% of deaths per year
(Table 2).

Discussion

We observed major variations in Portuguese CVD mortal-
ity rates from 1913 to 2012. In the beginning of the twenti-
eth century reduction in mortality from diseases more incident
in younger aged groups, particularly infectious diseases that
declined mainly due to improvements in treatment, might
have contributed to the increase in CVD mortality rates. Fur-
ther studies of competing causes of death and prevalence of
known CVD risk factors are needed in order to comprehend
the changes in mortality trend observed in the second and
third quarter of the twentieth century. Moreover, we observed
a dramatic decrease in Portuguese CVD mortality rates since
1974, in both sexes. However, due to population ageing the
number of deaths remained stable until the 1990s. This trend
has been attributed to variations in known risk factors such
as: decreases in the mean systolic blood pressure and blood
cholesterol, diabetes management, smoking consumption
and some dietary modifications. Moreover, following the
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100 1.39 1.50
(1.19; 1.25) (1.34; 1.43) (1.44; 1.56)
20.78 17.27 12.05
(19.97: 21.61) (16.49: 18.09) (11.296; 12.86)
40.76 37.17 26.78
(39.36; 42.21) (35.87; 38.51) (25.334; 28.30)
73.56 75.07 57.93
(70.89; 76.33) (72.75; 77.47) (64.773; 61.26)
110.13 164.74 184.61

(106.35; 115.12) (1564.76; 175.306) (169.56; 201.01)

advances in treatment in the mid-1990s, the decline in mor-
tality rate increased. In fact, the mortality rate ratio by age
became higher in older aged groups due to a larger decline in
younger patients. This might have been a reflex of improved
diagnostic capacities and successful treatment, leading to
lower case-fatality due to better emergency care and stroke
units. This pattern is consistent in most developed areas of
the world.

The interpretation of the reported trends is dependent
on the quality and consistency of the source data over time.
Cause of death classification errors can occur because of
incorrect diagnoses, inaccurate or incomplete death certifi-
cates, misuse of ICD coding rules, and variations in the use
of residual categories for unknown and ill-defined causes, as
well as changes in registration procedures. In fact, over the
course of a century, there have been major developments in
disease diagnosis and classification. To minimize this source
of bias we used a large group of diseases. In Portugal, at least
6 revisions of the ICD were used. Curiously, we observed that
changes in mortality trends were close to major changes in
death classification and registration procedures, particularly
with ICD-4 in 1931, ICD-6/7 in 1955, ICD-8 in 1971.

Although we do not have information on CVD incidence
and case-fatality, there is the concern that the recent de-
crease in death might be associated with a relative increase
in morbidity and so the related demand for healthcare, mainly
in older aged people that are likely to present other co-morbid
diseases.

Conclusion

Over the course of the previous century and the begin-
ning of the twenty-first there have been major changes in the
trend of reported cerebrovascular diseases mortality. Com-
peting risks may have contributed to an increase in deaths
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Table 2: Annual change and contribution of demographic changes to cerebrovascular diseases mortality by sex and for both

sexes, 1902-2012.

_ Annual change in Annual variation in number of deaths due to changes in

Age Standardi-

Population
Demographic
Structure %

Population Size

Age Independent
Rate (“risk”) %

: . Number of
Sex Period ze({%M(grst?/:t(y: Ir)ate Deaths %
1902-1910 - 7.3
1913-1933 2.3(1.8;2.9) 3.84
1933-1956 -0.8 (-1.2; -0.9) 1.11
Women
1956-1973 3.1 (2.6; 3.6) 6.60
1973-1996 -2.4(-2.6; -2.2) 0.54
1996-2012 -6.6 (-7; -6.2) -2.65
1902-1910 - -0.6
1913-1933 1.7(1.2;2.2) 2.73
Men 1933-1955 -0.9 (-1.3; -0.5) -0.35
1955-1975 2.8 (2.4;38.1) 8.38
1975-1995 2.4 (-2.7;-2.2) 0.20
1995-2012 -6.3 (-6.6; -5.9) -2.50
1902-1910 - 3.2
1913-1933 2.0(1.5;2.5) 3.28
Men & 1933-1955 -0.9 (-1.3; -0.6) -0.01
Women 1955-1974 2.9 (2.5; 8.3 8.31
1974-1996 2.4 (-2.7,-2.2) 0.43
1996-2012 -6.5 (-6.9; -6.2) -2.67

by CVD but changes in death registration procedures might
have introduced bias. However, some patterns were con-
sistent across the whole period. The mortality was always
higher in men (20-50%) and increased exponentially with
age. Population ageing exerted a pressure to increase CVD
deaths that was surpassed by protective factors. Special-
ists attribute this variation to dietary modifications, lower
blood pressure, lower blood cholesterol, diabetes control
and smoking consumption, as well as improvements in dis-
ease treatment particularly after the nineties, leading to a
reduction of mortality in younger aged groups. Further stud-
ies concerning disease incidence are needed to evaluate if
the reduction in mortality contributed to a relative increase
in morbid conditions. This analysis of CVD mortality data,
considering demographic factors, produced results that are
usable for policy makers in order to predict future needs and
plan interventions accordingly.
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