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Abstract

Background: The impact of risk factors (RF) on morbidity and mortality from cardiovascular disease (CVD) for most Portuguese-
speaking countries (PSC) is little known. 

Objectives: We aimed to analyze the morbidity and mortality from CVD attributable to RF and its variation, from 1990 to 
2019, in PSC, based on estimates from the Global Burden of Disease (GBD) 2019 study.

Methods: We evaluated changes in cardiovascular RF, mortality rates and age-standardized disability-adjusted life years 
(DALYs) between 1990 and 2019. The correlation between percentage changes in mortality rates and the sociodemographic 
index (SDI) of each PSC was evaluated by the Spearman method. A p-value <0.05 was considered statistically significant.

Results: Elevated systolic blood pressure (SBP) was the main RF for mortality and DALYs for CVD for all PSC. Mortality from CVD 
showed a downward trend in 2019, more accentuated in Portugal (-66.6%, 95%CI -71.0 - -61.2) and in Brazil (-49.8%, 95%CI 
-52.5 - -47.1). There was a trend towards an inverse correlation between SDI and the percent change in mortality, which was 
significant for dietary risks (r=-0.70, p=0.036), high LDL cholesterol (r=-0.77, p=0.015) and high SBP (r=-0.74, p=0.023).

Conclusions: In addition to SBP, dietary and metabolic RF justified a greater variation in the burden of CVD correlated with 
SDI in the PSC, suggesting the need to adopt health policies adapted to the reality of each country, aiming to reduce their 
impact on population.

Keywords: Cardiovascular Disease; Risk Factors; Global Burden of Disease; Epidemiology; Community of Portuguese-
Speaking Countries.

addition to the increase in life expectancy and urbanization, 
the importance of CVDs tends to grow even in these countries, 
requiring adaptation of health systems. Many of these countries 
already show an increase in the proportion of CVDs in the 
total number of all-cause deaths.2,3

In addition, CVDs have had a significant impact 
on morbidity, as an important cause of disability and, 
consequently, loss of healthy life-years.2,4 In order to establish 
CVD control and prevention strategies, it is essential to 
determine the main cardiovascular risk factors (RF) and 
their prevalence. Hypertension and dietary factors continue 
to be the main RF for CVDs in the world.4,5 However, in 
recent years, other factors have played a greater role in the 
development of CVDs, such as high body mass index (BMI), 
high fasting plasma glucose and LDL-cholesterol, alcohol use, 
and renal disease.4

Introduction
Cardiovascular diseases (CVDs) are the leading causes of 

death worldwide, although they are not yet the main cause 
in many low- and middle-income countries, where the 
epidemiological transition occurred later.1 However, with 
the control of infectious and maternal and child diseases, in 
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Portuguese-speaking countries (PSC) have been culturally 
influenced by Portugal in different levels, with the type of 
colonization and political-economic models being important 
determinants of heterogeneity among them.6 Despite several 
sociocultural similarities, they are countries with different 
socioeconomic backgrounds, which has a direct impact on 
the pattern and temporal trends of the disease burden. Data 
presented in a study3 of trends in morbidity and mortality 
from CVDs showed differences in the relative importance of 
CVD burden in these countries. However, the most relevant 
RF attributable to CVD (hypertension and dietary factors) are 
shared among most PSC.4 A detailed analysis of these data 
may provide information exchange between the countries, 
regarding successful actions to fight CVD, especially related 
to the control of the main RF and reduction of their impact 
on cardiovascular morbidity and mortality.  

The “Global Burden of Disease Study” (GBD) is an important 
observational epidemiological study that uses morbidity and 
mortality metrics related to the main diseases and risk factors 
at global, national, and regional levels. One of the GBD’s 
objectives is to understand, through the assessment of trends, 
the changes in the profile of diseases that affect populations 
in the 21st century, and serve as a tool for decision-making in 
the development of health policies.4,7 The aim of this study 
was to analyze the trends of cardiovascular RF and the burden 
of CVDs attributable to these RF from 1990 to 2019 in PSC, 
based on the estimates of the GBD 2019 study by the Institute 
of Health Metrics and Evaluation (IHME).8 

Methods

Portuguese-speaking countries
PSC are those officially members of the Community of 

Portuguese Language Countries: Angola, Brazil, Cape Verde, 
Guinea-Bissau, Mozambique, Portugal and São Tomé and 
Príncipe, East Timor and Equatorial Guinea.6 Equatorial 
Guinea, originally a Portuguese colony, has three official 
languages (Spanish, French and Portuguese), and is the most 
recent member of the Community, since 2014. Considering 
the Portuguese influence – with different magnitudes – on 
sociocultural characteristics, habits, health behaviors, and 
on the organization of health systems, contrasting with the 
heterogeneity in socioeconomic development, we considered 
relevant the study of cardiovascular RF in the group of PSC.

Attributable burden estimates and exposure to RF 
GBD uses a hierarchical list of RF that are analyzed at four 

levels. Level 1 stratifies the RF into three groups: metabolic, 
behavioral and environmental RF. Level 1 FR are detailed 
at level 2, resulting in 20 FR. Levels 3 and 4 go further into 
the detail and, at total, the GBD study analyzed 87 RF in 
2019.4 In the current study, we analyzed 12 RF, as shown in 
Table 1. The choice for this group of RF was due to its more 
robust and well established epidemiological association in 
the literature, with the burden of disease and mortality from 
CVD, objects of this study.

Particularly for the estimates of Brazil, more than 200 data 
sources were included, from national surveys, such as the 

National Health Survey (Pesquisa Nacional de Saúde: PNS), the 
surveillance of risk and protection factors for chronic diseases 
by telephone survey (Vigilância de fatores de risco e proteção 
para doenças crônicas por inquérito telefônico: VIGITEL), the 
National Household Survey Sample (Pesquisa Nacional por 
Amostra de Domicílios), to the National School-based Health 
Survey and other cohort studies.9-16 Different data sources were 
used according to the particularities of each PSC.2,4

To estimate the burden of disease attributable to RF, 
the GBD follows the comparative risk assessment (CRA) 
framework. In brief, CRA is processed through five steps: 
1) estimation of the exposure level from available sources, 
such as household surveys, administrative data, censuses, 
vital records, and environmental measures. After identifying 
the data, different definitions are standardized, in addition 
to adjustments by gender and standardized age groups – a 
step called Crosswalking. Then, spatial-temporal smoothing 
analyses are performed to estimate data over time, age 
group and area and, finally, the 95% confidence interval 
for the estimates (95%CI) are calculated; 2) identification 
of risk-outcome pairs, according to available evidence; 3) 
calculation of relative risk (RR), identified in cohort studies, 
and synthesized by meta-analysis and meta-regression 
methods. The RRs used by the GBD are universal, the same 
for morbidity and mortality, and applied to men and women 
and to all countries and geographic regions; 4) estimation 
of the Theoretical Minimum Risk Exposure Level (TMREL), 
defined as the minimum exposure level to each FR that 
would result in the lowest possible probability of a clinical 
event be attributable to it. The TMREL is used to calculate 
the population attributable factor (PAF) for different causes of 
death, diseases or disabilities; 5) calculation of the population 
attributable fraction, defined as the proportion of the number 
of cases that can be independently attributed to a given 
exposure.4,15 

According to the GBD 2019 study, the estimated TMREL 
for the RF evaluated in the present study are:1) Systolic blood 
pressure (SBP): 110 to 115 mmHg; 2) Fasting blood glucose: 
85 to 99 mg/dL; 3) LDL cholesterol: between 27 and 50 
mg/dL; 4) BMI: 20 to 25 kg/m2 for adults; 5) renal function: 
albumin-to-creatinine ratio <30 mg/g or glomerular filtration 
rate >60 mL/min per 1.73 m2 ; 6) ambient air pollution: 2.4 
to 5.9 μg/m3; 7) tobacco: no exposure, including secondhand 
smoke; 8) dietary habits, including salt intake of 1 - 5 g and 
200 to 400 g of fruits and vegetables daily, among others; 9) 
physical activity: 8,000 METs per day; 10) alcohol use: no 
consumption; 11) ideal temperature: 25.6ºC. In this study, 
the 12th group of other environmental risk factors was also 
considered, which do not include air pollution, ambient 
temperature and exposure to tobacco smoke.4  

To estimate exposure to risk factors, the GBD uses the 
summary measure of risk exposure (summary exposure value, 
or SEV), which represents the risk-weighted prevalence. The 
scale for the SEV ranges from 0 to 100%, with 0% reflecting 
no exposure to risk and 100% indicating maximum exposure. 
A decline in SEV indicates reduced exposure and an increase 
in SEV means the opposite. The SEV is estimated for each 
age, sex, location and year. The detailed methodology for 
estimating the SEV has been previously published.4,15,16
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 Definitions of cardiovascular diseases
Standard definitions of the CVDs were used.2 Ischemic 

heart disease include acute myocardial infarction,17 stable 
angina (defined by the Rose Angina Questionnaire), chronic 
ischemic heart disease and heart failure secondary to 
myocardial ischemia. For stroke, acute and persistent clinical 
signs of brain dysfunction that lasted >24 hours or caused 
death were considered (World Health Organization). Lower 
extremity peripheral artery disease was defined as an ankle-
brachial index <0.9, and for aortic aneurysm, the presence 
of thoracic and abdominal aneurysms was considered. Atrial 
fibrillation and flutter were diagnosed by electrocardiogram. 
For hypertensive heart disease, symptomatic heart failure was 
considered due to the direct and indirect long-term effects 
attributable to hypertension. Cardiomyopathy was defined as 
symptomatic heart failure due to primary myocardial disease 
or exposure to toxins, whereas acute myocarditis was defined 
as an acute, time-limited condition due to inflammation. For 
endocarditis and rheumatic heart disease, clinical diagnosis 
was used, and estimates for rheumatic heart disease included 
cases identified by clinical history, physical examination, or 
standardized echocardiographic criteria for definite disease 
(including subclinical disease). For non-rheumatic valve 
diseases, calcific aortic valve disease, mitral degenerative valve 
disease and others were considered.2,8

 
Statistical analysis

The statistical models reported in the GBD 2019 study 
were used (Supplement 1: Supplementary Methods).2,4,7 Data 
sources for models are available online at the Global Health 
Data Exchange website (http://ghdx.healthdata.org/).8

 
Metrics 

In the present study, the metrics used to estimate the 
burden of disease attributable to RF were mortality and years 
of life lost due to disability – disability-adjusted life years 
(DALYs) – from 1990 to 2019. 

For Brazil, GBD mortality estimates have some particularities. 
Mortality was estimated using data from the mortality 
information system (Sistema de Informação Sobre Mortalidade: 
SIM) coded according to the International Classification of 
Diseases.18 To adjust for quality issues in the reporting of 
causes of death, corrections were made for underreporting 
of deaths and for causes considered of little use for public 
health, called garbage codes, or unspecific causes. Garbage 
code redistribution algorithms were developed by the GBD 
study considering evidence from various sources, such as 
medical literature, expert opinion, and statistical techniques.7

To calculate DALYs, the years of life lost due to premature 
death (years of life lost, YLLs) are added, with reference to 
the maximum observed life expectancy, to the years lived 
with disability (YLD). YLDs represent the non-fatal disease 
burden and are determined by the prevalence of the 
condition multiplied by the disability weight caused by the 
condition. The prevalence of the conditions was estimated 
using representative population data, including cohort 
studies, registries, population surveys, and administrative data, 
applying statistical methods that adjust for differences in study Ti
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definitions and methods. Disability weights reflect the severity 
of different conditions and were developed through previously 
validated surveys with the general population.8

In comparisons over time and between PSC, age-
standardized rates were considered utilizing the direct 
method, using the global age composition of the GBD 2019. 
For the other analyses, non-standardized rates were presented. 
For each of the analyzed RFs, the attributable burden for total 
CVDs and for each disease separately, when applicable, was 
estimated. The ranking of RF was constructed to assess the 
changes that occurred between 1990 and 2019, according 
to sex, as well as the risk factor ranking for each of the PSC in 
2019. The 95% UI was calculated and cited for each estimate, 
as previously described in the GBD methodology.2

Sociodemographic index
The sociodemographic index (SDI) is used by the GBD as an 

estimate of the socioeconomic level of each country to assess 
its association with CVD risk factor and burden metrics, as a 
function of the global epidemiological transition.4,7 SDI was 
calculated for each country or territory from 1990 to 2019 
and represents the weighted geometric mean of per capita 
income, education level and total fertility rate, allowing for the 
comparison of the performance of each country with others 
of similar socioeconomic level.

Additionally, the SPSS software version 23.0 for Mac OSX 
(SPSS Inc., Chicago, Illinois) was used to perform correlations 
(Spearman’s method) between the percent change in age-
standardized mortality rates and SEV between 1990 and 
2019 and the SDI of each PSC in 2019. A p-value <0.05 was 
considered statistically significant.

Results
The geographic and sociodemographic characteristics of 

each of the PSC can be accessed in Table S1.
The percent contribution of CVD attributable to RF to 

mortality in 2019 in the different PSC was heterogeneous, 
ranging from 32.1%, 31.7%, 30.7% and 28.2% in Portugal, 
East Timor, Cape Verde and Brazil, respectively, to rates as 
low as 12% to 13.9% in the other countries (Figure S1). The 
percentage attributable to RF was high (>75%) in all PSC, 
being lowest in Portugal (78.8%) and Brazil (82.6%). Table S2 
shows the age-standardized SEV rates for each cardiovascular 
RF, with 95% UI, by sex, for 1990 and 2019 and the percent 
change in the period. A significant increase in SEV related 
to alcohol consumption and high BMI was observed in all 
countries. For high SBP, a significant reduction was observed 
in Portugal and a trend towards stability in Brazil and East 
Timor, contrasting with a trend to increase in other countries, 
especially Equatorial Guinea (Table S2).

Figure 1 shows the ranking of age-standardized CVD 
mortality rates attributable to RF in the PSC, by sex, in 1990 
and 2019. It was observed that high SBP remained as the main 
risk factor for CVD in all countries during this period. There was 
an increase in the importance of high fasting blood glucose – 
except in Brazil – and this factor ranked between the 3rd and 
4th positions in 2019 in all PSC. On the other hand, smoking 

fell in the ranking of attributable mortality in all countries 
except Sao Tome and Principe (where it remained in the 8th 

the position). There was a greater reduction in Brazil (3rd to  6th) 
and Equatorial Guinea (6th to 8th). High LDL cholesterol had a 
stable or decreasing trend in all countries, except in Portugal 
and Brazil. The Figure S2 depicts a similar pattern for DALYs 
rates attributable to cardiovascular RF. 

The Figure S3 shows the crude and age-standardized 
CVD mortality and DALYs rates attributed to the selected 
FR between 1990 and 2019. There was an increase in the 
absolute number of CVD deaths and DALYs attributable to 
all FR except for some trends observed in Portugal, with a 
decline for dietary factors, high LDL cholesterol and high 
SBP, and a stable trend for high BMI and high fasting plasma 
glucose. On the other hand, when analyzing age-standardized 
mortality rate and DALYs, there is a contrast between Brazil 
and Portugal – which showed a decline for all RFs – and the 
other PSC, that showed a trend towards stability or increase. 
The exception was smoking, which declined in all PSC, except 
for Mozambique, São Tomé and Príncipe and East Timor 
(Figure S3, Tables 1 and 2, Supplementary Tables 3 and 4).

Figure 2 shows the percentage of CVD deaths attributable 
to each cardiovascular risk factor, by country, in 1990 and 
2019. High SBP remained with the highest percentage, 
with even an increase observed in all PSC except Portugal. 
Still, it was noted an overall increase in the contribution of 
dietary risks between 1990 and 2019 (3rd to 2nd) as well as in 
alcohol consumption, high fasting plasma glucose and high 
BMI. Conversely, there was a percent reduction of high LDL 
cholesterol and, especially, smoking, although the latter still 
has a more significant contribution in Portugal, Brazil and 
East Timor.

In the analysis of CVD mortality rates attributable to 
selected RF by PSC (Figure 3), it was observed that high 
SBP ranked first in all PSC in 1990 and 2019. In 1990, CVD 
mortality rates per 100,000 inhabitants attributed to PAS were 
highest in Equatorial Guinea (253.5), Angola (225.3) and 
Guinea Bissau (214.0), while in 2019, these rates were highest 
in Mozambique (224.1), Guinea Bissau (220.4) and East Timor 
(210.4), with the most significant reductions observed in 
Portugal (-66.6%, 95% UI -71.0 - 61.2%) and Brazil (-49.8%, 
95% UI -52.5 - -47.1%). Dietary risks, high fasting plasma 
glucose, high LDL-cholesterol and air pollution were among 
the top five RF in most PSC in 1990 and 2019, except for the 
markedly lower rates attributable to air pollution in Brazil and 
Portugal both in 1990 and in 2019, also with a more significant 
reduction in these countries in the period. The increase in 
mortality rates attributable to alcohol consumption in nearly 
all PSC, except for Brazil and Portugal, and the reduction in 
smoking (also notably in Brazil [-69.5%] and Portugal [-73.2%]) 
were also remarkable, despite the still relatively higher rates 
in these two countries and in East Timor in 2019 (Figure 3, 
Table 1). Table 2 shows similar patterns for DALYs attributable 
to RF in the PSC.

Assessing CVD mortality rate and DALYs attributable to the 
combined cardiovascular RF, Figure 4 shows a trend towards 
stability between 1990 – 2019 in most PSC for crude rates, 
with a decreasing trend in Portugal and Equatorial Guinea, and 
an increase in East Timor. For age-standardized rates, Portugal 
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Figure 1 – Ranking of cardiovascular disease age-standardized mortality rates (/100,000 inhabitants) attributable to risk factors in Portuguese-speaking 
countries in 1990 and 2019.

1990
1 High systolic blood pressure 225.3

2 Dietary risks 110.8

3 Air pollution 108.4

4 High fasting plasma glucose 49.6

5 High LDL cholesterol 46.8

6 Smoking 35.4

7 High body-mass index 19.4

8 Other environmental risks 16.2

9 Kidney dysfunction 15.1

10 Non-optimal temperature 12

11 Low physycal activity 6.8

12 Alcohol use 2.2

1990
1 High systolic blood pressure 127

2 Dietary risks 80.1

3 Air pollution 62.4

4 High LDL cholesterol 43.5

5 High fasting plasma glucose 32.6

6 High body-mass index 22.8

7 Smoking 21.8

8 Kidney dysfunction 13.3

9 Non-optimal temperature 8.9

10 Other environmental risks 5.7

11 Low physycal activity 5

12 Alcohol use 3.5

1990
1 High systolic blood pressure 214

2 Air pollution 138.2

3 Dietary risks 135.1

4 High LDL cholesterol 57.8

5 High fasting plasma glucose 41.5

6 High body-mass index 32

7 Smoking 29.9

8 Kidney dysfunction 21.7

9 Other environmental risks 17.6

10 Non-optimal temperature 9.9

11 Alcohol use 8.2

12 Low physycal activity 7.1

1990
1 High systolic blood pressure 179

2 Dietary risks 99.7

3 High LDL cholesterol 92.7

4 High fasting plasma glucose 64

5 Smoking 52.2

6 High body-mass index 42.8

7 Non-optimal temperature 33.1

8 Kidney dysfunction 26.1

9 Air pollution 25.4

10 Alcohol use 20.7

11 Low physycal activity 20.4

12 Other environmental risks 15.7

1990
1 High systolic blood pressure 159.4

2 Dietary risks 113.3

3 Air pollution 93.6

4 Smoking 47.6

5 High LDL cholesterol 45.6

6 High fasting plasma glucose 32

7 Kidney dysfunction 21.5

8 High body-mass index 10.9

9 Other environmental risks 10.6

10 Low physycal activity 6

11 Non-optimal temperature 4

12 Alcohol use 0.4

1990
1 High systolic blood pressure 235.5

2 Air pollution 130.9

3 Dietary risks 119.6

4 High LDL cholesterol 53.8

5 High fasting plasma glucose 51

6 Smoking 35

7 Other environmental risks 26.6

8 High body-mass index 26.1

9 Kidney dysfunction 17.2

10 Non-optimal temperature 8.4

11 Low physycal activity 7.8

12 Alcohol use 3.8

2019
1 High systolic blood pressure 153

2 Dietary risks 79.7

3 High fasting plasma glucose 69.5

4 Air pollution 57.8

5 High LDL cholesterol 51.1

6 High body-mass index 47.1

7 Kidney dysfunction 20.5

8 Smoking 16.9

9 Non-optimal temperature 90.1

10 Low physycal activity 6.9

11 Other environmental risks 6.1

12 Alcohol use 6.1

2019
1 High systolic blood pressure 220.4

2 Dietary risks 124.6

3 Air pollution 114

4 High fasting plasma glucose 74

5 High LDL cholesterol 68.9

6 High body-mass index 51

7 Kidney dysfunction 25.1

8 Smoking 20.9

9 Other environmental risks 18.1

10 Non-optimal temperature 10.1

11 Low physycal activity 7.7

12 Alcohol use 6.4

2019
1 High systolic blood pressure 59.8

2 Dietary risks 34.9

3 High fasting plasma glucose 32.7

4 High LDL cholesterol 30.3

5 High body-mass index 18.9

6 Smoking 14

7 Non-optimal temperature 10.4

8 Kidney dysfunction 9.1

9 Low physycal activity 7.1

10 Alcohol use 5.9

11 Other environmental risks 5

12 Air pollution 4.1

2019
1 High systolic blood pressure 210.4

2 Dietary risks 139.7

3 Air pollution 96.1

4 High fasting plasma glucose 96

5 High LDL cholesterol 63.6

6 Smoking 58.2

7 Kidney dysfunction 35.4

8 High body-mass index 21.7

9 Other environmental risks 15

10 Low physycal activity 8.6

11 Alcohol use 5.2

12 Non-optimal temperature 4.2

2019
1 High systolic blood pressure 224.1

2 Dietary risks 108.4

3 Air pollution 104.2

4 High fasting plasma glucose 57

5 High LDL cholesterol 47.4

6 High body-mass index 46.1

7 Smoking 28.2

8 Other environmental risks 23.4

9 Kidney dysfunction 18.8

10 Non-optimal temperature 9.2

11 Low physycal activity 2.8

12 Alcohol use 1.2

2019
1 High systolic blood pressure 186.1

2 Dietary risks 94.9

3 High fasting plasma glucose 75.6

4 Air pollution 73.1

5 High LDL cholesterol 59.3

6 High body-mass index 48.2

7 Kidney dysfunction 27.3

8 Smoking 14.9

9 Other environmental risks 10

10 Low physycal activity 8.2

11 Alcohol use 7.7

12 Non-optimal temperature 1.2

1990
1 High systolic blood pressure 188.8

2 Dietary risks 108.7

3 Air pollution 107.7

4 High LDL cholesterol 35.4

5 High fasting plasma glucose 32.2

6 Smoking 26.7

7 Other environmental risks 22.5

8 High body-mass index 16.9

9 Kidney dysfunction 13.3

10 Non-optimal temperature 8.8

11 Low physycal activity 2.1

12 Alcohol use -0.9

1990
1 High systolic blood pressure 154.4

2 Air pollution 84

3 Dietary risks 83.4

4 High fasting plasma glucose 43.8

5 High LDL cholesterol 43.3

6 High body-mass index 31.6

7 Kidney dysfunction 17.8

8 Smoking 11.5

9 Other environmental risks 8.4

10 Low physycal activity 5.9

11 Alcohol use 3.7

12 Non-optimal temperature 0.9

2019
1 High systolic blood pressure 168.9

2 Dietary risks 65.7

3 High body-mass index 63.5

4 High fasting plasma glucose 51.8

5 Air pollution 48.4

6 High LDL cholesterol 38.7

7 Kidney dysfunction 15.4

8 Smoking 14.9

9 Other environmental risks 13.7

10 Alcohol use 9.3

11 Low physycal activity 8.8

12 Non-optimal temperature 3.9

1990
1 High systolic blood pressure 186

2 Dietary risks 118.4

3 Smoking 90.6

4 High LDL cholesterol 88.6

5 High fasting plasma glucose 70.4

6 High body-mass index 58.5

7 Air pollution 55.1

8 Low physycal activity 26.1

9 Kidney dysfunction 25.5

10 Other environmental risks 12.7

11 Non-optimal temperature 9.8

12 Alcohol use 5.3

2019
1 High systolic blood pressure 191

2 Dietary risks 83.2

3 High fasting plasma glucose 58.4

4 Air pollution 58.1

5 High LDL cholesterol 44

6 High body-mass index 39.5

7 Smoking 25.6

8 Kidney dysfunction 15.9

9 Alcohol use 14.1

10 Other environmental risks 14

11 Non-optimal temperature 9.2

12 Low physycal activity 7.8

2019
1 High systolic blood pressure 93.4

2 Dietary risks 50.7

3 High LDL cholesterol 43.1

4 High body-mass index 41.8

5 High fasting plasma glucose 35.9

6 Smoking 27.6

7 Low physycal activity 13.7

8 Kidney dysfunction 13.6

9 Air pollution 13.4

10 Other environmental risks 5.6

11 Non-optimal temperature 3.7

12 Alcohol use 3

Angola

Cabo Verde

Guinea-Bissau

Portugal

Timor-Leste

Metabolic riscs

Environmental/occupational risks

Behavorial risks

Brazil

Equatorial Guinea

Mozambique

São Tomé and Príncipe
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and Brazil had a strong downward trend, contrasting with the 
other countries, which showed a pattern of relative stability, 
or increase in the case of Mozambique and East Timor (PSC 
at the lower limits of the SDI).

Figure 5 shows the percent changes in mortality rates 
attributable to selected FR according to SDI in 2019 for each 
PSC. For all RF, an inverse correlation trend between SDI and 
percent change was observed, with statistical significance for 
dietary risks, high LDL cholesterol and high SBP. In the three 
PSC with the highest SDI (Portugal, Equatorial Guinea and 
Brazil) there was a considerable reduction in mortality rates 
attributable to all RF, except for high fasting glucose and high 
BMI, which tended, respectively, towards stability and increase 
only in Equatorial Guinea. For age-standardized SEV rates 
(Figure S4), the observed pattern was different, with a trend 
towards a negative correlation between the percent change 
in SEV rates attributable to smoking and SDI, with a significant 
positive correlation observed only for dietary factors.

Discussion
The PSC share sociocultural characteristics derived from the 

common Portuguese colonization, albeit in different degrees, 
often coexisting with traces of other cultures that participated 
in the colonization process and population composition. There 
are approximately 280 million Portuguese speakers in the world 
(approximately 216 million in Brazil); Portuguese is the fifth 
most spoken language in the world, and the most spoken in 
the southern hemisphere.3 PSC have different socioeconomic 
realities and health system inequality, but similar ethnicities, 
which are known determining factors for CVD.3,6,7 Our analysis 
of cardiovascular RF in PSC reinforces this heterogeneity, 
demonstrating a more significant reduction in CVD attributable 
to RF in countries with more structured health systems, and a 
close relationship between mortality trends and SDI, especially 
for dietary factors, high LDL cholesterol and elevated SBP.    

A cross-sectional retrospective study of outpatients born in 
Portugal, Brazil and Africa, among others, from general practice 
clinics in Lambeth, South London, found that Portuguese speakers 
(the largest non-English language preference group) were more 
likely to have hypertension (OR=1.43, 95% CI 1.30 - 1.57); 
diabetes mellitus (OR=1.74, 95% CI=1.50 - 2.02); stroke 
(OR = 1.40, 95% CI = 1.08-1.81); obesity (OR=1.53, 95% 
CI=1.36-1.73); and smoking (OR=1.13, 95% CI = 1.02 to 1.25) 
compared to other ethnic groups. The authors discussed whether 
these differences could be explained by language barriers, or 
if they would derive from common genetic determinants, in 
addition to – above all – social and cultural factors.19

Our study found that CVD attributable to cardiovascular 
RF accounted for approximately 30% of total deaths in most 
PSC in 2019, although in countries with SDI less than 0.5, this 
percentage was less than 15%, except for Guinea Equatorial (0.69) 
which had the second highest SDI among all PSC. This trend is 
associated with a late epidemiological transition, i.e., countries 
with the worst socioeconomic markers still tend to present 
increased proportions of these diseases and can, therefore, apply 
successful strategies previously applied to other PSC, trying to 
mitigate this trend.3 The percentage attributable to RF was high 
(>75%) in all PSC, and high SBP was the main risk factor for Ti
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Figure 2 – Percentage of total cardiovascular disease deaths attributable to each cardiovascular risk factor, by Portuguese-speaking country in 1990 and 2019.
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Figure 3 – Age-standardized cardiovascular disease mortality rate (/100,000 inhabitants) attributable to cardiovascular risk factors, by Portuguese-speaking 
country, in 1990 and 2019.
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CVDs in the period analyzed. In all PSC, there was a reduction 
in the age-standardized CVD mortality rates attributed to RF 
in the period, especially in countries with higher SDI (Portugal, 
Equatorial Guinea and Brazil). It is noteworthy that Equatorial 
Guinea has the largest per capita gross domestic product in the 
African continent, however, resources are unevenly distributed, 
with little benefit to the general population and coexisting 
proportional mortality from chronic and infectious diseases.6   

Hypertension, diabetes mellitus, hypercholesterolemia, 
obesity, and smoking were the top five modifiable traditional 
cardiovascular RF observed in Africa in 2019.4 At least one of 
these five RF is present in 80% to 95% of individuals who suffer 
a fatal or non-fatal cardiovascular event in the continent.4,20 

The same was observed for Brazil and Portugal,3,21 except for 
smoking, which showed significant reductions in these countries 
during this period, as previously reported in another study,4 as 
a result of public policies and coping campaigns.4 On the other 
hand, an increase in mortality rates from CVDs attributable to 
alcohol consumption was observed in the PSC of Africa and in 
Equatorial Guinea and Guinea Bissau, probably reflecting the 
worldwide trend of increasing alcohol consumption with an 
impact on CVDs.22

It is noteworthy that CVD mortality rates attributable to 
high SBP remained first in the ranking in all PSC between 
1990 and 2019. Again, more expressive reductions were 
observed in Portugal and Brazil,3,21 probably associated with the 

Figure 4 – Cardiovascular disease mortality ate and disability-adjusted life years (DALYs) attributable to grouped cardiovascular risk factors in Portuguese-
speaking countries, between 1990 and 2019.
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Figure 5 - Correlation between the sociodemographic index (SDI) and the percent change in age-standardized cardiovascular disease mortality rates 
attributable to selected risk factors in Portuguese-speaking countries from 1990 to 2019.
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highest SDIs, but also with population policies to reduce salt 
intake, especially in Portugal, where there was a reduction in 
myocardial infarction and stroke attributable to high SBP.21 These 
data show a change in the profile of countries with higher CVD 
mortality rates attributable to high SBP, with a decline in those 
with better socioeconomic indices and earlier epidemiological 
transition, with an inverse trend in those with lower SDIs.

The PSC showed an increase in dietary and metabolic risk 
factors attributable to CVD mortality. The Prospective Urban 
Rural Epidemiology (PURE) study, conducted in 21 countries, 
with 148,858 participants and a mean follow-up of 9.5 years, 

showed that higher intakes of refined grains, which accounted 
for 70% of caloric intake in African countries, were associated 
with higher SBP, and higher risk of all-cause and CVD mortality.23 
In our analysis, dietary risks associated with high fasting plasma 
glucose and high LDL-cholesterol were ranked among the top 
five RF in most PSC in 1990 and 2019, and correlated with PSC 
with lower SDIs. These findings were also observed in a GBD 
substudy that analyzed mortality and disease burden associated 
with CVD worldwide.2

A study that analyzed the burden of CVD in 194 countries 
around the world, between 1990 and 2019, showed a 
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downward trend in the DALYs, YLL and YLD, with higher rates 
of YLD in women compared to men,24 with the same occurring 
in relation to the burden of CVDs attributable to cardiovascular 
RF.4 These data highlight the heterogeneity of PSC in terms of 
mortality and disease burden, in which variations cannot be 
explained by the SDI alone, with a potential contribution of 
multiple factors such as gender, ethnicity and even cultural and 
environmental differences.

The PURE study suggested that a large proportion of 
premature CVD deaths could be avoided by decreasing 
some modifiable RF with global policies such as controlling 
hypertension and smoking and improving health education.25 
The impact of reducing others RF such as dietary risks and 
ambient air pollution may vary according to the socioeconomic 
level of each country, and with the development of internal 
regulations of economic activities (such as the emission of 
pollutants and rapairing of environmental damage).26,27 Thus, 
strategies to address CVD mortality and burden in PSC could 
focus, at this time, on the most prevalent RF, with low-cost and 
high-impact population measures, such as reducing dietary 
intake of salt and calories, reducing tobacco and alcohol 
consumption, and blood pressure control.

Limitations and strengths of the study
Limitations related to the methodology of the GBD study 

have been previously detailed,4,7 and are mainly related 
to the heterogeneity of primary data sources among the 
PSC, completeness of mortality statistics and limitations of 
extrapolating estimates for territories with low data quality – a 
condition observed for some PSC. There has been a progressive 
improvement in the completeness of prevalence and morbidity 
data; however, integrity and quality for some PSC are still 
limited, according to the GBD 2019.4 As an example, there are 
very low rates or non-existent data on mortality in PSC in sub-
Saharan Africa.7,8 It is possible that there was also an inadequacy 
of the GBD study models for different countries in some 
groups of diseases subject to less epidemiological surveillance, 
especially non-notifiable cardiovascular RF. Furthermore, for 
some RF, there are no surveys or specific health surveillance 
programs in several PSC. Specifically regarding RF estimates, the 
GBD 2019 assumes uniform distribution of RR in all countries, 
for the same age and sex.4 which may potentially increase 
uncertainty of the results. Primary studies, where available, 
report prevalence data as a measure of exposure to a risk factor, 
which limits comparability with risk exposure measures (SEV) 
of the GBD. Furthermore, the GBD methodology disregards 
distal RF, which can mediate the prevalence and mortality of 
intermediate RF, affecting their effects as social determinants 
of health.28,29 Another methodological aspect is the limitation 
of modeling for the coexistence of simultaneous RF, which is 
known to result in a risk greater than the sum of individual 
factors (e.g., hypertension, in the presence of diabetes and 
smoking, potentiating ischemic heart disease).2,30 Additionally, 
the adjustment method of RF for standardized definitions 
applied by GBD can be an additional source of bias.4,15 Finally, 
despite similar colonization, the sociocultural, demographic, 
economic and ethnic heterogeneity of the PSC – influencing 
lifestyle habits, health behaviors, awareness and control of RF 
– may not be adequately captured by the analytical models.6    

However, despite these limitations, GBD is a robust, 
comprehensive and validated methodology, from the 
epidemiological point of view, for estimating the burden 
of disease attributable to cardiovascular RF, through the 
production of comparable metrics between PSC – including 
those with scarce or no primary data. In addition, in light 
of the reality of local health systems, our data may help the 
reformulation of health policies.

Conclusions
The set of 12 cardiovascular RFs included in this analysis of 

GBD 2019 account for over 75% of the CVD burden in the 
nine PSC, with a greater impact of these diseases on mortality in 
Portugal, East Timor, Cape Verde and Brazil. High SBP remained 
as the main risk factor for cardiovascular mortality and DALYs 
between 1990 and 2019. There was a significant reduction in 
age-standardized cardiovascular mortality rates attributable to 
RF, especially in the PSC with better socioeconomic indices, 
such as Brazil, Portugal and Equatorial Guinea. Overall, there 
has been an increasing impact of dietary and metabolic RF, in 
parallel with reduced rates of tobacco smoking in most PSC. 
In addition, there was a marked negative correlation between 
the variation in cardiovascular mortality rates attributable to RF 
and SDI. These results show the heterogeneity among the PSC 
in relation to the epidemiology of the RF evaluated, suggesting 
the need for health policies and government actions adapted 
to the reality of each country, and for a collaboration between 
these nations to reduce the impact of CVD.

These data can help countries to identify common 
problems, being an important stimulus for the exchange of 
experiences between scientists and academic communities. 
The PSC must make progress in the engagement and solidarity 
between them,31 especially those with more resources and 
technical capabilities, supporting the training of human 
resources and the development of partnerships.  
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