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Abstract

Objectives

We have examined the impact of changes in modifiable risk factors on CVD mortality in 26

Brazilian states from 2005 to 2017.

Methods

Data were acquired from the Global Burden of Diseases study (GBD) and official sources of

the Brazilian government, totalling 312 state-year observations. Population attributable frac-

tions (PAFs) were calculated to determine the number of deaths attributed to changes in

each risk factor. Fixed-effects multivariable linear regression models were performed,

adjusting for income, income inequality, poverty and access to healthcare.

Results

Between 2005 and 2017, CVD deaths reduced by 21.42%, accompanied by a decrease in

smoking (-33%) and increases in hyperglycaemia (+9.5%), obesity (+31%) and dyslipidae-

mia (+5.2%). Reduction in smoking prevented or postponed almost 20,000 CVD deaths in

this period, while increased hyperglycaemia exposure resulted in more than 6,000 CVD

deaths. The association between hyperglycaemia and CVD mortality was 5 to 10 times

higher than those found for other risk factors, especially in women (11; 95%CI 7 to 14,

deaths per 1-point increase in hyperglycaemia exposure). Importantly, the association

between hyperglycaemia and CVD mortality was independent of socioeconomic status and

access to healthcare, while associations for other risk factors after the same adjustments.

Conclusion

Reduction in smoking was the risk factor that led to the highest number of CVD deaths pre-

vented or postponed, while hyperglycaemia showed the most deleterious association with

CVD mortality. Health policies should aim to directly reduce the prevalence of hyperglycae-

mia to mitigate the population burden of CVD in Brazil in the future.
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Introduction

Cardiovascular diseases (CVD) are the leading cause of death in most low- and middle-income

countries (LMICs), such as Brazil [1], despite a decreasing trend in mortality over recent years

[2]. Among different types of CVD, ischaemic events, such as ischaemic stroke and ischaemic

heart disease have the highest impact on the Brazilian population’s health [1]. The likelihood

of developing CVD or dying from an ischaemic cardiovascular event is dramatically increased

by the presence of common behavioural and metabolic risk factors, such as hyperglycaemia,

obesity, dyslipidaemia, hypertension and smoking [3]. Among these, a recent prospective

study has shown that diabetes and hypertension were the risk factors that led to the highest

number of deaths due to cardiovascular events in low-income countries (LICs) [3]. However,

it is unclear how different risk factors are associated with CVD mortality in LMICs, especially

in countries with a universal healthcare system, given that primary care has been shown to

decrease the population burden of CVD [4].

In addition to metabolic and behavioural risk factors, it has been acknowledged that the

burden of CVD differs between men and women. On one hand, men display a higher mortal-

ity burden of CVD when compared to premenopausal women [5]. This trend is mostly equal-

ized among elderly men and postmenopausal women [5]. In parallel, it was shown that women

are more likely than men to present several concomitant risk factors (e.g. diabetic women

tended to live more with obesity and dyslipidaemia than their male counterparts [6]). Despite

this, women were less likely to be adequately treated for these conditions [6]. Altogether, it has

been recognized that there are sex disparities with regard to the prevalence of risk factors and

CVD mortality, however it remains yet unclear to what extent the trend of common risk fac-

tors is associated with the decrease in CVD mortality in LMICs, such as Brazil. Importantly,

there may be some sort of hierarchy among risk factors in which some are more relevant than

others to explain the trend in CVD at the population level.

Therefore, we have investigated the association between several common behavioural and

metabolic risk factors (hyperglycaemia, obesity, dyslipidaemia, obesity and smoking) and

CVD using state-level information from 2005 to 2017 in Brazil. In addition, we quantified how

much of the decrease in CVD mortality between 2005 and 2017 could be explained by changes

in the state-level prevalences of such risk factors. Overall, our findings may help policymakers

to implement more effective strategies to target these risk factors and therefore reduce the bur-

den of CVD in Brazil.

Methods

Study design and data source

We constructed panel regression models including data from 26 Brazilian states, between 2005

and 2017, totalling 312 state-year observations. Data used in this study were collected from

publicly available datasets: the Global Health Data Exchange (GHDx), which is a comprehen-

sive database on health-related variables; the Institute for Health Metrics and Evaluation

(IHME), which is an independent health research centre at the University of Washington; as

well as official sources from the Brazilian government, namely the Brazilian Ministry of Social

Development, the Brazilian Ministry of Health and the Brazilian Institute of Geography and

Statistics (IBGE). S1 Table presents details on variables and data sources used in this study.

Cardiovascular disease events

The main dependent variables used throughout the study were the mortality or incidence rates

per 100,000 individuals due to CVD, ischaemic heart disease or ischaemic stroke by sex, state
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and year. A sensitivity analysis employed the years of life lost due to premature mortality

(YLL, calculated for each cause-specific death relative to the normative standard life expecta-

tion at the age of death) instead of mortality rates. The full description of the International

Classification of Diseases (ICD) codes contained in each dependent variable is shown in S2

Table. The quality of mortality data from Brazillian states has been attested by a previous

report from the Global Burden of Disease Study 2016 (GBD 2016) that observed that all states

had at least 65% of well-certified death certificates, accounting for an overall rating of 4 stars

out of 5 [1].

Behavioural and metabolic risk factors

Exposure to risk factors was computed as the summary exposure value (SEV), which was cal-

culated as a measure of the population exposed to a certain risk factor that takes into account

the extent of exposure by risk level and the severity of that risk contribution to disease burden.

Risk factors included: high glucose (hyperglycaemia), high body mass index (obesity), high

low-density lipoprotein (dyslipidaemia), high systolic blood pressure (hypertension) and

smoking. The prevalence of type 2 diabetes mellitus was used as a sensitivity analysis to con-

firm the association between SEV of hyperglycaemia and mortality of cardiovascular diseases.

Models that used the prevalence of diabetes were the same as those that used SEV of hypergly-

caemia. The exposure definition and theoretical minimum exposure level for risk factors are

presented in S3 Table [7]. All data regarding disease endpoints (mortality, prevalence, inci-

dence or YLL) and risk factors (SEV) were age-standardized and stratified by sex.

Covariates

Covariates were included in the model to account for socioeconomic status and access to

healthcare, including the Gini index of household income, which is the most widely used met-

ric for income inequality and was shown to be associated with several groups of NCDs in Bra-

zil [8]; gross domestic product (GDP) in R$ (Reais, the Brazilian currency) per capita due to

the known association between income and population health [9]; number of medical doctors

per 1,000 and coverage of primary care [10] to account for access to healthcare; and Bolsa

Famı́lia (BF, a government subsidy to low-income families) value in R$ (Reais) as a surrogate

for poverty [11]. There were no missing data for observations included in the regression mod-

els. A full description of metrics used in the study is provided in S4 Table.

Number of deaths due to changes in risk factors between 2005 to 2017

We quantified how much of the decrease in CVD events between 2005 and 2017 could be

explained by changes in the state-level prevalences of behavioral and metabolic risk factors in

the same period. The sex-specific population attributable fractions (PAF) of CVD events due

to each risk factor (hyperglycaemia, obesity, dyslipidaemia, high systolic blood pressure and

smoking) were obtained from IHME. Previous studies have established an equation to calcu-

late the number of deaths prevented or postponed due to changes in risk factors [12, 13]. To

calculate this, the number of deaths from each group of CVD in the base year of 2005 was mul-

tiplied by the difference in PAF from risk factors between the base year (2005) and final year

(2017). This number was then multiplied by –1 to calculate the number of deaths that occurred

due to changes in risk factors, instead of the number of deaths prevented/postponed. There-

fore, a positive number indicates the number of deaths that occurred due to a given risk factor,

while a negative number depicts deaths that were prevented/postponed.
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Multivariable linear regressions

Data were analysed through multivariable linear regressions with year and state fixed effects,

performed using R software. Models were fitted using health outcomes for CVD (deaths per

100,000, YLLs per 100,000 or incidence per 100,000) as the dependent variable, risk factors

expressed as SEV as the main independent variables and other abovementioned covariates as

potential confounders. To account for heteroskedasticity and autocorrelation, which are com-

mon when dealing with panel data, we have applied clustered standard errors at the state level,

as described previously [14]. Degrees of freedom, which are the values that have the freedom

to vary, were calculated according to Wooldridge [14]. State fixed-effects were employed to

account for unobserved cultural, geographic and historical variables that vary across states but

are fixed over time. Similarly, year fixed-effects were used to account for unobserved factors

that may vary throughout time but are similar in different states. Fixed-effects models are

robust and suitable to analyse aggregated health data [8, 15] and were estimated using Ordi-

nary Least Square (OLS), which is used to estimate unknown parameters in a linear regression

model. The use of fixed-effects reduced the likelihood of multiplicity in the constructed model

and provided a more conservative estimate. The output of the model can be interpreted as

changes in the number of CVD events associated with a 1-point change in the exposure to risk

factors over time.

The fully adjusted model can be written as:

CVDoutcomelt
¼ aþ b1Hyperglycaemialt þ b2Obesitylt þ b3Dyslipidaemialt þ b4Hypertensionlt
þ b5Smokinglt þ bnClt þ Lt þ Tl þ εlt;

where CVDoutcomelt is deaths per 100,000 for different CVD in state l and year t, Hyperglycae-
mialt is the SEV for high glucose in state l and year t, Obesitylt is the SEV for high BMI in state l
and year t, Dyslipidaemialt is the SEV for high LDL-cholesterol in state l and year t, Hyperten-
sionlt is the SEV for high SBP in state l and year t, Smokinglt is the SEV for smoking in state l
and year t and Clt consists of controls lnGDP per capita, Gini Index, logBF, medical doctors

per 1,000 and coverage of primary care for state l and year t. L is a state fixed-effect and T is a

time fixed-effect. The unadjusted model omitted control variables in Clt, while models in

which risk factors were added separately were also used. All variables included in the models

were continuous.

Sensitivity analyses were performed using YLLs per 100,000 instead of deaths per 100,000.

Likewise, the association between hyperglycaemia and CVD outcomes was confirmed using

the prevalence of diabetes instead of the exposure to hyperglycaemia. A lag analysis was also

performed, in which the mortality due to CVD was regressed with 2-year, 5-year, 8-year and

10-year lagged risk factors. Data on deaths, YLLs, prevalence and SEV for risk factors were

age-standardized to correct for population ageing.

Ethics statement

This study did not require approval from an Ethics committee since only data from publicly

available secondary databases were used.

Patient and public involvement statement

It was not appropriate or possible to involve patients or the public in the design, conduct,

reporting, or dissemination plans of our research.
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Results

The age-standardized mortality and incidence of cardiovascular diseases decreased by 21%

and 8%, respectively, between 2005 and 2017 in Brazil (Fig 1). In parallel, there was an increase

in the SEV for hyperglycaemia (+9.5%), obesity (+31%) and dyslipidaemia (+5.2%), while the

SEV for hypertension was stable (+0.001%), and that of smoking decreased by 33% in the same

period. State-level data for CVD mortality and risk factors for men and women are presented

in S5 Table. Moreover, descriptive information on socioeconomic and healthcare access data

is presented in S6 Table.

We calculated the number of deaths that occurred due to changes in the PAF of risk factors

(Table 1). Hyperglycaemia was the risk factor that accounted for the highest number of deaths,

with a predicted 5119 male CVD deaths and 1254 female CVD deaths. The second-most influ-

ential risk factor was obesity, in which the best estimate predicted that there were 2981 male

CVD deaths and 1109 female CVD deaths. In contrast, the drastic reduction in smoking

observed throughout the years (Fig 1) led to 10039 male CVD deaths and 7267 female CVD

deaths prevented or postponed. In summary, hyperglycaemia and obesity were the major

causes of CVD deaths in Brazil, while the reduction in smoking led to the highest number of

deaths prevented or postponed.

Multivariable linear regression analyses adjusted for GDP per capita, income inequality,

poverty, access to healthcare and other risk factors were performed to examine the state-level

association between the exposure to several risk factors and the mortality (Fig 2) or incidence

(S1 Fig) of CVD. After including all risk factors in the model to mimic the complexity of popu-

lation exposure levels and account for the effects of risk factors among themselves, only the

exposure to hyperglycaemia was significantly associated with increases in CVD mortality (Fig

2), whilst there was minimal evidence of autocorrelation between hyperglycaemia and other

risk factors (S2 Fig). Indeed, a 1-point increase in SEV for hyperglycaemia was associated with

11 (95%CI 7 to 14) more deaths due to CVD in women (Fig 2A). The magnitude of this associ-

ation was 5 to 10 times higher than the associations reported for other risk factors. Of note, we

found a negative association between SEV for high BMI and CVD mortality (Fig 2), which

may be an artefact due to a strong (r = 0.92) correlation detected between SEV for high BMI

and GDP per capita (S2 Fig). Despite the associations reported between hyperglycaemia and

CVD mortality, we observed no association with the incidence of CVD (S1 Fig).

Considering the relevance of diabetes and hyperglycaemia to ischaemia-reperfusion injury

[16], CVD were disaggregated into ischaemic diseases. Interestingly, SEV for hyperglycaemia

was associated with mortality due to ischaemic stroke (2; 95%CI 1 to 3, deaths per 1 point

increase in SEV) and ischaemic heart disease (3; 95%CI 2 to 5, deaths per 1 point increase in

SEV) for women, while for men it was associated only with ischaemic heart disease mortality

(5; 95%CI 2 to 8, deaths per 1 point increase in SEV; Fig 2B and 2C). Therefore, there may be

sex-specific mechanisms regulating the interaction between hyperglycaemia and ischaemic

diseases.

Associations observed in Fig 2 were confirmed by several sensitivity analyses. First, YLL

was used instead of mortality rate as another proxy of the burden of CVD on population health

(S3 Fig). Second, stepwise addition of variables reinforced the association between SEV of

hyperglycaemia and CVD was not due to autocorrelation (S7 Table). Third, associations using

the fully adjusted model were consistent with those found using an unadjusted model that did

not include socioeconomic variables and access to healthcare into the model (S4 Fig). Fourth,

models in which risk factors were added separately suggested the associations found between

hyperglycaemia and CVD mortality were stable, while those found for hypertension and dysli-

pidaemia did not remain associated (S5 Fig). Finally, we replaced the predictor variable with
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Fig 1. Mortality and incidence of cardiovascular diseases (CVD) and summary exposure value (SEV) of risk

factors in Brazil between 2005 and 2017. Age-standardized national data for both sexes were obtained from the
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the prevalence of diabetes and the associations followed the same pattern as those observed for

SEV for hyperglycaemia (S8 Table). Altogether, associations reported for hyperglycaemia in

Fig 2 were robust and independent of socioeconomic variables and access to healthcare. Mean-

while, associations reported for other risk factors, e.g. the negative association between BMI

and CVD mortality (Fig 2), were inconsistent in the sensitivity analyses, suggesting they were

due to autocorrelation or due to bias.

Global Health Data Exchange (GHDx). Mortality (A) and incidence (B) for CVD were used as dependent variables,

while SEV for hyperglycaemia (C), obesity (D), dyslipidaemia (E), hypertension (F) and smoking (G) were the main

independent variables used in subsequent analyses. Data were expressed per 100,000 individuals.

https://doi.org/10.1371/journal.pone.0269549.g001

Table 1. Deaths from cardiovascular diseases, ischaemic heart diseases and ischaemic stroke that were attributed to changes in risk factors in Brazilian states, 2005

to 2017.

Risk factors Population attributable fraction (PAF)a Deaths attributed to changes in risk factorb

Best (minimum to maximal) estimates Best (minimum to maximal) estimates

Cardiovascular Diseases Ischaemic Heart Disease Ischaemic Stroke Cardiovascular
Diseases

Ischaemic Heart
Disease

Ischaemic Stroke

2005 2017 2005 2017 2005 2017
SEV high glucose

Men 0.19 (0.13

to 0.27)

0.22 (0.15

to 0.32)

0.24 (0.14

to 0.38)

0.28 (0.16

to 0.46)

0.26 (0.12

to 0.52)

0.29 (0.13

to 0.59)

5119 (3710 to 7222) 3231 (1816 to
5743)

1038 (448 to
2200)

Women 0.17 (0.11

to 0.25)

0.18 (0.12

to 0.27)

0.24 (0.13

to 0.40)

0.26 (0.14

to 0.43)

0.23 (0.10

to 0.50)

0.24 (0.10

to 0.53)

1254 (627 to 2466) 1039 (438 to
1975)

400 (64 to 756)

SEV high BMI

Men 0.22 (0.14

to 0.32)

0.24 (0.15

to 0.33)

0.24 (0.14

to 0.34)

0.27 (0.16

to 0.38)

0.15 (0.08

to 0.23)

0.16 (0.09

to 0.24)

2981 (2849 to 2600) 2111 (1763 to
2451)

356 (303 to 383)

Women 0.24 (0.16

to 0.32)

0.24 (0.17

to 0.32)

0.23 (0.17

to 0.33)

0.25 (0.17

to 0.35)

0.13 (0.08

to 0.20)

0.14 (0.08

to 0.21)

1109 (1532 to 262) 1028 (1189 to
906)

111 (33 to 114)

SEV high LDL

Men 0.26 (0.21

to 0.32)

0.27 (0.22

to 0.32)

0.50 (0.41

to 0.59)

0.49 (0.40

to 0.59)

0.20 (0.09

to 0.40)

0.20 (0.08

to 0.41)

596 (72 to 1308) -325 (-560 to –
189)

-2 (-191 to –159)

Women 0.22 (0.17

to 0.29)

0.23 (0.17

to 0.29)

0.47 (0.37

to 0.58)

0.48 (0.37

to 0.59)

0.21 (0.06

to 0.44)

0.21 (0.06

to 0.46)

583 (347 to 1021) 69 (-196 to 519) 130 (-150 to
453)

SEV high SBP

Men 0.55 (0.50

to 0.60)

0.54 (0.49

to 0.59)

0.56 (0.48

to 0.64)

0.55 (0.47

to 0.64)

0.49 (0.38

to 0.60)

0.48 (0.37

to 0.58)

-1358 (-993 to –
1325)

-582 (-749 to –
446)

-371 (-339 to –
412)

Women 0.54 (0.49

to 0.59)

0.52 (0.46

to 0.59)

0.54 (0.45

to 0.64)

0.52 (0.42

to 0.63)

0.47 (0.36

to 0.59)

0.45 (0.33

to 0.58)

-2976 (-3297 to –

2553)

-1108 (-1859 to –
537)

-576 (-339 to –
308)

SEV smoking

Men 0.24 (0.22

to 0.19)

0.17 (0.22

to 0.19)

0.31 (0.30

to 0.33)

0.23 (0.22

to 0.25)

0.19 (0.17

to 0.20)

0.13 (0.12

to 0.14)

-10039 (-9658 to –
10370)

-6031 (-5774 to –
6281)

-1716 (-1589
to–-1819)

Women 0.17 (0.15

to 0.19)

0.12 (0.11

to 0.19)

0.25 (0.22

to 0.28)

0.18 (0.16

to 0.20)

0.12 (0.10

to 0.14)

0.08 (0.06

to 0.09)

-7267 (-6522 to –

7938)

-3834 (-3453 to –
4221)

-1140 (-1589 to
–1466)

Number of deaths in

baseline year

Men 165,663 75,677 29,490
Women 145,925 57,755 27,828

a Calculated by the Institute for Health Metrics and Evaluation. Data are shown for the best estimates as well as the minimum and maximal values of PAF.
b Calculated as described in Materials and methods.

Numbers in bold indicate the highest number of deaths attributed to that risk factor. SEV: summary exposure value. BMI: body mass index. LDL: low-density

lipoprotein. SBP: systolic blood pressure.

https://doi.org/10.1371/journal.pone.0269549.t001
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Next, we evaluated time-dependent effects of risk factors on CVD mortality (Table 2).

Hyperglycaemia and hypertension were consistently associated with increases in CVD mortal-

ity rates in women. However, the magnitude of the association was 7 times higher for SEV for

hyperglycaemia (7; 95%CI 3 to 11, deaths per 1 point increase in SEV for 10-year lag) than it

was for SEV for hypertension (1; 95%CI 1 to 3 deaths per 1 point increase in SEV for 10-year

lag). In parallel, the association between SEV for hyperglycaemia and CVD mortality in men

were not observed after an 8-year lag. Finally, the lag analysis using the prevalence of diabetes

instead of the SEV for hyperglycaemia (S9 Table) confirmed the data shown in Table 2. Alto-

gether, these data collectively show a constant time-lagged association between the exposure to

hyperglycaemia and CVD mortality, which seem to be more stable for women.

Discussion

This study provides a thorough analysis of the impact of modifiable risk factors on the decreas-

ing trend for CVD mortality in Brazil. Reductions in smoking led to the highest number of

deaths prevented or postponed, while hyperglycaemia was the only risk factor with an impact-

ful and robust association with CVD mortality, particularly for women. The association

between hyperglycaemia and CVD mortality was stable after comprehensive robustness checks

and was independent of socioeconomic variables and access to healthcare. Altogether, data

herein gathered suggest that hyperglycaemia is associated with CVD mortality in the Brazilian

Fig 2. Associations between SEV for risk factors and mortality rates for (A) cardiovascular diseases, (B) ischaemic

stroke, and (C) ischaemic heart disease for men and women in Brazil. Variables included in the model: doctors per

1,000 habitants, hospital beds per 1,000 habitants, coverage of primary care, Bolsa Famı́lia transfer, GDP per capita,

state and year fixed effects and SEV of risk factors. Mortality and SEV were per 100,000 individuals. Estimates and 95%

confidence intervals (CI) are provided in the figure. SBP: systolic blood pressure. LDL: low-density lipoprotein. BMI:

body mass index.

https://doi.org/10.1371/journal.pone.0269549.g002

Table 2. Lag-time analysis between the summary exposure value (SEV) for risk factors and mortality by cardiovascular diseases (CVD) in men and women, Brazil,

2005 to 2017.

Men Women

2-year lag

(Coefficient, 95%

CI)

5-year lag

(Coefficient, 95%

CI)

8-year lag

(Coefficient, 95%

CI)

10-year lag

(Coefficient, 95%

CI)

2-year lag

(Coefficient, 95%

CI)

5-year lag

(Coefficient, 95%

CI)

8-year lag

(Coefficient, 95%

CI)

10-year lag

(Coefficient, 95%

CI)

SEV high

glucose

11 (3 to 18)�� 10 (1 to 11)� 10 (1 to 19)� 10 (-1 to 21) 9 (5 to 12)��� 6 (3 to 10)��� 6 (3 to 10)��� 7 (3 to 11)���

SEV high

BMI

-8 (-14 to -2)�� -9 (-16 to -2)� -9 (-17 to -1)� -8 (-16 to 1) -4 (-7 to -1)�� -4 (-6 to -1)�� -3 (-7 to -1)� -3 (-7 to 1)

SEV high

LDL

-3 (-8 to 1) -6 (-12 to 1) -8 (-15 to -1)� -8 (-17 to 1) -1 (-2 to 1) -1 (-3 to 1) -2 (-4 to -1)�� -3 (-5 to -1)��

SEV high

SBP

-1 (-2 to 2) -1 (-3 to 2) -1 (-3 to 2) -1 (-4 to 3) 1 (1 to 2)� 1 (1 to 2)� 1 (1 to 2)� 1 (1 to 3)��

SEV

Smoking

5 (-1 to 11) 2 (-5 to 9) -1 (-9 to 8) 1 (-10 to 10) 2 (-1 to 6) 1 (-2 to 4) 1 (-2 to 4) 1 (-2 to 5)

Numbers presented in the table are the estimates of risk factors to CVD mortality per 100,000. The full model controlled for Gini Index, GDP per capita, Bolsa Famı́lia

investment, hospital beds, coverage of primary care, risk factors and state and time fixed effects. Numbers in bold depict statistical significance in which the 95%

confidence interval (CI) did not include 0.

� p<0.05

�� p<0.01

��� p<0.001.

SEV: summary exposure value. GDP: gross domestic product. BMI: body mass index. LDL: low-density lipoprotein. SBP: systolic blood pressure.

https://doi.org/10.1371/journal.pone.0269549.t002
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population, that this association is independent of healthcare access and that there are sex-spe-

cific differences. Our results also showed that reductions in smoking could partially explain

the decreasing trend in CVD mortality observed in Brazil between 2005 and 2017. These find-

ings may help policymakers to construct better policies to prevent or postpone CVD mortality.

Overall, the age-standardized CVD mortality has been decreasing in Brazil over the last

decades. This could be due to socioeconomic factors, such as improved GDP per capita, educa-

tional levels and primary healthcare coverage, all of which were shown to be associated with

decreased CVD mortality [3, 4, 17]. Moreover, we calculate that the marked reduction of

smoking in the Brazilian population has prevented or postponed around 17000 deaths in both

sexes combined. Despite the annual reduction in CVD deaths observed thus far, it is likely

that, as Brazil transitions to a high-income society, this trend may slow down or even reverse,

as observed for several high-income countries [18].

In light of the need to find more effective strategies to reduce CVD mortality, we have

explored the associations of the population exposure to common metabolic and behavioural

risk factors with CVD events. After comprehensive robustness checks it was evident that

hyperglycaemia was the risk factor with the most robust and stable association with CVD mor-

tality. In parallel, hypertension, but not hyperglycaemia, was associated with the incidence of

CVD. This is in agreement with a recent cohort study that showed that the magnitude of the

association of diabetes and hypertension with CVD mortality was greater than that found for

other metabolic risk factors in LICs [3]. However, we have not found stable associations

between hypertension and CVD mortality in the Brazilian population. It is possible that, due

to a universal healthcare system and a significant increase in primary healthcare coverage,

hypertension has had a lower effect on CVD mortality compared to LMICs without a universal

healthcare system. Indeed, effective universal healthcare can significantly reduce deaths due to

CVD [19], while a global study showed that Brazil has a high proportion of control rate for

hypertension when compared to other Latin American countries and LMICs [20]. Effective

hypertension control has been shown to drastically reduce the risk of developing cardiovascu-

lar events [21]. In contrast, it is still unclear if the management of diabetes with glucose-lower-

ing drugs can reduce CVD deaths, as exemplified by studies of widely-used metformin [22]

and the new drug dapagliflozin [23].

We have found some sex disparities in how hyperglycaemia is associated with CVD mortal-

ity. For instance, hyperglycaemia and diabetes were consistently associated with ischaemic

stroke mortality in women but not in men. This is consistent with previous studies showing

that diabetes/hyperglycaemia is a stronger risk factor for stroke in women than it is in men

[24, 25]. These sex-specific differences may be due to social, psychological or biological phe-

nomena, although underlying social determinants of sex disparities are largely understudied

[26]. Biologically it has been shown that women tend to have higher rates of obesity, hyperten-

sion and dyslipidemia and are less likely to receive adequate treatment for these conditions [6].

Altogether, our data agree with previous observations that hyperglycaemia/diabetes is more

strongly associated with CVD mortality in women than it is in men (this topic has been sum-

marized by an American Heart Association statement [26]) while we found no association

with the incidence of CVD.

Our study has some implications for health policy. First, data suggest that health policies

should aim to directly reduce the prevalence of and exposure to hyperglycaemia in Brazil. Sec-

ond, the cushion provided by universal healthcare and improvements in primary care may not

suffice to mitigate the deleterious effects of hyperglycaemia on CVD mortality. These assump-

tions are corroborated by the high-magnitude association between hyperglycaemia and CVD

mortality, which was stable even after adjusting for access to healthcare. Therefore, the increase

in the prevalence of diabetes might eventually be followed by increases in CVD mortality if
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different strategies are not implemented. These findings raise the need for an urgent debate on

more effective policies to decrease hyperglycaemia and diabetes, such as: improvements in

school nutrition, price policies to reduce the consumption of sugar-sweetened beverages and

ultraprocessed food and curbing marketing and availability of these products (all of which

were reviewed recently in [27, 28]). However, the debate on the need for such policies and the

evidence of their impact is still insipient, especially in developing countries such as Brazil.

We acknowledge several limitations in our study. We have used estimates of risk factor

exposure, which are based on observational studies by independent researchers and national

surveys conducted by governmental entities. It is therefore possible that the exposure to risk

factors included individuals with a pre-existing cardiovascular condition, which could poten-

tially influence our findings. Despite the measurement error of exposures and outcomes that

needs to be accounted for, data collected from IHME and the GBD study are the largest data-

base of their kind and were consistent with a large prospective study linking modifiable risk

factors and CVD mortality in 21 countries [3]. Mortality measurements might have been

under-represented in Brazil, especially in poorer states [1]. However, the data used were still

considered of high quality [1]. Data from IHME were smoothed by IHME [1], which could

potentially mask subtle changes over time. To overcome such limitations, fixed effects for state

and time were used to reduce the likelihood of unobserved changes in mortality reporting

being associated with changes in income inequality [29]. Data were aggregated to states, there-

fore further studies are needed to test associations observed in this study at the individual

level. Moreover, we are unable to make causal interpretations of models fitted, despite the use

of fixed effects and relevant control variables.

Our results are supportive of a strong and stable association between hyperglycaemia and

CVD mortality in Brazil, which seems to be more robust in women than in men. The associa-

tion between hyperglycaemia and CVD mortality may last for up to 10 years and may be inde-

pendent of access to healthcare. Indeed, changes in the population exposure to hyperglycaemia

led to the highest number of deaths between 2005 and 2017 in both men and women, while

the reduction in smoking led to the highest number of deaths prevented or postponed. Sex dis-

parities reiterate that diabetes and hyperglycaemia are stronger risk factors for CVD in women

than in men. Altogether, our findings provide evidence that strategies to reduce smoking were

key to the reduction of CVD mortality observed in Brazil over the past decades, while there is

an urgent need for policies that aim to decrease hyperglycaemia in the Brazilian population in

order to mitigate the burden of CVD mortality.
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