Cureus

Part of SPRINGER NATURE Open Access Original Article

Acute Myocardial Infarction Mortality in Young
Adults in Brazil: Divergent Trends by Age, Sex,
Review began 09/24/2026 and Region’ 2000_2025

Published 10/14/2026 Athos Luiz F. Maia !, Pedro Henrique C. de Oliveira 2, Vittor Z. Nascimento , Leticia Ribeiro S. Martins %,

Humberto G. Moreira °
© Copyright 2026

Maia et al. This is an open access article
distributed under the terms of the Creative 1. School of Medicine, Faculdade de Medicina de Barbacena, Barbacena, BRA 2. School of Medicine, Centro
Commons Attribution License CC-BY 4.0., Universitario Univértix, Matipd, BRA 3. School of Medicine, Faculdade Zarns — Itumbiara, Itumbiara, BRA 4. School of

which permits unrestricted use, distribution, Medicine, Faculdade Atenas de Passos, Passos, BRA 5. School of Medicine, Federal University of Goias, Goiania, BRA
and reproduction in any medium, provided

the original author and source are credited.
Corresponding author: Humberto G. Moreira, humbertograner@ufg.br
DOI: 10.7759/cureus.117907

Abstract
Background

Acute myocardial infarction (AMI) mortality has declined in Brazil, but the national figure is driven by older
adults. Whether young adults have shared in that decline has not been examined.

Methods

We analyzed all deaths with AMI as the underlying cause (International Statistical Classification of Diseases
and Related Health Problems, Tenth Revision (ICD-10) 121-123) among individuals aged 20-39 years in the
Brazilian Mortality Information System from 2000 to 2025. Rates were directly standardized by age and sex
to the resident population enumerated in the 2022 Brazilian Demographic Census. Trends were estimated
using segmented weighted log-linear (joinpoint) regression of the standardized rate, with 0-2 joinpoints
selected using the Bayesian information criterion, stratified by sex, macroregion, and five-year age band.
Reporting follows the REporting of studies Conducted using Observational Routinely-collected health Data
(RECORD) statement.

Results

There were 59,486 deaths. The standardized rate was 4.00 per 100,000 in 2000 and 3.76 in 2025, with no net
change (average annual percent change (AAPC), -0.23%; 95% CI, -0.50 to +0.04). Joinpoints occurred in 2005
and 2009: the rate declined through 2005 (annual percent change (APC), -2.64%; 95% CI, -4.33 to -0.92), rose
through 2009 (+1.96%; 95% CI, +0.33 to +3.62), and then remained stable (-0.01%; 95% CI, -0.37 to +0.34).
This stable national trend reflected opposing movements. Mortality rose among individuals aged 20-24
years (+3.21%; 95% CI, +2.41 to +4.01) and 25-29 years (+1.73%; 95% CI, +1.39 to +2.08) but fell among those
aged 35-39 years (-0.73%; 95% CI, -0.99 to -0.46), narrowing the rate ratio for individuals aged 35-39 vs. 20-
24 years from 13.1 to 6.3. Rates fell in women (-0.57%; 95% CI, -0.86 to -0.28) but not in men, widening the
male-to-female ratio from 2.4 to 3.1. Regional trends ranged from -2.62% per year in the South to +1.88% in
the North, reversing the regional rank order. Neither the choice of standard population nor inference robust
to serial correlation altered any principal finding. Redistribution of ill-defined and nonspecific cause-of-
death codes preserved the national, age, and regional patterns but eliminated the rise in the Northeast and
the statistical significance of the small positive slope in men.

Conclusions

AMI mortality among young adults in Brazil stopped declining in the late 2000s. The stable national rate
conceals a rising burden among adults younger than 30 years and an inverted regional gradient, neither of
which is apparent in all-age surveillance. The widening sex gap points in the same direction but does not
persist after correction for cause-of-death misclassification.

Categories: Cardiology, Public Health, Epidemiology/Public Health
Keywords: age-standardized mortality, brazil, cardiovascular epidemiology, datasus, ecological studies, health
inequalities, joinpoint regression, mortality trends, myocardial infarction, young adults

Introduction

Acute myocardial infarction (AMI) is the leading single cause of death in Brazil, and national mortality from
AMI has fallen over the past three decades [1-3]. That figure is used to assess Brazilian cardiovascular policy.
It is also, arithmetically, a statement about older adults, who account for almost all infarctions. Whether the
decline extends to young adults is a different question, and it carries different weight: a death at age 25
years represents approximately five decades of life lost, and a rising rate at that age signals an exposure that
will affect the older population two or three decades from now.

Elsewhere, the findings have been concerning. Ford and Capewell found that coronary mortality among
Americans aged 35-54 years had leveled off between 1980 and 2002, concealed within a falling age-adjusted
total [4]. The same pattern appeared in England and Wales [5], and Wilmot et al. later described outright
stagnation among Americans younger than 55 years, most pronounced in women [6]. European results have
been mixed, with little evidence of plateaus concentrated in younger age groups across the European Union
as a whole [7] and continued declines in the French MONICA registers [8]. Hospital surveillance shows AMI
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incidence rising in young women while falling in young men [9]. United States death-certificate series report
reversals after 2018 [10-12], Australian linked data show attenuating declines among adults younger than 55
years [13], and the Global Burden of Disease program documents a substantial and unequally distributed
burden at ages 25-49 years [14].

Brazil has not been examined at this level of detail. National analyses either cover all ages, in which the
signal among young adults is numerically overshadowed [1,3], or treat age as one dimension of an age-
period-cohort decomposition without isolating young adults by region [2]. Ferreira et al. showed that
Brazilian trends diverge sharply by region and sex after redistribution of garbage codes, with mortality rising
among men outside the capitals of the North and Northeast [1]. This finding suggests that a single national
trend poorly describes the country. We are not aware of a Brazilian series restricted to ages 20-39 years,
standardized within that age range, and compared across the five macroregions. This question is important
because Brazil’s risk-factor trajectory differs from those of the settings in which concealed leveling was first
described: tobacco use has declined while obesity and diabetes have increased, and access to reperfusion is
slow and uneven [15].

We therefore estimated national and macroregional trends in age-standardized AMI mortality among
Brazilian adults aged 20-39 years and identified their inflection points, stratified by sex and five-year age
band. We prespecified the hypothesis that the trend in this age group would be less favorable than the
decline documented at older ages.

Materials And Methods
Design and data sources

This was a nationwide ecological time-series study using routinely collected health data and reported
according to the REporting of studies Conducted using Observational Routinely-collected health Data
(RECORD) statement [16].

Deaths were obtained from the Mortality Information System (Sistema de Informacdes sobre Mortalidade,
SIM) of the Brazilian Ministry of Health [17], which compiles every death certificate issued in the country
and codes the underlying cause of death using the International Statistical Classification of Diseases and
Related Health Problems, Tenth Revision (ICD-10) [ 18], which has been in continuous use in Brazil since
1996. We extracted deaths occurring between January 1, 2000, and December 31, 2025. Annual
denominators came from the 2024 revision of the population projections of the Brazilian Institute of
Geography and Statistics (IBGE), calibrated to the 2022 Census [19]. The standard population used for direct
standardization came from a separate source, the enumerated 2022 Demographic Census [20], and is
described below.

Population and case definition

We included every death of a Brazilian resident aged 20-39 years for which the underlying cause was coded
as 121, 122, or 123. The three codes were analyzed together because they describe contiguous events within
one index illness; using 121 alone would exclude recurrent infarction and mechanical complications. Deaths
were assigned to a macroregion according to the decedent’s state of residence. The unit of analysis was the
region-sex-age-band-year stratum.

The study period began in 2000, the first year for which IBGE publishes population data by age, sex, and
macroregion using the current revision, and ended in 2025. Data for 2025 reflect the provisional closure of
SIM and are flagged throughout.

Outcomes and standardization

The primary outcome was the age-standardized AMI mortality rate per 100,000 among adults aged 20-39
years, nationally and by macroregion. Secondary outcomes were the same rate by sex and age-specific rates
in each five-year age band.

Rates were standardized using the direct method, jointly by age and sex, to the resident population
enumerated in the 2022 Brazilian Demographic Census (203,080,756 persons; 62,582,094 aged 20-39 years)
[20]. The standard is external to the mortality series and, deliberately, to the intercensal projections that
supply the annual denominators: it is a count rather than an estimate, is fixed, and is published
independently of this study. The same national standard was applied to every stratum, making all
standardized rates reported here mutually comparable.

Standardization is important because the internal composition of this age group shifted: the proportion aged
20-24 years fell from 29.0% to 24.2%, while the proportion aged 35-39 years rose from 22.0% to 25.4%.
Because mortality rises roughly 13-fold across this age band, crude rates would confound secular change
with population aging. The correction is therefore substantial and directional, increasing the rate by 9.6% in
2000 and by 0.0% in 2022 and exceeding 3% in 15 of the 26 years. Combined-sex rates used the joint weights
w(a,s) = N(a,s)/N across the eight age-by-sex cells (Appendix A); sex-specific rates used within-sex weights
w(als) = N(a,s)/N(s) (Appendix B). This approach ensures that the identity ASR (total) = p (male) x ASR (male)
+p (female) x ASR (female) holds exactly. This was verified in every year and region to within 9 x 10716 per
100,000. Standardizing by age alone and applying combined-sex weights to each sex produced discrepancies
of up to 0.8%. CIs were calculated using the delta method.

Because the choice of standard fixes the level of a standardized rate, we repeated the entire analysis using
the same code path with two alternative standards drawn from within the series: the population in the first
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year (2000) and the pooled person-years from 2000 to 2025. Only the weight vector was changed (Appendix
o).

Statistical analysis

Trends were modeled using segmented weighted log-linear (joinpoint) regression of the standardized rate
on calendar year, with observations weighted by the inverse variance of the log rate [21]. Models with zero,
one, and two joinpoints were fitted, with a minimum of five observations per segment. The best-fitting
model was selected using the Bayesian information criterion. The annual percent change (APC) within a
segment was calculated as (exp(B) - 1) x 100, and the average APC (AAPC) across 2000-2025 was calculated
as the length-weighted geometric average of the segment slopes. A single-segment model is also reported
for each stratum as a concise summary.

Six supporting analyses were prespecified. The choice of standard population was varied as described above.
Pandemic-period rates were compared with values projected from the 2000-2019 trend. The primary model
was refitted after excluding 2020 and 2021 and, separately, after excluding the provisional final year.
Joinpoint stability was assessed using a parametric bootstrap, with 2,000 replicate series generated from the
observed rates and their standard errors and refitted using the full selection procedure. A quantitative bias
analysis calculated, for each principal finding, the change in AMI certification completeness between 2000
and 2025 that would be required for the trend to be entirely artifactual.

Finally, the entire analysis was repeated using a series corrected for cause-of-death misclassification. Deaths
coded to ill-defined causes (R00-R99) and to the nonspecific cardiovascular codes 146, 150, [51, and 199 were
extracted for the same strata and redistributed proportionally across all specific causes within each region-
sex-age-band-year cell, following the approach of the Global Burden of Disease program [22]. Corrected AMI
deaths were calculated as observed deaths multiplied by the ratio of all-cause deaths to specifically coded
deaths in that cell. Redistributing the nonspecific cardiovascular codes across all causes rather than within
circulatory diseases alone makes this correction conservative for that group. Proportional redistribution
assumes that ill-defined deaths share the cause distribution of specifically coded deaths in the same cell.
This assumption was applied within cells defined jointly by macroregion, sex, five-year age band, and
calendar year, the finest stratification permitted by the published data. This stratification accounts for the
geographic, demographic, and secular gradients along which certification quality is known to vary; the
assumption is not made to hold nationally or across years. The redistributed counts were treated as observed
when calculating intervals, so the intervals for the corrected estimates do not account for uncertainty from
the redistribution itself and are narrower than fully propagated intervals would be. The tipping-point
analysis described above addresses the same question from the opposite direction by estimating how large a
differential change in certification would have to be for each finding to disappear.

Because inverse-variance weighting addresses heteroscedasticity but not temporal dependence, serial
correlation was assessed in every stratum. First-order autocorrelation of the weighted residuals was tested
using the Durbin-Watson statistic and a Lagrange multiplier test, in both the single-segment summary and
the selected joinpoint model. The entire analysis was then repeated using heteroscedasticity- and
autocorrelation-consistent (Newey-West) standard errors with a lag of 2.

Each slope was tested against the null hypothesis of no change using a two-sided Student’s t test on the
regression coefficient, t = B/SE(B), with degrees of freedom equal to the number of years minus the number
of estimated parameters: 24 for a single-segment model, 23 for a model with one joinpoint, and 22 for a
model with two joinpoints. The t-statistic and its degrees of freedom are reported alongside every p-value in
the tables. Analyses were performed using Python 3 (NumPy, SciPy, and pandas), with regression routines
developed for this study and cross-validated against independent ordinary least-squares estimates. A two-
sided p-value of less than 0.05 was considered statistically significant. We did not adjust for multiple
comparisons because the stratified analyses were prespecified and descriptive and were interpreted based on
effect sizes and interval widths.

Missing data and ethics

Age was unrecorded for 2,141 of 2,121,523 AMI deaths across all ages (0.10%), and these deaths could not be
assigned to the study age band. Sex was unrecorded for 6 of the 59,486 deaths in the study age range (0.01%).
Because standardization was performed jointly by age and sex, these deaths could not be assigned to a cell
and were excluded from every standardized rate, which was therefore based on 59,480 deaths (99.99%). No
imputation was performed.

The study used publicly available, anonymized aggregate data with no individual identifiers. Under Brazilian
National Health Council Resolutions 466/2012 and 510/2016, research using such databases does not require
review by a Research Ethics Committee.

Results

Deaths and distribution

Between 2000 and 2025, there were 59,486 AMI deaths among Brazilians aged 20-39 years. Men accounted
for 43,050 deaths (72.4%) and women for 16,430 (27.6%); sex was unrecorded for 6 deaths (0.01%). Table !
presents the distribution by macroregion, which ranged from 27,247 deaths (45.8%) in the Southeast to 4,201
(7.1%) in the North and 4,231 (7.1%) in the Central-West.
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Macroregion Deaths, n (%) Male, n (%) Female, n (%)
Brazil 59,486 (100.0%) 43,050 (72.4%) 16,430 (27.6%)
North 4,201 (7.1%) 3,037 (72.3%) 1,164 (27.7%)
Northeast 17,129 (28.8%) 12,226 (71.4%) 4,902 (28.6%)
Southeast 27,247 (45.8%) 19,924 (73.1%) 7,319 (26.9%)
South 6,678 (11.2%) 4,765 (71.4%) 1,913 (28.6%)
Central-West 4,231 (7.1%) 3,098 (73.2%) 1,132 (26.8%)

TABLE 1: Deaths from AMI among adults aged 20-39 years, by macroregion and sex, Brazil, 2000-
2025.

Sex was unrecorded for 6 of the 59,486 deaths (0.01%). Because standardization is performed jointly by age and sex, these deaths are excluded from
every standardized rate, which is therefore based on 59,480 deaths. Male and female percentages are calculated using the total number of deaths in the
corresponding row as the denominator.

Source: Deaths from the Mortality Information System (SIM), Brazilian Ministry of Health [17]

AMI, acute myocardial infarction

National trend

The standardized rate was 4.00 per 100,000 in 2000 and 3.76 in 2025 (Appendix D, Figure ). Across the study
period, there was no net change, whether summarized using a single-segment APC (+0.05%, 95% CI, -0.19 to
+0.28; t = 0.42, df = 24, p = 0.680) or an AAPC (-0.23%, 95% CI, -0.50 to +0.04; t = -1.78, df = 22, p = 0.088)
(Tables 2, 3).

59

2000-2005
APC -2.64%lyear

1
2005-2009 20 025
APC +1.96%l/year APC -0.01%l/year
1
1
1
1
1
1
U

Age-standardized mortality rate
(per 100,000 population)

COVID-19 pandemic

2000 2005 2010 2015 2020 2025
Year of death

FIGURE 1: Age-standardized mortality rate from AMI among adults aged
20-39 years, Brazil, 2000-2025.

Data represent the standardized rate per 100,000 population (solid line) with its 95% CI (shaded band),
standardized using the direct method, jointly by age and sex, to the population enumerated in the 2022 Brazilian
Demographic Census. Dashed vertical lines mark the two joinpoints, at 2005 and 2009, identified by segmented
weighted log-linear regression, with the number of joinpoints selected using the Bayesian information criterion.
The boxed value above each segment represents its APC. Full estimates, including Cls, t-statistics, and p-values,
are provided in Table 3. Gray shading marks the COVID-19 pandemic period (2020-2022); 2025 data are
preliminary.

Sources: SIM/DATASUS [17] and IBGE [19,20]

AMI, acute myocardial infarction; APC, annual percent change
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Macroregion

Brazil

North

Northeast

Southeast

South

Central-West

Sex

Both sexes

Male

Female

Both sexes

Male

Female

Both sexes

Male

Female

Both sexes

Male

Female

Both sexes

Male

Female

Both sexes

Male

Female

Deaths, n (%)
59,480 (100.0%)
43,050 (72.4%)
16,430 (27.6%)
4,201 (7.1%)
3,037 (5.1%)
1,164 (2.0%)
17,128 (28.8%)
12,226 (20.6%)
4,902 (8.2%)
27,243 (45.8%)
19,924 (33.5%)
7,319 (12.3%)
6,678 (11.2%)
4,765 (8.0%)
1,913 (3.2%)
4,230 (7.1%)
3,098 (5.2%)

1,132 (1.9%)

Rate 2000

4

5.68

2.38

1.96

2.39

1.55

3.33

4.53

4.61

6.73

2.55

4.53

6.44

2.69

3.38

4.71

21

Rate 2025

3.76

5.75

1.83

3.32

5.22

1.48

3.84

5.64

2.86

4.37

14

APC, %lyear
0.05
0.29

-0.57

1.73
0.31
0.43
0.75
-0.34
0.26
0.48
-0.30
-2.28
-2.19
-2.49
-0.03
0.22

-0.68

95% CI

-0.19to +0.28

+0.06 to +0.52

-0.86 to -0.28

+0.67 to +1.97

+0.99 to +2.47

-0.57 to +1.20

-0.17 to +1.04

+0.06 to +1.44

-0.87 to +0.20

-0.20 to +0.73

-0.01 to +0.96

-0.81to +0.21

-2.72t0-1.85

-2.68 to -1.70

-3.28 to -1.69

-0.56 to +0.50

-0.37 to +0.80

-1.66 to +0.32

0.42

2.58

-4.00

4.24

4.83

0.73

1.49

2.26

-1.30

1.17

2.02

-1.20

-10.69

-9.19

-6.37

-0.11

0.76

-1.41

p-value
0.68
0.016
<0.001
<0.001
<0.001
0.473
0.149
0.033
0.206
0.252
0.054
0.241
<0.001
<0.001
<0.001
0.914
0.453

0.171

TABLE 2: Overall change in age- and sex-standardized AMI mortality among adults aged 20-39
years, by macroregion and sex, Brazil, 2000-2025.

Each slope was tested against the null hypothesis of no change using a two-sided Student’s t test on the regression coefficient (t = B/SE(B)). A two-sided
p-value of less than 0.05 was considered statistically significant. All estimates have 24 degrees of freedom. Data for 2025 are preliminary (provisional SIM

closure).

Sources: Deaths, Mortality Information System (SIM), Brazilian Ministry of Health [17]; annual population denominators, IBGE population projections, 2024
revision [19]; standard population, 2022 Brazilian Demographic Census [20]

AMI, acute myocardial infarction; APC, annual percent change
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Macroregion Sex

Both
sexes

Brazil Male

Female

Both
sexes

North Male

Female

Both
sexes

Northeast Male

Female

Both
sexes

Southeast Male

Female

Both
sexes

South Male

Female

Both
sexes

Central-West Male

Female

TABLE 3: Segmented (joinpoint) analysis of age- and sex-standardized AMI mortality among

Segment-specific APC, %l/year (95% CI)

2000-2005:
2009-2025:

2000-2005:
2009-2025:

2000-2004:
2008-2025:

2000-2009:

2000-2009:

2000-2021:

2000-2010:

2000-2011:

2000-2010:
2021-2025

2000-2005:
2018-2025:

2000-2005:
2018-2025:

2000-2005:

2000-2005:

2000-2005:

2000-2025:

2000-2017:
2021-2025:

2000-2025:

2000-2017:
2021-2025:

-2.64 (-4.33 to -0.92); 2005-2009: +1.96 (+0.33 to +3.62);
-0.01 (-0.37 to +0.34)

-2.20 (-3.93 to -0.43); 2005-2009: +2.16 (+0.50 to +3.85);
+0.21 (-0.15 to +0.57)

-4.79 (-7.42 to -2.10); 2004-2008: +1.41 (-0.65 to +3.51);
-0.55 (-0.97 to -0.14)

+4.90 (+2.98 to +6.86); 2009-2025: +0.21 (-0.54 to +0.97)

+6.47 (+4.40 to +8.58); 2009-2025: +0.35 (-0.42 to +1.12)

+0.90 (-0.11 to +1.93); 2021-2025: -5.87 (-11.68 to +0.33)

+4.05 (+3.13 to +4.98); 2010-2025: -1.23 (-1.72 to -0.74)

+4.38 (+3.44 to +5.32); 2011-2025: -1.33 (-1.92 to -0.74)

+2.46 (+1.32 to +3.61); 2010-2021: -2.14 (-3.01 to -1.27);

- +1.36 (-1.88 to +4.71)

-4.85 (-6.71 to -2.96); 2005-2018: +0.59 (-0.01 to +1.20);
+2.11 (+0.87 to +3.37)

-4.43 (-6.46 to -2.36); 2005-2018: +0.61 (-0.04 to +1.27);
+2.74 (+1.40 to +4.09)

-5.86 (-8.06 to -3.60); 2005-2025: +0.50 (+0.01 to +0.98)

-6.65 (-8.43 to -4.83); 2005-2025: -1.59 (-2.02 to -1.16)

-6.70 (-8.86 to -4.50); 2005-2025: -1.48 (-1.99 to -0.97)

-2.49 (-3.28 to -1.69)

-0.61 (-1.42 to +0.21); 2017-2021: +4.43 (+0.84 to +8.14);
-4.62 (-9.17 to +0.15)

+0.22 (-0.37 to +0.80)

-2.16 (-3.55 to -0.75); 2017-2021: +9.90 (+3.30 to +16.93);
-9.77 (1751 to -1.31)

adults aged 20-39 years, by macroregion and sex, Brazil, 2000-2025.

AAPC
(%lyear)

-0.23

0.03

-0.93

1.88

2.51

-0.21

0.85

0.24

-0.10

0.17

-0.81

-2.62

-2.55

-2.49

-0.48

0.22

-1.61

95% CI

-0.50 to
+0.04

-0.25to
+0.31

-1.28 to -
0.59

+1.29 to
+2.46

+1.88 to
+3.13

-1.18to
+0.77

+0.53 to
+1.16

+0.79 to
+1.49

-0.28 to
+0.76

-0.49to
+0.29

-0.25to
+0.59

-1.22t0 -
0.40

-2.96 to -
2.28

-2.96 to -
2.14

-3.28 to -
1.69

-1.13to
+0.18

-0.37 to
+0.80

-2.77 to -
0.43

t

-1.78

0.22

-5.63

8.41

-0.45

5.6

-0.54

-4.04

15.76

12.67

-6.37

-1.52

-2.82

p-

value

0.088

0.825

<0.001

<0.001

<0.001

0.655

<0.001

<0.001

0.358

0.592

0.413

<0.001

<0.001

<0.001

<0.001

0.144

0.453

0.01

Each slope was tested against the null hypothesis of no change using a two-sided Student’s t test on the regression coefficient (t = B/SE(B)). A two-sided
p-value of less than 0.05 was considered statistically significant. Models with two joinpoints have 22 degrees of freedom, models with one joinpoint have
23 degrees of freedom, and models with no joinpoints have 24 degrees of freedom. A single segment spanning 2000-2025 indicates that no joinpoint

improved the fit. Data for 2025 are preliminary (provisional SIM closure).

Sources: Deaths, Mortality Information System (SIM), Brazilian Ministry of Health [17]; annual population denominators, IBGE population projections, 2024

revision [19]; standard population, 2022 Brazilian Demographic Census [20]

AAPC, average annual percent change across 2000-2025; AMI, acute myocardial infarction; APC, annual percent change within a segment

The best-fitting model identified two inflection points, in 2005 and 2009. Mortality fell between 2000 and
2005 (APC -2.64%, 95% CI, -4.33 to -0.92; t = -3.18, p = 0.004), rose between 2005 and 2009 (+1.96%, 95% Cl,
+0.33 to +3.62; t = 2.50, p = 0.020), and then remained stable (-0.01%, 95% CI, -0.37 to +0.34; t = -0.07,p =
0.946; df = 22 throughout). The CI for the final segment excludes annual changes exceeding approximately
0.4% in either direction, suggesting that the absence of a trend is estimated with reasonable precision rather

than simply reflecting low statistical power.
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Age band

20-24 years
25-29 years
30-34 years

35-39 years

Deaths, n
4,338
8,056
15,963

31,129

The rate level, but not the trend pattern, depended on the standard chosen (Appendix C). Standardization to
the 2000 population yielded rates of 3.65 and 3.50 in 2000 and 2025, respectively, while standardization to
the pooled person-years of the study period yielded rates of 3.80 and 3.61. All three specifications placed the
joinpoints in 2005 and 2009 and yielded negative, nonsignificant average annual changes (-0.23%, -0.12%,
and -0.16%).

Age

The flat national trend reflected movements in opposite directions across age groups (Table 4, Figure 2).
Mortality rose steeply in the youngest age band, from 0.70 to 1.17 per 100,000 among adults aged 20-24
years (4,338 deaths (7.3%); APC +3.21%, 95% CI, +2.41 to +4.01; t = 8.41, p < 0.001), and also rose among
those aged 25-29 years, from 1.70 to 2.39 (8,056 deaths (13.5%); APC +1.73%, 95% CI, +1.39 to +2.08; t =
10.37, p < 0.001). Mortality did not change significantly among adults aged 30-34 years (15,963 deaths
(26.8%); APC +0.26%, 95% CI, -0.07 to +0.59; t = 1.60, p = 0.123) and declined among those aged 35-39 years,
from 9.20 to 7.39 (31,129 deaths (52.3%); APC -0.73%, 95% CI, -0.99 to -0.46; t = -5.62, p < 0.001; df = 24
throughout). The age gradient is monotonic, with the direction of the trend reversing within a 15-year age
span.

Rate 2000 Rate 2025 APC (%l/year) 95% CI P Joinpoints AAPC (95% Cl)

0.7 117 3.21 +2.41t0 +4.01 <0.001 2010; 2015 +2.43 (+1.85to +3.01)
1.7 2.39 1.73 +1.39t0 +2.08 <0.001 2010;2014  +1.43 (+1.07 to +1.80)
4.2 4.03 0.26 -0.07to +0.59  0.123 - +0.26 (-0.07 to +0.59)
9.2 7.39 -0.73 -0.99 to -0.46 <0.001 2005;2009 -1.02(-1.32t0-0.72)

TABLE 4: Age-specific AMI mortality within the 20-to-39-year age group, by five-year age band,
Brazil, 2000-2025.
Each slope was tested against the null hypothesis of no change using a two-sided Student's t test on the regression coefficient (t = B/SE(B)). A two-sided

p-value of less than 0.05 was considered statistically significant. The ratio of the mortality rate at ages 35-39 years to that at ages 20-24 years fell from
13.1in 2000 to 6.3 in 2025.

Sources: Deaths, Mortality Information System (SIM), Brazilian Ministry of Health [17]; annual population denominators, IBGE population projections, 2024
revision [19]; standard population, 2022 Brazilian Demographic Census [20]

AAPC, average annual percent change from the selected joinpoint model; AMI, acute myocardial infarction; APC, annual percent change from a single-
segment model (df = 24)
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FIGURE 2: Age-specific mortality rate from AMI by five-year age band
within the 20-39-year group, Brazil, 2000-2025.

Data are presented as crude, age-specific rates per 100,000 population within the corresponding age band, with
both sexes combined. Because each five-year age band is already homogeneous in age, these rates are not
standardized. Each of the four bands is distinguished by a different combination of color, line style, and marker
shape. Each series is labeled directly at its right-hand end and in the legend. Trend estimates for the four series,
each obtained using weighted log-linear regression and tested with a two-sided Student’s t test on the regression
coefficient (df = 24), are reported with their t-statistics and p-values in Table 4. A two-sided p-value of less than
0.05 was considered statistically significant. The shaded vertical band marks the COVID-19 pandemic period
(2020-2022). The vertical axis begins at zero.

Sources: SIM/DATASUS [17] and IBGE [19]

AMI, acute myocardial infarction

The age structure of the burden shifted accordingly. In 2000, the mortality rate at ages 35-39 years was 13.1
times that at ages 20-24 years; by 2025, this ratio had fallen to 6.3. The oldest age band still accounted for
most deaths, with 31,129 of the 59,486 deaths.

Sex

Trends also diverged by sex (Table 2, Figure 3). In men, the rate barely changed, from 5.68 in 2000 to 5.75 in
2025, with a small positive slope (APC +0.29%, 95% CI +0.06 to +0.52; t = 2.58, df = 24, p = 0.016) and an
AAPC indistinguishable from zero (+0.03%, 95% CI -0.25 to +0.31; p = 0.825). In women, the rate fell from
2.38 to 1.83 (APC -0.57%, 95% CI -0.86 to -0.28; t = -4.00, df = 24, p < 0.001). The male-to-female ratio
widened from 2.4 to 3.1.
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FIGURE 3: Age-standardized mortality rate from AMI among adults aged
20-39 years, by sex, Brazil, 2000-2025.

Data are standardized rates per 100,000 population, with 95% Cls (shaded bands). Men are shown as a solid line
with circular markers, and women as a dashed line with square markers; each series is labeled at its right-hand
end. Each sex was standardized to the age distribution of the same sex in the 2022 Census, so the two series
decompose exactly into the combined rate shown in Figure 1. Trend estimates, with Cls, t-statistics, and p-values,
are given in Table 2. Gray shading marks the COVID-19 pandemic period (2020-2022); 2025 data are preliminary.

Sources: SIM/DATASUS [17] and IBGE [19,20]

AMI, acute myocardial infarction

Macroregions

Regional trends spanned the full range from sustained decline to sustained increase (Tables 2, 3, Figure
4A-4F). The South declined throughout (Figure 4D; AAPC -2.62%, 95% CI -2.96 to -2.28; t = -15.76, p <
0.001), with its rate halving from 4.53 to 2.23, while the North rose from 1.96 to 3.32 (Figure 4A; AAPC
+1.88%, 95% CI +1.29 to +2.46; t = 6.70, p < 0.001), with the increase concentrated before 2009 and rates
remaining flat thereafter. The Northeast rose until 2010 and then declined (Figure 4B), resulting in a net
AAPC of +0.85% (95% CI +0.53 to +1.16; t = 5.60, p < 0.001). The Southeast showed no net change (Figure 4C;
AAPC -0.10%, 95% CI -0.49 to +0.29; t = -0.54, p = 0.592), but its rate rose at an accelerating pace from 2018
(+2.11%, 95% CI +0.87 to +3.37; t = 3.53, p = 0.002). The Central-West showed no significant change (Figure
4E; AAPC -0.48%, 95% CI -1.13 to +0.18; t =-1.52, p = 0.144).
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FIGURE 4: Age- and sex-standardized mortality rate from AMI among
adults aged 20-39 years, by macroregion, Brazil, 2000-2025.

(A) North, (B) Northeast, (C) Southeast, (D) South, and (E) Central-West. Data are standardized rates per
100,000 population. Each panel shows one macroregion as a solid line with circular markers, with the national
rate repeated as a gray dashed line for comparison; the key occupies the sixth cell of the grid. All panels share the
same vertical scale, so panel heights are directly comparable. The boxed value in each panel is the APC over the
period, estimated using single-segment weighted log-linear regression; the segmented-model estimates, with Cls,
t-statistics, and p-values, are given in Table 3. Gray shading marks the COVID-19 pandemic period (2020-2022);
2025 data are preliminary.

Sources: SIM/DATASUS [17] and IBGE [19,20]

AMI, acute myocardial infarction; APC, annual percent change

These movements reordered the hierarchy rather than compressing it. In 2000, the South had the second-
highest rate, and the North had the lowest; by 2025, the South had the lowest rate, and the North had moved
above the Central-West. The highest-to-lowest regional ratio barely changed, from 2.3-fold to 2.0-fold: the
inequality persisted while its geography inverted.

Pandemic period, robustness, and bias

Against a pre-pandemic trend that was itself flat (APC -0.08%, 95% CI -0.46 to +0.31; t = -0.43, df = 18, p =
0.674), observed rates were 2.6% below the projected values in 2020, then 4.2% above in 2021, 6.1% above in
2022, and 4.4%, 3.0%, and 1.6% above in 2023, 2024, and 2025, respectively (Appendix E).

Excluding 2020 and 2021 left the model unchanged (AAPC -0.22%, 95% CI -0.50 to +0.06), as did excluding
the provisional final year (AAPC -0.24%, 95% CI -0.53 to +0.05) (Appendix F). The bootstrap analysis
distinguished stable findings from less stable ones (Appendix G): the joinpoint years varied across replicates,
with the second joinpoint having a median of 2009 and a 95% range of 2008 to 2019. The final segment was
nonsignificant in 1,787 of 2,000 replicates, and a two-joinpoint model was selected in 1,189 replicates. The
joinpoint years should therefore be interpreted as approximate; the absence of a later change is more robust.

The bias analysis quantified the extent of misclassification required to explain the observed patterns
(Appendix H). To eliminate the divergence between the 20-24 and 35-39 age bands, certification
completeness would have had to improve 165% more in the younger band than in the older band within the
same regions and years. The regional findings were more susceptible to bias: a 39% relative improvement in
certification completeness could account for the increase in the North.

Redistribution further clarified the potential impact of ill-defined causes of death. Ill-defined and
nonspecific codes accounted for 10.1% of all deaths among people aged 20-39 years in 2000 and 6.3% in
2025. The decline was steepest in the regions where it was expected to be greatest: from 16.5% to 6.0% in the
North and from 16.1% to 5.0% in the Northeast, compared with 5.0% to 4.9% in the South (Appendix I).
Correction therefore increased estimates for earlier years more than those for later years and increased
northern rates more than southern rates, raising the overall death count by 8.1%, from 59,480 to 64,309
(Appendix J).

The national, age-specific, and regional patterns persisted after correction, which shifted the national series
away from an increase rather than toward one: the corrected APC was -0.18% (95% CI -0.42 to +0.07), and
the corrected AAPC was -0.46% (95% CI -0.70 to -0.21). The age gradient was unchanged and marginally
steeper (+3.14%, +1.62%, +0.06%, and -0.97% across the four bands), because nonspecific coding was more
common in the older bands and declined faster there. The South’s decline was unaffected (-2.34%, 95% CI -
2.77 to -1.90), and the male-to-female ratio still widened, from 2.3 to 3.2. Three estimates changed
materially: the increase in the North attenuated by about one-third but remained significant (+0.86%, 95%
CI +0.30 to +1.42); the Northeast’s increase disappeared (-0.00%, 95% CI -0.46 to +0.46); and the small
positive slope among men was no longer significant (+0.11%, 95% CI -0.13 to +0.35). The Northeast trend
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and the male trend are therefore sensitive to how ill-defined deaths are handled and are reported as such
throughout.

Serial correlation behaved as a feature of model specification rather than of the data (Appendix K). In the
single-segment summaries, first-order autocorrelation of the weighted residuals was detectable in 11 of the
22 strata (median Durbin-Watson statistic, 1.20). In the selected joinpoint models, it was detectable in 4
strata, two of which had negative coefficients, and the median Durbin-Watson statistic rose to 1.89. Thus,
the segmented specification absorbed most of the temporal dependence left by a straight-line model. Modest
positive dependence persisted in the two national series: both sexes combined (p = 0.44, p = 0.029) and men
(p =0.46, p = 0.021). Newey-West standard errors inflated the model-based standard errors by a factor of 0.78
to 1.60 (median, 1.25) and left every principal finding unchanged: the national null result remained
nonsignificant (p = 0.680 to p = 0.736), the decline in the South and the increase in the North remained
significant at p < 0.01, and the increase at ages 20-24 years and the decline at ages 35-39 years remained
significant at p < 0.001. One subgroup estimate changed significance status: the male trend in the Northeast
(p =0.033 to p = 0.146), which was also one of the two estimates sensitive to cause-of-death coding.

Age ranges outside the study population

Over the same period, using the same source and method, mortality fell by 35.1% among people aged 40-64
years (AAPC -1.61%, 95% CI -1.77 to -1.46; t = -20.95, p < 0.001) and by 25.1% among those aged 65 years
and older (AAPC -1.06%, 95% CI -1.20 to -0.91; t = -15.09, p < 0.001) (Appendix L). The 40-44-year age band
followed a pattern similar to that of the older population, with a 35.2% decline, and contributed roughly half
of all deaths among people younger than 45 years. The composite 20-44-year series therefore declined
(AAPC -1.00%, 95% CI -1.21 to -0.79; t = -9.97, p < 0.001).

Discussion

AMI mortality among Brazilian adults aged 20-39 years stopped falling in the late 2000s and has not
resumed its decline. The national trend is flat, but it does not describe every group within the population.
Mortality rose in the youngest age band and fell in the oldest, declined in women but not in men, and the
regional hierarchy inverted, with the South halving its rate while the North moved in the opposite direction.
Regional inequality was not reduced over this period; it was relocated.

The plateau in Brazil is an instance of the concealed leveling described by Ford and Capewell [4] and
O’Flaherty et al. [5], and further characterized by Wilmot et al. as evidence of stagnation below middle age
[6]. Two features extend that literature. The first is the setting: an upper-middle-income country with a
universal health system and a different risk-factor history, which argues against explanations based solely
on health-system dynamics in high-income countries. The second is recursion. The concealment repeats at a
lower level, since even within a 20-year age window, the aggregate trend is flat while the youngest stratum
shows an increase. Concealed leveling is not a property of broad age categories; it reappears at whatever
level of detail the analysis stops.

The shape of the age gradient narrows, without resolving, the possible explanations. A uniform deterioration
in acute care would affect all four age bands similarly and would not, by itself, produce a monotonic gradient
that changes sign within a 15-year span. However, access, diagnostic practices, time to reperfusion, and case
fatality need not change uniformly across ages, and an age-differentiated change in any of these factors
remains a candidate explanation that these data cannot exclude. A cohort-based explanation fits the shape
of the gradient at least as well. Successive Brazilian cohorts reach adulthood with a heavier cardiometabolic
burden, with morbid obesity in early adulthood having risen steeply over the past two decades [23], while the
decline in smoking decelerated and then reversed in the same age range [24]. The balance of these exposures
plausibly differs by age, with declining tobacco exposure favoring strata in which that risk had already
accumulated and rising adiposity affecting cohorts exposed from childhood. Santos et al. reached a
compatible conclusion using age-period-cohort modeling [2]. Our study design cannot test this explanation,
and the cohort account remains a hypothesis consistent with the gradient rather than a demonstrated
pathway.

The divergence by sex runs counter to reports from the United States, where stagnation among young adults
has been most pronounced in women [6,9]. Two cautions apply. The mechanism is unclear, and this is the
least robust of the principal findings: the male slope did not persist after redistribution of ill-defined codes,
and a modest differential change in certification completeness between the sexes would be sufficient to
account for it. We therefore describe a divergence in trends, not an increase in mortality among men.

The regional inversion has the greatest policy relevance and the least mechanistic support, and it is the
finding we tested most rigorously. Improved death certification in the North and Northeast was the obvious
competing explanation, and redistribution of ill-defined codes eliminated the increase in the Northeast
entirely and attenuated the increase in the North. What remains is an increase in the North that persisted
after the correction designed to eliminate it.

The geographic pattern points toward access rather than exposure. In a single state served by one hospital
able to offer primary angioplasty to patients in the public health system, the VICTIM registry found that
fewer than half of patients with ST-elevation myocardial infarction received this treatment, fibrinolysis was
used in a small minority, and the median time from symptom onset to arrival at that hospital was measured
in hours rather than minutes [15]. Ferreira et al. found that the contrast between state capitals and the rest
of the country was sufficiently wide that macroregional averages understate it [1]. A myocardial infarction in
a young adult is more survivable than one in an older adult when treated promptly. Thus, a region where
time to treatment is long may convert the same incidence into more deaths. Mortality data alone cannot test
this hypothesis, and we do not claim to have done so. We note only that it is the explanation most consistent
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with a gradient that follows the geography of health services rather than that of risk factors.

Mortality in this age group has not returned to its pre-pandemic level. Rates were above the projected trend
from the second year of the pandemic onward and remained above it at the end of the series. Leite et al.
reported a comparable pattern for ischemic heart disease across all ages in Brazil, with the earlier decline
decelerating and excess mortality persisting after the acute phase [25]. Across 16 countries, excess
cardiovascular mortality also continued into the second year of the pandemic and tracked its peaks [26]. Our
study design cannot separate the direct effects of infection from those of disrupted care or delayed
presentation, and the excess is small relative to the uncertainty around the trend. Nevertheless, it has not
closed, which is a reason to continue reporting it rather than absorb it into a period effect.

The upper limit of the age window determines the conclusion. Over the same period, using the same source
and method, mortality fell substantially among people aged 40-64 years and those aged 65 years and older.
Thus, the plateau is not a national feature but a characteristic of this age group. Much of the comparable
literature defines young adulthood as younger than 45 years, and in these data, that convention is decisive
rather than cosmetic: the 40-44-year band behaves like the older population and contributes about half of all
deaths among people younger than 45 years, so the composite series declines and the plateau disappears.
The same source and method, with a five-year change in the upper age limit, yield opposite conclusions.
Narrow age bands make the signal visible, and this may help explain why stagnation has been reported in
some settings but not others. For the same reason, projections of continued decline based on all-age data by
Siqueira and de Souza [3] should not be extended to young adults, among whom the decline had already
stopped within the age range used to fit those projections.

The implication for surveillance is narrow and clear. Brazilian cardiovascular targets are monitored using
all-age mortality, which continues to fall and continues to indicate progress. However, this measure has
been insensitive for more than a decade without progress in this age group and active deterioration in its
youngest stratum. Reporting young adults as an explicit stratum would make this pattern visible at
negligible cost, since the data already exist in the national mortality system [17]. We do not consider these
data sufficient to justify changes in individual clinical practice, such as lowering the age at which risk
stratification begins. Such changes would require evidence on incidence, risk-factor distribution, and
treatment effects in this population, none of which can be supplied by an ecological analysis of mortality.

The strengths of the study are its completeness and duration: a national census of death certificates
covering 26 consecutive years, with rates standardized by age and sex against an external enumerated
reference population and shown to be insensitive to that choice. The trend model was selected on the basis
of fit rather than assumed, and the principal threat to validity was addressed through correction rather than
merely discussed.

Limitations

Four limitations bound the interpretation. Misclassification of cause of death is the most consequential, and
it is the limitation we addressed rather than assumed away; its effect on every principal estimate is reported
in the Results. Redistribution is nevertheless a model, not a measurement. It assumes that ill-defined deaths
are distributed like specifically coded deaths in the same stratum, spreads nonspecific cardiovascular codes
across all causes rather than only within circulatory diseases, and treats redistributed counts as observed
when calculating CIs. Consequently, it underestimates the true uncertainty around the corrected estimates
by an amount we have not quantified. Two findings depend on this correction: the increase in the Northeast
and the small positive slope in men. Neither is presented here as secure. Second, this is an ecological
analysis of population rates. It cannot support causal inference, and the risk-factor and access mechanisms
discussed above are drawn from external sources with no linkage to these deaths. Third, residual positive
serial correlation persisted in the two national series after segmentation. Although inference robust to this
correlation did not change any conclusions, the model-based CIs for those series are likely to be marginally
narrow. Finally, the annual denominators are intercensal projections except in census years, although the
standard population used to weight the rates is based on enumerated counts. In addition, macroregions are
internally heterogeneous. The substantial contrast between state capitals and the rest of the country
reported by Ferreira et al. [1] is averaged out at this scale, so inequality within regions is likely to exceed the
differences reported here.

Conclusions

AMI mortality among Brazilian adults aged 20-39 years fell until the mid-2000s and has remained flat since.
The stable national rate conceals a rising burden among adults younger than 30 years and an inverted
regional gradient, both of which persisted after correction for cause-of-death misclassification, as well as a
widening sex gap that did not. Surveillance that reports young adults as a distinct stratum is needed if
Brazilian cardiovascular policy is to detect a trend that all-age indicators do not register.

Appendices
Appendix A
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Age band

20-24 years
20-24 years
25-29 years
25-29 years
30-34 years
30-34 years
35-39 years

35-39 years

Total (20-39 years)

TABLE 5: Standard population and joint age-by-sex weights used for direct standardization of the

combined-sex rates.

ASR = X w(a,s) x r(a,s) x 100,000 over all eight age-by-sex cells; weights sum to 1.000000. Sex shares of the standard are p(male) = 0.491505 and
p(female) = 0.508495. Standardizing by age and sex jointly makes the identity ASR(total) = p(male) x ASR(male) + p(female) x ASR(female) hold exactly

Sex

Male

Female

Male

Female

Male

Female

Male

Female

Standard population, n
7,767,306
7,699,157
7,627,458
7,842,265
7,537,285
7,935,832
7,827,333
8,345,458

62,582,094

in every year and region; it was verified to within 9 x 1076 per 100,000.

Weight w(a,s)
0.124114
0.123025
0.121879
0.125312
0.120438
0.126807
0.125073
0.133352

1.00000

Source: 2022 Brazilian Demographic Census, resident population by sex and five-year age group (IBGE, SIDRA table 9514) [20]

Share (%)
12.411
12.302
12.188
12.531
12.044
12.681
12.507
13.335

100

Age band

20-24 years
25-29 years
30-34 years
35-39 years

Total

Appendix B

Male population, n

7,767,306
7,627,458
7,537,285
7,827,333

30,759,382

Weight w(a | male)
0.252518

0.247972

0.24504

0.25447

1.00000

Female population, n

7,699,157
7,842,265
7,935,832

8,345,458

31,822,712

Weight w(a | female)

0.241939

0.246436

0.249376

0.262248

1.00000

TABLE 6: Within-sex age weights used for the sex-specific standardized rates.

w(a | s) = N(a,s) / N(s). Using within-sex rather than combined-sex weights is what makes the male and female rates decompose exactly into the
combined rate of Appendix A; weighting both sexes by the combined-sex distribution breaks that decomposition by up to 0.8%.

Source: 2022 Brazilian Demographic Census, resident population by sex and five-year age group (IBGE, SIDRA table 9514) [20]
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Standard population

Census 2022 (primary, external)

First year of the series (2000)

Pooled person-years 2000-2025

Rate 2000

4.00

3.65

3.80

Rate 2025

3.76

3.50

3.61

AAPC (%lyear)

-0.23

-0.12

-0.16

95% CI

-0.50 to +0.04

-0.39 to +0.15

-0.43 to +0.11

Joinpoints
2005; 2009
2005; 2009

2005; 2009

TABLE 7: Sensitivity of the national age- and sex-standardized trend to the choice of standard
population, Brazil, 2000—2025.

Each slope was tested against the null of no change with a two-sided Student's t test on the regression coefficient (t = B/SE(B)). Two-sided p < 0.05 was
considered statistically significant. All three models have df = 22. All three specifications select joinpoints at 2005 and 2009 and return a negative,

nonsignificant average annual change. The 2022 Census standard is the primary analysis because it is an enumerated count external to the series; the

other two are drawn from within it and are shown for comparison only.

AAPC, average annual percent change

Sources: Deaths, Mortality Information System (SIM), Brazilian Ministry of Health [17]; annual population denominators, IBGE population projections, 2024
revision [19]; standard population, 2022 Brazilian Demographic Census [20]

Macroregion ~ Sex

Both

sexes

Brazil Male

Female

Both

sexes

North Male

Female

Both

sexes

Northeast Male

Female

Both

sexes

Southeast Male

Female

Both

sexes

2000

4.00
(3.83-

4.18)

(5.39-

5.98)

(219

2.57)

(1.49-

2.43)

(1.67-

3.10)

1.55
(0.95-

2.16)

(3.02-

3.64)

(“.01-

5.04)

(1.82-

2.52)

(4.33-

4.88)

(6.25-

7.21)

(2.26-

2.84)

(“.07-

2001

(3.75-

4.09)

(5.20-

5.78)

(2.21-

259)

(2.08-

3.13)

(2.27-

3.83)

(1.47-

2.88)

(2.90-

3.50)

(3.85-

4.86)

(1.74-

2.42)

(4.20-

4.74)

(5.93-

6.86)

(2.32-

2.90)

@3.77-

2002

(3.58-

3.91)

(5.05-

5.61)

(2.03-

2.38)

(1.54-

2.45)

(2.09-

361)

(0.66-

1.67)

(2.95-

3.55)

(3.97-

4.97)

(173~

241)

(4.03-

4.56)

(6574~

6.65)

(217-

2.74)

(3.51-

Appendix D

2003

(3.56-

3.88)

(5.01-

5.57)

(2.03-

2.38)

(221~

3.26)

(2.88-

4.59)

(1.15-

239)

(291-

3.50)

(3.83-

4.82)

(1.78-

2.46)

(4.04-

4.57)

(5.73-

6.64)

(221-

2.78)

(3.08-

2004

(3.41-

3.73)

(493-

5.48)

(1.82-

2.15)

(2.06-

3.06)

(276~

4.45)

(1.01-

2.09)

(3.07-

3.68)

(422-

5.24)

(1.73-

2.40)

(3.60-

4.10)

(5.44-

6.32)

(164

213)

3.54

(3.43-

2005

334
(3.19-

3.50)

(4.57-

5.10)

(.74

2.06)

(224~

3.25)

(3.15-

4.85)

(0.98-

2.08)

(3.46-

4.09)

(4.69-

5.74)

(2.03-

2.74)

(3.14-

3.60)

(4.60-

5.40)

(1.56-

2.03)

2.94

(2.56-
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2006

(3.54-

3.86)

(5.06-

5.60)

(1.95-

2.29)

(247-

352)

(3.45-

5.24)

(1.13-

2.26)

(3.73-

4.38)

(5.19-

6.29)

(2,08

2.79)

(3.46-

3.95)

(5.04~

5.88)

(1.76-

2.26)

(2.94-

2007

(3.59-

3.91)

(5.08-

5.62)

(2.02-

237)

(2.69-

3.77)

(3.47-

5.25)

(1.51-

2.75)

(4.09-

4.76)

(5.83-

6.99)

(2.15-

2.86)

(3.47-

3.95)

(@.97-

5.79)

(1.84-

2.35)

(2.76-

2008

(3.60-

3.92)

(5.17-

5.72)

(1.96-

230)

(@31-

3.29)

(2.98-

4.56)

186
(1.28-

243)

(4.00-

4.66)

(5.65-

6.78)

(2.16-

2.86)

(3.56-

4.04)

(5.22-

6.06)

.77~

227)

(2.86-

2009

(3.58-

3.89)

(521

5.76)

(1.89-

2.21)

(297~

4.03)

(4.42-

6.29)

(118~

2.24)

(3.70-

4.33)

(5.08-

6.15)

(213~

282)

(3.65-

4.13)

(5.34-

6.18)

(1.83-

233)

(2.49-

2010

(354

3.85)

534
(5.07-

5.61)

(1.95-

2.28)

(2.68-

3.70)

(12—

5.93)

(094

1.89)

(4.18-

4.84)

(5.94-

7.08)

(2.23-

2.93)

(3.42-

3.89)

(4.87-

567)

(184

2.34)

(243-

2011

(353-

3.83)

539
(5.13-

5.66)

(1.86—

2.18)

(251-

3.48)

(3.51-

5.16)

(118~

222)

17—

4.83)

(611

7.25)

(2.05-

2.72)

(3.38-

3.85)

(“.81-

5.60)

(184

2.33)

(2.55-

2012

(3.66-

3.97)

(5.35-

5.89)

(1.91-

2.23)

(2.82-

382)

(3.85-

5.54)

(1.45-

2.54)

(“.22-

4.88)

(5.99-

7.11)

(2.26-

2.96)

(3.59-

4.06)

(5.26—

6.08)

(1.80-

2.28)

(2.32-

2013

(3.61-

3.91)

(5.25-

5.78)

(1.90-

222)

(2.97-

3.99)

(@.18-

5.89)

1.98
(143-

253)

(3.91-

4.54)

(5.62-

6.69)

(2,03

269)

(3.67-

4.15)

(5.44-

6.26)

(1.80-

228)

(2.55-

2014

397
(3.82-

4.13)

(5.58-

6.12)

(2.00-

232)

(3.28-

4.32)

(@.43-

6.16)

(1.78-

2.95)

(4.27-

4.91)

(6.25-

7.36)

@11-

277)

(3.83-

4.30)

(5.62-

6.45)

(1.91-

240)

(2.60-

2015

(376~

4.06)

(5.52—

6.04)

(1.95-

2.26)

(285~

3.81)

(4.06-

5.71)

(131-

233)

(421-

4.84)

(6.34-

7.45)

(1.92-

2.54)

(3.95-

4.44)

(5.82-

6.66)

(1.97-

247)

(238

2016

(3.83-

4.14)

(5.59-

6.12)

(2.02-

2.34)

(3.01-

3.98)

(422~

5.88)

(147

2.52)

(424~

4.87)

(6.14-

7.23)

(217-

2.82)

(3.98-

4.46)

(5.82-

6.66)

(2.02-

2.52)

(264

2017 2018 2019

360 348 359
(345-  (334- (34—

374) 363 373

540 505 530
(5.15-  (4.81-  (5.05-

565) 520)  555)

185 197 194
(171-  (1.82-  (1.79-

200) 212)  208)

3.32 3.34 3.35
(284~ (287 (288

379)  381)  382)

513 498 464
(430-  (4.16- (3.86-

597) 579)  543)

156 175 210
(10— (1.27-  (1.57-

202) 224)  263)

409 402 447
(380- (3.73- (387-

439)  432)  447)

615 565 627
(563- (5.15- (5.75-

666) 6.14)  6.80)

211 245 214
(181- (13- (1.84-

240)  277)  244)

373 3.53 3.87
(350~ (331- (3.63-

396) 375 4.10)

554 516 565
(515~  (4.78- (5.25-

594)  554)  6.05)

197 195 214
(174~ (1.72-  (1.90-

221)  218)  239)

264 246 2.37

(231-  (214-  (2.06-

2020

362
(3.47-

3.76)

545
(5.19-

5.70)

1.85
(1.70-

1.99)

3.09
(264~

3.55)

436
(361-

5.12)

187
(1.37-

237)

380
(3.52-

4.09)

(5.18-

6.18)

1.98
(1.70-

227)

411
(3.87-

4.35)

636
(5.94-

6.79)

193
(1.70-

2.16)

222

(1.92-

2021

@.71-

4.01)

(5.50-

6.02)

(1.88-

2.18)

(3.60-

4.63)

(5.18-

6.97)

(1.67-

2.76)

(3.38-

3.94)

(5.00-

6.07)

(153

2.08)

(423~

4.73)

(6.19-

7.06)

(215~

2.66)

(2.00-

2022

(378

4.08)

(5.54-

6.06)

(1.97-

2.29)

(279~

371)

(3.98-

5.56)

(129-

2.26)

(371-

4.30)

(5.47-

6.49)

(1.80-

2.40)

(31—

4.82)

(6.45-

7.33)

(2.06-

258)

(2.19-

2023 20
386 38
@71- @
401) 3¢
578 57
(552- (5.
604) 5¢
201 18
(1.86- (1.
216) 241
318 35
@72- (.
363) 40
490 52
410- (@
570) 60
152 18
(07— (1

196) 24
411 38
(381- (3.
441) 41
59 58
(539- (5.
641) 63
237 20
(205- (1

269) 23
431 43
07— (@
456) 46
664 65
(620- (6

7.08) 68
206 22
(182- (2
231) 25
260 24
(21- (2
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South

Central-West

Male

Female

Both

sexes

Male

Female

5.00)

6.44
(5.65-

7.23)

@372~

5.70)

210
(1.44-

2.76)

4.67)

(5.24-

6.76)

(201-

2.98)

(2.99-

4.19)

(3.99-

6.01)

(1.56-

2.90)

4.37)

(4.93-

6.40)

(1.81-

273)

(273~

3.87)

4.68
@372~

5.64)

197
(1.34-

2.60)

3.89)

(437

577)

(1.52-

2.38)

(281-

3.96)

519
(4.18-

6.20)

164
(1.08-

2.20)

3.95)

(434~

5.73)

(1.65-

253)

(2.98-

4.14)

(3.74-

5.63)

247
(1.79-

3.15)

331)

(3.78-

5.08)

(1.12-

1.87)

(243

3.46)

(3.18-

4.89)

(1.30-

248)

3.73)

(4.02-

5.36)

(1.59-

2.46)

(3.5~

4.31)

(“.27-

6.24)

(1.62-

2.90)

353)

(3.53-

4.78)

(.72~

262)

(275~

382)

(3.92-

5.76)

(1.22-

234)

3.64)

(4.04-

537)

(1.43-

2.26)

(2.86-

3.93)

(375~

5.55)

218
(1.57-

2.79)

3.22)

@377-

5.06)

(1.00-

1.71)

(3.16-

4.28)

(4.55-

6.49)

198
(141

2.56)

3.15)

(287

4.00)

(.72~

261)

(278~

3.82)

554
(4.58-

6.50)

114
071

1.57)

3.27)

@71-

4.97)

(1.15-

1.90)

(@77~

3.80)

11—

5.92)

(1.09-

2.12)

3.02)

4.02
(3.42-

4.63)

136
(1.01-

1.71)

381
(3.26-

4.36)

6.01
(5.03-

6.99)

1.68
(1.16-

2.20)

3.26)

(3.43-

4.63)

(1.41-

2.22)

(2.65-

3.63)

(3.85-

5.56)

(1.12-

2.13)

332)

@3.71-

4.94)

(1.26-

2.02)

(2.86-

3.88)

4.96
(4.09-

5.84)

183
(1.31-

2.36)

3.06)

(2.93-

4.03)

(1.57-

2.39)

(264-

3.60)

467
(3.84-

5.50)

163
(1.14-

2.12)

3.35)

(3.85-

5.07)

(1.21-

1.94)

(263

3.59)

(3.65-

5.28)

1.80
(129-

2.32)

2.97)

(3.38-

4.53)

(1.02-

1.70)

(275~

372)

(4.16-

5.88)

1.51
(1.04-

1.98)

2.78)

(2.98-

4.06)

(1.09—

1.78)

(2.89-

387)

(41—

6.16)

1.53
(1.06-

2.00)

2.68)

(@3.07-

4.16)

(0.85-

1.47)

(247-

3.03)

(3.18-

4.69)

132
(0.88-

1.75)

TABLE 8: Age- and sex-standardized acute myocardial infarction mortality rate by macroregion
and sex, every year, Brazil, 2000—2025.

253)

(2.84-

3.89)

(0.82-

1.43)

(3.05-

4.05)

493
(4.09-

5.77)

(1.65-

2.77)

Sources: deaths, Mortality Information System (SIM), Brazilian Ministry of Health [17]; annual population denominators, IBGE population projections, 2024
revision [19]; standard population, 2022 Brazilian Demographic Census [20]

Year

2020

2021

2022

2023

2024

2025

Appendix E

Expected rate

3.7

3.71

3.70

3.70

3.70

Observed rate

3.62

3.86

3.93

3.86

3.81

Difference, %

-2.6

+4.2

+6.1

+4.4

+3.0

TABLE 9: Observed and expected age- and sex-standardized acute myocardial infarction mortality
during and after the COVID-19 pandemic, adults aged 20-39 years, Brazil, 2020-2025.

Each slope was tested against the null of no change with a two-sided Student's t test on the regression coefficient (t = B/SE(B)). Two-sided p < 0.05 was
considered statistically significant. A positive difference means the observed rate exceeded the rate the pre-pandemic trend predicted for that year. The

sensitivity of the trend estimate to these years is given in Appendix F.

APC, annual percent change

Sources: Deaths, Mortality Information System (SIM), Brazilian Ministry of Health [17]; annual population denominators, IBGE population projections, 2024
revision [19]; standard population, 2022 Brazilian Demographic Census [20]
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262)

(2.82-

3.86)

(0.98-

1.64)

(3.37-

4.42)

(4.99-

6.82)

195
(1.42-

248)

2.83)

(2.85-

3.90)

(1.30-

2.05)

(326~

4.30)

(427~

5.98)

248
(1.88-

3.08)

292) 28
369 36
(34— @3
423) 42
155 13
(19
191) 1€
378 33
(326~ (2
430) 38
576 52
“85- (4
666) 6.1
187 18
(135- (1
238) 20
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Analysis Joinpoints
Full period (2000-2025) 2005; 2009
Excluding 2020-2021 2005; 2009
Excluding 2025 (provisional) 2005; 2009

Single-segment, full period (2000-2025) —
Single-segment, excluding 2020-2021 —

Single-segment, excluding 2025 (provisional) —

Estimate,

95% CI t
%lyear
-0.23 -0.50 to +0.04 -1.78
-0.22 -0.50 to +0.06 ~ -1.67
-0.24 -0.53t0 +0.05  -1.69
0.05 -0.19 to +0.28 0.42
0.06 -0.20 to +0.31 0.46
0.05 -0.20 to +0.31 0.44

0.088

0.11

0.105

0.68

0.652

0.668

Estimate type

AAPC
AAPC
AAPC
APC
APC

APC

TABLE 10: Sensitivity of the national trend estimate to exclusion of the pandemic years and of
the provisional final year, adults aged 20-39 years, Brazil, 2000—2025.

Each slope was tested against the null of no change with a two-sided Student's t test on the regression coefficient (t = B/SE(B)). Two-sided p < 0.05 was
considered statistically significant. Joinpoint models have df = 22 and single-segment models df = 24 (df = 22 when two years are excluded). Excluding
the two pandemic years left both the joinpoint locations and the summary estimate essentially unchanged, indicating that the overall trend is not an artifact

of the pandemic period.

AAPC, average annual percent change; APC, annual percent change

Sources: Deaths, Mortality Information System (SIM), Brazilian Ministry of Health [17]; annual population denominators, IBGE population projections, 2024

revision [19]; standard population, 2022 Brazilian Demographic Census [20]

Appendix G

Quantity

Two joinpoints selected

One joinpoint selected

No joinpoint selected

Second joinpoint, median (95% range)

Final segment not significant at p < 0.05

Value

1,189 of 2,000 replicates (59.5%)
579 (28.9%)

232 (11.6%)

2009 (2008 to 2019)

1,787 of 2,000 replicates (89.3%)

TABLE 11: Stability of the selected joinpoint model under parametric bootstrap, national series,

Brazil, 2000-2025.

No hypothesis test is reported in this table: the quantities are frequencies across bootstrap replicates, not test statistics. The joinpoint years varied widely

across replicates and should be read as approximate, whereas the absence of change in the final segment was reproduced in the large majority of

replicates.

Sources: Deaths, Mortality Information System (SIM), Brazilian Ministry of Health [17]; annual population denominators, IBGE population projections, 2024

revision [19]; standard population, 2022 Brazilian Demographic Census [20]
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Finding APC, %lyear Required change in certification completeness, 2000-2025
Ages 20-24 years, rise 3.21 120%

Ages 25-29 years, rise 1.73 54%

20-24 vs 35-39 divergence — +165% differential

North, rise 1.32 39%

South, decline -2.28 -44%

Men vs women divergence — +24% differential

TABLE 12: Tipping-point bias analysis: change in completeness of cause-of-death certification
that would be required for each finding to be entirely artifactual, Brazil, 2000-2025

No hypothesis test is reported in this table: the thresholds are deterministic bias quantities, not test statistics. The table reads as follows: for the rise at
ages 2024 years to be entirely an artifact of improving death certification, completeness would have to have increased by 120% over the period. The
differential rows are the more stringent test, since adjacent age bands and the two sexes are certified by the same services in the same municipalities
under the same coding rules. The redistribution these thresholds anticipate was carried out and is reported in Appendices |, J.

APC, annual percent change

Sources: Deaths, Mortality Information System (SIM), Brazilian Ministry of Health [17]; annual population denominators, IBGE population projections, 2024
revision [19]; standard population, 2022 Brazilian Demographic Census [20]

Appendix |

Macroregion 2000, % 2025, %
Brazil 10.1 6.3
North 16.5 6.0
Northeast 16.1 5.0
Southeast 8.2 8.0
South 5.0 4.9
Central-West 6.7 6.0

TABLE 13: Share of all deaths at ages 20-39 years carried by ill-defined and nonspecific cause-of-
death codes, by macroregion, Brazil, 2000 and 2025.

lll-defined and nonspecific codes are RO0—R99 together with the nonspecific cardiovascular codes 146, 150, 151 and 199(18]. Data are presented as the
percentage of all deaths at ages 20-39 years in that region and year carried by those codes. This table sets the size of the misclassification problem; its
correction is reported in Appendix J. No hypothesis test is reported in this table: the values are observed proportions. The fall was steepest in the North
and Northeast, the regions where the recorded increase in acute myocardial infarction mortality was largest, which is why redistribution was carried out
rather than assumed to be immaterial.

Source: Deaths, Mortality Information System (SIM), Brazilian Ministry of Health [17]; cause of death coded to ICD-10[18]
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Stratum APC observed
Brazil 0.05

North 1.32

Northeast 0.43

Southeast 0.26

South -2.28
Central-West -0.03

Brazil, men 0.29

Brazil, women -0.57

TABLE 14: Trend estimates before and after proportional redistribution of ill-defined and
nonspecific cause-of-death codes, by macroregion, sex and age band, Brazil, 2000-2025.

Estimates come from the same single-segment weighted log-linear model as Table 2 and were tested the same way (two-sided Student's t test on the
regression coefficient, df = 24; p < 0.05 considered significant). Redistribution raised the death count entering the rates from 59,480 to 64,309 (+8.1%).

95% CI

-0.19to +0.28

+0.67 to +1.97

-0.17 to +1.04

-0.20 to +0.73

-2.72t0 -1.85

-0.56 to +0.50

+0.06 to +0.52

-0.86 to -0.28

0.68

<0.001

0.149

0.252

<0.001

0.914

0.016

<0.001

APC corrected

-0.18

0.86

-0.00

0.2

-2.34

-0.16

0.11

-0.90

95% CI

-0.42 to +0.07

+0.30 to +1.42

-0.46 to +0.46

-0.28 to +0.68

-2.77 t0 -1.90

-0.67 to +0.36

-0.12 to +0.35

-1.21t0 -0.59

0.15

0.004

0.988

0.398

<0.001

0.528

0.341

<0.001

Because the nonspecific cardiovascular codes were redistributed across all causes rather than within circulatory disease alone, the correction is
conservative for that group. Confidence intervals on the corrected estimates treat redistributed counts as observed and therefore do not incorporate

uncertainty in the redistribution itself.

APC, annual percent change

Sources: Deaths, Mortality Information System (SIM), Brazilian Ministry of Health [17]; annual population denominators, IBGE population projections, 2024
revision [19]; standard population, 2022 Brazilian Demographic Census [20]
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Series DW DW p APC, 95% Cl, model-  95% CI, Newey-  p P,
single selected P (LM) %lyear based West model w
Brazil, both sexes  0.92 113 0.44 0.029 +0.05 -019t0+0.28  -0.24t0+0.34  0.680  0.736
Brazil, male 092 1.08 046 0021 +0.29 +0.06 to +0.52 +0.03t0+0.55 0016  0.030
Brazil, female 1.31 1.80 006 0761 -057 -0.86 t0 -0.28 -0.9410-020 <0001 0.004
North, both sexes  1.65 2.80 —042 0034 +1.32 +0.67 to +1.97 +0.57t0+2.08 <0001 0.001
<
North, male 1.30 254 ~029 0133 +1.73 +0.99 to +2.47 +07810+267 <0001 o
North, female 2.03 236 -019 0337 +0.31 ~0.57 to +1.20 -045t0+1.08 0473 0407
Northeast, both
o 038 1.42 025 0188 +0.43 ~0.17 to +1.04 -04710+1.35 0149  0.333
Northeast, male 040 1.50 023 0245 +0.75 +0.06 to +1.44 -028t0+1.79 0033  0.146
Northeast, female 1.0 242 -023 0235 -0.34 -0.87 to +0.20 -10310+0.36 0206  0.328
f:;;:eam’ both 049 1.19 040 0045 +0.26 ~0.20 to +0.73 -0.48 to +1.01 0252 0470
Southeast, male  0.53 1.22 039 0052 +0.48 -0.01to +0.96 -027t0+1.23 0054 0202
Southeast, female  1.06 2.05 ~0.07 0726 -0.30 -0.81 to +0.21 -1.06t0+047 0241 0430
South, both sexes 0.93 1.69 0.15 0457 -2.28 -2.72t0-1.85 -2.95t0 -1.61 <0.001 0.001
South, male 1.48 257 -029 0152 -2.19 -2.68t0 -1.70 -284t0-154 <0001 _
South, female 1.78 1.78 007 0712 -249 -3.28 10 -1.69 3320-166 <0001
W h

::X";;a est,both g4 218 -013 0535 -0.03 ~0.56 to +0.50 -058t0+0.53 0914 0918
Central-West, male  1.98 1.98 ~0.05 0828 +0.22 ~0.37 t0 +0.80 -0.2410+0.67 0453  0.338
Central-West,

entral-ives 1.64 237 -020 0330 -0.68 ~1.66 to +0.32 179104044 0171 0224
female
Brazil, 20-24 years  0.77 2.06 ~0.04 0823 +3.21 +2.41 to +4.01 222004420 <0001 o
Brazil, 25-29 years  1.52 1.99 ~0.05 0802 +1.73 +1.39 to +2.08 +14510+202 <0001 o
Brazil, 30-34 years  1.52 1.52 018 0332 +0.26 ~0.07 to +0.59 -0.06t0+0.57  0.123  0.105

<

Brazil, 35-39 years  1.07 1.34 032 0107 -0.73 -0.99 to —0.46 ~10610-0.30 <0001 _

TABLE 15: Serial-correlation diagnostics and inference robust to serial correlation, by stratum,
Brazil, 2000-2025.

First-order dependence was detected at p < 0.05 in 11 of 22 single-segment summaries but in only 4 of 22 selected joinpoint models, the median Durbin-
Watson statistic rising from 1.20 to 1.89; the segmented specification therefore absorbs most of the temporal dependence. Newey-West standard errors
were 0.78 to 1.60 times the model-based values (median 1.25). Two-sided p < 0.05 was considered statistically significant.

APC, annual percent change; DW, Durbin-Watson statistic; LM, Lagrange multiplier; N-W, Newey-West; p, first-order autocorrelation coefficient of the
weighted residuals of the selected model

Sources: Deaths, Mortality Information System (SIM), Brazilian Ministry of Health [17]; annual population denominators, IBGE population projections, 2024
revision [19]; standard population, 2022 Brazilian Demographic Census [20]
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Rate Rate Change,
Age range Deaths, n AAPC, %lyear (95% Cl) t p
2000 2025 %

20-39 years (study population) 59,480 4.00 3.76 -6.2 -0.23 (-0.50 to +0.04) -1.78 0.088

40-44 years 59,274 21.46 13.91 -35.2 -1.68 (-1.90 to —1.46) -15.77  <0.001
20-44 years (composite) 118,754 7.57 5.83 -23.0 -1.00 (-1.21 to -0.79) -9.97 <0.001
40-64 years 727,093 66.23 42.96 -35.1 -1.61 (-1.77 to —1.46) -20.95  <0.001
65 years and over 1,330,132  327.80 24567 -25.1 -1.06 (-1.20 to -0.91) -15.09  <0.001

TABLE 16: Acute myocardial infarction mortality trends in age ranges outside the study
population, shown for context, Brazil, 2000-2025.

Each slope was tested against the null of no change with a two-sided Student's t test on the regression coefficient (t = B/SE(B)). Two-sided p < 0.05 was

considered statistically significant. The 65-and-over range uses an 80+ terminal band because the death series is not published in finer detail above that
age.

AAPC, average annual percent change

Sources: Deaths, Mortality Information System (SIM), Brazilian Ministry of Health [17]; annual population denominators, IBGE population projections, 2024
revision [19]; standard population, 2022 Brazilian Demographic Census [20]

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Humberto G. Moreira

Acquisition, analysis, or interpretation of data: Humberto G. Moreira, Athos Luiz F. Maia, Vittor Z.
Nascimento, Leticia Ribeiro S. Martins, Pedro Henrique C. de Oliveira

Drafting of the manuscript: Humberto G. Moreira, Athos Luiz F. Maia, Vittor Z. Nascimento, Leticia
Ribeiro S. Martins

Critical review of the manuscript for important intellectual content: Humberto G. Moreira, Athos Luiz
F. Maia, Pedro Henrique C. de Oliveira

Supervision: Humberto G. Moreira

Disclosures

Human subjects: Informed consent for treatment and open access publication was obtained or waived by all
participants in this study. Animal subjects: All authors have confirmed that this study did not involve
animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all
authors declare the following: Payment/services info: All authors have declared that no financial support
was received from any organization for the submitted work. Financial relationships: All authors have
declared that they have no financial relationships at present or within the previous three years with any
organizations that might have an interest in the submitted work. Other relationships: All authors have
declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

References

1. Ferreira LC, Nogueira MC, Carvalho MS, Teixeira MT: Mortality due to acute myocardial infarction in Brazil
from 1996 to 2016: 21 years of disparities in Brazilian regions [Article in English, Portuguese]. Arq Bras
Cardiol. 2020, 115:849-59. 10.36660/abc.20190438

2. Santos JD, Meira KC, Camacho AR, et al.: Mortality due to acute myocardial infarction in Brazil and its
geographical regions: analyzing the effect of age-period-cohort. Cien Saude Colet. 2018, 23:1621-34.
10.1590/1413-81232018235.16092016

3. Siqueira CA, de Souza DL: Reduction of mortality and predictions for acute myocardial infarction, stroke,
and heart failure in Brazil until 2030. Sci Rep. 2020, 10:17856. 10.1038/s41598-020-73070-8

4. Ford ES, Capewell S: Coronary heart disease mortality among young adults in the U.S. from 1980 through
2002: concealed leveling of mortality rates. ] Am Coll Cardiol. 2007, 50:2128-32. 10.1016/j.jacc.2007.05.056

5. O'Flaherty M, Ford E, Allender S, Scarborough P, Capewell S: Coronary heart disease trends in England and
Wales from 1984 to 2004: concealed levelling of mortality rates among young adults. Heart. 2008, 94:178-
81.10.1136/hrt.2007.118323

6. Wilmot KA, O'Flaherty M, Capewell S, Ford ES, Vaccarino V: Coronary heart disease mortality declines in
the United States from 1979 through 2011: evidence for stagnation in young adults, especially women.
Circulation. 2015, 132:997-1002. 10.1161/CIRCULATIONAHA.115.015293

2026 Maia et al. Cureus 18(10): e117907. DOI 10.7759/cureus.117907 20 of 21


javascript:void(0)
javascript:void(0)
javascript:void(0)
https://dx.doi.org/10.36660/abc.20190438
https://dx.doi.org/10.36660/abc.20190438
https://dx.doi.org/10.1590/1413-81232018235.16092016
https://dx.doi.org/10.1590/1413-81232018235.16092016
https://dx.doi.org/10.1038/s41598-020-73070-8
https://dx.doi.org/10.1038/s41598-020-73070-8
https://dx.doi.org/10.1016/j.jacc.2007.05.056
https://dx.doi.org/10.1016/j.jacc.2007.05.056
https://dx.doi.org/10.1136/hrt.2007.118323
https://dx.doi.org/10.1136/hrt.2007.118323
https://dx.doi.org/10.1161/CIRCULATIONAHA.115.015293
https://dx.doi.org/10.1161/CIRCULATIONAHA.115.015293

Cureus

Part of SPRINGER NATURE

20.

21.

22.

23.

24.

25.

26.

Nichols M, Townsend N, Scarborough P, Rayner M: Trends in age-specific coronary heart disease mortality
in the European Union over three decades: 1980-2009. Eur Heart J. 2013, 34:3017-27.
10.1093/eurheartj/eht159

‘Wagner A, Arveiler D, Ruidavets JB, et al.: Gender- and age-specific trends in coronary heart disease
mortality in France from 2000 to 2007: results from the MONICA registers. Eur | Prev Cardiol. 2014, 21:117-
22.10.1177/2047487312452967

Arora S, Stouffer GA, Kucharska-Newton AM, et al.: Twenty year trends and sex differences in young adults
hospitalized with acute myocardial infarction: the ARIC Community Surveillance Study. Circulation. 2019,
139:1047-56. 10.1161/CIRCULATIONAHA.118.037137

Dani SS, Lone AN, Javed Z, et al.: Trends in premature mortality from acute myocardial infarction in the
United States, 1999 to 2019. ] Am Heart Assoc. 2022, 11:€021682. 10.1161/JAHA.121.021682

Li H, Zheng ], Qian F, et al.: Demographic and regional trends of acute myocardial infarction-related
mortality among young adults in the US, 1999-2020. NPJ Cardiovasc Health. 2025, 2:10.1038/s44325-025-
00046-w

Mesmar A, Abukhater R, Abdalla W, et al.: Changing trends in myocardial infarction mortality among young
adults in the United States: a 25-year analysis of disparities and the COVID-19 impact. Arch Med Sci
Atheroscler Dis. 2025, 10:e104-11. 10.5114/amsad/209035

Stiles SL, Stacey I, Katzenellenbogen JM, et al.: Trends in acute coronary syndrome hospitalisation,
incidence and mortality rates in young adults: an Australian linked data study. ] Epidemiol Community
Health. 2025, 79:580-7. 10.1136/jech-2024-223615

Wu P, Yu S, Wang ], Zou S, Yao DS, Xiaochen Y: Global burden, trends, and inequalities of ischemic heart
disease among young adults from 1990 to 2019: a population-based study. Front Cardiovasc Med. 2023,
10:1274663. 10.3389/fcvm.2023.1274663

Oliveira JC, Ferreira GJ, Oliveira JC, et al.: Influence of geographical location on access to reperfusion
therapies and mortality of patients with STEMI in Sergipe: VICTIM register [Article in Portuguese]. Arq Bras
Cardiol. 2021, 117:120-9. 10.36660/abc.20200015

Benchimol EI, Smeeth L, Guttmann A, et al.: The REporting of studies Conducted using Observational
Routinely-collected health Data (RECORD) statement. PLoS Med. 2015, 12:e1001885.
10.1371/journal.pmed.1001885

Mortality Information System (SIM) [in Portuguese]. Accessed: August 28, 2026:
http://tabnet.datasus.gov.br/cgi/deftohtm.exe?sim/cnv/obt10uf.def.

International Statistical Classification of Diseases and Related Health Problems 10th Revision . (2016).
Accessed: September 22, 2026: https://icd.who.int/browse10/2016/en.

Population projections [in Portuguese]. (2024). Accessed: August 28, 2026:
https://www.ibge.gov.br/estatisticas/sociais/populacao/9109-projecao-da-populacao.html.

2022 population census: resident population by sex and age groups [in Portuguese] . (2023). Accessed:
August 28, 2026: https://sidra.ibge.gov.br/tabela/9514.

Kim HJ, Fay MP, Feuer EJ, Midthune DN: Permutation tests for joinpoint regression with applications to
cancer rates. Stat Med. 2000, 19:335-51. 10.1002/(sici)1097-0258(20000215)19:3<335::aid-sim336>3.0.c0;2-z
Naghavi M, Makela S, Foreman K, O'Brien ], Pourmalek F, Lozano R: Algorithms for enhancing public health
utility of national causes-of-death data. Popul Health Metr. 2010, 8:9. 10.1186/1478-7954-8-9

Malta DC, Silva AG, Tonaco LA, Freitas MI, Velasquez-Melendez G: Time trends in morbid obesity
prevalence in the Brazilian adult population from 2006 to 2017 [Article in Portuguese]. Cad Saude Publica.
2019, 35:e00223518. 10.1590/0102-311X00223518

Souza LE, Rasella D, Barros R, Lisboa E, Malta D, Mckee M: Smoking prevalence and economic crisis in
Brazil. Rev Saude Publica. 2021, 55:3. 10.11606/s1518-8787.2021055002768

Leite CE, Guimaraes RM, Sobral A: Analysis of mortality by cardiovascular disease subgroups in Brazil before
and during the COVID-19 pandemic (2000-2022) by sex and age group. Rev Bras Epidemiol. 2025,
28:€250033. 10.1590/1980-549720250033

Pizzato M, Santucci C, Islam N, La Vecchia C, Alicandro G: Relationship between COVID-19 cases and
monthly mortality from all causes, cancer, cardiovascular diseases and diabetes in 16 countries, 2020-21. Int
] Epidemiol. 2024, 54:dyaf006. 10.1093/ije/dyaf006

2026 Maia et al. Cureus 18(10): e117907. DOI 10.7759/cureus.117907

210f 21


https://dx.doi.org/10.1093/eurheartj/eht159
https://dx.doi.org/10.1093/eurheartj/eht159
https://dx.doi.org/10.1177/2047487312452967
https://dx.doi.org/10.1177/2047487312452967
https://dx.doi.org/10.1161/CIRCULATIONAHA.118.037137
https://dx.doi.org/10.1161/CIRCULATIONAHA.118.037137
https://dx.doi.org/10.1161/JAHA.121.021682
https://dx.doi.org/10.1161/JAHA.121.021682
https://dx.doi.org/10.1038/s44325-025-00046-w
https://dx.doi.org/10.1038/s44325-025-00046-w
https://dx.doi.org/10.5114/amsad/209035
https://dx.doi.org/10.5114/amsad/209035
https://dx.doi.org/10.1136/jech-2024-223615
https://dx.doi.org/10.1136/jech-2024-223615
https://dx.doi.org/10.3389/fcvm.2023.1274663
https://dx.doi.org/10.3389/fcvm.2023.1274663
https://dx.doi.org/10.36660/abc.20200015
https://dx.doi.org/10.36660/abc.20200015
https://dx.doi.org/10.1371/journal.pmed.1001885
https://dx.doi.org/10.1371/journal.pmed.1001885
http://tabnet.datasus.gov.br/cgi/deftohtm.exe?sim/cnv/obt10uf.def
http://tabnet.datasus.gov.br/cgi/deftohtm.exe?sim/cnv/obt10uf.def
https://icd.who.int/browse10/2016/en
https://icd.who.int/browse10/2016/en
https://www.ibge.gov.br/estatisticas/sociais/populacao/9109-projecao-da-populacao.html
https://www.ibge.gov.br/estatisticas/sociais/populacao/9109-projecao-da-populacao.html
https://sidra.ibge.gov.br/tabela/9514
https://sidra.ibge.gov.br/tabela/9514
https://dx.doi.org/10.1002/(sici)1097-0258(20000215)19:3<335::aid-sim336>3.0.co;2-z
https://dx.doi.org/10.1002/(sici)1097-0258(20000215)19:3<335::aid-sim336>3.0.co;2-z
https://dx.doi.org/10.1186/1478-7954-8-9
https://dx.doi.org/10.1186/1478-7954-8-9
https://dx.doi.org/10.1590/0102-311X00223518
https://dx.doi.org/10.1590/0102-311X00223518
https://dx.doi.org/10.11606/s1518-8787.2021055002768
https://dx.doi.org/10.11606/s1518-8787.2021055002768
https://dx.doi.org/10.1590/1980-549720250033
https://dx.doi.org/10.1590/1980-549720250033
https://dx.doi.org/10.1093/ije/dyaf006
https://dx.doi.org/10.1093/ije/dyaf006

	Acute Myocardial Infarction Mortality in Young Adults in Brazil: Divergent Trends by Age, Sex, and Region, 2000-2025
	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Materials And Methods
	Design and data sources
	Population and case definition
	Outcomes and standardization
	Statistical analysis
	Missing data and ethics

	Results
	Deaths and distribution
	TABLE 1: Deaths from AMI among adults aged 20-39 years, by macroregion and sex, Brazil, 2000-2025.

	National trend
	FIGURE 1: Age-standardized mortality rate from AMI among adults aged 20-39 years, Brazil, 2000-2025.
	TABLE 2: Overall change in age- and sex-standardized AMI mortality among adults aged 20-39 years, by macroregion and sex, Brazil, 2000-2025.
	TABLE 3: Segmented (joinpoint) analysis of age- and sex-standardized AMI mortality among adults aged 20-39 years, by macroregion and sex, Brazil, 2000-2025.

	Age
	TABLE 4: Age-specific AMI mortality within the 20-to-39-year age group, by five-year age band, Brazil, 2000-2025.
	FIGURE 2: Age-specific mortality rate from AMI by five-year age band within the 20-39-year group, Brazil, 2000-2025.

	Sex
	FIGURE 3: Age-standardized mortality rate from AMI among adults aged 20-39 years, by sex, Brazil, 2000-2025.

	Macroregions
	FIGURE 4: Age- and sex-standardized mortality rate from AMI among adults aged 20-39 years, by macroregion, Brazil, 2000-2025.

	Pandemic period, robustness, and bias
	Age ranges outside the study population

	Discussion
	Limitations

	Conclusions
	Appendices
	Appendix A
	TABLE 5: Standard population and joint age-by-sex weights used for direct standardization of the combined-sex rates.

	Appendix B
	TABLE 6: Within-sex age weights used for the sex-specific standardized rates.

	Appendix C
	TABLE 7: Sensitivity of the national age- and sex-standardized trend to the choice of standard population, Brazil, 2000–2025.

	Appendix D
	TABLE 8: Age- and sex-standardized acute myocardial infarction mortality rate by macroregion and sex, every year, Brazil, 2000–2025.

	Appendix E
	TABLE 9: Observed and expected age- and sex-standardized acute myocardial infarction mortality during and after the COVID-19 pandemic, adults aged 20-39 years, Brazil, 2020–2025.

	Appendix F
	TABLE 10: Sensitivity of the national trend estimate to exclusion of the pandemic years and of the provisional final year, adults aged 20-39 years, Brazil, 2000–2025.

	Appendix G
	TABLE 11: Stability of the selected joinpoint model under parametric bootstrap, national series, Brazil, 2000–2025.

	Appendix H
	TABLE 12: Tipping-point bias analysis: change in completeness of cause-of-death certification that would be required for each finding to be entirely artifactual, Brazil, 2000–2025

	Appendix I
	TABLE 13: Share of all deaths at ages 20-39 years carried by ill-defined and nonspecific cause-of-death codes, by macroregion, Brazil, 2000 and 2025.

	Appendix J
	TABLE 14: Trend estimates before and after proportional redistribution of ill-defined and nonspecific cause-of-death codes, by macroregion, sex and age band, Brazil, 2000–2025.

	Appendix K
	TABLE 15: Serial-correlation diagnostics and inference robust to serial correlation, by stratum, Brazil, 2000–2025.

	Appendix L
	TABLE 16: Acute myocardial infarction mortality trends in age ranges outside the study population, shown for context, Brazil, 2000–2025.


	Additional Information
	Author Contributions
	Disclosures

	References


