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ABSTRACT
Background: In latest decades, mortality rates from ischemic heart disease (IHD) had
declined steadily in most of the world as a consequence of improvements in prevention
and therapy.
Objective: The aim of this study was to analyze trends in mortality caused by IHD in
the region of the Americas from 2000 to 2019.
Methods: Estimates of the age-adjusted mortality rate (AAMR) due to IHD were
extracted from the Data Portal on Noncommunicable Diseases, Mental Health, and
External Causes (ENLACE), Pan American Health Organization. We used Joinpoint
regression to analyze significant changes in mortality trends by country, gender,
geographical sub-region, and country income, according to the World Bank
classification. We also calculated the average annual percent change (AAPC) mortality
rate for the overall period in the Americas as a whole and by country and sub-region.
Results: In the region of the Americas, the AAMR from IHD decreased from 117.80
(95% uncertainty interval (UI)) 106.64–135.90) in 2000 to 73.64 (62.65–92.66) per
100,000 in 2019. In males, from 149.08 (95% UI 138.23–168.08) to 96.02 (95% UI
83.48–117.19) and in females 92.36 (95% UI 81.35–109.42) to 54.84 (95% UI 45.28–
71.76). The AAPC mortality rate in the region decreased –2.5% (95% CI: –2.7, –2.3),
with joinpoints in 2007 and 2012, –2.3% (95% CI: –2.5, –2.1) in men and –2.7% (95%
CI: –3.0, –2.5) in women. According to the sub-region analysis, the highest decrease
was recorded in North America, AAPC –3.1% (95% CI: –3.3, –3.0) with one joinpoint in
2011, whereas there was a stagnation of the mortality rate in Central America, Mexico,
and Latin Caribbean with an AAPC of 0.1 (–0.2, 0.3) with one joinpoint in 2007.
Conclusions: Age-adjusted mortality rate from IHD between 2000 and 2019 has
decreased in the region of the Americas. However, different trends were observed, North
America had the highest reduction in AAPC, while Central America, Mexico, and Latin
Caribbean Region had a stagnation. This trend was highly influenced by country income.
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INTRODUCTION
Cardiovascular diseases are the leading cause of death in the region of the Americas and in the
world. Ischemic heart disease (IHD) has become the first isolated cause of death [1] despite
the fact that the risk factors for the majority of IHD events are known, easy to identify and
potentially treatable [2]. In Latin America rheumatic heart disease and Chagas disease, once
a major health problem in the region of the Americas, are now responsible for only 1% of the
mortality [3].
As a consequence of the world’s population growth and the increase in life expectancy, an
increase in the total number of deaths from IHD has been observed worldwide [4]. In North
American countries the total population increased between 2000 to 2020 from 312.8 to 369.2
million inhabitants and life expectancy changed from 76.9 to 79.2 years. In Latin America and
the Caribbean countries, the population increased from 520.9 million to 652.3 million, and the
life expectancy from 71.7 to 75.3 years [5]. However, the estimated death by IHD increased
only slightly from 1.024,117 (18.8%) in 2000 to 1.091.311 (15.2%) in 2019 [6]. Mortality rates
from IHD have declined steadily in most of the world in recent years [4] as a consequence of
preventive interventions and improvements in therapy. Although, the increase in risk factors
such as obesity, metabolic syndrome, and diabetes mellitus has reduced the potential benefit
of these interventions. In the region of the Americas, the tendencies in mortality rates due
to IHD have been variable between countries, for example, it has been reported a significant
decrease in Argentina, a discrete decrease in Colombia in contrast to an increase in Mexico [7].
The aim of this study was to analyze trends in mortality caused by IHD in the region of the
Americas countries from 2000 to 2019.

METHODS
A secondary data analysis was performed using the Data Portal on Noncommunicable Diseases,
Mental Health, and External Causes (ENLACE) from the Pan American Health Organization [8].
Age-adjusted mortality rate (AAMR) data for men and women, with its correspondent 95%
uncertainty interval (95% UI), from the region of the Americas countries in the period 2000 to
2019 were extracted. The data source was WHO Global Health Estimates [9]. WHO technical
documents the data sources and methods used for preparation of the country-level Global
Health Estimates [10]. The average world population age structure constructed for the period
2000–2025 was used for standardizing the country mortality rates [11].
In the ENLACE database, sub-regions and countries with available data included only countries
that are WHO Member States with a population over 90,000 in 2019: North America (Canada,
United States of America), Mexico and Central America (Belize, Costa Rica, El Salvador,
Guatemala, Honduras, Nicaragua, Panama), Latin Caribbean (Cuba, Dominican Republic, Haiti),
Andean Area (Bolivia, Colombia, Ecuador, Peru, Venezuela), Brazil, Southern Cone (Argentina,
Chile, Paraguay, Uruguay) and Non-Latin Caribbean (Antigua and Barbuda, Bahamas, Barbados,
Grenada, Guyana, Jamaica, Saint Lucia, Saint Vincent and the Grenadines, Suriname, Trinidad
and Tobago. The database did not have mortality rates from the following countries: Anguilla,
Bermuda, Curacao, Dominica, French Guiana, Guadeloupe, Martinique, Monserrat, Puerto
Rico, Saint Kitts and Nevis, Saint Maarten (Dutch part), Turks and Caicos Islands, Virgin Islands
(British) and Virgin Islands (U.S.).
We also conducted an analysis to assess regional mortality trends by sex, sub-region, and
income group, according to the World Bank income classification for the fiscal year 2012
(data for the calendar year 2010) [11]. American countries were classified into four income
categories: high-income (Bahamas, Barbados, Canada, Trinidad and Tobago, and United
States), upper-middle-income (Antigua and Barbuda, Argentina, Brazil, Chile, Colombia, Costa
Rica, Cuba, Dominican Republic, Ecuador, Grenada, Jamaica, Mexico, Panama, Peru, Saint
Lucia, St Vincent, Suriname, Uruguay, and Venezuela), lower-middle-income (Belize, Bolivia, El
Salvador, Guatemala, Guyana, Honduras, Nicaragua, and Paraguay), and low-income (Haiti).
The median AAMR with its correspondent interquartile range (IQR) were calculated by year
and income category.
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We used the Joinpoint regression software (version 4.8.0.1; Surveillance Research Program,
USA National Cancer Institute, Bethesda, MD, USA) to analyze significant changes in mortality
trends. This analysis identified inflection points (called ‘joinpoints’) at which there was
a significant change in the linear slope of the trend. The Joinpoint regression analysis has
been used extensively in previous research on trends in cardiovascular and cerebrovascular
disease [12–14]. The number and the location of significant joinpoints for each country were
determined using a log-linear model. We computed the estimated annual percent change
(APC), and corresponding 95% confidence intervals (CI), to describe the magnitude of change
for each of the trends identified. In this model, age-standardized mortality rates were used as
the dependent variable and year of death as the independent variable with an annual interval
type and assuming a constant variance (homoscedasticity). In all analyses, P < 0.05 was
regarded as statistically significant. We also calculated the average annual percent change
(AAPC) for the overall period (2000–2019) in the region of the Americas as a whole, by subregion, and by country. Due to the study design, no approval by an institutional review board
was required.
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RESULTS
The overall AAMR decreased from 117.80 (95% UI: 106.64–135.90 in 2000 to 73.64 (95%
UI: 62.65–92.66) per 100,000 in 2019. In 2000, the highest rate was found in Guyana with
215.18 (95% UI: 180.32–252.79) per 100,000 and the lowest in Jamaica with 52.32 (95% UI:
44.47–59.39) per 100,000. In 2019 Guyana, had the highest mortality rate with 192.88 (95%
UI: 147.90–259.09) per 100,000, whereas the lowest rate was observed in Chile with 36.69
(95% UI: 31.66–49.81) per 100,000) (Table 1S).
During the period 2000–2019, the region of the Americas showed a statistically significant
decrease of –2.5% (95% CI: –2.7, –2.3) in the AAPC in mortality rates, with two joinpoints
in 2007 and 2012 due to a lower AAPC after these years (Table 1, Figure 1). Mortality rates
decreased significantly in twenty-four countries. Trinidad Tobago, Costa Rica, and Canada had
the largest decreases (AAPC –4.3%, –4%, and –3.9%, respectively). Mortality rates increased
significantly in three countries. Dominican Republic, Grenada had Mexico (AAPC 2.4%, 1.4%,
and 0.6%, respectively) (Table 2).
SUB REGION

PERIOD 2

Table 1 Joinpoint analysis
for ischemic heart diseases
mortality trends in the Region
of the Americas, sub-regions
and income categories,
2000–2019.
AAPC, average annual percent
change; APC, annual percent
change; CI, confidence interval.
* P < 0.05 for change in trend.

TOTAL STUDY
PERIOD

PERIOD 1

PERIOD 3

AAPC (95% CI)

YEARS

APC (95% CI)

YEARS

APC (95% CI)

YEARS

APC (95% CI)

Region of the Americas

–2.5* (–2.7, –2.3)

2000–2007

–3.7* (–4.0, –3.4)

2007–2012

–2.6* (–3.2, –2.0)

2012–2019

–1.1* (–1.4, –0.8)

North America

–3.1* (–3.3, –3.0)

2000–2011

–4.5* (–4.7, –4.3)

2011–2019

–1.2* (–1.5, –0.8)

Central America, Mexico
and Latin Caribbean

0.1 (–0.2, 0.3)

2000–2007

–1.0* (–1.7, –0.4)

2007–2019

0.7* (0.4, 1.0)

Andean Area

–1.2* (–1.3, –1.0)

Southern Cone and Brazil

–2.6* (–2.7, –2.5)

Non-Latin Caribbean*

–1.3* (–2.1, –0.6)

2000–2009

–1.8* (–2.2, –1.3)

2009–2012

–3.2 (–7.9, 1.8)

2012–2019

0.1 (–0.6, 0.7)

High income

–2.1* (–2.5, –1.6)

2000–2014

–2.6* (–2.9, –2.3)

2014–2019

–0.5 (–2.0, 1.0)

Upper-middle income

–1.3* (–1.5, –1.1)

Lower-middle income

–0.9* (–1.5, –0.4)

2000–2006

–2.9* (–4.4, –1.3)

2006–2019

–0.1 (–0.5, 0.4)

Low income

–0.3* (–0.4, –0.2)

Income category

Figure 1 Trends in mortality from ischemic heart diseases in the Region of the Americas, 2000–2019.

Table 2 Joinpoint analysis for ischemic heart diseases mortality trends in the countries of the region of the Americas from 2000 to 2019.
AAPC, average annual percent change; APC, annual percent change; CI, confidence interval. * P < 0.05 for change in trend.
COUNTRY

TOTAL STUDY
PERIOD

PERIOD 1

PERIOD 2

PERIOD 3

AAPC (95% CI)

YEARS

APC (95% CI)

YEARS

APC (95% CI)

Antigua and
Barbuda

–0.9 (–1.8, 0.0)

2000–2007

4.0* (1.8, 6.2)

2007–2019

–3.6* (–4.5, –2.7)

Argentina

–2.6* (–2.9, –2.3)

Bahamas

–0.8* (–1.4, –0.2)

2000–2014

–1.5* (–2.0, –1.1)

2014–2019

1.2 (–0.9, 3.3)

Barbados

–2.0* (–3.2, –0.8)

2000–2008

–1.9* (–2.7, –1.0)

2008–2011

Belize

–3.6* (–4.6, –2.5)

2000–2002

–12.1* (–20.3, –3.2)

Bolivia

–0.5* (–0.7, –0.2)

2000–2002

Brazil

–2.6* (–2.9, –2.4)

Canada

–3.9* (–4.1, –3.8)

Chile

–3.4* (–3.6, –3.2)

Colombia

YEARS

APC (95% CI)

–8.5* (–15.7, –0.7)

2011–2019

0.4 (–0.5, 1.3)

2002–2012

–4.2* (–5.0, –3.3)

2012–2019

–0.1 (–1.4, 1.2)

–3.2* (–5.2, –1.2)

2002–2006

–1.7* (–2.7, –0.6)

2006–2019

0.4* (0.2, 0.5)

2000–2006

–3.2* (–3.8, –2.5)

2006–2019

–2.4* (–2.6, –2.2)

2000–2012

–5.0* (–5.2, –4.8)

2012–2019

–2.1* (–2.5, –1.8)

–1.2* (–2.2, –0.0)

2000–2006

–0.9 (–2.1, 0.4)

2006–2019

–3.4 (–10.1, 3.8)

2009–2019

–0.7* (–1.2, –0.1)

Costa Rica

–4.0* (–5.1, –2.9)

2000–2008

–5.3* (–6.6, –4.0)

2008–2014

0.1 (–2.7, 3.0)

2014–2019

–6.8* (–9.4, –4.1)

Cuba

–1.6* (–2.2, –1.0)

2000–2013

–2.4* (–3.0, –1.9)

2013–2019

0.2 (–1.5, 2.0)

Dominican
Republic

2.4* (1.6, 3.1)

2000–2016

3.6* (3.3, 4.0)

2016–2019

–4.2 (–8.4, 0.3)

Ecuador

–0.8* (–1.3, –0.3)

2000–2005

1.7* (0.4, 3.1)

2005–2014

–2.3* (–2.9, –1.6)

2014–2019

–0.7 (–1.9, 0.6)

El Salvador

–1.5* (–2.2, –0.7)

(Contd.)

COUNTRY

TOTAL STUDY
PERIOD

PERIOD 1

PERIOD 2

PERIOD 3

AAPC (95% CI)

YEARS

APC (95% CI)

YEARS

APC (95% CI)

Grenada

1.4* (0.1, 2.6)

2000–2005

6.5* (1.9, 11.2)

2005–2019

–0.4 (–1.3, 0.5)

Guatemala

–0.9* (–1.6, –0.2)

2000–2002

–4.5 (–10.0, 1.3)

2002–2015

Guyana

–0.5* (–0.7, –0.2)

2000–2004

2.1* (1.2, 3.0)

Haiti

–0.3* (–0.4, –0.2)

Honduras

0.5 (–0.1, 1.2)

2000–2010

Jamaica

–0.5 (–3.1, 2.2)

Mexico

YEARS

APC (95% CI)

0.1 (–0.3, 0.5)

2015–2019

–2.5* (–4.3, –0.6)

2004–2014

–1.7* (–2.0, –1.5)

2014–2019

0.1 (–0.6, 0.7)

–0.1 (–0.4, 0.3)

2000–2013

8.9* (4.4, 13.5)

2013–2019

–2.5* (–3.2, –1.8)

2000–2005

–5.4* (–8.9, –1.7)

2005–2008

5.5 (–10.9, 25.0)

2008–2019

0.2 (–0.9, 1.4)

0.6* (0.2, 1.0)

2000–2007

–1.0* (–1.9, –0.1)

2007–2019

1.5* (1.1, 1.9)

Nicaragua

–0.6 (–2.4, 1.3)

2000–2011

–0.8* (–1.6, –0.0)

2011–2014

3.3 (–8.4, 16.5)

2014–2019

–2.3 (–4.9, 0.3)

Panama

–1.5* (–2.2, –0.8)

2000–2010

0.3 (–0.6, 1.3)

2010–2019

–3.5* (–4.6, –2.4)

Paraguay

–0.5 (–2.0, 0.9)

2000–2002

–5.9 (–17.1, 7.0)

2002–2009

2.8* (0.6, 5.0)

2009–2019

–1.8* (–2.7, –0.8)

Peru

–1.8* (–2.9, –0.7)

2000–2007

–3.9* (–4.8, –3.0)

2007–2010

4.0 (–3.0, 11.6)

2010–2019

–2.0* (–2.6, –1.4)

Saint Lucia

–1.4* (–1.8, –1.0)

2000–2005

–2.0* (–3.0, –1.0)

2005–2011

–5.1* (–6.0, –4.1)

2011–2019

1.8* (1.3, 2.3)

Saint Vincent

–2.1* (–3.5, –0.7)

2000–2004

–3.9* (–7.5, –0.1)

2004–2008

8.7* (2.3, 15.5)

2008–2019

–5.2* (–5.9, –4.4)

Suriname

–0.2 (–0.8, 0.4)

2000–2011

–2.3* (–2.7, –2.0)

2011–2015

0.8 (–1.7, 3.3)

2015–2019

5.0* (3.4, 6.7)

Trinidad and
Tobago

–4.3* (–4.5, –4.0)

United States of
America

–3.0* (–3.2, –2.9)

2000–2011

–4.5* (–4.7, –4.2)

2011–2019

–1.1* (–1.4, –0.7)

Uruguay

–2.5* (–2.8, –2.3)

Venezuela

–1.2* (–1.9, –0.5)

2000–2016

–0.8* (–1.1, –0.5)

2016–2019

–3.4 (–7.4, 0.8)

TRENDS OF MORTALITY BY GENDER
The overall AAMR decreased from 149.08 (95% UI 138.23–168.08) to 96.02 (95% UI 83.48–
117.19) per 100,000 in men. In 2000 the highest rates were observed in Guyana with 250.84
(95% UI 210.23–296.28) per 100,000, and the lowest in Peru with 60.28 (95% UI 47.72–74.14)
per 100,000. In 2019, Guyana had the highest rates among men with 228.89 (95% UI 175.84–
312.72) per 100,000, whereas the lowest was found in Peru with 46.57 (95% UI 30.41–66.57)
per 100,000 (Table 1S, Figure 1)). Throughout the sub-regions of the Americas, men showed a
statistically significant decrease in mortality with an AAPC of –2.3% (95% CI: –2.5, –2.1), with
two joinpoints in 2007 and 2012 (Table 3). Mortality rates between 2000 and 2020 decreased
significantly in twenty countries. Canada, Trinidad and Tobago, and Costa Rica had the largest
decreases, whereas we observed a significant increase in two countries: the Dominican Republic
and Mexico (Table 3 and 2S).
SUB REGION
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Table 3 Joinpoint analysis
for ischemic heart diseases
mortality trends in men in the
sub regions of the Region of
the Americas 2000–2019.
AAPC, average annual percent
change; APC, annual percent
change; CI, confidence interval.
* P < 0.05 for change in trend.

TOTAL STUDY
PERIOD

PERIOD 1

PERIOD 3

AAPC (95% CI)

YEARS

APC (95% CI)

YEARS

APC (95% CI)

YEARS

APC (95% CI)

Region of the Americas

–2.3* (–2.5, –2.1)

2000–2007

–3.5* (–3.8, –3.3)

2007–2012

–2.3* (–2.9, –1.7)

2012–2019

–1.0* (–1.2, –0.7)

North America

–3.0* (–3.1, –2.8)

2000–2011

–4.3* (–4.5, –4.2)

2011–2019

–1.0* (–1.3, –0.7)

Central America,
Mexico and Latin
Caribbean

0.4* (0.1, 0.7)

2000–2007

–0.8* (–1.5, –0.1)

2007–2019

1.1* (0.7, 1.4)

Andean Area

–1.0* (–1.1, –0.9)

Southern Cone and
Brazil

–2.4* (–2.5, –2.2)

Non-Latin Caribbean*

–1.3* (–2.4, –0.2)

2000–2009

–1.3* (–2.0, –0.7)

2009–2012

–3.9 (–10.6, 3.3)

2012–2019

–0.1 (–1.1, 0.9)

For women, the overall ASDR decreased from 92.36 (95% UI 81.35–109.42) to 54.84 (95% UI
45.28–71.76) per 100,000. The highest rates in 2000 were recorded in Haiti with 196.45 (95%
UI 125.88–279.25) per 100,000, and the lowest in Jamaica with 44.93 (95% UI 37.18–51.79)
per 100,000. In 2019, we observed the highest female rate in Haiti with 180.35 (95% UI
106.35–273.21) per 100,000 and the lowest in Chile with 24.83 (95% UI 20.60–37.16) per
100,000) (Table 1S, Figure 1). Among women, we observed a steady and statistically significant
decrease of –2.7% (95% CI: –3.0, –2.5) in the AAPC in the region of the Americas with two
joinpoints in 2009 and 2014. Mortality rates between 2000 and 2020 decreased significantly
in twenty-four countries. Costa Rica, Canada, and Chile had the largest decreases, whereas
we observed a significant increase in two countries: the Dominican Republic and Grenada
(Table 4 and 3S).
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Table 4 Joinpoint analysis
for ischemic heart diseases
mortality trends in women in
the Region of the Americas
(Sub regions), 2000–2019.
AAPC, average annual percent
change; APC, annual percent
change; CI, confidence interval.
* P < 0.05 for change in trend.

TOTAL STUDY
PERIOD

PERIOD 1

PERIOD 3

AAPC (95% CI)

YEARS

APC (95% CI)

YEARS

APC (95% CI)

YEARS

APC (95% CI)

Region of the Americas

–2.7* (–3.0, –2.5)

2000–2009

–3.8* (–4.0, –3.7)

2009–2014

–2.3* (–3.0, –1.6)

2014–2019

–1.1* (–1.6, –0.6)

North America

–3.4* (–3.8, –2.9)

2000–2011

–4.9* (–5.1, –4.6)

2011–2017

–2.0* (–2.8, –1.1)

2017–2019

1.0 (–2.9, 5.0)

Central America,
Mexico and Latin
Caribbean

–0.3* (–0.5, –0.0)

2000–2007

–1.3* (–1.9, –0.7)

2007–2019

0.3* (0.0, 0.6)

Andean Area

–1.4* (–1.6, –1.2)

2000–2007

–1.9* (–2.4, –1.4)

2007–2019

–1.1* (–1.3, –0.9)

Southern Cone and
Brazil

–2.9* (–3.1, –2.8)

Non-Latin Caribbean

–1.4* (–1.5, –1.3)

2000–2012

–2.4* (–2.5, –2.2)

2012–2019

0.3 (–0.0, 0.6)

TRENDS OF MORTALITY BY SUB-REGION
North America had the largest overall AAMR decrease, from 125.81 (95% UI: 115.83–143.96)
to 70.34 (95% UI 63.12–86.07) per 100,000, it also had a greater decrease of –3.1% (95%
CI: –3.3, –3.0) in the AAPC, after a joinpoint in 2011. In Southern Cone and Brazil the overall
AAMR decreased from 112.53 (95% UI 101.85–132.26) to 67.29 (95% UI 59.29–85.32) per
100,000. The AAPC was –2.6% (95% CI: –2.7, –2.5) without joinpoints. A minor decrease in AAPC
was observed in the Non-Latin Caribbean, the Andean Area, and Central America. In the NonLatin Caribbean sub-region, the overall AAMR decreased from 103.78 (95% UI 90.08–117.15)
to 79.49 (95% UI 60.98–102.44) per 100,000, the AAPC was –1.3* (95% CI: –2.1, –0.6) with two
joinpoints in 2009 and 2012. In Andean Area the overall AAMR decreased from 93.21 (95% UI
78.86–113.89) to 71.68 (95% UI 51.50–98.75) per 100,000, the AAPC was –1.2* (95% CI: –1.3,
–1.0) without joinpoints. Finally, in Central America, Mexico and Latin Caribbean the overall
AAMR decreased from 98.67 (95% UI 86.00–117.99) to 97.61 (95% UI: 75.92–128.51) per
100,000, the AAPC was 0.1 (95% CI: –0.2, 0.3) with one joinpoint in 2007 (Table 1, Figure 1).

TRENDS OF MORTALITY BY COUNTRY INCOME
All income groups, according to the World Bank income classification, had a significant
decrease in AAPC. However, the magnitude of the change decreased progressively from high
to low-income categories. In high-income American region countries, the median overall
AAMR decreased from 106.46 (IQR: 91.71–128.88) to 73.47 (IQR: 55.5–81.57) per 100,000. We
recorded a statistically significant decrease of –2.1% (95% CI: –2.5, –1.6) in the AAPC, with a
joinpoint in 2014. After 2014 a non-significant decrease in APC was observed. In upper-middleincome countries, the median overall AAMR decreased from 93.39 (IQR: 71.44–113.62) to
75.08 (IQR: 53.53–93.7) per 100,000, and in lower-middle-income countries the median overall
AAMR decreased from 116.46 (IQR: 106.24–139.82) to 92.9 (IQR: 79.58–126.79) per 100,000,
both with similar AAPC. Finally, low-income countries, represented only by Haiti, had an overall
AAMR decrease from 199.63 (95% UI: 132.77–282.24) to 185.42 (95% UI: 114.89–276.57) per
100,000 with the smallest AAPC (Table 1).

DISCUSSION
In the last 20 -year period, age-adjusted mortality rate from IHD decreased in the region of the
Americas, with a large decline in the first half and a modest reduction in the second. However, the
mortality tendency differs among the Americas region countries and sub-regions: it decreases
in most of the countries and sub-regions and in all income categories. AAPC increased in three
countries, and the improvement was limited in the Andean Area, Central America, Mexico
and Latin Caribbean, and the Non-Latin Latin Caribbean. Additionally, we observed joinpoints
in the adjusted rates in most of the countries. The overall reduction of –2.5% in the AAPC
between 2000 and 2019 is consistent with the Global Burden of Diseases initiative estimate of
a decrease in the age-standardized death rate for IHD of 11.6% in a ten years period, between
2006 and 2016 [15]. The finding that in the Americas region, age-standardized rates of death
from IHD has a different trend between sub-regions mirrors what has been reported in Europe,
where in Western European countries, a 30% decline in IHD deaths was registered in a 30year period, since 1980, but in Eastern Europe, the rate has only minor changes [16]. In the
wealthy countries in the region of the Americas, the United States, and Canada a trend similar
to Western Europe was observed. In Canada from 1986 to 2000 the AAPC declined by 3.44
percent for males and 3.42 percent for females [17]. In the United States, the age-adjusted
mortality rate for IHD declined from 194.6 per 100,000 in 1999 to 109.2 per 100,000 in 2011,
but the slope has flattened with a further decline of only to 90.9 per 100,000 in the next seven
years [18]. This deceleration in the mortality for IHD rate, observed also in other countries of the
Americas Region, reduces the possibility of a major cardiovascular disease burden control [19].
Several explanations for this diverging trend have been proposed: changes in risk factor
prevalence, level of education, access to affordable and effective medication, and quality
of medical care. Association of risk factor prevalence in a short term and changes in IHD
mortality has been documented in Russia after the Communist decline with increased mortality
associated with increased levels of smoking, alcoholism, poor diet, and low physical exercise
[20]. Similarly, in East Germany, a major IHD mortality, compared with West Germany after
unification was associated with higher levels of smoking, cholesterol, hypertension, obesity, and
diabetes mellitus [21]. However, a recent analysis of age-standardized rates of death from IHD
changes, between 2005 and 2015, in the United Kingdom, United States, Brazil, Kazakhstan,
and Ukraine describes a progressive decrease in mortality, with a limited reduction of smoking
and hypertension prevalence, but an increase in obesity and diabetes mellitus, suggesting that
the driving force was an economic improvement [22]. Significant support for the importance
of education and quality of medical as protective factors were raised in an analysis of the
Population Urban Rural Epidemiology (PURE) cohort, which includes high, middle, and lowincome countries. The incidence of cardiovascular diseases was higher in individuals with low
education, although the risk factors prevalence was lower in this group and was independent of
the individual wealth estimates. Medical care, including management of hypertension, diabetes,
and secondary prevention had an important role in cardiovascular event incidence [23]. Another
analysis of the PURE cohort reports that lower availability and affordability of essential CVD
medicines were associated with an increased risk of major cardiovascular outcomes [24], other
evidence of the importance of medical care quality in cardiovascular prevention.
Gender differences in the prevalence of risk factors, risk factor management in primary and
secondary prevention, and cardiovascular risk have been reported. Women have a lower
prevalence of smoking and alcohol use, lower waist to hip ratio, and higher HDL cholesterol
levels, and they have more obesity and sedentary lifestyle [25–27]. In the general population,
women had better control of hypertension but, after a coronary event received less effective
medication, and coronary artery interventions [25]. In our results, women had a lower initial
and final age-standardized mortality rate, as has been reported in several communications [22,
27, 28], and the overall reduction AAPC in American countries was also higher in females than
in males, –2.7% vs –2.3%, respectively. A similar trend was reported for stroke, with a median
AAPC of –2.7% for males and females [29].
This study has several strengths. To our knowledge, this is the most recent study analyzing
IHD mortality trends in the whole American Region. On the other hand, mortality data were
extracted directly from an official database without calculating mortality from death count and
population data. The Joinpoint regression software has been widely used to analyze mortality
trends in cardio and cerebrovascular disease [30, 31]. In addition, this analysis method achieves
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a better fit compared to linear models, which reduces the tendency to a single regression [32].
Our work also has limitations. The main limitation is the lack of data from some countries that
were not included in the database. Additionally, data quality has been rated insufficient in
some countries [15]. Finally, we recognize that mortality trend studies only describe trends and
do not aim to explain them [29]. This analysis needs further work to investigate the association
between trends in IHD mortality and sociodemographic characteristics, such as measures of
income and health care expenditure.

CONCLUSION
Age-adjusted mortality rate from IHD between 2000 and 2019 had decreased in the American
region. However, different trends were observed, North America, Brazil, and the Southern Cone
had the highest reduction in AAPC, the Caribbean Region, Central America, and the Andean Area
had a lower reduction, while Mexico had an increase in AAPC. This trend was highly influenced
by country income.

ADDITIONAL FILE
The additional file for this article can be found as follows:
•

Supplementary Tables. Tables 1S to 3S. DOI: https://doi.org/10.5334/gh.1144.s1

COMPETING INTERESTS
The authors have no competing interests to declare.

AUTHOR CONTRIBUTIONS
AS performed the statistical analyses and review the manuscript. FL analyze the data and
wrote the manuscript.

AUTHOR AFFILIATIONS
Fernando Lanas, MD, PhD
orcid.org/0000-0003-3595-9759
Departamento de Medicina Interna, Facultad de Medicina, Universidad de La Frontera, Temuco, Chile
Alvaro Soto, MD, MSc
orcid.org/0000-0003-2583-7854
Departamento de Especialidades Médicas, Facultad de Medicina, Universidad de La Frontera, Temuco, Chile

REFERENCES
1.

2.

3.
4.

5.
6.
7.

Safiri S, Karamzad N, Singh K, Carson-Chahhoud K, Adams C, Nejadghaderi SA, et al. Burden of
ischemic heart disease and its attributable risk factors in 204 countries and territories, 1990–2019.
Eur J Prev Cardiol. 2022; 29(2): 420–431. DOI: https://doi.org/10.1093/eurjpc/zwab213
Lanas F, Avezum A, Bautista LE, Diaz R, Luna M, Islam S, et al. INTERHEART Investigators in
Latin America. Risk factors for acute myocardial infarction in Latin America: The INTERHEART
Latin American study. Circulation. 2007; 115(9): 1067–74. DOI: https://doi.org/10.1161/
CIRCULATIONAHA.106.633552
Lanas F, Seron P, Lanas A. Cardiovascular disease in latin america: The growing epidemic. Prog CV
Dis. 2014; 57(3): 262–268. DOI: https://doi.org/10.1016/j.gheart.2013.11.005
GBD 2017 Causes of Death Collaborators. Global, regional, and national age-sex-specific mortality
for 282 causes of death in 195 countries and territories, 1980–2017: A systematic analysis for
the Global Burden of Disease Study 2017. Lancet. 2018; 392(10159): 1736–1788. DOI: https://doi.
org/10.1016/S0140-6736(18)32203-7
World Bank Open Data. https://data.worldbank.org/ (accessed on 10 July 2022).
World Health Organization. The global health observatory. https://www.who.int/data/gho/data
(accessed on 10 July 2022).
Arroyo-Quiroz C, Barrientos-Gutierrez T, O’Flaherty M, Guzman-Castillo M, Palacio-Mejia L,
Osorio-Saldarriaga E, et al. Coronary heart disease mortality is decreasing in Argentina, and
Colombia, but keeps increasing in Mexico: A time trend study. BMC Public Health. 2020; 20(1): 162.
DOI: https://doi.org/10.1186/s12889-020-8297-5

Lanas and Soto
Global Heart
DOI: 10.5334/gh.1144

8

8.

9.

10.

11.
12.

13.

14.

15.

16.

17.
18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

Pan American Health Organization. Cardiovascular disease burden in the Region of the Americas,
2000–2019. ENLACE data portal; 2021. Available from: https://www.paho.org/en/enlace/
cardiovascular-disease-burden (accessed 10 July 2022).
World Health Organization. WHO Global Health Estimates: Cause-specific mortality 2000–2019.
Available online: https://www.who.int/data/gho/data/themes/mortality-and-global-healthestimates/ghe-leading-causes-of-death (accessed 10 July 2022).
World Health Organization. WHO methods and data sources for country-level causes of death
2000–2019. Global Health Estimates Technical Paper WHO/DDI/DNA/GHE/2020.2 https://cdn.who.int/
media/docs/default-source/gho-documents/global-health-estimates/ghe2019_cod_methods.pdf
(accessed 10 July 2022).
The World Bank. World Bank Country and Lending Groups. Available from: http://databank.
worldbank.org/data/download/site-content/OGHIST.xlsx (accessed 10 July 2022).
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: 3017–3027.
DOI: https://doi.org/10.1093/eurheartj/eht159
Wilson L, Bhatnagar P, Townsend N. Comparing trends in mortality from cardiovascular disease and
cancer in the United Kingdom, 1983–2013: Joinpoint regression analysis. Popul Health Metr. 2017 Jul
1; 15(1): 23. DOI: https://doi.org/10.1186/s12963-017-0141-5
Soto Á, Guillén-Grima F, Morales G, Muñoz S, Aguinaga-Ontoso I. Trends in mortality from stroke
in the European Union, 1996–2015. Eur J Neurol. 2021; 28(1): 182–191. DOI: https://doi.org/10.1111/
ene.14517
GBD 2016 Causes of Death Collaborators. Global, regional, and national age-sex specific mortality
for 264 causes of death, 1980–2016: A systematic analysis for the Global Burden of Disease Study
2016. Lancet. 2017; 390(10100): 1151–1210. DOI: https://doi.org/10.1016/S0140-6736(17)32152-9
Hartley A, Marshall DC, Salciccioli JD, Sikkel MB, Maruthappu M, Shalhoub J. Trends in Mortality
From Ischemic Heart Disease and Cerebrovascular Disease in Europe: 1980 to 2009. Circulation. 2016
May 17; 133(20): 1916–26. DOI: https://doi.org/10.1161/CIRCULATIONAHA.115.018931
Hu J, Waters C, Ugnat AM, Horne J, Szuto I, Desmeules M, Morrison H. Trends in mortality from
ischemic heart disease in Canada, 1986–2000. Chronic Dis Can. 2006; 27(2): 85–91.
Shah NS, Molsberry R, Rana JS, Sidney S, Capewell S, O’Flaherty M, et al. Heterogeneous trends
in burden of heart disease mortality by subtypes in the United States, 1999–2018: Observational
analysis of vital statistics. BMJ. 2020; 370: m2688. DOI: https://doi.org/10.1136/bmj.m2688
Martinez R, Soliz P, Mujica OJ, Reveiz L, Campbell NRC, Ordunez P. The slowdown in the reduction
rate of premature mortality from cardiovascular diseases puts the Americas at risk of achieving SDG
3.4: A population trend analysis of 37 countries from 1990 to 2017. J Clin Hypertens (Greenwich).
2020 Aug; 22(8): 1296–1309. DOI: https://doi.org/10.1111/jch.13922
Levintova M. Cardiovascular disease prevention in Russia: Challenges and opportunities. Public
Health. 2006; 120: 664–670. DOI: https://doi.org/10.1016/j.puhe.2005.05.009
Müller-Nordhorn J, Rossnagel K, Mey W, Willich SN. Regional variation and time trends in mortality
from ischaemic heart disease: East and West Germany 10 years after reunification. J Epidemiol
Community Health. 2004; 58: 481–485. DOI: https://doi.org/10.1136/jech.2003.013367
Nowbar AN, Gitto M, Howard JP, Francis DP, Al-Lamee R. Mortality from ischemic heart
disease. Circ Cardiovasc Qual Outcomes. 2019 Jun; 12(6): e005375. DOI: https://doi.org/10.1161/
CIRCOUTCOMES.118.005375
Rosengren A, Smyth A, Rangarajan S, Ramasundarahettige C, Bangdiwala SI, AlHabib KF, et al.
Socioeconomic status and risk of cardiovascular disease in 20 low-income, middle-income, and highincome countries: The Prospective Urban Rural Epidemiologic (PURE) study. Lancet Glob Health. 2019
Jun; 7(6): e748–e760. DOI: https://doi.org/10.1016/S2214-109X(19)30045-2
Chow CK, Nguyen TN, Marschner S, Diaz R, Rahman O, Avezum A, et al; PURE Study. Availability
and affordability of medicines and cardiovascular outcomes in 21 high-income, middle-income and
low-income countries. BMJ Glob Health. 2020 Nov; 5(11): e002640. DOI: https://doi.org/10.1136/
bmjgh-2020-002640
Rubinstein AL, Irazola VE, Calandrelli M, Elorriaga N, Gutierrez L, Lanas F, et al. Multiple
cardiometabolic risk factors in the southern cone of latin america: A population-based study in
Argentina, Chile, and Uruguay. Int J Cardiol. 2015 Mar 15; 183: 82–8. DOI: https://doi.org/10.1016/j.
ijcard.2015.01.062
Lanas F, Bazzano L, Rubinstein A, Calandrelli M, Chen CS, Elorriaga N, et al. Prevalence,
distributions and determinants of obesity and central obesity in the southern cone of america. PLoS
One. 2016; 11(10): e0163727. DOI: https://doi.org/10.1371/journal.pone.0163727
Walli-Attaei M, Joseph P, Rosengren A, Chow CK, Rangarajan S, Lear SA, et al. Variations between
women and men in risk factors, treatments, cardiovascular disease incidence, and death in 27 highincome, middle-income, and low-income countries (PURE): A prospective cohort study. Lancet. 2020;
396(10244): 97–109. DOI: https://doi.org/10.1016/S0140-6736(20)30543-2

Lanas and Soto
Global Heart
DOI: 10.5334/gh.1144

9

28. Roth GA, Johnson C, Abajobir A, Abd-Allah F, Abera SF, Abyu G, et al. Global, regional, and national
burden of cardiovascular diseases for 10 causes, 1990 to 2015. J Am Coll Cardiol. 2017; 70: 1–25.
DOI: https://doi.org/10.1016/j.jacc.2017.04.052
29. Shah R, Wilkins E, Nichols M, Kelly P, El-Sadi F, Wright FL, Townsend N. Epidemiology report:
Trends in sex-specific cerebrovascular disease mortality in Europe based on WHO mortality data. Eur
Heart J. 2019; 40(9): 755–764. DOI: https://doi.org/10.1093/eurheartj/ehy378
30. Kim HJ, Fay MP, Feuer EJ, Midthune DN. Permutation tests for Joinpoint regression with
application to cancer rates. Stat Med. 2000; 19: 335–51. DOI: https://doi.org/10.1002/(SICI)10970258(20000215)19:3<335::AID-SIM336>3.0.CO;2-Z
31. Wilson L, Bhatnagar P, Townsend N. Comparing trends in mortality from cardiovascular disease and
cancer in the United Kingdom, 1983–2013: Joinpoint regression analysis. Popul Health Metr. 2017; 15:
23. DOI: https://doi.org/10.1186/s12963-017-0141-5
32. Puig X, Ginebra J, Gispert R. Analysis of mortality time trend using generalized linear models. Gac
Sanit. 2005; 19(6): 481–5. DOI: https://doi.org/10.1016/S0213-9111(05)71401-1

Lanas and Soto
Global Heart
DOI: 10.5334/gh.1144

10

TO CITE THIS ARTICLE:
Lanas F, Soto A. Trends in
Mortality from Ischemic
Heart Disease in the Region
of the Americas, 2000–2019.
Global Heart. 2022; 17(1): 53.
DOI: https://doi.org/10.5334/
gh.1144
Submitted: 01 November
2021
Accepted: 26 July 2022
Published: 11 August 2022
COPYRIGHT:
© 2022 The Author(s). This is an
open-access article distributed
under the terms of the Creative
Commons Attribution 4.0
International License (CC-BY
4.0), which permits unrestricted
use, distribution, and
reproduction in any medium,
provided the original author
and source are credited. See
http://creativecommons.org/
licenses/by/4.0/.
Global Heart is a peer-reviewed
open access journal published
by Ubiquity Press.

