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Abstract

Background—Ischemic heart disease (IHD) burden consists of years of life lost from IHD
deaths and years of disability lived with 3 nonfatal IHD sequelae: nonfatal acute myocardial
infarction, angina pectoris, and ischemic heart failure. Our aim was to estimate the global and
regional burden of IHD in 1990 and 2010.

Methods and Results—Global and regional estimates of acute myocardial infarction incidence
and angina and heart failure prevalence by age, sex, and world region in 1990 and 2010 were
estimated based on data from a systematic review and nonlinear mixed-effects meta-regression
methods. Age-standardized acute myocardial infarction incidence and angina prevalence
decreased globally between 1990 and 2010; ischemic heart failure prevalence increased slightly.
The global burden of IHD increased by 29 million disability-adjusted life-years (29% increase)
between 1990 and 2010. About 32.4% of the growth in global IHD disability-adjusted life-years
between 1990 and 2010 was attributable to aging of the world population, 22.1% was attributable
to population growth, and total disability-adjusted life-years were attenuated by a 25.3% decrease
in per capita IHD burden (decreased rate). The number of people living with nonfatal IHD
increased more than the number of IHD deaths since 1990, but >90% of IHD disability-adjusted
life-years in 2010 were attributable to IHD deaths.

Conclusions—Globally, age-standardized acute myocardial infarction incidence and angina
prevalence have decreased, and ischemic heart failure prevalence has increased since 1990.
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Despite decreased age-standardized fatal and nonfatal IHD in most regions since 1990, population
growth and aging led to a higher global burden of IHD in 2010.
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Methods

Overview

Ischemic heart disease (IHD) was the leading cause of death worldwide in 2010.1 However,
many acute myocar-dial infarction (AMI) patients survive, and many adults live with
disabling symptoms of stable angina pectoris or ischemic heart failure. Measuring the global
burden of IHD requires estimating IHD mortality, prevalence, and disability for men and
women, by age and world region. Nonfatal IHD incidence and prevalence do not always
correlate with IHD mortality. For example, improved acute and chronic IHD treatments may
lead to both decreased IHD mortality and a growing population of chronic IHD survivors.
Conversely, even if IHD incidence is high, high case fatality may lead to relatively low
prevalence. Regardless of the time trend in age-standardized IHD prevalence, population
growth and aging may increase the absolute numbers of people living with nonfatal IHD.!

The Global Burden of Diseases, Injuries, and Risk Factors (GBD) 2010 Study used
disability-adjusted life-years (DALYS) to summarize the fatal and nonfatal burden of IHD
and 290 other major diseases. IHD DALY combine years of life lost (YLL) attributable to
fatal IHD with years lived with disability (YLD) in persons surviving with chronic IHD.
Using a large systematic literature review and meta-regression modeling methods, we
estimated YLD attributable to AMI, angina, and ischemic heart failure, and, by combining
these estimates with YLL to IHD deaths, estimated the global burden of IHD in 21 world
regions in 1990, 2005, and 2010 (region map, Figure I in the online-only Data Supplement).

An IHD disease model constructed for the study established the relationships between IHD
death, nonfatal AMI, angina, and ischemic heart failure (Figure 1). The GBD 2010 Study
only captured stable angina. Because of inconsistent definitions over time and the fact that
few low- and middle-income nation studies measured or reported on unstable angina,
clinical sequelae of acute, unstable angina were captured in main estimates of either IHD
death or AMI. In a sensitivity analysis, we estimated the additional YLD that may be
attributable to ~41% of acute coronary events that are unstable angina observed in the
Global Registry of Acute Coronary Events, a 14-nation registry of acute coronary syndrome
cases in 95 hospitals in North America, South America, Europe, Australia, and New
Zealand.2 Accordingly, we reported the effect on YLD and DALY of adding an additional
69% to the AMI YLD estimate, assuming that unstable angina has the same symptom
severity as AMI.

Stable angina diagnosis was primarily defined as Rose questionnaire definite angina.34 The
GBD also included surveys of physician- diagnosed angina reported by patient (survey
respondent) or physician. The GBD captured symptomatic heart failure cases meeting
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Framingham criteria or inclusive of New York Heart Association class 2 or higher, or
hospitalized cases with heart failure as the principal discharge diagnosis (International
Classification of Diseases, 9th Revision code 428, International Classification of Diseases,
10th Revision code 150). AMI was defined according to the 2008 World Health
Organization definition of myocardial infarction (MI; categories A, B, and C).#® Only acute,
symptomatic, and clinically recognized AMIs were captured (not silent Ml or old Q-wave
MI). The gold standard definition of AMI included a positive troponin biomarker test
(World Health Organization category A), a highly sensitive and specific marker of
myocardial damage that is elevated in all AMIs. Studies of AMI diagnosed with and without
troponins in the diagnostic definition and cohort and surveillance studies have demonstrated
that the inclusion of troponins leads to increased case finding and incidence.’-10 However,
troponins were not routinely measured in high-income region AMI epidemiology studies of
until /1995 to 2000, and are rarely measured in many low- and middle-income regions to
this day. The GBD 2010 Study therefore recorded the use of troponin enzyme measurement
in AMI studies and planned a priori to adjust incidence estimates for troponin measurement.

Estimating Nonfatal IHD Incidence and Prevalence

YLL (early deaths) and YLD (nonfatal disability) that make up DALY were calculated in
relation to hypothetical age-specific reference life expectancies (for example, 86.0 years at
birth) derived from life-table methods.:11 IHD mortality and YLL estimation methods and
results are reported separately.12.128 |HD YLDs were calculated from AMI incidence and
angina and ischemic heart failure prevalence estimated for the year of interest. We used
DisMod-MR (Disease Model-Meta Regression, Institute for Health Metrics and Evaluation,
Seattle, WA) to estimate the incidence and prevalence of nonfatal IHD outcomes with the
use of systematic review study data, adjusting for covariates (Online-only Data Supplement
Methods).# DisMod-MR estimates a generalized negative binomial model for all the
epidemiological data with fixed and random effects.13 A negative binomial model regression
model was the appropriate model for counts data (prevalent cases). A mixed-effects design
was chosen to include not only universal fixed effects associated with IHD, but also random
effects capturing heterogeneity at each level of the study's nested geographic design (eg,
country within region within super region). Fixed effects included age effects, effects for
covariates that predict country variation in the quantity of interest, and effects that predict
variation across studies owing to the attributes of the study. Study-level fixed-effects
covariates included case definition, diagnostic method, or source of data, and country-level
fixed-effects covariates included income per capita, health system performance, and age-
standardized IHD mortality rate. Random effects were implemented as super region, region,
and country random intercepts. The data were modeled with Bayesian methodology using
vague previous distributions. The uncertainty of estimates are described with Bayesian
credible intervals as opposed to confidence intervals (Methods in the online-only Data
Supplement). Both approaches yield similar numeric results in large samples.14

Covariates entered into the AMI DisMod-MR model were GBD region, country, sex, age-
standardized AMI death rate, and, if studies reported on only nonfatal or all Ml, only first-
ever or both first-ever and repeat AMI, and the measurement of troponin biomarker. Age-
standardized AMI death rates were estimated by using the IHD mortality and MI/IHD death
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rate ratio, the latter conditioned on age, sex, national income, country, and region. IHD risk
factors (eg, smoking, mean cholesterol and blood pressure, nutritional factors, income, and
health system access) contributed to the AMI mortality covariate and were not directly
entered into the AMI model.

Mostly because of the broad geographical coverage of the World Health Survey (WHS),
angina prevalence data were obtained for 90 countries and 18 GBD regions. Covariates
entered into the DisMod-MR angina model were GBD region, country, sex, age-
standardized IHD death rate, and measurement method (self-report versus physician-
reported; Rose probable versus Rose definite angina), and source survey. WHS angina
prevalence was 21% higher overall than all other surveys.

IHD is only one of several causes of heart failure, so the first step for heart failure estimation
was to estimate a total heart failure prevalence envelope. Total heart failure prevalence was
estimated by DisMod-MR with the use of systematic review, US Medical Expenditure Panel
Survey self-report, and multinational (24 countries) hospital discharge data in a model
including covariates for GBD region, nation, sex, age-standardized cardiomyopathy death
rate, New York Heart Association classification, body mass index, and self-reported versus
physician's diagnosis.*12 A meta-analysis of clinic-based studies reporting heart failure
causes and hospital discharge data from the United States, Canada, Brazil, and Mexico
guided region-specific allocation of the heart failure envelope to IHD and 6 other principal
causes.12

DALY Weight Estimation and Severity Distributions

GBD disability weights range from no disability (weight=0.00) to death (weight=1.00).
Weights for each IHD health state were estimated by using health state valuation of lay
health state descriptions in population-based health surveys and an open Web-based
survey.15 Lay descriptions for 3 distinct angina and heart failure states of graded severity
(mild, moderate, and severe) were based on Canadian Cardiovascular Society class
descriptions16 and New York Heart Association symptom classification descriptions,
respectively (Table I in the online-only Data Supplement).1” Two study investigators
(A.E.M. and G.A.M.) wrote lay descriptions for 2 AMI states (days 1-2 and days 3-28).
Distribution of severity for each sequela was based on the distribution of symptom severity
in studies of angina patients1® and the distribution of Short Form 12 quality-of-life ratings
among US Medical Expenditure Panel Survey patients with heart failure.

The first AMI period started immediately after an AMI attack and lasted, at most, 2 days
(10% of duration, disability weight 0.422, 95% uncertainty interval [0.284-0.566]; Table |

in the online-only Data Supplement). The second period lasted from 3 to a maximum of 28
days (disability weight 0.056 [0.035-0.082]; 90% of duration). Angina and heart failure
disability weights were applied to prevalent cases for the entire year of interest. With the use
of Canadian Cardiovascular Society classes,'8 angina disability was distributed as mild
(27% of angina patients), moderate (19%), and severe (54%). Restricting to New York Heart
Association >class 2 heart failure, the ischemic heart failure disability was distributed as
mild (23% of ischemic heart failure), moderate (22%), and severe (55). Averaging over the
severity distributions, the summary disability weight for angina was 0.113, and the summary
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disability weight for ischemic heart failure was 0.126. Pharmaceutical therapy or
revascularization procedures may relieve angina symptoms. Based on the proportion of
patients with stable angina who were symptom free (ie, successfully treated) at baseline in
the Clinical Outcomes Utilizing Revascularization and Aggressive Drug Evaluation trial, we
estimated that, in the United States, about one-fifth of patients with stable angina are
successfully treated and symptom free.18 In a sensitivity analysis, we reestimated stable
angina YLD, assuming one-fifth of patients in high-income regions are treated and symptom
free (0.8xDALY weight).

Angina and heart failure may coexist or occur along with other comorbid illnesses. Because
of the lack of data on comorbid illness disability weighting, country-specific
microsimulations were used to estimate the probability of comorbidity (eg, angina and heart
failure together), assuming independence (Online-only Data Supplement Methods).
Disability from multiple comorbid conditions was assumed to be a multiplicative effect of
disability from the individual diseases and was calculated as one minus the product of one
minus each disability weight. The method was validated by repeating the procedure with US
Medical Expenditure Panel Survey participants by using International Classification of
Diseases—coded conditions, and resulting distribution of DALY weights matched well with
the distribution of self-reported quality of life on the Short Form 12 scale in persons with
multiple comorbid conditions (correlation coefficient=0.999).

AMI incidence, angina and heart failure prevalence, YLDs and DALY for 21 GBD regions
from 1990 to 2010 are reported either as absolute numbers or by dividing these quantities by
the regional populations. Age standardization and dividing by population at risk allowed the
analysis of changes in IHD rates and prevalence independent of changes in population size
and age structure. Age standardization was done by the direct method, by using 5-year GBD
age categories and the World Health Organization standard population. The independent
influences of population aging and population growth on change in total DALY between
1990 and 2010 were assessed by (1) computing the numbers of DALY's expected assuming a
scenario of the same population growth to 2010 but with a 1990 age structure, and (2)
computing the number of DALY expected in scenario with the real 2010 age structure
assuming no population growth since 1990.

Nonfatal IHD in 21 World Regions in 1990 and 2010

In 2010, the Eastern Europe and Central Asia regions—the regions of the former Soviet
Union—had the highest age- standardized AMI incidence rates in the world (>340 per 100
000 in males and >180 in females; Table Il in the online- only Data Supplement). Lowest
AMI incidence was estimated for the High Income Asia/Pacific and East Asia regions (both
<140 AMI per 100 000 in males and <80 in females).

Globally, age-standardized AMI incidence in all ages decreased from 1990 to 2010, from
222.7 10 195.3 per 100 000 in males and from 136.3 to 115.0 in females. Age-standardized
AMI incidence declined the most in Australasia, Western and Central Europe, and North
America High Income (all decreases of >87 per 100 000 in males and >35 in females). AMI
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incidence increased the most in Eastern Europe (62 per 100 000 increase in males and 17 in
females). In the majority of other regions, AMI incidence decreased modestly.

Age-standardized angina prevalence decreased globally, from 21.9 to 20.3 per 100 000 in
males and from 17.7 to 15.9 in females. Prevalence decreased =5.0 percentage points in
males and =3.9 percentage points in females in Australasia, Western Europe, and North
America (Table Il in the online-only Data Supplement). Other regions had modest
decreases in angina, with the exceptions of small increases in South Asia, Central Asia,
Western sub-Saharan Africa (males and females), and Eastern Europe (males only).

Global ischemic heart failure prevalence increased from 2.4 to 2.7 per 100 000 in males and
remained at 1.9 in females between 1990 and 2010. Small increases in age-standardized
ischemic heart failure prevalence were almost uniform across the 21 GBD regions (Table IV
in the online-only Data Supplement).

Average Age at First IHD Event and Years Lived With IHD Disability in 1990 and 2010

In 2010, the average age of first AMI was >70 years and the average age at incident angina
was >60 years in all high-income regions (Table V in the online-only Data Supplement). For
several low- and middle-income regions (South Asia, North Africa/Middle East, and the
sub-Saharan Africa), the average age at first AMI was <65 years, and the average age at first
angina was <55 years. The highest rates of IHD disability in 2010 were found in Eastern
Europe and Central Asia (Figure 2). Prevalent stable angina contributed the most to IHD
disability, followed by smaller contributions from ischemic heart failure and nonfatal AMI
(Figure 3). Absolute numbers of IHD YLDs increased in all regions from 1990 to 2010,
ranging from a 15% to 33% increase in high-income regions and from a 13% to 100%
increase in low- and middle-income regions (Table V1 in the online-only Data Supplement).
Owing to fewer data and uncertainty around estimates in the source epidemiological data,
the uncertainty intervals around IHD YLD estimates (based on nonfatal IHD) were much
wider than those for YLL (based on IHD mortality; Methods and Figure Il in the online-
only Data Supplement).

Disability Adjusted Life-Years Attributable to IHD in 1990 and 2010

Four regions—Western Europe, Central Europe, Australasia, and North America—
experienced a decrease in absolute IHD DALY and age-standardized IHD DALY per 100
000 population between 1990 and 2010, despite demographic changes in the interval (Table;
Table VII in the online-only Data Supplement). With the exception of Eastern Europe and
Central Asia, the regions with the highest IHD mortality rates, the rest of the world had
larger relative 20-year increases in YLD than in DALYSs. Eastern Europe, Central Asia,
North Africa/Middle East, and South Asia had the highest age- standardized DALY per 100
000 in the world in 2010 (Figure 4). DALY rates trended upward in these and other low- and
middle-income regions after 1990, but appeared to flatten in most, but not all regions after
2005 (Table).

The absolute global burden of IHD increased by 29 million DALY's (29%) between 1990
and 2010 (Table VIII in the online-only Data Supplement). IHD DALY increased 32.4%
globally between 1990 and 2010 because of the aging of the world population and increased
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22.1% because of increased population. These increases were attenuated by a 25.3%
decrease in combined age-standardized, per capita IHD DALY rate. In general, population
growth contributed most to IHD DALY increases in low- and middle-income regions, and
aging contributed the most in high-income regions. However, within low- and middle-
income regions, population growth was the main driver of DALY increases in South Asia,
North Africa/Middle East, and sub-Saharan Africa, but aging drove DALY increases more
in the former Soviet Union regions and in Latin America and the Caribbean.

Despite higher age-standardized rates of fatal and nonfatal IHD in males, the proportion of
male global burden of disease attributable to IHD (7%) was only slightly higher than the
female IHD proportion (5%; Figure 5). Overall, nonfatal IHD (YLDs) contributed much less
than IHD mortality (YLL) to global IHD DALYs (YLL attributable to premature IHD
deaths constituted 94% of IHD DALYSs in men and 92% of IHD DALY’ in women).

Sensitivity Analyses

When acute unstable angina disability was added to AMI disability, total IHD YLD
increased by 0.4% in males and 0.3% in females, and acute coronary syndromes went from
accounting for 0.5% to 0.9% of YLD in males and from 0.4% to 0.7% of YLD in females;
overall IHD DALYs were increased by 0.02%. When we assumed that one-fifth of angina
patients in high-income regions were successfully treated and asymptomatic, overall IHD
YLD decreased by 3.7% in males and females, and IHD DALY decreased by 0.2% in
males and 0.3% in females.

Discussion

The global burden of IHD in 2010 presents a mixed picture: progress is evident in the
reduced age-standardized IHD burden since 1990, especially in high-income regions;
however, at the same time, high IHD burden was found in a geographic band including the
former Soviet Union territories, North Africa, the Middle East, and South Asia. Aging
populations and population growth in many regions have increased both YLD and IHD
burden worldwide. This finding is consistent with the ascendance of chronic,
noncommunicable diseases found in the GBD 2010 Study as a whole.! Since 1990, the
number of years of disability attributable to nonfatal IHD has grown faster than IHD
mortality, although the absolute numbers of nonfatal disability years were dwarfed by YLL
attributable to IHD deaths.

Although nonfatal IHD contributed little to DALYS, the relatively steeper increase in YLD
in comparison with mortality and YLL suggests the need for a strategy shift in IHD
treatment. IHD death rate and case fatality will no longer be the sole public health
benchmarks; improved quality of life in patients with chronic IHD will be an important
secondary outcome. Interventions designed to relieve symptoms and improve fitness and
vitality in patients with chronic angina and heart failure are needed. The mainstays of
chronic IHD treatment are standard, low-cost medications that are sadly insufficiently used
in patients who have chronic cardiovascular disease worldwide, especially in low- and
middle-income regions. The Prospective Urban Rural Epidemiological (PURE) study found
that among patients with cardiovascular disease, 11% of high-income region patients were
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not taking any standard secondary prevention drugs and 80% of lower- income region
patients were taking none of the medications.1® Overall in PURE, countries’ health
expenditure per capita correlated positively with the percentage of use of standard secondary
prevention medications, although, in several cases, better medication coverage was achieved
by countries at the same or lower health expenditures.

Although AMI incidence remains high in many regions, nonfatal AMI burden was lower
than angina and ischemic heart failure burden owing to the assumption that, absent
associated angina or heart failure, AMI symptoms do not persist beyond 30 days. Assuming
an added nonfatal IHD burden owing to acute unstable angina (and symptom severity the
same as AMI), YLD increased only 0.3% to 0.4%, and acute unstable angina plus AMI
(acute coronary syndromes) increased overall IHD burden by 0.02%. Prevalent cases of
stable angina contributed the most to the burden of nonfatal IHD. All angina diagnoses in
the source studies relied on a subjective, self-reported measure. Studies using a gold
standard of objectively measured exercise-induced ischemia accompanying chest pain found
that the Rose questionnaire had 40% to 67% sensitivity and 56% to 80% specificity and a
much lower positive predictive value in women than in men.192.20 However, Rose
questionnaire definite angina has been associated with higher IHD mortality,2! and there is a
growing body of evidence that many cases of angina, especially in women, are associated
with microvascular coronary atherosclerosis not identifiable with coronary
angiography.22-24 More enigmatic was the pattern of generally higher angina prevalence
relative to regional IHD mortality elicited by using the Rose questionnaire in the WHS,
especially in the sub-Saharan African WHS sites. It is unknown whether this pattern
represents a systematic bias (due, for example, to using a measurement tool not properly
validated in diverse populations), or an emerging higher prevalence of IHD in sub-Saharan
Africa preceding changes in IHD mortality. Unlike the largest meta-analysis of Rose
questionnaire angina published to date, we did not find angina was more prevalent in women
than in men.2% IHD measurement problems would best be addressed by improved methods
of health surveillance, including an investment in better interview or objective diagnostic
screening methods applicable to low- income settings.

The global pattern of ischemic heart failure prevalence estimated by the GBD 2010 Study
was similar to the few past studies of regional differences in heart failure causes.26 To adjust
for the effect of the advent of troponin biomarker on AMI incidence around the turn of the
21st century, we adjusted for troponin measurement. This adjustment standardized
comparisons of AMI incidence between 1990 and 2010, but may have biased AMI incidence
estimation for regions that continue without access to troponin and other AMI diagnostic
tools. The case mix of ST- and non-ST-elevation AMI and the potential impact of
implementing improved diagnostic tools in many regions remain unknown.

For nonfatal IHD incidence, prevalence, and case fatality, we depended predominantly on
data gathered from a large systematic literature review. Inevitably, these studies usually
sampled only a subset of the populations studied, and portions of the population went
unrepresented. This was particularly true of the usually small studies from lower-income
regions. For example, despite an extensive literature review of data published over a 28-year
period, no studies of AMI incidence or case fatality were included for sub-Saharan Africa
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regions, and almost all sub-Saharan Africa estimates of angina prevalence come from 1
study (the WHS, 2002-2004).4 DisMod-MR used a Bayesian method that allowed us to start
with a priori general epidemiological characteristics of IHD obtained from the aggregate
study-level data compiled from the systematic review (pattern of prevalence over the
lifespan, consistent relationships between incidence, prevalence, and mortality), and allow
geographic, temporal, and age-related heterogeneity to revise these previous assumptions
because it is applied to specific countries, ages, and years. A mixed, multilevel model
reflected the geographical nesting of the study design. However, DisMod-MR has
limitations. Bayesian methods run the risk of relying on expert opinion to set the previous
assumptions, and these assumptions may be false, particularly for countries with sparse data.

For the estimation of prevalence for each IHD sequela, adjustment was made for known
sources of bias. For AMI, adjustment was made for the outcome definition (incidence rate
versus event rate) and measurement method (use of troponin biomarker or not). For angina,
adjustment was made for the measurement method (Rose questionnaire or other method)
and for the WHS versus other surveys. For heart failure, adjustment was made for the case
definition and range of symptom severity used in the study. Sources of uncertainty
surrounding nonfatal IHD source data were propagated forward to GBD summary estimates,
resulting in much larger credible intervals around IHD YLD (nonfatal) estimates than for
IHD YLL (mortality) estimates (Figure Il in the online- only Data Supplement). Although
the geographic coverage for angina prevalence was broader than for the other IHD sequelae
—Tlargely because of the WHS—angina estimation was the most prone to bias. This
vulnerability stemmed from the subjective nature of self-report, and perhaps the cultural
context in which the questions were interpreted by survey participants. AMI cases are likely
systematically underdiagnosed in lower- resource regions because of less access to health
facilities and scarcity of diagnostic technology. Parts of countries and regions with higher
IHD rates may have been more likely to be studied and contribute data. Despite our efforts
to adjust estimates to account for bias, we could not completely compensate for regions with
sparse data, nor could we adjust for unmeasured sources of bias

Our results showed that, with the use of the DALY metric, global IHD burden was
dominated by fatal IHD (YLL), non-fatal IHD made only a minor contribution, and acute
nonfatal IHD (AMI or unstable angina) made the least contribution. It is important to note
that, as a metric of societal disease burden, DALY are a measure of health loss only, not
financial or productivity loss because of disease (eg, financial costs of hospitalization or
chronic medications, lost work time, and family or other caregiver burden related to nonfatal
IHD).27

Despite decreasing age-standardized IHD incidence and mortality rates in most regions,
population growth and aging has increased the global burden of IHD since 1990. Nonfatal
IHD (nonfatal AMI, angina, and ischemic heart failure) has increased more than IHD deaths
since 1990, but IHD mortality remains the greatest contributor to disease burden.
Underlying global IHD burden trends are substantial regional differences in rates and time
trends of AMI, angina, ischemic heart failure, and IHD mortality.
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CLINICAL PERSPECTIVE

The symptoms and disability experienced by acute myocardial infarction survivors and
patients who have chronic angina pectoris and ischemic heart failure contribute to the
overall burden of ischemic heart disease (IHD). The Global Burden of Disease 2010
Study estimated years lived with nonfatal IHD disability for 21 world regions and
combined these with life-years lost from fatal IHD to estimate the global burden of IHD.
Global acute myocardial infarction incidence and angina prevalence decreased per capita
between 1990 and 2010. Despite those favorable trends, ischemic heart failure prevalence
increased, and the number of people living with IHD increased in all regions, including
low- and middle-income regions. Recent surveys suggest that the basic treatments that
alleviate symptoms and extend survival in chronic IHD survivors—such as daily standard
oral medications—are underused globally, but especially in low- and middle-income
regions. Despite reductions in fatal and nonfatal IHD rates in most world regions,
population growth and aging increased the overall burden of IHD between 1990 and
2010.
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Figure 1.

Ischemic heart disease (IHD) disease model, the Global Burden of Disease 2010 Study. AMI
indicates acute myocardial infarction; CHF, congestive heart failure; and MI, myocardial
infarction.
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Figure 2.
Years of life lived with disability attributable to ischemic heart disease in 2010, in 21 Global

Burden of Disease Study regions. YLD indicates years lived with disability.
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Figure 3.

Contributions of AMI, angina, and ischemic heart failure to years lived with ischemic heart
disease disability in 2010, by sex, in 21 Global Burden of Disease Study regions. AMI
indicates acute myocardial infarction.
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Figure4.
Disability-adjusted life-years lost owing to ischemic heart disease (IHD DALYS) in 2010, in

21 Global Burden of Disease Study regions.

Circulation. Author manuscript; available in PMC 2015 April 08.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuey Joyiny vd-HIN

Moran et al.

Burden of ischemic heart disease

Males, 2010

‘l

W Total DALYs

m Ischemic heart disease YLLs

m Angina due to ischemic heart disease YLDs
W Heart failure due to ischemic heart disease

YLDs

W Myocardial infarction due to ischemic heart
disease YLDs

Burden of ischemic heart disease

Females, 2010

‘l

Figureb.

M Total DALYs

M Ischemic heart disease YLLs

m Angina due to ischemic heart disease
YLDs

M Heart failure due to ischemic heart
disease YLDs

m Myocardial infarction due to ischemic
heart disease YLDs

Page 19

Figure 5. Contribution of years of life
lost (YLL) owing to ischemic heart
disease (IHD) deaths and years lived
with disability (YLD) because of nonfatal
IHD causes (acute myocardial infarction,
angina, and heart failure) to the global
burden of disease (total disability-
adjusted life-years [DALYs], males and
females, 2010).

Contribution of years of life lost (YLL) owing to ischemic heart disease (IHD) deaths and
years lived with disability (YLD) because of nonfatal IHD causes (acute myocardial
infarction, angina, and heart failure) to the global burden of disease (total disability-adjusted
life-years [DALYSs], males and females, 2010).
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Table

Age-Standardized DALY's Lost per 100 000 Persons Because of IHD by Region in 1990, 2005, and 2010, the
Global Burden of Disease 2010 Study

GBD 2010 Super Region 1990 2005 2010
GBD 2010 Region Mean Upper Lower Mean Upper Lower Mean Upper Lower
High income
Asia Pacific, high income 1031 1137 931 688 772 627 654 743 582
Europe, Western 2311 2433 2156 1312 1471 1239 1160 1308 1088
Australasia 2636 2787 2451 1228 1402 1134 1118 1288 1028
North America, high income 2889 3041 2716 1849 2061 1758 1636 1839 1528
Latin America, Southern 2169 2350 2063 1578 1735 1495 1452 1603 1367
Eastern Europe/Central Asia
Europe, Central 3936 4111 3699 2960 3183 2855 2608 2829 2513
Europe, Eastern 4972 5331 4816 7329 7600 6699 5776 6025 5291
Asia, Central 5316 5672 5156 6038 6289 5679 5459 5798 5055
Latin America/Caribbean
Latin America, Tropical 2621 2820 2435 1940 2155 1838 1811 2017 1706
Latin America, Central 1969 2124 1851 1658 1765 1516 1675 1792 1523
Latin America, Andean 1512 1683 1406 1256 1357 1105 1144 1252 1014
Caribbean 2762 2935 2597 2210 2408 2118 2169 2670 2049
East Asia/Pacific
Asia, East 1152 1450 1047 1302 1401 1133 1242 1341 1057
Asia, Southeast 1850 2011 1700 1711 1975 1618 1711 1941 1611
Oceania 2399 3352 2060 2357 3319 1986 2324 3131 1946
North Africa/ Middle East
North Africa / Middle East 3957 4328 3748 3221 3417 3024 3019 3199 2773
South Asia
Asia, South 2685 3009 2541 2897 3080 2458 2728 3022 2316
Sub-Saharan Africa
Sub-Saharan Africa, Southern 1855 2021 1516 1371 1638 1258 1246 1493 1135
Sub-Saharan Africa, East 1524 1662 1296 1198 1336 1088 1154 1301 1050
Sub-Saharan Africa, Central 2055 2389 1699 1882 2172 1636 1981 2294 1717
Sub-Saharan Africa, West 1340 1530 1211 1309 1497 1175 1320 1528 1189

Page 20

Data are means and upper and lower limits of 95% credible intervals. DALYSs indicates disability-adjusted life years; and IHD, ischemic heart

disease.
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