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Abstract

Obijectives: To report the ischemic heart disease (IHD) burden and its risk factors among adults
aged 70 and older in Iran in terms of sex, at both the national and provincial levels, from 1990
to 2019.

Design: Systematic analysis.

Outcome measures: The modelled point prevalence of IHD, years of life lost (YLLs), years
lived with disability (YLDs), and disability-adjusted life years (DALYs) were reported using data
obtained from the Global Burden of Disease (GBD) 2019 study, as counts and standardized
rates, along with their related 95% uncertainty intervals (Uls).

Results: In 2019, IHD had a point prevalence of 52886.4 per 100000 population for adults
aged 70 and above in Iran, which was 7.5% higher than that in 1990, and a death rate of
1932.9, which was 22.0% lower than that in 1990. In 2019, the number of DALYs attributed
to IHD was 820.4 thousand with a rate of 23630.9, which was 33.7% lower than that in
1990. Furthermore, Golestan and Tehran with rates of 32484.6 and 12752.5 had the largest
and smallest DALY rates in those aged 70 and above in Iran, respectively. The highest point
prevalence, death, and DALY rates for both sexes, were found in the 95 +age group. In 2019,
the Iran DALY rate was lower than the Middle East and North Africa region rate in all age
groups in males and females, except for the 90-94 and 95 +age groups in females. Nationally,
systolic blood pressure (SBP) (47.8%), low-density lipoprotein (LDL) cholesterol (36.2%), and
fasting plasma glucose (FPG) (35.3%) had the three highest attributable DALYs.

Conclusions: Currently, the burden of IHD in Iran is considered a pressing public health issue,
indicating the urgent need for effective public health interventions. Further investigations are,
therefore, needed to discover causes for the high prevalence of IHD in the country and to
develop better strategies for effective prevention and controlling it.
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Introduction

Ischemic heart disease (IHD) refers to a pathological
condition in which the myocardium weakens and
consequently becomes unable to effectively pump blood
throughout the body.! As the oxygenation of the heart
mainly depends on the amount of coronary blood flow,? a
coronary artery stenosis or formation of an intravascular
thrombosis at the site of a ruptured atherosclerotic
plaque may cause hypoperfusion and eventually results
in myocardial infarction.! Common factors associated
with an increased risk of IHD are often categorized
as non-modifiable factors (e.g., aging, male sex, and

positive family history), semi-modifiable factors, which
include comorbidities such as hypercholesterolemia,
diabetes, high blood pressure, renal diseases, and obesity,
and modifiable factors, including smoking, alcohol
consumption, and a sedentary lifestyle.’

IHD imposes a huge burden on the quality of life
worldwide.* In 2019, there were an estimated 197 million
prevalent cases of IHD globally.” The same study also
reported that the total number of IHD-attributable
disability-adjusted life years (DALYs) have increased
consistently since 1990, reaching 182 million DALYs and
9.14 million deaths in 2019, meaning that it was the most
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common cause of death globally.®

Similar to global estimates, IHD is a large contributor
to the disease burden in Iran, raising lots of unpleasant
consequences in terms of different aspects of human
health.* The rapidly aging population and the high
prevalence of IHD risk factors, including hypertension
and diabetes, predispose the country to a huge burden of
this disease.” According to the Global Burden of Disease
(GBD) study, the age-standardized prevalence of IHD in
2017 was 1876.5 (per 100000 population), and its annual
incidence rate was 158.8 (per 100000 population) in Iran.*

While the global burden of IHD was described in GBD
2017% and GBD 2019,° the country-specific levels were
not reported. However, a study that investigated the
global, regional, and national burden of IHD reported the
epidemiological indicators in Iran between 1990 and 2017,
but this study did not provide detailed information on the
epidemiological patterns of IHD in Iran or its attributable
risk factors.® Therefore, the present research aimed to
provide the most up-to-date information regarding the
point prevalence, years of life lost (YLLs), years lived with
disability (YLDs) and DALYs in adults aged 70 years and
older in Iran based on sex, from 1990 to 2019, at both the
national and provincial levels.

Methods

Overview

The GBD 2019 study measured the burden of almost
370 illnesses and injuries as well as 87 risk factors across
over 200 nations and territories from 1990 to 2019.>
The burden of IHD among Iran’s older population has
not yet been comprehensively estimated. As a result, the
present article reports the burden of IHD in the Iranian
population aged 70 and older from 1990 to 2019. The
GBD capstone studies include a thorough description
of the techniques used to map the attributable burden
of THD.>!® More information on the estimates (fatal
and non-fatal) is available at https://vizhub.healthdata.
org/gbd-compare/ and http://ghdx.healthdata.org/gbd-
results-tool.

Case Definition

In this study, we present an overview of the GBD
methodology, and a more in-depth description is
provided elsewhere.*'* THD is defined as acute myocardial
infarction (MI) and chronic IHD. According to the third
universal definition of acute myocardial infarction,
MI is defined as when there is (1) clinical evidence of
myocardial necrosis from a clinical environment, (2) an
increase or decrease in cardiac biomarker values with one
of the following: (i) symptoms of cardiac ischemia, (ii)
new or presumed new ST-segment-T wave changes or left
bundle branch block, (iii) development of pathological Q
waves in electrocardiography, (iv) Changes in regional
wall motion or the loss of viable myocardium exhibited
in imaging, or (v) determination of the presence of a
thrombus inside the coronary arteries using angiography

or postmortem examination, (3) abrupt unexplained
cardiac death, with or without proof of a non-coronary
cause of death, (4) prevalent MI, which is defined as
lasting from the commencement of the incident to 28 days
after the occurrence and is classified as acute (0-2 days)
and subacute (0-2 days), lasting 3-28 days.’ Furthermore,
chronic IHD is defined as asymptomatic IHD succeeding
MI, with the incidence of surviving 28 days after the MI,
and clinically diagnosed stable exertional angina pectoris
or definite angina pectoris, according to the Rose Angina
Questionnaire, physician diagnosis, or the use of nitrate
medication to relieve chest pain.’

Fatal Estimation

Vital registration and verbal autopsy data were used to
create the cause of death database. Premature mortality
from IHD was calculated using the standard Cause of
Death Ensemble model (CODEm), with the location-level
covariates, which are presented in the appendix section
of the GBD 2019 publication.” Then, CODCorrect was
applied to an age-sex-state-year group to revise the total
number of expected deaths from a single cause. Finally,
data from the GBD standard life table were used to
determine the YLLs, by multiplying the total number
of deaths by the remaining life expectancy for each age

group.

Non-fatal Estimation

A systematic review was done to update the GBD 2019
database for MI. Inpatient hospital, inpatient claims
data, and literature for MI were used to create a nonfatal
database. The excess mortality data points were split
based on age ranges above 25 years. The incidence data
with wide age ranges were excluded as they tend to
mask the increasing risk of MI with advancing age in
the estimates generated from DisMod. Meta-regression
-Bayesian regularized trimmed modelling tool with
multiple covariates was used to crosswalk the incidence
measurements for MI from literature using alternative
definitions to the reference case definition. In GBD 2019,
no systematic review was conducted for asymptomatic
IHD after ML’ The 28-day survivors computed from
the excess mortality estimates for the MI model were
the key input for this model. To inform estimations
of survival following MI, we incorporated data for
excess mortality and the standardized mortality ratio.
Additionally, no systematic review has been conducted
for angina since GBD 2013. Finally, the World Health
Study questionnaires, National Health and Nutrition
Examination Survey, and United States claim data were
used to estimate the prevalence of angina.’

Modelling Strategy, Severity, and Years Lived with
Disability

Before the redistribution of garbage codes, the age-sex-
country-specific proportions of IHD fatalities from MI
versus other causes (chronic IHD) were estimated with
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the cause of death data. A DisMod proportion-only model
estimated age-sex-country-specific proportions of IHD
fatalities for all locations.” To estimate the cause-specific
mortality rate due to MI, the global proportions were
multiplied by post-Fauxcorrect IHD deaths by location.
These data, along with incidence and excess mortality
data, guided a DisMod model to predict the prevalence
and incidence of IHD-related MI. These estimates were
divided into estimates for 1-2 days and 3-28 days following
the incident, with severity estimations of 0.432 and 0.074,
respectively.’

The MI model of excess mortality estimates was utilized
to calculate the incidence of surviving 28 days post-event.
The prevalence of IHD after MI was calculated using
these data, the cause-specific mortality rate attributable
to chronic IHD, and excess mortality data based on a
DisMod model. Based on the literature, a portion of this
estimate was deleted to avoid double-counting people
with angina and heart failure. This stage estimated post-
MI asymptomatic IHD.?

We estimated the prevalence and incidence of angina
for all locations using the literature, prevalence data, and
mortality risk data sourced from US claims data. MR-
BRT-modified Rose Angina Questionnaire data were
used to estimate the prevalence of angina. The severity
levels for angina pectoris were mild, moderate, and severe
angina, with disability weights of 0.033, 0.08, and 0.167,
respectively.’

Compilation of Results

To compute the YLLs, the number of deaths in each
age group was multiplied by the remaining years of
life expected in each age group, as defined by the GBD
standard lifetable. The YLDs and YLLs were added
together to get the number of DALYs. Then, the GBD
standard population was used to standardize all estimates,
and all estimates included 95% uncertainty intervals
(Uls).

Risk Factors

All risk factors that were proven to cause IHD were
included in this study.'” The proportion of DALYs
attributed to the risk factors was estimated by sex at
national and provincial levels. The definitions and relative
risks of these risk factors were reported elsewhere."

Results

National Level

In 2019, there were 1.8 million (95% UI: 1.6 to 2.0)
prevalent cases of IHD, with a point prevalence of 52886.4
(95% UTI: 47543.0 to 58381.6), which was 7.5% (95% UI:
5.5 t0 9.9) higher than that in 1990. That same year, IHD
caused 67.1 thousand (95% UI: 59.7 to 72.7) deaths, with a
death rate 0f 1932.9 (95% UTI: 1720.8 to 2094.2), which was
22.0% (95% UI: -29.2 to -15.1) lower than that in 1990.
Furthermore, IHD accounted for 820.4 thousand (95%
UI: 745.7 to 882.3) DALYs in 2019, with a DALY rate of

23630.9 (95% Ul 21476.7 to 25413.7), which was 33.7%
(95% UT: -39.8 to -28.0) lower than that in 1990 (Table 1).

Provincial Level

In 2019, the highest point prevalent cases were found in
Yazd [56365.0 (95% UI: 50673.4 to 61970.6)], Markazi
[56126.7 (95% UL 50727.6 to 61902.7)], and North
Khorasan [56005.7 (95% UI: 50496.6 to 61621.0)], while
the lowest cases were reported in Fars [48815.2 (95% UT:
43664.9 to 54308.6)], Sistan and Baluchistan [49451.5
(95% UI: 44330.7 to 54670.4)], and West Azarbayejan
[50361.2 (95% UL 45096.1 to 55860)], as depicted in
Figure 1A and Table S1. The 201 sex-specific point
prevalence of IHD for adults aged 70 and older at the
provincial level is presented in Figure S1.

In 2019, the highest death rates were found in
Kohgiluyeh and Boyer-Ahmad [2674.0 (95% UI: 1635.4
to 2214.6)], Chahar Mahaal and Bakhtiari [2594.7 (95%
UI: 2203.8 to 2990.7)], and Hamadan [2569.8 (95% UI:
2186.3 to 2881.6)]. In contrast, the lowest rates were found
in Tehran [1079.6 (95% UI: 888.0 to 1263.0)], Markazi
[1734.7 (95% UIL: 1462.2 to 2048.6)], and Yazd [1740.8
(95% UI: 1480.2 to 2071.9)], as illustrated in Figure 1B
and Table S2. Figure S2 presents the sex-specific death
rates for adults aged 70 and older at the provincial level.

The highest DALY rates in 2019 were found in Golestan
[32484.6 (95% UI: 29284.4 to 35625.5)], Lorestan
[30918.8 (95% UL 26678.2 to 34849.2)], and Hamadan
[30856.0 (95% UI: 26808.3 to 34549.3)]. Conversely, the
lowest DALY rates were observed in Tehran [12752.5
(95% UL 10752.2 to 14846.3)], Markazi [20117.6 (95%
Ul: 17188.6 to 23615.9)], and South Khorasan [20959.6
(95% UI: 17993.5 to 23968.6)], as depicted in Figure 1C
and Table S3. Moreover, the 2019 sex-specific DALY rates
are presented at the provincial level in Figure S3.

The highest increases in the point prevalence of IHD,
between 1990-2019, were seen in Hamadan [14.1% (95%
UL 8.9 to 19.4)], Gilan [14.1% (95% UI: 9.8 to 18.6)],
and Kohgiluyeh and Boyer-Ahmad [14.0% (95% UI: 9.7
to 18.2)]. Conversely, the lowest increases were found in
Bushehr [0.8% (95% UI: -2.3 to 4.6)], Ilam [1.2% (95%
UI: -1.9 to 4.2)], and Tehran [2.8% (95% UI: -0.3 to 6.5)].
As Table 1 indicates, the point prevalence of IHD did not
decrease in any of the provinces of Iran. Further, Figure S4
presents the sex-specific estimates at the provincial level
for the percentage change in the point prevalence of IHD
for adults aged 70 and above from 1990 to 2019 in Iran.

The IHD-attributable death rate for adults aged 70 and
older in Iran decreased from 1990 to 2019 in all provinces,
except for Kohgiluyeh and Boyer-Ahmad and Qom which
increased by 2.5% (95% UI: -16.6 to 25.6) and 2.4% (95%
UL -16.1 to 27.3), respectively. The highest decreases,
from 1990 to 2019, were found in Ilam [-34.0% (95%
UL -42.0 to -23.9)], Kurdistan [-31.0% (95% UL: -40.9 to
-19.3)], and Khorasan-e-Razavi [-30.1% (95% UI: -41.8
to -17.4)], as illustrated in Table 1. Further, Figure S5
presents the sex-specific percentage change in the death
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Figure 1. Point Prevalence (A), Deaths (B), and DALY Rates (C) for Ischemic Heart Disease (Per 100000 Population) for Adults Aged 70 Years and Older in Iran
in 2019 by Province. Note. DALY: Disability-adjusted life year. Using data from http://ghdx.healthdata.org/gbd-results-tool
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rates for each province from 1990 to 2019.

Table S3 indicates that the DALY rate for IHD among
adults aged 70 and above did not increase in Iran from
1990 to 2019. The largest decreases, from 1990 to 2019,
were observed in Kerman [-42.9% (95% UI: -52.5 to
-31.3)], Khorasan-e-Razavi [-42.6% (95% UI: -52.4 to
-32.2)], and Kurdistan [-40.4% (95% UI: -49.4 to -30.0)]
during the measurement period. Moreover, Figure S6
displays the sex-specific percentage changes in the DALY
rates at the provincial level over the period 1990 to 2019.

Age and Sex Patterns

The results suggested that the 2019 national point
prevalence and prevalent cases of IHD are higher for males
than for females in the geriatric population. The highest
number of prevalent cases were found in the 70-74 age
group, and the point prevalence increased with increasing
age among the elderly in Iran in 2019 (Figure 2A). For
both sexes, the highest death rate in 2019 was found in the
95 +age group, while the highest number of deaths was
found in the 80-84 age group (Figure 2B).

In 2019, the national DALY rate increased with age in
both males and females. Moreover, the largest number of
DALYs in 2019 was observed in the 70-74 age group and
the 75-79 age group for males and females, respectively
(Figure 2C).

In 2019, the IHD-associated DALY rate for adults aged
70 and older in Iran was lower than the MENA DALY
rate (ratio of Iran/MENA DALY rate<1) in all age groups
for males and aged 70-89 for females. Overall, the ratio of
Iran/MENA DALY rate was higher in 1990 than in 2019
in all age groups for both sexes, except for females above
95 years of age (Figure 3).

Risk Factors

The proportion of DALY’ that were attributable to each
risk factor was not the same at the national and provincial
levels. Nationally, high systolic blood pressure (SBP) with
47.8%, high low-density lipoprotein (LDL) cholesterol
with 36.2%, and high fasting plasma glucose (FPG)
with 35.3% had the three highest attributable DALYs.
Furthermore, there were wide ranges in the percentage
of DALYs attributable in each province, that is, high
SBP (from 40.8% in Sistan and Baluchistan to 54.8% in
Ardebil), high LDL cholesterol (from 33.7% in Fars and
Hamadan to 40.5% in Yazd), and high FPG (from 26.2%
in Zanjan to 38.2% in North Khorasan and Khuzestan),
as presented in Figure 4. In addition, Figures S7 and S8
illustrate the percent of DALYs that were attributable to
each risk factor in Iran and its provinces for males and
females individually, respectively.

Discussion

This study was the first to use GBD 2019 data to present
recent information on IHD and its related risk factors
among individuals aged 70 and older in Iran and its
provinces from 1990t02019.In2019, there were 1.8 million

prevalent cases of IHD in Iran, with a point prevalence
of 52886.4. The number of prevalent cases increased by
7.5% between 1990 and 2019, and the IHD-attributable
death rate was 1932.9 (per 100000 population), with
67.1 thousand deaths occurring in 2019. The death rate
decreased by 22% across the measurement period, and
IHD accounted for 820.4 thousand DALYs in 2019, with
a DALY rate of 23630.9. Furthermore, there was a 33.7%
decrease in DALY across the reporting period.

Provincially, the highest point prevalence of IHD in
2019 was found in Yazd, Markazi, and North Khorasan,
while the lowest points were found in Fars, Sistan and
Baluchistan, and West Azarbayejan. Moreover, the highest
death rates were found in Kohgiluyeh and Boyer-Ahmad,
Chahar Mahaal and Bakhtiari, and Hamadan, while
Tehran, Markazi, and Yazd had the lowest death rates.
In 2019, the highest DALY rates were found in Golestan,
Lorestan, and Hamadan, while Tehran, Markazi, and
South Khorasan had the lowest rates. In addition, the
highest increases in the point prevalence, between 1990-
2019, were observed in Hamadan, Gilan, and Kohgiluyeh
and Boyer-Ahmad, and there were no provinces with
a decrease in the point prevalence of IHD. However,
the death rate for IHD in adults aged 70 and above
decreased in all provinces except for Kohgiluyeh and
Boyer-Ahmad and Qom, which exhibited slight increases.
Ilam, Kurdistan, and Khorasan-e-Razavi experienced the
largest decreases in the death rate for IHD. Additionally,
no provinces manifested an increase in the DALY rate of
IHD, and Kerman, Khorasan-e-Razavi, and Kurdistan
indicated the largest decreases. Nationally, high SBP
(47.8%), high LDL cholesterol (36.2%), and high FPG
(35.3%) had the three highest attributable DALYs.

In 2014, a cross-sectional study was conducted based
on Kherameh cohort study, as a branch of the Prospective
Epidemiological Research Studies in IrAN (PERSIAN),
which was conducted in 18 different regions of Iran."
This study was conducted on 10663 people aged 40-70
via cluster sampling to identify the prevalence and risk
factors associated with non-communicable diseases."
Their study reported the age-standardized prevalence
rate of IHD among males, females, and both sexes in
Iran to be 6.78%, 8.91%, and 8.04%, respectively, which
were lower than that in our estimations.!! In addition,
the age-standardized prevalence rate of MI among these
three groups (males, females, and both sexes) were 3.16%,
1.82%, and 2.44%, respectively.'! The difference between
their estimations and ours may be due to the inclusion of
individuals younger than those in our research." Further,
they reported that old age, opium users, smokers, sleeping
pill users, and individuals with hypertension have
significantly higher odds of having cardiovascular diseases
(CVDs).!t Another cross-sectional study, published in
2018, investigated the prevalence of coronary artery
disease (CAD) and its risk factors in Borujerd, Iran."
They conducted the study on 801 people over 35 years
old via cluster sampling of individuals with a prior history
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of CAD.”? The CAD prevalence based on documented
history was 9.1%, which was lower than our estimates."?
The differences may again be due to lower age groups,
a lower sample size, and methodological discrepancies.
Additionally, the prevalent risk factors among those with
a history of CAD were hypertension, diabetes mellitus,
dyslipidemia, smoking, and obesity.”> Unfortunately,
there were no studies investigating the burden of IHD and
its risk factors among individuals 70 years and older in all
regions of Iran from 1990 to 2019.

IHD is a common cause of morbidity and death

globally, and Iran is no exception.”” Furthermore, the
burden of IHD and its risk factors is not evenly distributed
across Iran. Iran’s recent reforms and developments have
resulted in improved health care and an increased life
expectancy, in addition to an increased prevalence of
non-communicable diseases such as CVDs,'*!* resulting
in an increasing burden of IHD. The economic burden
of CVDs has recently been highlighted in Iran, with an
aging population and rising direct and indirect CVD
costs.!*'* The economic burden of CVDs may have a
negative impact on the productivity and competitiveness
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of Iran, increase the economic burden on healthcare
systems, exacerbate poverty and unfairness, and reduce
opportunity in developing countries.'® The significant
economic cost of CVD reduces patients’ access and ability
to afford appropriate primary, secondary, and tertiary
preventive programs.

To emphasize the importance of primary prevention,
particularly in younger age groups, it should be noted that
the modifiable risk factors associated with MI can avoid
over 90% of MI risk.”” In recent years, the prevalence
of lifestyle-related risk factors for CVDs (e.g., smoking,
obesity, high blood pressure, insufficient physical activity,
and poor diet) has increased significantly in Iran.'s2° A
recent population study in Iran examined the trend of
seven cardiovascular health metrics from 2007 to 2015,
with a total sample size of 37,084 people.” In 2016, the
prevalence of inadequate physical activity, body mass
index>30 mg/dL, poor nutrition score, and mean
cardiovascular health index increased significantly when
compared to 2007." As a result of the increasing trend in
the IHD burden and the prevalence of risk factors with
a high economic burden, the government’s attention
should be drawn to this important public health issue.

The health transformation plan implemented in 2014
was the most recent reform to the Iranian health system,
which aimed to increase equity and reduce out-of-pocket
expenses for inpatient services in Ministry of Health-
affiliated hospitals."?? The transformation plan increased
the insured patients’ rate, access to health care services,
and hospitalization rate” by reducing the patients’ out-
of-pocket expenditures.”? In addition, a population-
based interventional strategy, aimed at reducing the
burden of CVDs is being conducted in Isfahan under
the Isfahan Healthy Heart Program.” This program
implemented educational, legislation, mass media,
community partnership, and intersectoral collaboration
strategies from late 1999 to 2007 with 12,600 individuals.?’
Several facilitators and barriers were observed during
the administration of the program.?® Factors supporting
the program included the involvement of policymakers
and stakeholders in projects, political will, and external
collaboration, while weak health insurance coverage
and low political support were found to be barriers to
implementing the program.?

Strengths and Limitations

There has been no previous research to describe the
burden of IHD and its attributable risk factors among
individuals aged 70 and above in Iran, at both the country
and provincial levels. Thus, one strength of the current
study is that it exclusively and comprehensively addressed
the burden of IHD in Iran. However, the estimates of this
study must be read in light of the study’s limitations.
Firstly, despite significant efforts to improve data accuracy
in GBD studies, there is a probability of misclassification
of IHD death because CVDs result from the contributions
of multiple coexisting pathological conditions, and it

could be sometimes difficult to attribute the occurrence
of death to one specific condition. Secondly, the GBD
dataset presents data at both the country and provincial
levels, so in a vast country such as Iran, large variations in
the burden of THD can exist even at the city level. Thus,
providing an overall estimate of aggregated data on IHD
for all cities of a province cannot be helpful enough for
health system managers and policymakers to address the
issue at the city level.

Conclusions

In conclusion, the burden of IHD in Iran is a major public
health problem that requires urgent attention. In addition
to public health initiatives, there is a need for further
research to more clearly recognize the underlying causes
of IHD in Iran and to create more effective prevention
and treatment strategies. This involves research on the
impact of environmental pollution on IHD, as well as
studies on the cost-effectiveness of different prevention
and treatment interventions.
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