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Abstract

decreasing trends in IHD.

Background The objective of this study is to evaluate the global burden of ischemic heart disease (IHD) attributable
to High body mass index (HBMI) by utilizing data from Global Burden of Disease (GBD) 2019.

Methods This study utilized data from the GBD 2019 to examine the impact of HBMI on deaths and disability-
adjusted life years (DALYs). The analysis focused on age-standardized rates and considered a 30-year time frame.
Trends were assessed using estimated annual percentage changes (EAPCs).

Results Since 1990, a significant global increase in IHD attributable to HBMI has been observed. This increase is par-
ticularly notable among elderly males and in regions with low-middle Socio-Demographic Index (SDI), such as Central
Asia and Eastern Europe. In 2019, IHD globally resulted in 1,662,339 deaths and 41,369,773 DALYs. Despite the high
age-standardized death rate (20.73 per 100,000) and DALY rate (499.41 per 100,000), a declining trend was noted.

This trend is reflected by the EAPCs of -0.35 for DALYs and —0.67 for deaths. Notably, males and middle SDI countries
exhibited higher rates of IHD, whereas high SDI regions such as High-income Asia Pacific and Western Europe showed

Conclusion Over the past three decades, there has been a significant increase in IHD caused by HBMI, especially
in low-middle and low SDI regions. This highlights the importance of targeted interventions in addressing this issue.
Notably, regions including Central Asia, Eastern Europe, North Africa, and the Middle East have been heavily affected.
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Background

Cardiovascular diseases (CVD) have been the leading
cause of mortality worldwide for decades, with ischemic
heart disease (IHD) being the most prevalent form and
responsible for 16% of total global deaths. However, there
are significant regional and national variations in the
burden of IHD. This study seeks to evaluate the global
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burden of IHD linked to high body mass index (HBMI)
by conducting a meticulous analysis spanning 30 years,
from 1990 to 2019. The aim is to assess the extent to
which HBMI contributes to the global burden of IHD.
Obesity, once defined by the HBMI, has reached epi-
demic proportions worldwide [1]. The new definition
of obesity is based on the waist-to-height ratio [2]. This
study primarily examined the HBMI as a measure of
obesity, as the HBMI still has research value. HBMI is
known to indirectly increase the risk of IHD through the
development of hyperlipidemia, hypertension, diabetes,
and related conditions [3]. HBMI has become a widely
used metric in epidemiological studies and has reached
pandemic levels globally in the past two decades [4].
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The prevalence of obesity, a major contributor to Non-
Communicable Diseases (NCDs) such as cardiovascular
disease, cancer, chronic respiratory diseases, and dia-
betes, has alarmingly doubled since 1980 [5]. Presently,
approximately one-third of the global population is clas-
sified as overweight or obese, with the number reaching
3 billion in 2019 [6]. This rise has been linked to over 5
million obesity-related deaths each year, primarily affect-
ing adults aged 20 and above [7]. While previous research
has established the association between HBMI and vari-
ous cardiovascular outcomes, the specific impact on IHD
risk yields varied findings [8].

Despite these insights, comprehensive data on the
global burden of IHD attributable to HBMI, especially
its temporal trends, remain limited. Accurate and up-to-
date burden estimates are essential for guiding research,
informing evidence-based strategies, and enhanc-
ing the effectiveness of efforts in IHD prevention and
management.

Methods

Data source

Our study utilized data from the Global Burden of Dis-
ease Study 2019 (GBD 2019) to analyze the global impact
of IHD attributable to HBMI. The GBD 2019 provides
comprehensive assessments of health loss for 329 dis-
eases in 204 countries and territories. These entities are
categorized into 21 regions based on epidemiological
and geographical considerations [9]. Furthermore, these
regions are stratified into five Socio-Demographic Index
(SDI) categories: high (>0.81), high-middle (0.70-0.81),
middle (0.61-0.69), low-middle (0.46-0.60), and low
(<0.46) [10]. For our analysis, we thoroughly examined
data from 1990 to 2019, with a specific focus on mortal-
ity, disability-adjusted life years (DALYs) [10], and age-
standardized rates (ASRs) relevant to IHD. To discern
global trends and implications of HBMI on IHD, we con-
ducted a detailed analysis by age, location, and year. This
study is based on a publicly available database and does
not require ethical approval.

Defining HBMI and clinical diagnostic criteria for IHD
Within the HBMI classification, overweight is defined as
a BMI ranging from 25.00 to 29.99 kg/m?, while obesity is
defined as a BMI of > 30.00 kg/m? [11].

In the GBD 2019 analysis, IHD is classified as a ‘non-
communicable disease’ and a ‘cardiovascular disease,
specifically as a level 3 cause with the code B.2.2. To
identify cases of IHD, the study uses the International
Classification of Diseases, Ninth Revision (ICD-9) codes
410-414.9 and Tenth Revision (ICD-10) codes 120-125.9
[12]. This comprehensive approach covers various condi-
tions, including acute myocardial infarction, chronic IHD
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and chronic stable angina, in accordance with the Fourth
Universal Definition of Myocardial Infarction and the
Rose Angina Questionnaire [13]. Moreover, premature
mortality from IHD is defined as deaths occurring before
the age of 55 in men and 65 in women, following interna-
tional guidelines [14].

Statistical analyses

To account for differences in age structure and to provide
a more precise assessment of the burden of IHD associ-
ated with HBMI, we utilized age-standardized rates in
our analysis [15]. By adjusting for variations in age dis-
tribution, this methodology allows for a more accurate
understanding of the IHD burden related to HBMI. To
examine the temporal trends of these age-standardized
rates from 1990 to 2019, we employed annual percent
change (EAPC) analysis. A linear regression model,
In(ASR) = a+pX+e¢, where X’ represents the calendar
year, was used to assess trends. The EAPC and its 95%
confidence interval (CI) were determined using the for-
mula: 100 X (exp(p) —1). Trends were considered stable if
the 95% CI of the EAPC included 0 (P> 0.05); otherwise,
they were classified as either increasing (EAPC and its
95% CI>0) or decreasing (EAPC and its 95% CI<0). This
robust analytical approach improves our understanding
of the IHD burden associated with HBMI, taking into
account epidemiological and socio-demographic fac-
tors. For more comprehensive insights, we direct readers
to the GBD Compare visualization tool (https://vizhub.
healthdata.org/gbd-compare/) and the GBD Results Tool
(http://ghdx.healthdata.org/gbd-results-tool) [11].

Result

Evolving global impact of IHD related to HBMI (1990-2019)
From 1990 to 2019, there was a notable global rise in the
prevalence of IHD associated with HBMI. During this
time period, there was a significant increase of 192.84%
in deaths and a 195.76% increase in DALYs caused by
HBMI-related IHD, as shown in Table 1. Differences in
this trend based on gender were evident, with a 207.21%
increase in deaths among men compared to a 177.92%
increase among women. Conversely, the rise in DALYs
was more substantial in women (55.41%) than in men
(48.28%) during the same timeframe, as illustrated in
Table 1.

The age-standardized death rate of IHD witnessed
a global decline, dropping from 23.75 per 100,000 in
1990 to 20.73 per 100,000 in 2019 (Figure S2; Table 2).
This downward trend was also observed in the age-
standardized death and DALY rates (Figure S2).The
global age-standardized DALY rate decreased from 521.77
per 100,000 in 1990 to 499.41 per 100,000 in 2019
(Table 1; Figure S1 B and Figure S2). Although there was
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a slight decrease in the global age-standardized death
rate of IHD from 23.75 per 100,000 in 1990 to 20.73 per
100,000 in 2019, these rates exhibited an overall decline
over the three-decade period, as indicated by EAPC val-
ues of -0.35 (-0.43, -0.27) for DALYs and —0.67 (-0.75,
-0.60) for deaths (Table 1; Fig. 1; Supplementary Table 6).

Regional and national variations in IHD Burden due to high
BMI

The analysis of IHD attributable to HBMI at a regional
level revealed striking contrasts. Australasia experi-
enced the most pronounced decrease in the age-stand-
ardized DALY rate, with an EAPC of -3.98. Conversely,
South Asia saw the steepest rise in this measure, with an
EAPC of 3.09. In terms of the ASDR, Australasia again
reported the largest decline, with an EAPC of -3.89,
while East Asia witnessed a significant increase with an
EAPC of 2.98 (Table 1; Supplementary Table 1; Fig. 1
and Figure S1).

In 2019, the region of Central Asia recorded the high-
est observed rates of DALY and deaths linked to IHD
resulting from exposure to HBMI (Supplementary
Table 1). Since 1990, South Asia has witnessed the most
substantial increase in the age-standardized DALY rate
for HBMI-attributable IHD, while East Asia has experi-
enced a significant rise in ASDR (Figure S1 A, Figure S1
B, and Supplementary Table 2). Conversely, high-income
regions such as Asia Pacific, Western Europe, and Aus-
tralasia have demonstrated noteworthy decreases in both
age-standardized death and DALY rates associated with
IHD and HBMI over the past three decades (Supplemen-
tary Table 4; Supplementary Table 5).

At the national level, Uzbekistan and Nauru reported
the highest ASDR and DALY rates due to HBMI in 2019,
respectively. Meanwhile, Japan exhibited the lowest rates
in both categories. Over the span of 30 years, Mozam-
bique experienced the most significant increases in both
ASDR and age-standardized DALY rates attributable to
HBMI exposure. These findings are detailed in Table 3,
Supplementary Table 2, Figure S1 A, and Figure S1 B. In
contrast, Israel, Denmark, and the Netherlands showed
the most substantial decreases in these rates, as indi-
cated in Table 3, Supplementary Table 2, Supplementary
Table 3, Figure S1 A, and Figure S1 B.

Age and gender disparities in the Burden of IHD related

to HBMI

Age-specific analysis revealed significant variations in
deaths and DALYs. Globally, there were notable differ-
ences in the percentages of deaths and DALYs across dif-
ferent age groups. The highest number of deaths, both in
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males and females, was observed in the 60-69 age group,
while the age-standardized rate peaked in the 95+ age
group. Similarly, the counts of DALYs and age-standard-
ized rates increased with age. In terms of DALYs, both
sexes had the highest peak in the 60—64 age group, with
the highest age-standardized rate in the 95+ age group.
The age-standardized rates clearly indicate that the bur-
den of IHD (both in terms of deaths and DALYs) is sig-
nificantly higher in older age groups, highlighting the
importance of age as a risk factor for IHD (Table 4).

In terms of deaths and DALYs, men across all age
groups were found to carry a greater burden of IHD com-
pared to women (Table 2). The impact of HBMI on the
burden of IHD was observed to increase more rapidly in
males, with the ASDR exhibiting an EAPC of -0.36 (95%
CI: -0.42 to -0.29) for males, and a corresponding EAPC
of -0.97 (95% CI:. -1.05 to -0.88) for females. Likewise,
the EAPC for the male age-standardized DALY rate was
—0.11 (95% CI: -0.18 to -0.04), which was higher com-
pared to the female rate of -0.65 (95% CI: -0.74 to -0.56)
(Table 1; Figure S3).

Socio-demographic influences on IHD Burden Linked

to HBMI

The relationship between the SDI and the burden of IHD
caused by HBMI is complex and can vary. It is worth
noting that the regions with the highest rates of DALYs
and deaths due to IHD attributed to HBMI are the high-
middle SDI regions, followed closely by the middle SDI
regions. On the other hand, the regions with the lowest
DALY rates are the high SDI and low SDI regions, with
the lowest death rates specifically seen in the high SDI
regions (Table 1; Figure S2; Figure S4).

This pattern demonstrates a worldwide rise in the
number of deaths and DALYs linked to HBMI. Interest-
ingly, regions with high-middle and high SDI demon-
strate a decrease in age-standardized rates, indicating the
effectiveness of management and intervention strategies.
In contrast, regions with low-middle, low, and middle
SDI experience an increase in these rates, emphasizing
the ongoing public health challenges in addressing the
impact of HBMI on IHD.

Discussion

Our global analysis spanning a period of 30 years and
encompassing 204 countries and regions uncovered sig-
nificant variations in the burden of IHD attributed to
HBMI in 2019. Notably, Central Europe, Eastern Europe,
and Central Asia, as well as South Asia, reported higher
death rates, underscoring the persistent challenge in
effectively managing IHD in these areas. Conversely,
high-income regions demonstrated the lowest rates in
2019, suggesting that their healthcare systems have been
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Fig. 1 The Global Burden of ischemic heart disease attributable to high body-mass index: age-standardized DALY rate and ASDR in 1990
and 2019: (A) ASDR in 1990; (B) age-standardized DALY rate in 1990; (C) ASDR in 2019; (D) age-standardized DALY rate in 2019; (E) EAPCs of ASDR;
(F) EAPCs of age-standardized DALY rate. ASRs =age-standardized rates. ASDR =age-standardized Death rate. DALY =disability adjusted life-year.

EAPCs=Estimated Annual Percentage Changes

successful in addressing IHD. The data affirms the exist-
ence of notable regional disparities in the burden of IHD.
High-income regions have achieved a reduction in IHD
death rates by virtue of their superior healthcare systems,
reduction in modifiable risk factors [16]. In contrast,
regions such as Sub-Saharan Africa, Southeast Asia,
East Asia, Oceania, and South Asia have experienced
increased death rates, potentially influenced by factors

like evolving economies leading to lifestyle changes, esca-
lating urbanization, and potentially limited accessibility
and quality of healthcare [16, 17]. Despite some improve-
ments, Central Europe, Eastern Europe, and Central Asia
continue to bear relatively high death rates from IHD,
indicative of ongoing public health challenges [18, 19].
The disparate trends observed across regions underscore
the necessity for region-specific approaches in combating
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IHD, which take into account local health systems, socio-
economic circumstances, and lifestyle patterns [20].
Furthermore, the escalating trends in low- and middle-
income regions emphasize the need for targeted focus on
preventive healthcare, public awareness, and more effec-
tive management of risk factors such as diet, physical
activity, and tobacco use [21].

Our analysis of the burden of IHD in relation to HBMI
shows notable age-related differences, with a substantial
increase in both deaths and DALYs with increasing age.
This is similar to a previous study [22]. The most signifi-
cant burden is observed in the 60—69 age group, and it
sharply escalates in individuals over the age of 95. This
pattern highlights the importance of age as a key deter-
minant of the prevalence and severity of IHD, while also
emphasizing the need for healthcare strategies that are
tailored to specific age groups, especially older popula-
tions [23].

Men of all ages bear a higher burden of IHD than
women, as reflected in both mortality and DALYs. This
is similar to previous studies [24, 25]. This gender differ-
ence is further highlighted by the distinct trends seen in
age-standardized rates, as indicated by the EAPC. The
EAPC for male age-standardized death rates stand at
-0.36, suggesting a slower decline compared to females
(-0.97). Similarly, the EAPC for male age-standardized
DALY rates is -0.11, contrasting with —0.65 for females.
These disparities in IHD burden between genders are
likely influenced by a complex interplay of biological, life-
style, and socio-economic factors, as well as differential
access to healthcare and health-seeking behaviors [23].

Our study highlights the urgent need for comprehen-
sive public health strategies and medical interventions
tailored to the specific challenges of IHD in different
age groups and genders [26]. The findings highlight an
important avenue for future research aimed at under-
standing the factors contributing to gender differences
in THD [27]. Such knowledge is essential for the develop-
ment of more precise, targeted prevention and treatment
approaches, particularly those designed to address the
challenges posed by ageing demographics and the spe-
cific health needs of different sexes.

Our analysis revealed differences in deaths and
DALYs from IHD attributable to HBMI between SDI
regions. In particular, a decrease in these indicators
was observed in high and high-middle SDI regions,
with significantly lower values in high SDI regions. This
finding is similar to previous studies [28].This trend
suggests that regions with higher socio-economic sta-
tus are increasingly prioritizing health issues related to
HBMI and implementing effective strategies to prevent
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and control IHD. In contrast, middle and low-middle
SDI regions experienced a worsening trend in IHD bur-
den due to HBMI, exacerbated by limited resources and
inadequate healthcare infrastructure for widespread
prevention and treatment of the disease. This dispar-
ity is particularly evident in rapidly growing and aging
populations in these regions, emphasizing the urgent
need for improved primary preventive efforts on a
global scale [1].

Great efforts should be made to promote the preven-
tion of obesity and its progression to IHD. Intake of
simple sugars, complex carbohydrates and total calo-
ries should be reduced. Community prevention pro-
grammes should be implemented to improve relevant
knowledge among the population in countries with
a high IHD burden. Countries with a low SDI and an
ageing population should promote healthcare. Possi-
ble government interventions could include mandatory
calorie/nutrient menu labelling and regulation of food
ingredients, as well as control of advertising and certain
forms of taxation on beverages and foods [1].

In this study, we employed BMI as the primary indi-
cator of body size [29]. Due to the change in the defini-
tion of obesity, there are limitations to the use of BMI
as a measure of body size. In addition, BMI is a straight-
forward measure, it does have certain limitations, such
as its inability to differentiate between lean body mass
and adipose tissue. Nevertheless, BMI continues to be
a valuable predictor of CVD and has demonstrated a
non-linear association with mortality risk [30]. Other
anthropometric measurements have also been inves-
tigated in relation to obesity-related outcomes, each
offering distinct advantages and limitations.

The disparities in disease burden between developing
and developed countries necessitate additional inves-
tigation. For the purposes of this paper, the geographi-
cal breakdown of the data is primarily based on the SDI
classification of countries, and urban-rural and race data
are missing, so it is not possible to explore further the
differences in disease burden between factors such as
urban-rural and race. Our study, which encompasses the
largest epidemiological dataset on IHD to date, sought to
accurately measure the burden of IHD caused by HBMIL.
Despite encountering challenges related to limited availa-
bility of high-quality epidemiological data and substantial
regional variation, we employed standardized methodo-
logical criteria over a span of three decades to mitigate
the impact of these limitations. We are confident that this
approach has ensured a uniform quality of data across the
included studies, thus offering a dependable overview of
the global burden of IHD associated with HBMI.
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Conclusion

Our findings showed that, globally, from 1990 to 2019,
the disease burden of IHD in both deaths and DALYs
attributable to HBMI have more than doubled in both
sexes. However, after age-standardizing the HBMI-
related DALY rates and Deaths rate, a decrease trend
were noted in both sexes. This increasing trend empha-
sizes the utmost importance of prioritizing efforts to
prevent overweight and obesity in all age groups, high-
lighting a significant global challenge in identifying the
underlying causes of disparities and changing patterns
in IHD burden. This is particularly pertinent when con-
sidering countries with different income levels. The
insights gained from this study play a crucial role in guid-
ing the development, implementation, and assessment
of effective strategies aimed at preventing, managing,
and rehabilitating IHD across diverse national contexts
and population groups. Not only do these findings con-
tribute to a broader understanding of IHD epidemiology,
but they also provide a valuable framework for tailoring
public health initiatives to mitigate the global impact of
HBMI on IHD.

Abbreviations
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GBD Global Burden of Disease
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