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Abstract

Introduction: Hypertensive heart disease (HHD) has emerged as a signifi-
cant global public health concern, with the increasing prevalence of high
body mass index (HBMI) contributing to its growing burden. This study
aimed to evaluate trends in HHD mortality attributable to HBMI from 1990
to 2021 and projections up to 2040.

Material and methods: Data on HHD mortality attributable to HBMI were
obtained from the Global Burden of Diseases (GBD) 2021 database. Temporal
trends in the burden of HHD attributable to HBMI were analyzed using gen-
eralized linear models to calculate the estimated annual percentage change
(EAPC) in age-standardized mortality rates (ASMR) and age-standardized dis-
ability-adjusted life-year (DALY) rates (ASDR) from 1990 to 2021. A linked-
point regression model, based on a linear statistical framework, was em-
ployed to evaluate these trends. Additionally, the burden of HHD attributable
to HBMI was further analyzed by disaggregating contributions from popula-
tion size, age structure, and epidemiologic changes. Cross-national inequali-
ties in this burden were quantified using standard health equity methodolo-
gies recommended by the World Health Organization (WHO). Finally, changes
in the burden of HHD attributable to HBMI were projected to 2040.

Results: From 1990 to 2021, the global ASMR for HHD attributable to HBMI
increased from 6.83 to 7.21, with an EAPC value of 0.33 for the ASMR. ASDR
increased from 144.72 to 147.33, with an EAPC value of 0.15 for ASDR. Par-
ticularly severe ASMR and ASDR were observed in most countries in Africa
and in a few countries along the Mediterranean coast. In contrast, most de-
veloped countries in North America, Europe, and Australia presented lower
ASMR and ASDR. When the overall trend was divided into subsections, at
the end of the study period, ASMR and ASDR for HHD attributable to HBMI
showed a downward trend. By dividing the regions by sociodemographic
index (SDI), middle SDI had the greatest fluctuation in ASMR and ASDR,
and low SDI showed an increasing trend in ASMR and ASDR at the final
joinpoint. Decomposition analyses found that population growth and aging
were the main factors driving changes in the burden of death due to HHD
attributable to HBMI. Cross-country inequality analyses showed that high
SDI countries bear a disproportionate share of the burden of deaths due
to HHD attributable to HBMI and that SDI-related inequality has increased
over time. Global trends in ASMR and ASDR for HHD attributable to HBMI
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are projected to show gradual and moderate increases from 2022 to 2040, but the number of deaths and

DALYs will continue to increase.

Conclusions: From 1990 to 2021, the burden of HHD attributable to HBMI increased globally, with devel-
oping countries and low SDI regions bearing a relatively large burden of disease. Furthermore, this burden
is expected to continue to increase until 2040. Therefore, more targeted prevention approaches should be

established to mitigate this growing trend.

Key words: hypertensive heart disease, high body mass index, Global Burden of Disease Study, age-
standardized mortality rates, age-standardized DALY rates.

Introduction

Hypertensive heart disease (HHD) is a cardio-
vascular condition caused by hypertension, charac-
terized by abnormalities in left ventricular (LV) mor-
phology and function, marked by left ventricular
hypertrophy (LVH) [1]. With the continuous increase
in the number of people with hypertension and the
lack of blood pressure control, the incidence of
HHD continues to rise [2, 3]. Notably, left ventric-
ular hypertrophy due to HHD is a major cause of
cardiovascular mortality [4]. At the same time, HHD
increases the risk of stroke and coronary artery dis-
ease, leading to increased all-cause mortality [5,
6]. High body mass index (HBMI) is defined as BMI
> 25 kg/m? [7]. Epidemiological studies indicate
that approximately 39-49% of the global popula-
tion suffer from HBMI [8]. More importantly, HBMI
is identified as the leading cause of global disabili-
ty-adjusted life-years (DALYs) in patients with HHD
[9]. A 2019 Global Burden of Disease study esti-
mated the global prevalence of HHD at 18,598,000
cases, reaching 21,508,000 disability-adjusted life
years, and that the burden of HHD attributable to
HBMI has increased significantly since 1990 [10].
Another study showed that the burden of HHD
disease due to HBMI is particularly pronounced
in the middle-aged and older Chinese population
[11]. Given the significant association between
HBMI and HHD, a rising trend in HBMI predicts an
increased burden of HHD [11-13].

Although several studies have demonstrated
an association between HBMI and the burden of
HHD, research on temporal and future trends in
HHD mortality due to HBMI is limited [14]. More-
over, previous studies have used relatively old da-
tabases [15]. Given the current obesity pandemic,
there is a need for a comprehensive description
and analysis of the overall disease status and
changing trends in HHD attributable to HBMI [16].
To explore the global burden of HHD due to HBMI,
we comprehensively analyzed temporal trends in
global HHD mortality from 1990 to 2021 based
on the Global Burden of Diseases (GBD) 2021 da-
tabase. We further projected the future burden
of disease. These findings not only complement
previous studies, but also provide guidance for
the design and promotion of targeted prevention
strategies for HHD attributable to HBMI.

Material and methods
Data source

DALYs and deaths from HHD attributable to
HBMI were sourced from the Global Health Data
Exchange (GHDx) query tool (http://ghdx.health-
data.org/gbd-results-tool). We further analyzed
annual age-specific data on HHD attributable to
HBMI from 1990 to 2021, including crude mortal-
ity rates (CMR), crude DALY rates (CDR), and their
corresponding age-standardized rates (ASR), such
as age-standardized mortality rates (ASMR) and
age-standardized DALY rates (ASDR). Since we
used the publicly available GBD 2021 database,
this study did not require ethical approval or in-
formed consent.

Definitions

HBMI is defined as a BMI > 25 kg/m2 [17].
DALYs are a composite measure quantifying the
burden of HBMI-induced HHD, representing the
sum of years of life lost (YLL) due to premature
death and years lived with disability (YLD) due
to HBMI-associated HHD. The sociodemographic
index (SDI) is a composite indicator used to mea-
sure development in a geographic location. The
SDI ranges from 0 to 1, with higher values indi-
cating higher levels of development. The threshold
SDI quintile is determined for countries with pop-
ulations over 1 million. Specifically, 204 countries
and regions are categorized into five SDI-based
regions: high SDI (0.805 to 1), high-middle SDI
(0.690 to < 0.805), middle SDI (0.608 to < 0.690),
low-middle SDI (0.455 to < 0.608), and low SDI
(0to < 0.455) [18, 19].

Estimated annual percentage change

To quantify trends in the burden of HHD at-
tributable to HBMI from 1990 to 2021, we cal-
culated the estimated annual percent change
(EAPQC), reflecting the yearly change over the pe-
riod. A generalized linear regression model, InR
= o + BT + &, was used, where R represents the
number or rate, and T represents the calendar
year. EAPC is calculated as 100 x (exp[B] — 1)
with a 95% confidence interval (Cl). If both the
EAPC value and its 95% Cl lower bound are > 0,
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ASMR and ASDR show an upward trend. If both
the EAPC value and the upper limit of its 95% Cl
are < 0, it indicates a downward trend in ASMR
and ASDR.

Joinpoint regression analysis

A connected-point regression model, specifical-
ly a linear statistical model, was used to assess
temporal trends in the burden of disease from
HHD attributable to HBMI. The model estimated
changes in mortality and DALY rates using least
squares, minimizing subjectivity in trend analysis.
The sum of squares of residuals between esti-
mated and actual values was calculated to deter-
mine the inflection point of the trend. Joinpoint
software was employed to construct this model.
We also calculated the average annual percentage
change (AAPC) and evaluated the statistical signif-
icance of different trend segments by comparing
the AAPC to zero. Statistical significance was set
at p < 0.05.

Decomposition analysis

To investigate changes in HHD attributable to
HBMI deaths and DALYs due to aging, population
growth, and epidemiological changes from 1990
to 2021, we performed decomposition analyses
of deaths and DALYs. The number of deaths and
DALYs at each location could be calculated as fol-
lows: Deaths,, /DALYs = [20].

Deaths,,  /DALYs :the numberof deaths/
DALYs according to the factors of age structure,
population size, and mortality/DALYs rate in year
y. a, = The proportion of population for the age
category ( of the n age categories in year y. P: The
total population in year y. e, : Mortality/DALY rate
for the age category i in year y.

Cross-country inequality analysis

We used the slope index of inequality and the
concentration index to assess inequality in the
distribution of the burden of HHD attributable to
HBMI across countries. The slope index of inequal-
ity was determined by regressing national mortal-
ity and DALY rates on sociodemographic develop-
ment-related relative position scales for all age
groups. The concentration index was computed by
numerically integrating the area under the Lorenz
concentration curve, which was constructed using
the cumulative fraction of deaths or DALYs and
the cumulative relative distribution of populations
ranked by the SDI.

Bayesian age-period-cohort (BAPC) model
analysis

The Bayesian age-period-cohort (BAPC) model
is a sophisticated statistical tool that combines
prior information about unknown parameters
with sample data to estimate posterior distribu-
tions and infer these parameters. It has demon-
strated higher accuracy in predicting disease bur-
den [21, 22]. Therefore, we used the BAPC and
Integrated Nested Laplace Approximation (INLA) R
packages to project the global burden of mortal-
ity and DALYs for HHD attributable to HBMI from
2022 to 2040. All analyses were conducted using
R software (version 4.3.2).

Results

Temporal trends of ASMR and ASDR for
HHD attributable to HBMI at the global
level from 1990 to 2021

Table | shows that from 1990 to 2021, the
global ASMR of HHD attributable to HBMI in-

Table I. Changing trends of age-standardized mortality rate (ASMR) and age-standardized DALY rate (ASDR) of HHD

attributable to HBMI from 1990 to 2021

Variable 1990 2021 1990-2021
ASMR ASDR ASMR ASDR EAPC in ASMR EAPC in ASDR
(95% UI) (95% UI) (95% UI) (95% UI) (95% Cl) (95% Cl)
Global 6.83 144.72 7.21 147.33 0.33 0.15
(437-9.32) (106.21-182.76) (4.23-9.94) (109.06-183.45) (0.27-0.39)  (0.1-0.21)
SDI
High SDI 3.88 79.52 438 97.25 0.83 1.60
(2.28-5.34)  (59.95-98.57)  (2.59-5.87) (76.46-115.81) (0.69-0.98) (1.41-1.79)
High-middle SDI 6.62 127.41 6.70 118.94 0.44 -0.11
(3.92-9.36) (92.84-165.58) (3.38-10.17) (81.23-157.67) (0.26-0.62) (~0.29-0.06)
Middle SDI 9.61 197.12 8.30 163.33 -0.44 -0.60
(5.53-13.78) (132.36-261.86) (4.53-12.23) (112.87-214.45) (-0.63—0.26) (~0.77—0.42)
Low-middle SDI 8.11 174.50 8.96 192.73 0.43 0.39
(5.03-11.49) (122.01-231.14) (5.90-12.38) (147.45-244.13) (0.39-0.47) (0.37-0.41)
Low SDI 10.04 233.39 11.27 249.65 0.33 -0.03
(5.58-14.81) (132.99-326.55) (6.94-15.88) (164.84-328.72) (0.24-0.43) (-0.11-0.05)
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creased from 6.83 (4.37-9.32) to 7.21 (4.23-
9.94), with an EAPC of 0.33 (95% Cl: 0.27-0.39).
Similarly, the global ASDR rose from 144.72
(106.21-182.76) to 147.33 (109.06-183.45),
with an EAPC of 0.15 (95% Cl: 0.1-0.21). Across
the five SDI regions, ASMR and ASDR were
ranked from high to low in 1990 as low SDI, mid-
dle SDI, low-middle SDI, high-middle SDI, and
high SDI. In 2021, the trend remained the same:

A

ASMR

64
410 < 7.87
710 <1267
267 t0 < 21.28
1.28t0 < 59.71

<4
4.6
7.8
12.
2

Caribbean and Central America  Persian Gulf
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low SDI, low-middle SDI, middle SDI, High-mid-
dle SDI, and high SDI. Notably, a decreasing
trend in ASMR was observed from 1990 to 2021
for middle SDI (EAPC = —-0.44, 95% Cl: —-0.63
to —-0.26) and high-middle SDI (EAPC = -0.11,
95% Cl: —=0.29-0.06). A similar decrease in ASDR
was noted for middle SDI (EAPC = -0.60, 95% Cl:
—0.77--0.42) and low SDI (EAPC = -0.03, 95% Cl:
-0.11-0.05).
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Figure 1. Global disease burden assessment of HHD attributable to HBMI for different countries in 2021. A— ASMR
of HHD attributable to HBMI in 2021. B — ASDR of HHD attributable to HBMI in 2021

HHD - hypertensive heart disease, HBMI — high body mass index, ASMR — age-standardized mortality rates, ASDR — age-

standardized DALY rates.
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Global disease burden assessment of HHD
attributable to HBMI for different countries
in 2021

The world map in Figure 1 illustrates the highly
heterogeneous ASMR and ASDR of HHD attribut-
able to HBMI across different countries and re-
gions in 2021. Figure 1 A shows that particularly
high ASMR (12.67 to < 59.71) was observed in
most African countries and the Middle East. Ma-
jor populous regions, including China, the Unit-
ed States, and South America, exhibited mod-
erate ASMR levels (4.64 to < 12.67). Low ASMR
(< 4.64) was found in Canada, Russia, Australia,
and most European nations, suggesting broader
public health education in developed countries
about BMI-related risks and heightened aware-
ness of cardiovascular harms linked to high BMI.
This aligns with previous findings that ASMR cor-
relates closely with SDI, independent of popula-
tion size. In Figure 2 B, the global distribution of
ASDR mirrored ASMR trends, with Africa and the
Middle East still showing concerning ASDR levels
(279.88 to < 1083.92), while Canada, Russia, Aus-
tralia, and most European countries maintained
low ASDR (< 92.96). Notably, the United States
exhibited worse ASDR trends compared to ASMR,
likely due to its aging population, where age sig-
nificantly amplifies mortality risks. Additionally,
from 1990 to 2021, most countries experienced
varying increases in disease burden, with the
most pronounced increases primarily in developed
countries (Supplementary Tables SI and SlI). No-
tably, the increases in both ASMR and ASDR were
highest in Bulgaria and Estonia.

Joinpoint regression analysis

The global ASMR and ASDR APC for HHD attrib-
utable to HBMI from 1990 to 2021 and the corre-
sponding data are presented in Figure 2 and Sup-
plementary Tables Slll. Initially, the global ASMR
APC showed a significant decrease (1990-1998,
APC = -0.35, p < 0.05), followed by a significant
increase (1998-2002, APC = 0.84, p < 0.05), and
a slight decrease (2002-2006, APC = -0.19, p =
0.485). From 2006 to 2017, there was a signifi-
cant increase, peaking in 2017 (APC = 0.75, p <
0.05), followed by an overall steady decline (Fig-
ure 2 A). Table Il indicates an ASMR AAPC of 0.2
(0.08-0.31) for global HHD attributable to HBMI
from 1990 to 2021. The ASDR showed a similar
trend (Figure 2 B), peaking in 2019 with an AAPC
of 0.07 (-0.04-0.18) (Table II). Dividing the region
by SDI, middle SDI exhibited the highest fluctua-
tions in ASMR and ASDR, with significant declines
from 1990 to 2006 (ASMR: 1990-1995, APC =
—-0.97, 1995-2006, APC = —-1.6. ASDR: 1990-1992,
APC = -0.52, 1992-2006, APC = -1.59, p < 0.05),

followed by significant increases (ASMR: 2006—
2016, APC = 0.94. ASDR: 2006-2017, APC = 0.57,
p < 0.05) and a subsequent steady decline. Of the
five SDI regions, only low SDI showed an increas-
ing trend in the final joinpoint ASMR and ASDR
(ASMR: 2014-2021, APC = 0.47. ASDR: 2014-
2021, APC = 0.46, p < 0.05). Table Il shows that
for ASMR, the AAPC was 0.45 (0.25-0.66) for high
SDI, 0.2 (-0.03-0.43) for high-middle SDI, -0.48
(-0.58 to —0.38) for middle SDI, 0.33 (0.2-0.47)
for low-middle SDI, and 0.4 (0.29-0.52) for low
SDI. For ASDR, the AAPC was 0.72 (0.49-0.95) for
high SDI, —0.2 (-0.39-0) for high-middle SDI, -0.6
(-0.71 to —0.49) for middle SDI, 0.36 (0.3-0.42) for
low-middle SDI, and 0.24 (0.14-0.33) for low SDI.

Decomposition analysis on HHD
attributable to HBMI

Over the past 32 years, global HHD attribut-
able to HBMI has seen a significant rise in both
deaths and DALYs, with middle SDI experiencing
the highest increase (Figure 3). Aging, population
growth, and epidemiological changes contribut-
ed to 38.14%, 58.41%, and 3.45% of the global
increase in deaths, respectively, and 32.40%,
66.87%, and 0.73% of the global increase in DA-
LYs. Table Il shows that the most significant
contributions to deaths were from aging in the
high-middle SDI (59.16%), population growth in
the low SDI (96.65%), and epidemiological chang-
es in the high SDI (21.21%). For DALYs, the most
significant contributions came from aging in the
middle SDI (26.99%), population growth in the
low SDI (100.46%), and epidemiological changes
in the high SDI (20.94%). Population growth had
the most pronounced effect on both deaths and
DALYs across all SDI quintiles and subgroups. In-
terestingly, epidemiological changes negatively
impacted both deaths and DALYs in middle SDI.

Cross-country inequality analysis

Figure 4 illustrates that the crude death rates
and crude DALY rates for HHD attributable to
HBMI are significantly correlated with SDI-relat-
ed inequality, which increases over time. Notably,
deaths and DALYs are disproportionately concen-
trated in countries with higher levels of socio-
demographic development. The skewness index
indicates that between 1990 and 2021, the rate
of crude deaths per 100,000 people in countries
with the highest SDIs compared to those with the
lowest increased from 1 to 6. Similarly, the crude
DALY rate per 100,000 people rose from -18 to
34. Additionally, as a measure of relative gradient
inequality, the cumulative fraction of deaths was
0.10 (95% Cl: 0.04-0.16) in 1990 and increased to
0.17 (95% Cl: 0.11-0.23) in 2021. The cumulative
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Deaths for both with hypertensive heart disease caused by high body-mass index
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Joinpoint 1; 1668

1990 2000 2010 2020

Year

DALYs for both with hypertensive heart disease caused by high body-mass index

int 1: 2012

Joinpoint 2: 2006

Joinpoint 3; 2011

Joinpaint 1: 1892

1990 2000 2010 2020

Year

= Global Observed point, AAPC = 0.2
= Global 1990-1998 APC = -0.35*
— Global 1998-2002 APC = 0.84*
— Global 2002-2006 APC = -0.19
= Global 2006-2017 APC = 0.75*
= Global 2017-2021 APC = -0.47*
= High SDI Observed point, AAPC = 0.45
— High SDI 1990-1998 APC = -1.12*
= High SDI 1998-2002 APC = 2.01*
= High SDI 2002-2011 APC = 0.84*
— High SDI 2011-2019 APC = 1.76*
— High SDI 2019-2021 APC = -3.18*
* High-middle SDI Observed point. AAPC = 0.2
~— High-middle SDI 1990-1994 APC = 0.59*
— High-middle SDI 1994-1998 APC = —0.47
~ High-middle SDI 1998-2001 APC = 3.95*
== High-middle SDI 2001-2010 APC = 0.60*
— High-middle SDI 2010-2016 APC = -0.60*
— High-middle SDI 2016-2021 APC = —1.49*
4 Middle SDI Observed point. AAPC = —0.48
= Middle SDI 1990-1995 APC = —0.97*
~— Middle SDI 1995-2006 APC = -1.60*
— Middle SDI 2006-2016 APC = 0.94*
= Middle SDI 2016-2021 APC = -0.32
+ Low-middle SDI Observed point, AAPC = 0.33
— Low-middle SDI 1990-1992 APC = -0.58
— Low-middle SDI 1992-2012 APC = 0.38*
— Low-middle SDI 2012-2018 APC = 0.93*
== Low-middle SDI 2018-2021 APC = -0.53
Low SDI Observed point, AAPC = 0.4
Low SDI 1990-1996 APC = 0.78*
Low SDI 1996-2002 APC = 0.02
Low SDI 2002-2007 APC = -0.56*
Low SDI 2007-2011 APC = 0.23
Low SDI 2011-2014 APC = 2.13*
Low SDI 2014-2021 APC = 0.47*

@ Global Observed point, AAPC = 0.07
= Global 1990-1994 APC = -0.15
= Global 1994-1998 APC = —0.66*
— Global 1998-2002 APC = 0.60*
— Global 2002-2006 APC = -0.37
—Global 2006-2019 APC = 0.50*
= Global 2019-2021 APC = —0.96*
= High SDI Observed point, AAPC = 0.72
— High SDI 1990-1999 APC = —0.88*
— High SDI 1999-2002 APC = 2.98*
— High SDI 2002-2011 APC = 1.34*
— High SDI 2011-2019 APC = 2.09*
~High SDI 2019-2021 APC = -3.52*
= High-middle SDI Observed point, AAPC = 0.2
— High-middle SDI 1990-1994 APC = 0.89*
= High-middle SDI 1994-1998 APC = -1.05*
— High-middle SDI 1998-2001 APC = 3.64*
— High-middle SDI 2001-2010 APC = -0.19*
— High-middle SDI 2010-2021 APC 1.31*
4 Middle SDI Observed point, AAPC = -0.6
— Middle SDI 1990-1992 APC = -0.52
— Middle SDI 1992-2006 APC = —1.59*
— Middle SDI 20062017 APC = 0.57*
= Middle SDI 2017-2021 APC = -0.37
+ Low-middle SDI Observed point, AAPC = 0.36
— Low-middle SDI 1990-2012 APC = 0.33*
— Low-middle SDI 2012-2018 APC = 0.77*
— Low-middle SDI 2018-2021 APC = -0.29
Low SDI Observed point, AAPC = 0.24
Low SDI 1990-1996 APC = 0.69*
Low SDI 1996-2001 APC = 0.01
Low SDI 2001-2008 APC = -0.69*
Low SDI 2008-2011 APC = 0.21
Low SDI 2011-2014 APC = 1.39*
Low SDI 2014-2021 APC = 0.46*

Figure 2. Joinpoint regression analysis. A — Joinpoint regression analysis of ASMR for HHD attributable to HBMI
globally and for SDI quintiles from 1990 to 2021. B — Joinpoint regression analysis of ASDR for HHD attributable to

HBMI globally and for SDI quintiles from 1990 to 2021

HHD — hypertensive heart disease, HBMI — high body mass index, ASMR — age-standardized mortality rates, ASDR — age-

standardized DALY rates, SDI — sociodemographic index.
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fraction of DALYs rose from 0.05 (95% Cl: —=0.01—
0.10) in 1990 to 0.09 (95% Cl: 0.04-0.15) in 2021,
suggesting an uneven distribution of the burden
among different SDI countries.

Global disease burden prediction for HHD
attributable to HBMI

In this study, we used GBD 2021 data from
1990 to 2021 and applied the BAPC model to
predict trends in the global burden of disease for
HHD attributable to HBMI from 2022 to 2040. The
results, presented in Figure 5 and Supplementary
Tables SIV, suggest that the number of deaths and
DALYs from HHD attributable to HBMI will contin-
ue to rise globally over the next 19 years. Both

ASMR and ASDR for HHD attributable to HBMI
show a similar, gradual, and moderate upward
trend.

Discussion

Obesity is a significant risk factor for cardio-
vascular disease, a major contributor to HHD,
and it increases the risk of death from HHD [23,
24]. Obesity causes chronic hypoxia in visceral
fat, resulting in the formation of reactive oxygen
species (ROS), which triggers an inflammatory re-
sponse that damages the heart, contributing to
HHD and accelerating cardiac damage [25-27].
It is well known that both obesity and HHD are
pro-inflammatory disease states [16]. Additional-

Table II. AAPC in deaths and DALYs for HHD attributable to HBMI

Location Measure Joinpoint Start.Obs End.Obs AAPC (95% ClI) P-value
Global Deaths 4 1990 2021 0.2 (0.08-0.31) < 0.05
High SDI Deaths 4 1990 2021 0.45 (0.25-0.66) < 0.05
High-middle SDI Deaths 5 1990 2021 0.2 (-0.03-0.43) 0.082
Middle SDI Deaths 3 1990 2021 -0.48 (-0.58—0.38) < 0.05
Low-middle SDI Deaths 3 1990 2021 0.33 (0.2-0.47) < 0.05
Low SDI Deaths 5 1990 2021 0.4 (0.29-0.52) < 0.05
Global DALYs 5 1990 2021 0.07 (-0.04-0.18) 0.207
High SDI DALYs 4 1990 2021 0.72 (0.49-0.95) < 0.05
High-middle SDI DALYs 4 1990 2021 -0.2 (-0.39-0) < 0.05
Middle SDI DALYs 3 1990 2021 —-0.6 (-0.71—0.49) < 0.05
Low-middle SDI DALYs 2 1990 2021 0.36 (0.3-0.42) < 0.05
Low SDI DALYs 5 1990 2021 0.24 (0.14-0.33) < 0.05
A B
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Figure 3. Changes in mortality and DALYs of HHD attributable to HBMI by SDI quintile, based on global aging,
population growth, and epidemiologic changes from 1990 to 2021. Black dots indicate the total value of change
attributable to all three components. For each component, a positive value indicates a corresponding increase in
deaths and DALYs for that component, while a negative value indicates a corresponding decrease in deaths and
DALYs attributable to that component

HHD — hypertensive heart disease, HBMI — high body mass index, DALYs — disability-adjusted life-years, SDI — sociodemographic

index.

Arch Med Sci



Zhaohui Xu, Letai Li, Yingin Hu, Jiahui Yang, Qigi Wan, Xinyu Zhang, Rongjia Liu, Cheng Lu, Yongming Liu

ly, adipocytes release factors such as leptin, which
stimulate aldosterone secretion and cause sym-
pathetic dysregulation [28]. Elevated leptin and
aldosterone levels lead to endothelial dysfunction
and cardiac fibrosis [29, 30]. Notably, endothelial

dysfunction and cardiac fibrosis are key patho-
logical features of HHD [31, 32]. More important-
ly, a high-calorie diet in obese patients induces
angiotensinogen production, which upregulates
renin-angiotensin-aldosterone system (RAAS) ac-

Table I1l. Decomposition analysis on deaths and DALYs for HHD attributable to HBMI

Relative rank by SDI

Location Measure Overall difference Aging Population Epidemiological
change
Global Deaths 354803.1 135316.01 207243.34 12243.75
(38.14%) (58.41%) (3.45%)
Global DALYs 6885735.24 2230842.35 4604307.73 50585.16
(32.4%) (66.87%) (0.73%)
High SDI Deaths 59376.22 30857.85 21330.49 7187.88
(51.97%) (35.92%) (12.11%)
High SDI DALYs 1029823.49 401908.37 412269.77 215645.36
(39.03%) (40.03%) (20.94%)
High-middle SDI Deaths 76758.35 43793.7 32355.6 609.05
(57.05%) (42.15%) (0.79%)
High-middle SDI DALYs 1092467.39 646347.29 618273.81 -172153.71
(59.16%) (56.59%) (-15.76%)
Middle SDI Deaths 116621.61 67472.5 74771.07 -25621.96
(57.86%) (64.11%) (-21.97%)
Middle SDI DALYs 2276473.73 1227407.34 1714249.06 -665182.67
(53.92%) (75.3%) (-29.22%)
Low-middle SDI Deaths 72337.02 15539.35 49932.59 6865.08
(21.48%) (69.03%) (9.49%)
Low-middle SDI DALYs 1710351.14 287022.49 1247245.35 176083.31
(16.78%) (72.92%) (10.3%)
Low SDI Deaths 29205.78 -1221.72 28228.59 2198.91
. 0, . 0, . 0,
(-4.18%) (96.65%) (7.53%)
Low SDI DALYs 767812.28 -41449.68 771335.05 37926.9
2. 0, B 0 . 0,
(-5.4%) (100.46%) (4.94%)
A
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Figure 4. SDI-related health inequality regression (A) and concentration (B) curves for the deaths due to HHD at-
tributable to HBMI worldwide, 1990 and 2019. SDI-related health inequality regression (C) and concentration (D)

curves for the DALYs of HHD attributable to HBMI worldwide, 1990 and 2019

HHD — hypertensive heart disease, HBMI — high body mass index, SDI — sociodemographic index, DALYs — disability-adjusted

life-years.
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tivation [33]. The role of RAAS in the concurrent
development of obesity and HHD is significant
[34]. These findings highlight the pathogenesis of
HHD associated with obesity or HBMI [35].

In this study, we demonstrated an increasing
trend in the global burden of HHD deaths attrib-
utable to HBMI from 1990 to 2021, consistent
with previous research. A previous study indicat-
ed that in 1990, the global age-standardized bur-
den of HHD was primarily associated with HBMI
(25.5%), a high-sodium diet (20.8%), and lead ex-
posure (9.3%). By 2019, the leading contributors
had shifted to HBMI (40.5%), a high-sodium diet
(16.3%), and alcohol consumption (9.5%). These
findings underscore the growing impact of HBMI
on the burden of HHD over time [10]. Higher SDI
regions exhibit lower ASMR and ASDR, likely due
to initiatives in recent years such as communi-
ty workshops and health material distribution
that emphasized nutrition, physical activity, and
chronic disease management. These efforts may
have partially alleviated the burden of HBMI
and HHD in these areas [36]. However, a signif-
icant gap persists between health literacy and
economic development in low SDI and high SDI
regions. Individuals from lower socio-economic
backgrounds often face substantial challenges
in accessing health literacy resources, limiting
their ability to effectively manage conditions
such as HBMI [37]. In contrast, most developed
countries exhibited lower ASMR and ASDR, while
higher rates were observed in many African coun-
tries and a few along the Mediterranean coast.
This finding highlights the influence of economic
development on health promotion. Specifically,
developed countries tend to have a higher preva-
lence of weight control and chronic disease man-

agement concepts, contributing to better health
outcomes [38, 39].

Regional analysis by SDI revealed the most sig-
nificant fluctuations in ASMR and ASDR in the mid-
dle SDI region, likely due to its more volatile econ-
omy [40]. Among the five SDI regions, only low
SDI demonstrated an increasing trend in ASMR
and ASDR during the final joinpoint period. In low
SDI regions, poor adherence to healthy eating,
regular physical activity, and smoking cessation
contribute to unfavorable outcomes. Furthermore,
limited access to essential secondary prevention
medications, such as aspirin, B-blockers, angioten-
sin-converting enzyme inhibitors, and statins, ex-
acerbates the burden of cardiovascular disease in
these countries [41]. Decomposition analyses re-
vealed that population growth and aging were the
primary drivers of changes in the burden of HHD
attributable to HBMI-related deaths. Cross-country
inequality analyses indicated that high SDI coun-
tries bear a disproportionate share of this burden
and that SDI-related inequalities have widened
over time. Notably, despite declining ASMR and
ASDR for HHD attributable to HBMI in high-income
countries, total deaths and DALYs continue to rise.
This paradox may stem from three key factors.
First, population aging serves as the central driver.
With significantly increased elderly populations in
these nations, where HHD risk grows exponentially
with age, mortality reductions per age group are
offset by expanded at-risk demographics [42]. Sec-
ond, population growth creates additive effects.
Though growth rates are low, large population bas-
es amplify absolute death numbers through scale
effects [43]. Third, the improvement of disease
diagnosis and reporting has compensated for the
correction of statistical bias, especially with the
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promotion of electronic health records (EHR) and
the improvement of the national disease registra-
tion system, making death statistics more compre-
hensive [44]. While the global trend in ASMR and
ASDR for HHD attributable to HBMI is projected
to increase gradually and moderately from 2022
to 2040, the total number of deaths and DALYs
is expected to rise. This highlights the significant
challenges that lie ahead in controlling and man-
aging HHD attributable to HBMI in the coming de-
cades. To address the burden of HHD attributable
to HBMI in resource-limited settings, a multi-level
approach is essential. First, implement communi-
ty-based health education to promote low-salt di-
ets and BMI monitoring, using accessible formats
such as radio dramas and community theater to
raise awareness, while establishing community
gardens to reduce the cost of healthy diets. Sec-
ond, strengthen primary healthcare by adopting
simplified risk assessment tools to guide the ra-
tional use of essential antihypertensives and in-
tegrate mobile health technologies such as SMS
reminders and low-cost blood pressure monitors
to enhance management efficiency. Concurrently,
advocate for policy interventions, including salt
reduction in processed foods, construction of free
public fitness facilities, and prioritized access to
secondary prevention medications and emergency
training for high-risk populations. This integrated
strategy balances behavioral, clinical, and systemic
actions to optimize the impact under resource con-
straints [45-47].

This study has some limitations. First, the data
analyzed were derived from GBD 2021, an online
database providing predictive information on dis-
ease burden rather than real-time surveillance
data. Second, the etiology of HHD is highly com-
plex, and our analysis excluded risk factors other
than HBMI. However, a single risk factor often can-
not fully explain the development of HHD. Third,
the prediction of the burden of HHD attributable
to HBMI in this study relied on mathematical al-
gorithms, which require validation through actual
epidemiologic investigations to ensure accuracy.

In conclusion, this is the first study to compare
and analyze the burden of HHD attributable to
HBMI using data from the GBD 2021 database.
The findings reveal that global ASMR and ASDR
for HHD attributable to HBMI have generally in-
creased over time, with ASMR and ASDR showing
a negative correlation with SDI: regions with low
SDI exhibit the highest rates. Projections indicate
a slight increase in global ASMR and ASDR for
HHD attributable to HBMI over the next 19 years.
Fortunately, the major risk factors associated with
HHD are reversible, presenting a significant oppor-
tunity for prevention. Effective weight control can
play a crucial role in preventing HHD, while man-

aging obesity may be a key strategy for slowing its
progression.
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