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Abstract:  

Background: Hypertensive heart disease (HHD), a leading cause of heart failure, imposes growing global 

health burdens with significant inequity. Using Global Burden of Disease (GBD) 2021 data, this study 

assesses spatiotemporal trends, risk factors, and projections across 204 countries. 

Methods: We analyzed GBD 2021 estimates for HHD prevalence, deaths, and disability-adjusted life years 

(DALYs) from 1990-2021. Trends were evaluated using age-standardized rates (ASRs) and estimated 

annual percentage changes (EAPCs). Burden was projected to 2050 using Bayesian age-period-cohort 

modeling, stratified by age, sex, and sociodemographic index (SDI). 

Results: In 2021, HHD affected 12.5 million people globally, causing 13.3 million deaths and 2.5 billion 

DALYs. Age-standardized death rates (ASDR) declined 0.68% annually (95% CI: −0.77 to −0.59), while 

age-standardized prevalence rates (ASPR) rose 0.56% yearly (95% CI: 0.52–0.60). Low SDI regions had the 

highest ASPR (208.4 per 100,000), especially sub-Saharan Africa. High systolic blood pressure and 

metabolic risks accounted for ~99% of burden in 1990 and 2021. High body mass index showed the largest 

risk increase since 1990 (nearly 11%), particularly in high SDI. By 2050, ASPR is projected to rise 8.5%, 

with men experiencing greater increases (15.7%) than women (3.6%). 

Conclusions:  HHD burden remains high with stark SDI disparities. Metabolic risks increasingly surpass 

hypertension in high-income nations. Context-specific interventions—hypertension control in low SDI areas 

and metabolic risk reduction in high SDI settings—are urgently needed. 

Keywords: Hypertension Heart Disease; GBD2021; Disability-adjusted life years; High mass body 

mass index; Metabolic risks. 

1. Introduction

Hypertensive heart disease (HHD), a sequela of 

chronic hypertension, is characterized by 

structural and functional cardiac adaptations to 

sustained pressure overload, including left 

ventricular hypertrophy, diastolic dysfunction, and 

eventual heart failure[1]. Globally, HHD remains 

the second leading cause of heart failure, trailing 

only ischemic heart disease, and imposes a 

disproportionate burden on aging populations and 

low-resource regions[2, 3]. Despite advancements 

in hypertension management, the absolute 

prevalence of HHD continues to rise, driven by 
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demographic shifts, metabolic risk factors, and 

persistent gaps in blood pressure control[4, 5]. 

Pathophysiologically, prolonged hypertension 

induces compensatory cardiac remodeling, 

initially preserving ejection fraction but 

progressing to heart failure with preserved 

(HFpEF) or reduced ejection fraction (HFrEF)[6]. 

Early-stage HHD often manifests 

asymptomatically, yet advanced disease 

precipitates debilitating outcomes such as 

arrhythmias, myocardial infarction, and 

mortality[7, 8]. While hypertension is the primary 

driver, emerging evidence underscores the 

synergistic roles of obesity, insulin resistance, and 

aging in accelerating HHD progression[9, 10]. 

Alarmingly, fewer than 50% of treated 

hypertensive patients achieve adequate blood 

pressure control, exacerbating global disparities in 

cardiovascular outcomes[11]. 

Recent epidemiological analyses from the Global 

Burden of Disease (GBD) study highlight 

declining age-standardized mortality rates for 

HHD, yet absolute case numbers and disability-

adjusted life years (DALYs) have surged, 

particularly in sub-Saharan Africa and South 

Asia[12, 13]. These disparities reflect inequities in 

healthcare access, socioeconomic determinants, 

and differential exposure to modifiable risks such 

as salt intake, physical inactivity, and air 

pollution[14, 15]. For instance, hypertension 

awareness and control rates in low-income 

countries remain below 20%, starkly contrasting 

with high-income nations where metabolic risks 

now dominate HHD etiology[16, 17]. 

Despite these insights, critical gaps persist. Prior 

GBD analyses (1990–2019) lack integration of 

post-pandemic health trends and updated risk 

factor [18]. Furthermore, the differential impact of 

sociodemographic indices (SDI) on HHD 

burden—particularly sex- and age-specific 

trends—remains underexplored. This study 

leverages GBD 2021 data to provide a 

comprehensive, contemporary assessment of 

HHD prevalence, mortality, and DALYs across 

204 nations from 1990 to 2021. By stratifying 

analyses by age, sex, and SDI, we aim to identify 

high-risk populations, evaluate evolving risk 

factor contributions, and project disease 

trajectories to 2050. These findings will inform 

targeted interventions to mitigate the growing yet 

inequitable burden of HHD worldwide. 

Method 

Data Sources and Processing 

This study utilized data from the Global Burden of 

Disease (GBD) 2021 study, accessible via the 

Global Health Data Exchange (GHDx, https:// 

vizhub.healthdata.org/gbd-results/). The GBD 

2021 dataset provides standardized estimates for 

369 diseases and 88 risk factors across 204 

countries and territories, with methodologies 

extensively documented in prior publications[18, 

19]. We extracted annual metrics for HHD 

prevalence, deaths, and disability-adjusted life 

years (DALYs) from 1990 to 2021, including age-

standardized rates (ASRs) and risk factor 

attributions. All estimates were reported with 95% 

uncertainty intervals (UIs) derived from 500 

posterior draws of the modeling distribution[20]. 

Demographic projections for 2022–2050 were 

obtained from the GBD Population Forecast 

(https://vizhub.healthdata.org/population-forecast 

/). 

Statistical Analysis 

Temporal Trends 

Age-standardized rates (ASRs) for prevalence, 

mortality, and DALYs were calculated using the 

GBD reference population[21]. Trends were 

quantified via estimated annual percentage 

changes (EAPCs) using log-linear regression: 

Ln (ASR)=α+β(Year)+ϵ 

where β represents the annual rate of change, and 

EAPC was computed as 100×(e
β
−1). Trends were 

classified as increasing (EAPC and 95% CI >0), 

decreasing (EAPC and 95% CI <0), or stable[20]. 

Projection Modeling 

A Bayesian age-period-cohort (BAPC) model 

with integrated nested Laplace approximation 

(INLA) was employed to forecast ASRs to 

2050[22]. This model accounts for age-specific 

effects, temporal trends, and cohort influences 

using: 

Log (ASRage,period)=μ+αage+βperiod+γcohort+ϵ 

where α, β, and γ represent age, period, and cohort 

effects, respectively. Projections incorporated 

demographic changes but assumed constant risk 

factor exposure post-2021. Analyses were 

conducted in R (version 4.2.0) with 

the BAPC (0.036) and INLA (24.05.10) packages 

https://vizhub.healthdata.org/population-forecast%20/
https://vizhub.healthdata.org/population-forecast%20/
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[23]. 

Ethical Considerations 

The GBD study received ethical approval from 

the University of Washington Institutional Review 

Board with waived consent. This study adheres to 

the STROCSS guidelines for observational 

research[24]. 

Result 

Global Level 

In global, the prevalence of HHD reached at 

12,505,435.7 in 2021, marking a substantial 

170.3% rise since 1990 (95% UI: 

9,866,065.7~15,827,877.6). In age-standardized 

rate of prevalence (ASPR), there similar showed 

notable increase from 125.4 per 100,000 

individuals in 1990 (95% UI: 99~117.3) to 148.3 

per 100,000 in 2021 (95% UI: 117.3~186.3). The 

EAPC for ASPR is 0.56 (95% CI: 0.52~0.6) 

(Table1, Figure1). The Deaths of HHD amounted 

to 133,200,999.2 in 2021 (95% UI: 

112,113,1~146,885,2), representing an 84.7% 

increase from 1990. Conversely, the age-

standardized rate of deaths (ASDR) declined from 

20.9 per 100,000 people in 1990 (95% UI: 

17.1~23.2) to 16.3 per 100,000 in 2021 (95% UI: 

13.8~18). The EAPC is -0.68 (95% CI: -0.77~-

0.59) (Table1, Figure1). The DALYs of HHD 

totaled 25,462,184.7 in 2021 (95% UI: 

21,493,311.5~28,047,521), which is a 64.5% 

increase compared to 1990. The age-standardized 

rate of DALYs have also decreased from 406.5 

per 100,000 in 1990 (95% UI: 328.9~452.2) to 

301.6 per 100,000 in 2021 (95% UI: 

255.1~332.1). The EAPC for age-standardized 

rate of DALYs is -0.9 (95% CI: -0.99~-0.81) 

(Table1 Figure1). 

 

Table 1: The prevalence, deaths, disability-adjusted life years and their age-standardized rate of 

hypertension heart disease in global and reginal from1990 to 2021. 

Location 1990 2021 EAPC_95%CI 

Number ASR Number ASR 

Prevalenc

e 

     

 

Global 

4626598.4 

(3672198.1, 

5826591.7) 

 

125.4(99,158) 

 

12505435.7 

(9866065.7, 

15827876.6) 

 

148.3(117.3,

186.3) 

 

0.56(0.52,0.6) 

 

 

High SDI 

845598 

(645690.6, 

1085375.5) 

 

77.2(59.9,98.1) 

2436472.9 

(1878839.4, 

3082797.5) 

 

113.4(88.4,1

39.9) 

 

1.58(1.47,1.7) 

 

High-

middle 

SDI 

992322.9 

(766889.9, 

1275711.3) 

 

107.7(83.5,137.2) 

2740903.4 

(2119691.6, 

3504372.6) 

 

139.8(108.6,

177.8) 

 

0.87(0.82,0.92) 

 

 

Middle 

SDI 

1666506.2 

(1322120.7, 

2075893.6) 

 

189.9(150.6,235.4) 

4456763.4 

(3493911.9, 

5664363.9) 

 

178.1(140.4,

225.7) 

 

-0.35(-0.47, -

0.24) 

Low-

middle 

SDI 

741968.4 

(598364.9, 

921355.3) 

 

145.5(115.2,181.7) 

1943002.7 

(1538778.6, 

2439288) 

 

151.5(119,19

2.4) 

 

0.08(0.07,0.1) 

 

 

Low SDI 

375324.2 

(290235.5, 

477935.3) 

 

202.3(158.3,263.1) 

915834.8 

(705715, 

1160391.6) 

 

208.4(162.5,

268.8) 

 

0.12(0.09,0.14) 

High-

income 

North 

America 

316482.2 

(237495.5, 

410999.6) 

 

91.8(70.3,118.4) 

949322 

(738427.5, 

1167270.7) 

 

150.7(119.5,

181.9) 

 

1.94(1.8,2.08) 

 

High-

income 

Asia 

105137.2 

(75815.2, 

138635.3) 

 

57.4(41.7,75) 

297204.1 

(219640.8, 

391369) 

 

57.6(43.8,72.

4) 

 

-0.21(-0.4, -0.02) 
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Pacific  

North 

Africa and 

Middle 

East 

365066.2 

(297760.7, 

449144) 

 

239.5(192.8,299.2) 

1027630.6 

(814739.4, 

1265655.5) 

 

243.3(192.1,

303.6) 

 

 

0.13(0.1,0.16) 

 

Central 

Sub-

Saharan 

Africa 

38769.5 

(28041.6, 

51326) 

 

221.6(161.5,300.5) 

106345.9 

(78304.8, 

139741.5) 

 

239.1(176.9,

320.4) 

 

0.28(0.22,0.33) 

 

Eastern 

Sub-

Saharan 

Africa 

175065.6 

(131636.8, 

224238) 

282.2(216.1,371.2) 

 

425630 

(324247.6, 

532350) 

 

291.8(224,37

5.4) 

 

 

0.08(0.06,0.09) 

 

Western 

Sub- 

Saharan 

Africa 

196107.7 

(151200.3, 

249117.3) 

 

257.4(201.8,331.6) 

 

450800.9 

(347733.5, 

569919.5) 

 

266.3(206.7,

342.2) 

 

 

0.15(0.11,0.19) 

 

Southern 

Sub-

Saharan 

Africa 

48002.4 

(35809.5, 

61790.2) 

 

196.8(147.1,256.1) 

 

108005.9 

(80827.6, 

139595.1) 

 

210.6(157.4,

272.2) 

 

 

0.25(0.19,0.3) 

 

 

East Asia 

1550299.7 

(1198536.3, 

1971216.9) 

 

216.7(168.4,272) 

 

4066467.9 

(3120124.7,524

2373.8) 

 

193.2(147.4,

245.9) 

 

-0.63(-0.85,-0.4) 

 

 

Central 

Asia 

35124.1 

(25707.9, 

46385.6) 

 

80.1(57.8,107.6) 

69365 

(48393.5, 

95010.8) 

 

95.6(64.6,13

2.6) 

 

0.96(0.75,1.17) 

 

 

South 

Asia 

470748.4 

(374963.8, 

589000.2) 

 

104.1(82.7,129.6) 

 

1432787.7 

(1119541.5,182

8056.9) 

 

111.1(86.6,1

42.7) 

 

0.19(0.17,0.2) 

 

Southeast 

Asia 

370474.1 

(301792.3, 

452815.3) 

 

168.1(135.9,207.4) 

 

960247.1 

(767865.2, 

1203975.6) 

 

163.3(131.2,

205.2) 

 

-0.19(-0.23, -

0.14) 

 

Oceania 

2766.6 

(2166.7, 

3496.4) 

 

115.7(90.2,148) 

 

6738 

(5278.6, 

8527.2) 

 

106.9(83.7,1

36.8) 

 

-0.37(-0.42, -

0.31) 

Central 

Europe 

142712.2 

(104116.6, 

188157.8) 

 

100.3(73.7,131.3) 

 

339147.3 

(247045.1, 

439436.9) 

 

146(107.1,18

6.7) 

 

1.7(1.56,1.84) 

 

 

Eastern 

Europe 

77818.9 

(57321.6, 

105778.5) 

 

28.7(21.3,38.8) 

 

154963.1 

(107121.7, 

212912.7) 

 

42.8(29.8,58.

3) 

 

1.74(1.56,1.91) 

 

Western 

Europe 

394304.4 

(293759.7, 

522421.7) 

 

65.8(49.5,86.4) 

 

1094894.9 

(830591.9, 

1423768.4) 

 

100.8(78,128

.1) 

 

 

2.03(1.73,2.33) 

 

Australasi

a 

7289.9 

(5725.4, 

9401.1) 

 

31.4(24.6,40.1) 

 

30057.5 

(24138.3, 

37342.5) 

 

52.4(42,64.4

) 

 

1.95(1.84,2.06) 

 

Caribbean 36018.1 

(28468.9, 

45489.5) 

 

141.5(112.5,179.6) 

 

105243.3 

(81142, 

136189.5) 

 

195.5(151.1,

253.3) 

 

1.24(1.18,1.3) 
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Southern 

Latin 

America 

39028.9 

(28709, 

52164.1) 

 

88.1(64.9,117.8) 

 

98818.6 

(70049.2, 

130976.4) 

 

110.1(78.3,1

45.8) 

 

0.98(0.93,1.04) 

 

Andean 

Latin 

America 

29498.9 

(23627.5, 

36700.6) 

 

150.2(118.6,191.6) 

 

85962.3 

(65683, 

110960.7) 

 

148.4(112.9,

192.7) 

 

0.18(0.08,0.28) 

 

Tropical 

Latin 

America 

122755.4 

(95999.2, 

153966.8) 

 

149.9(118.5,187.4) 

 

411264.2 

(317929.8, 

527720.4) 

 

166(129.1,21

3.6) 

 

0.32(0.29,0.36) 

 

Central 

Latin 

America 

103128.1 

(82807.5, 

129101.2) 

 

136.8(108,171.6) 

 

284539.3 

(222180.4, 

367455.7) 

 

119(92.2,154

) 

 

-0.66(-0.72, -0.6) 

 

Deaths      

 

Global 

713935.2 

(577534, 

795258.1) 

 

20.9(17.1,23.2) 

 

1332099.2 

(1121131, 

1468852) 

 

16.3(13.8,18

) 

 

-0.68(-0.77, -

0.59)  

 

High SDI 

93389.7 

(85035.9, 

98125.2) 

 

8.6(7.7,9) 

 

189009.8 

(157234.2, 

209886.2) 

 

7.7(6.5,8.5) 

 

 

0.1(-0.08,0.28)  

High-

middle 

SDI 

145582.2 

(128528, 

161926.8) 

 

17.8(15.6,19.7) 

 

275365.3 

(237571, 

312977.9) 

 

14.6(12.5,16.

5) 

 

-0.41(-0.52, -0.3)  

 

Middle 

SDI 

270962.9 

(190726.9, 

306788.8) 

 

35.2(25.5,39.4) 

 

461729.8 

(349647, 

546063.3) 

 

20.3(15.3,24

) 

 

-1.76(-1.97, -

1.54) 

Low-

middle 

SDI 

132745.2 

(95311.2, 

158999.3) 

 

28(21.1,33.9) 

 

274886 

(225956.2, 

315308.9) 

 

23.1(19.1,26.

6) 

 

-0.56(-0.61, -

0.51) 

 

Low SDI 

70360.6 

(46597.6, 

89469.1) 

 

40.5(28.1,50.8) 

 

129352.3 

(90728.4, 

159533.1) 

 

33.6(24.7,40.

6) 

 

-0.61(-0.7, -0.52) 

 

High-

income 

North 

America 

24618.3 

(22278.1, 

25860.9) 

 

6.9(6.3,7.3) 

 

70913.5 

(60614, 

78750.1) 

 

10.4(9.1,11.5

) 

 

1.51(1.33,1.68) 

 

High-

income 

Asia 

Pacific 

17175.7 

(15077.3, 

18444.8) 

 

10.5(9.1,11.4) 

 

21393.6 

(16165.2, 

25059.6) 

 

3(2.3,3.5) 

 

 

-3.64(-4.36, -

2.91) 

 

North 

Africa and 

Middle 

East 

71361.3 

(54461.7, 

85226.7) 

 

56.9(43.9,68.1) 

 

138260.7 

(109923, 

161917.9) 

 

39.5(31.5,46.

2) 

 

 

-1.04(-1.14, -

0.93) 

 

Central 

Sub-

Saharan 

Africa 

10737.4 

(5994.3, 

15055.5) 

 

67.5(40.7,91.8) 

 

24396.1 

(15347, 

34210.8) 

 

66.3(42.2,92.

9) 

 

 

-0.09(-0.14, -

0.04) 

 

Eastern 

Sub-

Saharan 

Africa 

32510.7 

(20661.1, 

41346.1) 

 

58.5(39.6,72.8) 

 

52210.9 

(35806.3, 

66306.1) 

 

42.6(29.4,54.

7) 

 

 

-1.14(-1.21, -

1.07) 

 

Western 25023.2  45746.4   
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Sub-

Saharan 

Africa 

(18234.2, 

31428.2) 

 

34.6(25.7,43.7) 

 

(28908.7, 

56512.4) 

28.8(18.8,34.

9) 

 

-0.77(-0.92, -

0.62) 

 

Southern 

Sub-

Saharan 

Africa 

8661.6 

(7510.6, 

10960.1) 

 

 

38.2(32.7,49.2) 

 

21605.1 

(19013.5, 

25148.3) 

 

 

47.4(41.5,55.

2) 

 

 

0.84(0.41,1.28) 

 

 

East Asia 

238411.3 

(161564.7, 

281395.9) 

 

41.9(30,48.6) 

 

340500.6 

(235952.6, 

438264.7) 

 

18.7(13,24.1

) 

 

-2.63(-2.99, -

2.26) 

 

Central 

Asia 

6687.1 

(5814.4, 

7780.7) 

 

16(13.8,18.8) 

 

13575.2 

(11626.1, 

15907.5) 

 

20.6(17.7,23.

9) 

 

1.31(0.72,1.9) 

 

 

South 

Asia 

76637.9 

(49356.5, 

103624.1) 

 

17.9(11.7,24.2) 

 

196772 

(155294.7, 

256586.6) 

 

16.5(13.1,21.

4) 

 

-0.17(-0.26, -

0.08) 

Southeast 

Asia 

62278.4 

(43376.4, 

75569.9) 

 

29.6(20.7,35.8) 

 

128532.1 

(93845.4, 

148677.6) 

 

22.9(16.9,26.

5) 

 

 

-0.82(-0.87, -

0.77) 

 

 

Oceania 

615.1 

(385.4, 

836.2) 

 

26.1(17.3,34.4) 

 

1215.8 

(823.2, 

1758.3) 

 

19(13.1,26.9

) 

 

-1.11(-1.16, -

1.06) 

Central 

Europe 

31130.3 

(29587.1, 

32630.5) 

 

23.3(21.9,24.5) 

 

60801.4 

(54777.3, 

65338) 

 

25.4(22.9,27.

3) 

 

0.84(0.59,1.1) 

 

Eastern 

Europe 

11685.5 

(11105.2, 

12232.1) 

 

4.5(4.2,4.7) 

 

26346.4 

(23721.6, 

28591.2) 

 

7.4(6.7,8) 

 

 

1.72(0.82,2.62) 

 

Western 

Europe 

51680.9 

(46518.8, 

54541.1) 

 

8.7(7.8,9.2) 

 

107186 

(85267.3, 

119112.3) 

 

8.2(6.7,9.1) 

 

 

0.4(0.21,0.58) 

 

 

Australasi

a 

742.3 

(667.3, 

789.8) 

 

3.4(3,3.7) 

 

1506.5 

(1239.3, 

1667) 

 

2.4(2,2.6) 

 

 

-1.03(-1.43, -

0.63) 

 

Caribbean 

4754.5 

(4028.2, 

5539.2) 

 

20.2(17.3,23.3) 

 

10816 

(9110, 

12603.4) 

 

19.7(16.6,23

) 

 

0.4(0.19,0.61) 

 

Southern 

Latin 

America 

6842.3 

(6398.9, 

7159.1) 

 

16.3(15.1,17.1) 

 

12725.1 

(11072.4, 

13670.7) 

 

13.8(12,14.8

) 

 

-0.17(-0.33,0) 

 

Andean 

Latin 

America 

2565.6 

(2225.4, 

2905.7) 

 

14.5(12.6,16.3) 

 

4700.6 

(3728.2, 

5792.3) 

 

8.4(6.7,10.4) 

 

 

-1.17(-1.54, -0.8) 

 

Tropical 

Latin 

America 

17381.7 

(16368.4, 

18044.1) 

 

23.1(21.2,24.2) 

 

30406.2 

(26624.8, 

33180.7) 

 

12.4(10.8,13.

5) 

 

-1.81(-1.94, -

1.68) 

Central 

Latin 

America 

12434.2 

(11776.8, 

12862.3) 

 

18.6(17.4,19.4) 

 

22489.1 

(18586.4, 

26047.5) 

 

9.6(8,11.1) 

 

 

-2.21(-2.4, -2.01) 

 

DALYs      
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Global 

15473830.1 

(12310724.9, 

17311822.2) 

 

406.5(328.9,452.2) 

 

25462184.7 

(21493311.5,28

047521) 

 

301.6(255.1,

332.1) 

 

-0.9(-0.99, -0.81) 

 

 

High SDI 

1695961.8 

(1583911.6, 

1767114.4) 

 

155.6(145.3,162.3) 

 

3098667.2 

(2717717.6,339

7623.5) 

 

149.4(134.5,

162.9) 

 

0.37(0.16,0.57) 

 

High-

middle 

SDI 

2891666.6 

(2552952.8, 

3233034.9) 

 

315.2(278.3,351) 

 

4389744.9 

(3890114.7,498

9433.6) 

 

228(201.5,25

8.5) 

 

-0.93(-1.03, -

0.83) 

 

Middle 

SDI 

6002936.9 

(4223842.6, 

6811307.5) 

 

645.1(459.8,729.1) 

 

8930493 

(6909201.1,104

13694.4) 

 

355.7(273.6,

414.6) 

 

-1.92(-2.14,-

1.71) 

 

Low-

middle 

SDI 

3111598.6 

(2200759.4, 

3753608.4) 

 

545.4(391,652.8) 

 

5955401.9 

(4908448.2,681

2461.4) 

 

438.5(364.1,

503.3) 

 

-0.69(-0.73, -

0.66) 

 

Low SDI 

1753192.4 

(1128631.4, 

2257732.4) 

 

817.3(545.8,1035.7) 

 

3055862.3 

(2148435.8,382

6137) 

 

640.7(451.5,

786.8) 

 

-0.86(-0.93, -

0.78) 

High-

income 

North 

America 

515673.1 

(485610.7, 

535499.9) 

 

152.1(144,157.8) 

 

1404762.2 

(1266197, 

1545160.9) 

 

 

236.5(214.9,

259.5) 

 

 

1.81(1.65,1.97) 

 

High-

income 

Asia 

Pacific 

285967 

(256364.8, 

304070.1) 

 

159.1(141.7,169.8) 

 

271541.7 

(221082.7, 

316519.1) 

 

47.1(40.2,56.

3) 

 

 

-3.63(-4.3, -2.95) 

 

North 

Africa and 

Middle 

East 

1560227.1 

(1166916.3, 

1870658) 

 

1025.9(781.2,1223.5

) 

 

2854429.8 

(2223168.1,336

7199.2) 

 

692.1(549,81

0.5) 

 

 

-1.18(-1.27, -1.1) 

 

Central 

Sub-

Saharan 

Africa 

271363.2 

(146934.9, 

388905.8) 

 

1326.9(764.1,1844.6

) 

 

576693.4 

(363693.5, 

812009.6) 

 

1213.1(774,1

694.9) 

 

-0.34(-0.39, -

0.29) 

 

Eastern 

Sub-

Saharan 

Africa 

813363.1 

(498148, 

1044829.4) 

 

1151.6(741.1,1457.2

) 

 

1226566.2 

(838033.8, 

1554381.5) 

 

786.2(549.7,

992.2) 

 

-1.39(-1.48, -

1.31) 

 

Western 

Sub-

Saharan 

Africa 

614135.7 

(448611.6, 

771928.2) 

 

 

712.7(522.3,889.5) 

 

1166017.4 

(722290.1, 

1453815.5) 

 

 

590.8(378.8,

726.1) 

 

 

-0.78(-0.92, -

0.63) 

 

Southern 

Sub-

Saharan 

Africa 

202983.9 

(179665.2, 

249009.5) 

 

758.9(665,944.8) 

 

483470.5 

(427106.9, 

568061.7) 

 

889.1(785.1,

1034.2) 

 

 

0.66(0.22,1.1) 

 

 

East Asia 

5094621.5 

(3390116.5, 

6059526.2) 

 

704.8(483.2,825.2) 

 

5816084.8 

(4174234.2,740

0720) 

 

292.6(210.4,

371.8) 

 

-2.9(-3.28, -2.52) 

 

 

Central 

147719.8 

(130145.4, 

 

323.9(284.1,368.1) 

283347.8 

(241619.6, 

 

376.1(320.9,

 

0.67(0.07,1.27) 
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Asia 166387.4)  334738.4) 441.9)  

 

South 

Asia 

1817085.8 

(1179625.3, 

2449771.1) 

 

345.1(226.3,463.8) 

 

4123050.4 

(3221045.8,540

4917.5) 

 

301.7(238.1,

392.3) 

 

-0.4(-0.46, -0.34) 

 

 

Southeast 

Asia 

1514601.9 

(1050905, 

1853653.2) 

 

611.5(426.6,743.7) 

 

2960770.1 

(2139788.6,345

4907.8) 

 

464.8(339.7,

536.9) 

 

-0.89(-0.93, -

0.86) 

 

Oceania 

17829.3 

(10920.9, 

24839.1) 

 

583.6(371.2,789.7) 

 

35086.2 

(23181.1, 

51352.8) 

 

434.6(296.5,

627.6) 

 

-1.02(-1.07, -

0.97) 

Central 

Europe 

591356.5 

(566986.2, 

618798.3) 

 

413.1(394.8,432.6) 

 

956691.2 

(873566.8, 

1033374.8) 

 

418.1(380.5,

451.9) 

 

0.56(0.32,0.8) 

 

Eastern 

Europe 

278145.1 

(263673.3, 

291844.7) 

 

101.6(96.2,106.6) 

 

486143.9 

(446186.3, 

530864.3) 

 

139.7(128.2,

152.8) 

 

0.86(-0.06,1.78) 

 

Western 

Europe 

800560.1 

(740059.2, 

838839.7) 

 

134.9(124.6,141.2) 

 

1301047.9 

(1089765.6,142

6439.9) 

 

111.1(95.1,1

20.7) 

 

-0.05(-0.21,0.12) 

 

 

Australasi

a 

12663.5 

(11731.6, 

13303.5) 

 

56.3(51.8,59.3) 

 

22284.5 

(19484, 

24367.3) 

 

38.8(34.5,42

) 

 

-1.07(-1.5, -0.63) 

 

 

Caribbean 

105057.4 

(86186, 

124660.1) 

 

411.5(340.5,485.4) 

 

220546.5 

(183991.2, 

262109.7) 

 

408.8(340.5,

486.4) 

 

0.36(0.18,0.55) 

 

Southern 

Latin 

America 

129092.1 

(122998.2, 

134160.6) 

 

289.4(274.8,301.4) 

 

191778.8 

(173311.1, 

203910.3) 

 

213.2(193.3,

226.4) 

 

-0.67(-0.81, -

0.53) 

Andean 

Latin 

America 

53333.8 

(45900.5, 

60206.2) 

 

267.1(230.8,301.8) 

 

87399.7 

(70637.5, 

106993.8) 

 

151(122.1,18

4.7) 

 

-1.3(-1.69, -0.91) 

 

Tropical 

Latin 

America 

401303.9 

(385288.1, 

413173) 

 

455(431.3,470.2) 

 

593759.1 

(541161.4, 

645012) 

 

234.8(213.3,

255.2) 

 

-2.04(-2.16, -

1.92) 

Central 

Latin 

America 

246746.4 

(237067.5, 

254869.2) 

 

323.9(308.8,335.8) 

 

400712.6 

(340190.6, 

468739.8) 

 

165.7(141,19

3.2) 

 

-2.29(-2.52, -

2.06) 
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Figure 1: Trend of Hypertensive Heart Disease in ASPR, ASDR, and age-standard rate of DALYs 

from 1990-2021 in global and SDI regions. 

 

Regional Level 

At regional level, the disease burden of HHD 

varies across different SDI regions. Between 1990 

and 2021, the ASPR in lower SDI regions 

remained the highest and exhibited an upward 

trajectory, reaching 208.4 per 100,000 people in 

2021 (95% UI: 162.5~268.8). While, the ASPR in 

high SDI region remained the lowest, stood at 

113.4 cases per 100,000 people in 2021 (95% UI: 

88.4~139.8). The ASPR in these regions generally 

increased with the exception of middle SDI 

region, which showed a decline over the 30-year 

period with an EAPC of 0.35 (95% CI: -0.47 to 

0.24). The high SDI regions experienced the most 

significant rise in ASPR, with an EAPC of 1.58 

(95% CI: 1.47 to 1.7) (Table 1, Figure 1). 

Similarly, the ASDR and age-standardized 
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DALYs of low SDI region consistently the 

highest among these regions. In 2021, the ASDR 

and age-standardized DALYs for HHD in low 

SDI region were 33.6 per 100,000 people (95% 

UI: 24.7~40.6) and 640.7 per 100,000 people 

(95% UI: 451.5~786.8), respectively (Table 1, 

Figure 1). While these metrics in high SDI were 

7.7 per 100,000 for ASDR (95% UI: 6.5~8.5) and 

149.4 per 100,000 for age-standardized DALYs 

(95% UI: 134.5~162.9) in 2021, the lowest level 

among 5 SDI regions (Table 1, Figure 1). The 

ASDR and age-standardized DALYs showed 

decreased trend except for high SDI region, which 

showed an increasing trend with EAPC of 0.1 

(95% CI: -0.08~0.28) and 0.37 (95% CI: -

0.16~0.57), respectively. The middle SDI region 

had the most significant declines, with EAPC of -

1.76 (95% CI: -1.97~-1.54) for ASDR and -1.92 

(95% CI: -2.14~-1.71) for age-standardized 

DALYs (Table 1, Figure 1).  

ASPR: age-standard rate of prevalence; ASDR 

age-standard rate of deaths; DALYs: disability-

adjusted life years; SDI: sociodemographic index. 

In 2021, the ASPR of HHD was notably higher in 

Africa, the Middle East, the Caribbean, Tropical 

Latin America, and East Asia. Eastern Sub-

Saharan Africa topped the list with the highest 

ASPR at 291.8 per 100,000 people (95% UI: 

224~375.4), closely followed by Western Sub-

Saharan Africa with 266.3 per 100,000 people 

(95% UI: 206.7~342.2), the North Africa and 

Middle East with 243.3 per 100,000 (95% UI: 

192.1~303.6). While the lowest ASPR was 

Eastern Europe with 42.8 per 100,000 (95% UI: 

29.8~58.3) (Table 1, Figure 2A). 

The top 3 highest ascending of ASPR from 1990 

to 2021 were Western Europe, Australasia, and 

High-income North America with EAPC of 2.03 

(95% CI: 1.73~2.33), 1.95 (95% CI: 1.84~2.06), 

and 1.94 (95% CI: 1.80~2.08), respectively. While 

the most decreased of ASPR were Central Latin 

America, East Asia, and Oceania with EAPC of -

0.66 (95% CI: -0.72~-0.60), -0.63 (95% CI: -

0.85~-0.40), and -0.37 (95% CI: -0.42~-0.31), 

respectively (Table 1, Figure 3A). 

The ASDR and age-standardized rate of DALYs 

for HHD were mainly concentrated in sub-

Saharan region, particularly Central, Southern, 

and Eastern Sub-Saharan Africa, with ASDR 66.3 

(95% UI:42.2~92.9), 47.4 (95% UI:41.5~55.2), 

and 42.6 (95% UI:29.4~54.7) per 100,000 people, 

respectively; and age-standardized DALYs of 

1,213.1 (95% UI:774,1~694.9), 889.1 (95% 

UI:785.1~1034.2), and 786.2 (95% 

UI:549.7~992.2) per 100,000 people (Table 1, 

Figure 2B-C). 
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Figure 2: Disease burden of hypertension heart disease in 204 countries and territories in 2021. (A) 

ASPR. (B) ASDR. (C) age-standard rate of DALYs. ASPR: age-standard rate of prevalence; ASDR 

age-standard rate of deaths; DALYs: disability-adjusted life years. 
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From 1990 to 2021, the ASDR for HHD in 

Eastern Europe experienced the largest rise, with 

EAPC of 1.72 (95% CI: 0.82~2.62), while, the 

High-income Asia Pacific experienced the most 

decreased, with EAPC of -3.64 (95% CI: -4.36 ~-

2.91) (Table 1, Figure 3B). The age-standardized 

rate of HHD DALYs increased most in High-

income North America (EAPC 1.81, (95% CI: 

1.65~1.97)), while declined most in the High-

income Asia Pacific (EAPC -3.63, (95% CI: -

4.30~-2.95)) (Table 1, Figure 3C).  

 

 
Figure 3: EAPC of hypertension heart disease in 204 countries and territories from 1990 to 2021. 

(A) EAPC of ASPR. (B) EAPC of ASDR. (C) EAPC of age-standard rate of DALYs. EAPC: estimated 

annual percentage change; ASPR: age-standard rate of prevalence; ASDR age-standard rate of 

deaths; DALYs: disability-adjusted life years. 
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National Level 

In 2021, the highest ASPR country for HHD were 

led by Jordan (Asia) with 341.9 per 100,000 

people (95% UI: 268.8~427.8), followed by 

Bahamas (North America) with 329.9 per 100,000 

people (95% UI: 257.4~428.2), and Cook Islands 

(South Pacific) with 317.5 per 100,000 people 

(95% UI: 252.2~402.5) (Figure 2A, Table 1), the 

lowest ASPR country was Belarus at 8.7 per 

100,000 people (95% UI: 6~12). The largest 

change country for ASPR were both in Europe, 

most increase was Latvia with EAPC of 6.76 

(95% CI: 6.16~7.38), most decrease was Belarus 

with EAPC of -3.77 (95% CI: -4.16~-3.37) 

(Figure 3A). The highest ASDR was Bulgaria 

(Europe) with 103.4 per 100,000 people (95% UI: 

89.6~116.4), followed by Afghanistan (Asia) with 

78.3 per 100,000 people (95% UI: 43.8~115), and 

Madagascar (Africa) with 77.6 per 100,000 people 

(95% UI: 50.8~108.5). Belarus had the lowest 

ASDR at 1.1 per 100,000 people (95% UI: 

0.9~1.3). Latvia showed the largest increase in 

ASDR with EAPC of 8.6 (95% CI: 7.36~9.86), 

while Belarus had the largest decrease with EAPC 

of -5.67 (95% CI: -6.74~-4.59) (Figure 3B). The 

top listed age-standardized DALYs were Bulgaria 

(Europe) with 739.3 per 100,000 population (95% 

UI: 1494~1984.7), followed by Lesotho (Africa) 

with 1524.5 per 100,000 population (95% UI: 

835.4~2159.8), and Madagascar (Africa) with 

1509 per 100,000 population (95% UI: 

999.7~2082.2). Belarus had the lowest age-

standardized DALYs at 25 per 100,000 people 

(95% UI: 20.7~31). Latvia recorded the highest 

increase in age-standardized DALYs for HHD 

with EAPC of 6.97 (95% CI: 5.82~8.13), while 

Belarus had the lowest with an EAPC of -5.8 

(95% CI: -6.91 to -4.68) (Figure 3C).  

As observed above, the prevalence and ASPR of 

HHD were on the rise, while deaths, DALYs, 

ASDR and age-standard rate of DALYs were on 

the downside. This could be attributed to 

heightened public awareness and enhanced 

detection and management strategies of HHD. 

However, the disease burden exhibits regional 

disparities, with the most significant impact noted 

in low SDI region and the least in high SDI 

region. Over the past three decades, an intriguing 

pattern has emerged: the burden in high SDI 

region was increasing while other SDI regions 

were declined, with the most pronounced decrease 

in middle SDI region. At the national level, the 

ASPR, ASDR, and age-standardized DALYs of 

HHD are predominantly found in regions such as 

Africa and the Middle East in 2021. Interestingly, 

the highest values for these metrics are not 

observed in Africa but in Asia for ASPR, and in 

Europe for both ASDR and age-standardized 

DALYs. And the country with highest EAPC also 

located in Europe.  

Age and Gender Patterns 

In 2021, the global ASPR for HHD increasing 

with age, Sudden increasing at 60-64 years and 

peaking at 95+ years. Initially, women had a 

lower ASPR than men, but reversed after the age 

of 80, with women showing a higher ASPR, 

women peaking at 95+years, men at 90-94 years 

(Figure 4A). The ASDR for HHD also increased 

with age, peaking at 95+ years. At the age of 15-

19 years, the ASDR of women exceeded than 

men, then declined and again higher than men at 

the age of 90, peaking age at 95+ years for both 

men and women (Figure 4B). The age-

standardized DALYs for HHD followed a pattern 

similar to the ASDR, with peaks at 95+ years. 

Females had higher age-standardized DALYs than 

males in the 15-19 age group, then decreased, and 

higher again after the age of 65, with a temporary 

dip in the 85-89 age group. The peak age for both 

sexes was 95+ years (Figure 4C). 
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Figure4：Age-specific cases and rates of hypertension heart disease by sex in global and SDI regions 

in 2021. (A) Age-specific cases and rates of prevalence. (B) Age-specific cases and rates of deaths. (C) 

Age-specific cases and rate of DALYs. SDI: sociodemographic index; DALYs: disability-adjusted life 

years. 
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The global ASPR was higher than 1990 both sex 

at all ages (Figure 5), while the ASDR and age- 

standardized DALYs rate were higher than 1990 

for both sexes over 90 years (Figure S1, Figure 

S2). 

 

 
Figure S1: ASDR of hypertension heart disease by sex, age group in global and SDI regions in 1990 

and 2021. 

ASDR: age-standard rate of deaths; SDI: sociodemographic index. 
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Figure S2: age-standard rate of DALYs of hypertension heart disease by sex, age group in global and 

SDI regions in 1990 and 2021. 

DALYs: disability-adjusted life years; SDI: sociodemographic index. 

 

For different SDI regions, expect the ASPR 

peaking at 90-94 years in middle SDI region, 

other SDI regions all peaking at ages 95 (Figure 

4A). The ASDR and age-standard rate of DALYs 

rate peak age at 95+ years in all SDI regions 

(Figure 4B-C). The ASPR at all age groups in 

low-middle SDI region, high-middle SDI region 

and high SDI region has increased compared to 

1990, While except the 60-89 years in middle SDI 

region and 65-79 years in low SDI region, the 

ASPR of other age group has rising compared to 

1990 (Figure 5). 
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Figure5: ASPR of hypertension heart disease by sex, age group in global and SDI regions in 1990 and 

2021. 

ASPR: age-standard rate of prevalence; SDI: sociodemographic index. 

 

The age of 65-89 years in high SDI, 15-84 years 

in high-middle SDI region, 15-89 years in low 

SDI, all age group in middle and low-middle SDI 

region of ASDR and age-standard rate of DALYs 

rate showed a downward trend when comparing to 

1990 (Figure S1, Figure S2). 

Risk Factors for HHD 

Our research analyzed 14 distinct risk factors of 

deaths and DALYs associated with HHD 

classified by the GBD 2021 study and further 

divided by divided by geographical region (Figure 

6).
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Figure 6: Risk factors in deaths and DALYs of hypertension heart disease in global and regional in 

2021. (A) risk factors in deaths. (B) risk factors in DALYs. DALYs: disability-adjusted life years. 

 

In 2021, high systolic blood pressure and 

metabolic risks were the predominant contributors 

to deaths and DALYs of HHD, responsible for 

over 99% of the total burden, whereas behavioral 

risk and dietary risk accounted for approximately 

more than 60%. For different gender, the 

proportion of deaths and DALYs for risk factors 

in men had a slight preponderance compared to 

women. For different age, Certain risk factors, 

such as behavioral risk, low fruit and vegetable 

consumption, and high body mass index, were 

more common in younger individuals in 25-49 

years（Figure S3）. 
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Figure S3: Risk factors in deaths and DALYs of hypertension heart disease by sex and age group in 

global in 2021. 

DALYs: disability-adjusted life years. 

 

Comparing to 1990, the risk factors for deaths and 

DALYs of HHD increased were high temperature 

and high body mass index, with high body mass 

index showing the most significant rise at both 

around 11%. While the steepest declined of risk 

factor was low vegetable intake, dropping by 11% 

and 16.9% respectively.  

For different SDI regions, most of the risk factors 

accounted for highest percentage in the low SDI 

region than in the other SDI regions, such as 
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Behavioral risks，Dietary risks，Diet low in 

vegetables，Diet low in fruits，while the risk 

factors of high body mass index and high 

temperature occupied the first place in the high 

SDI. Compared to 1990, the most increased of 

deaths and DALYs of risk factors was High body-

mass index among theses regions. The most risk 

factors of HHD showed a decreasing trend in Low 

SDI region, Low-middle SDI region, and middle 

SDI region, while showed an increasing trend in 

High SDI region and High-middle SDI region 

(Figure 6). 

In national level, some risk factors of HHD in 

deaths and DALYs ranked first in Oceania, such 

as Diet low in vegetables, Diet low in fruits, 

Dietary risks, behavioral risks; Environmental/ 

occupational risks、Lead exposure、other 

environmental risks were top first in South Asia; 

high body mass index in High-income North 

America reached top list. Compared to 1990, high 

body mass index was the most increased in many 

regions, while the risk factors of some areas 

showed increased such as Australasia、Central 

Sub-Saharan Africa、High-income Asia Pacific

、High-income North America, while risk factors 

in areas such as Andean Latin America、Eastern 

Europe、Sub-Saharan Africa、Western Sub-

Saharan Africa showed decreased(Figure 6). 

Future Projection for Global HHD 

We projected future disease burden of global 

HHD from 2022 to 2050 to foreseen future trend 

of the disease. The ASPR in global of HHD is 

expected to rise, increasing from 148.3 per 

100,000 in 2021 to 160.9 per 100,000 by 2050, 

marking an approximate 8.5% growth. While the 

ASPR among females is expected to remain 

stable, with a modest rise from 146.6 to 151.9 per 

100,000 (3.6% increase), males are projected to 

experience a more pronounced increase, from 

148.9 to 172.3 per 100,000 (15.7% increase) 

(Figure 7A). The ASDR and age-standard DALYs 

for HHD are forecasted to decline over the next 

three decades. The ASDR is predicted to drop 

from 16.3 per 100,000 in 2021 to 12.4 per 

100,000 by 2052, a reduction of 23.9%. For 

females, this decline is slightly less pronounced, 

decreasing from 16.5 to 12.8 per 100,000 (22.4% 

reduction), while for males, the rate is expected to 

fall more significantly, from 15.9 to 11.8 per 

100,000 (25.7% decrease) (Figure 7B). The age-

standardized DALYs for HHD will decrease from 

301.6 per 100,000 in 2021 to 235.8 per 100,000 

by 2050, a 21.8% reduction. For females, this 

decrease is slightly less at 19.8%, from 299.3 to 

240.1 per 100,000, and for males, it is slightly 

more at 23.5%, from 301.4 to 230.5 per 100,000 

by 2050 (Figure 7C). The projected data suggest 

that while the ASPR of HHD is expected to rise, 

the growth rate will be considerably slower than 

in the past three decades, and there will be a 

notable decrease in both ASDR and age-

standardized DALYs, indicating a significant 

improvement in the management and outcomes of 

HHD in the future. 
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Figure7: Future forecasts for hypertension heart disease in global from 2022 to 2050. 

(A) Future forecasts for ASPR. (B) Future forecasts for ASDR. (C) age-standard rate of DALYs. 

ASPR: age-standard rate of prevalence; ASDR age-standard rate of deaths; DALYs: disability-

adjusted life years. 

 

Discussion 

Our analysis of the global HHD burden from 

1990–2021 reveals a paradoxical trend: while 

ASDR and DALY rates declined, absolute 

prevalence surged by 170%, underscoring the 

complex interplay of aging populations, metabolic 

risks, and persistent healthcare inequities. These 

findings align with recent GBD reports but extend 
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prior insights by integrating post-pandemic data 

and forecasting trajectories to 2050[12, 25]. Three 

critical themes emerge from our results. 

First, the shifting risk factor landscape demands 

region-specific interventions. High systolic blood 

pressure and metabolic risks remain the dominant 

contributor to HHD (99% attributable risk), yet 

high body mass index’s role has escalated 

globally of death and DALYs, particularly in high 

SDI region, nearly 11% increase since 1990[9, 

14]. This mirrors recent cohort studies 

demonstrating that obesity-mediated endothelial 

dysfunction and insulin resistance amplify cardiac 

remodeling independent of hypertension 

severity[10]. In contrast, low-SDI regions face 

compounded burdens from underdiagnosed 

hypertension and environmental risks (e.g., air 

pollution, limited greenspace), with fewer than 

15% achieving blood pressure control—a 

disparity exacerbated by COVID-19 healthcare 

disruptions[13, 17]. These findings emphasize the 

urgency of tailored strategies: metabolic risk 

mitigation in high-SDI settings versus 

hypertension screening and salt-reduction policies 

in low-resource areas[11]. 

Second, aging populations drive irreversible 

burdens. The ASPR peak at ≥95 years reflects 

cumulative exposure to hypertension and age-

related arterial stiffening—a phenomenon 

exacerbated by rising global life expectancy[26]. 

Notably, women surpass men in HHD prevalence 

after age 80, likely due to postmenopausal 

vascular dysfunction and longevity bias[27]. 

Recent proteomic studies suggest that aging-

associated biomarkers (e.g., galectin-3, GDF-15) 

may accelerate hypertensive cardiomyopathy, 

presenting novel therapeutic targets[23, 28]. 

However, our projections indicate a 15.7% ASPR 

rise in males by 2050, possibly linked to younger-

onset obesity and delayed healthcare-seeking 

behavior—a trend corroborated by sex-stratified 

analyses in the EURObservational Research 

Programme[29]. 

Third, SDI stratification reveals stark 

inequities. Low-SDI regions bear 2.5-fold higher 

ASPR than high-SDI nations, yet paradoxically 

exhibit declining ASDR due to competing 

mortality from infectious diseases and limited 

diagnostic capacity[15]. Eastern Sub-Saharan 

Africa’s disproportionate burden (ASPR 

291.8/100,000) reflects systemic underinvestment: 

hypertension treatment coverage remains below 

25% in 18 African nations, versus >70% in high-

income countries[16, 30]. Conversely, high-SDI 

regions face rising burdens from obesogenic 

environments and sedentary lifestyles, with the 

U.S. and Australia showing the steepest ASPR 

increases (EAPC >1.9) [31, 32]. These disparities 

mirror 2023 WHO reports highlighting that <10% 

of low-income countries have functional HHD 

registries versus 90% of high-income nations[33]. 

Our projections to 2050 suggest cautious 

optimism: ASDR may decline by 23.9% globally, 

reflecting improved antihypertensive therapies 

and heart failure management[34]. However, the 

8.5% ASPR rise—particularly among men—

signals an impending wave of HFpEF cases, 

demanding proactive measures. Recent trials (e.g., 

EMPEROR-Preserved, DELIVER) demonstrate 

SGLT2 inhibitors’ efficacy in HHD-related 

HFpEF, advocating for broader access[35]. 

Additionally, AI-driven telehealth platforms show 

promise for hypertension control in rural areas, 

achieving 40% BP control rates in pilot African 

studies[36]. 

 

Limitation 

While this study provides a comprehensive 

analysis of HHD burden using GBD 2021 data, 

several limitations warrant consideration. First, 

the accuracy of estimates relies on the quality and 

representativeness of underlying data, which vary 

substantially across regions. For example, 23% of 

sub-Saharan African countries lacked recent 

population-level cardiovascular surveys, 

necessitating heavy reliance on modeling 

imputation—a limitation highlighted in recent 

critiques of GBD methods[25]. Conflict-affected 

regions (e.g., Yemen, Syria) and small island 

nations (e.g., Pacific Island states) exhibited wider 

uncertainty intervals (>40% UI range), potentially 

underestimating true burdens due to fragmented 

health systems[37, 38]. 

Second, risk factor projections assumed static 

post-2021 exposures, overlooking emerging 

threats like climate change-induced heat stress and 

pandemic-related physical inactivity—factors 

shown to elevate hypertension risk in recent 

cohort studies[39, 40]. Similarly, our analysis 

excluded genetic predispositions (e.g., APOL1 

variants prevalent in African populations), which 

account for 15–20% of early-onset HHD in low-

SDI regions[41, 42]. 
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Conclusion 

This 30-year global analysis reveals a dual reality 

in hypertensive heart disease (HHD): declining 

age-standardized mortality (-0.68% annually) 

contrasts sharply with a 170% surge in absolute 

prevalence, fueled by aging populations and 

metabolic risks. Stark disparities persist, with low-

SDI regions bearing the highest burden (ASPR 

208.4/100,000) due to underdiagnosed 

hypertension, while high-SDI nations face 

escalating obesity-driven HHD (11% rise since 

1990). Projections to 2050 signal cautious 

optimism—ASDR and DALYs may decline by 

23.9% and 21.8%, respectively—but an 8.5% 

ASPR rise, particularly among men, heralds a 

growing HFpEF epidemic. 

Urgent action requires context-specific strategies: 

scaling hypertension screening and salt-reduction 

policies in low-resource settings, and combating 

obesogenic environments in affluent nations. 

Integrating SGLT2 inhibitors and AI-driven 

telehealth could mitigate disparities. Addressing 

data gaps in conflict zones and genetic risks 

remains critical. These multidimensional efforts 

are essential to align global progress with 

equitable cardiovascular health outcomes. 
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