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ARTICLE INFO ABSTRACT
Keywords: Background: Ischemic heart disease (IHD) is the leading cause of death worldwide. High fasting
ISFhemiC 'heart disease plasma glucose (FPG) is an increasing risk factor for IHD. We aimed to explore the long-term
;1gh f;‘snng plasma glucose trends of high FPG-attributed IHD mortality during 1990-2019.

ortality

Methods: Data were obtained from the Global Burden of Disease Study 2019 database. Deaths,
disability-adjusted life-years (DALYs), the age-standardized mortality rate (ASMR) and age-
standardized DALY rate (ASDR) of IHD attributable to high FPG were estimated by sex, socio-
demographic index (SDI), regions and age. Estimated annual percentage changes (EAPCs) were
calculated to assess the trends of ASMR and ASDR of IHD attributable to high FPG.

Results: THD attributable to high FPG deaths increased from 1.04 million (0.62-1.63) in 1990 to
2.35 million (1.4-3.7) in 2019, and the corresponding DALYs rose from 19.82 million
(12.68-29.4) to 43.3 million (27.8-64.2). In 2019, ASMR and ASDR of IHD burden attributable to
high FPG were 30.45 (17.09-49.03) and 534.8 (340.7-792.2), respectively. The highest ASMR
and ASDR of IHD attributable to high FPG occurred in low-middle SDI quintiles, with 39.28
(22.40-62.76) and 742.3 (461.5-1117.5), respectively, followed by low SDI quintiles and middle
SDI quintiles. Males had higher ASMR and ASDR compared to females across the past 30 years. In
addition, ASRs of DALYs and deaths were highest in those over 95 years old.

Conclusion: High FPG-attributed IHD mortality and DALYs have increased dramatically and
globally, particularly in low, low-middle SDI quintiles and among the elderly. High FPG remains a
great concern on the global burden of IHD and effective prevention and interventions are urgently
needed to curb the ranking IHD burden, especially in lower SDI regions.

Disability-adjusted life years

1. Introduction

Ischemic heart disease (IHD) is a major global public concern, ranking the first cause of mortality and morbidity worldwide,
including acute myocardial infarction (AMI), chronic IHD (angina; asymptomatic IHD following MI) and ischemic heart failure [1,2].
In 2019, IHD was accountable for over 182 million disability-adjusted life years (DALYs) and 9.14 million deaths [3]. And coronary
heart disease causes catastrophic health expenditure among countries and regions. For instance, in the United States, heart diseases are
schemed to increase by 41% from $126.2 billion in 2010 to $177.5 billion in 2040 [4]. Therefore, monitoring the burden of IHD is
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critically important globally.

High fasting plasma glucose (FPG) has been becoming an urgent public health issue [5,6]. As reported, high FPG has ranked one of
the top 5 risk factors for deaths and DALYs worldwide and high FPG exposure has increased substantially among the other risks such as
hypertension. High FPG is a crucial risk factor for cardiovascular disease. In 2019 the overall deaths and DALYs attributable to high
FPG were above 6.50 million and 172.07 million respectively [5]. Among all deaths, the ranking causes attributable to high FPG were
diabetes mellitus (DM) and ischemic heart disease [5].

Although a growing number of studies have delivered the harm of higher glucose levels among overall disease burden. To the best
of our knowledge, little literature has focused on the direct intersection between hyperglycemia and IHD, and the tendency of IHD
burden attributable to high FPG. Considering the high burden of IHD and the increasing high FPG prevalence, we constructed this
analysis to exhibit the high FPG-attributable burden of IHD across 204 countries and territories from 1990 to 2019 based on Global
Burden of Disease (GBD) Study database 2019. Evaluation of IHD attributable to high FPG is critical and essential for policymakers and
researchers to create effective strategies to reduce the prevalence of IHD attributable to high FPG.

2. Methods
2.1. Overview of the GBD study

The GBD 2019 project provides levels and trends of communicable diseases, non-communicable diseases and injuries globally. a
range of data sources, such as hospital data, censuses, clinical trials, demographic surveillance, disease registries, financial records and
vital registration, were utilized to estimate incidence, prevalence, mortality, years of life lived with disability (YLDs), years of life lost
(YLLs) and DALYs for 369 causes of death and disability, and 87 risk factors in 204 countries and territories, 7 super-regions and 21
regions from 1990 to 2019 [7,8].

2.2. Study data

Annual deaths, DALYs, corresponding age-standardized rates (ASRs) and their 95% uncertainty intervals (UIs) across 4 world
regions, 5 sociodemographic indexes of IHD attributed to high FPG between 1990 and 2019 for 204 countries and territories
worldwide were obtained from GBD 2019 through the global health data exchange (GHDx) query tool (http://ghdx.healthdata.org/
gbd-results-tool). We selected populations aged >30 years and by 5-year intervals (30-34, 35-39, 40-44, 45-49, 50-54, 55-59, 60-64,
65-69, 70-74, 75-79, 80-84, 85-89, 90-94, 95+ years old) because IHD are uncommon in younger groups [9]. We obtained the
age-standardized mortality rate (ASMR) and age-standardized disability-adjusted life rate (ASDR) per 100 000 population of IHD
accountable to high fasting plasma glucose from the GBD 1990-2019 project. Data of cases and age-standardized rates were reported
as values with 95% confidence interval (CIs) or Uls. The SDI is a geometric average of 0-1 by combining the total fertility rate of
women under 25, the education level of people aged 15 and above, and the lag of per capita income distribution. The lower SDI value
indicates a lower social development level and vice versa. In GBD 2019, countries and regions were divided into five SDI quintiles
according to SDI value: 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].
Disability-adjusted life years are the sum of the number of years of life lost and the number of years of life lost due to disability. One
DALY represents the loss of 1 year in full health. The YLLs refer to the number of deaths and the life lost due to early death, and the
YLDs refer to any healthy life years lost resulting from disability. Deaths were defined as the number of deaths occurring in a pop-
ulation during a specific period.

We utilized ASMR and ASDR to quantify the global burden accountable to high FPG. The methods for estimating the IHD burden
have been detailed by GBD 2019 Diseases and Injuries Collaborators [7]. Briefly, IHD is defined based on the World Health Organi-
zation clinical criteria and the international statistical classification of diseases, and high FPG is defined as any level above the
theoretical minimum-risk exposure levels (TMREL), which is 4.8-5.4 mmol/L (88-99 mg/dl) according to the 2019 GBD study [5]. The
relative risk (RR) of IHD in population exposed to high glucose levels was first estimated based on published systematic reviews and
meta-regression. A Bayesian meta-regression model (DisMod-MR 2.1) and a spatiotemporal Gaussian process regression model were
applied based on the large population-based survey to analyze the exposure level of risk and its TMREL. The attributable proportions of
age-standardized rates of deaths and DALYs by age, sex, and year were evaluated by population-attributable fractions (PAFs), which is
the estimated fraction of all cases that would not occur if there was no high FPG exposure [7,9].

2.3. Statistical analysis

The ASMR and ASDR were calculated from GBD 2019 based on the world standard population to minimize the influence of the
population age structure differences. The ASR per 100 000 population is calculated as follows:

A
> aiwi
ASR =" % 100 000
=1 Wi

In the formula, ai stands for the age-specific rate in the i age group; wi stands for the number of people in the corresponding i age group
among the standard population; A stands for the number of age groups and 100 000 means per 100 000 population.
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We used estimated annual percentage changes (EAPCs) to evaluate the trends of ASMR and ASDR attributable to high FPG. EAPC is
a measure of the ASR over a period. EAPC and its 95% CI were calculated by fitting a linear regression line to the natural algorithm of
the ASR to quantity the tendency of ASR. The EAPC is calculated as follows:

Table 1
Death cases and ASMR of IHD attributable to high FPG between 1990 and 2019.

Death counts (Thousands, 95% UI)

ASMR per 100 000 people (95% UI)

EAPC (95% CI)

1990 2019 1990 2019
Global 1042.56 2353.42 32.00 30.45 (17.09-49.03) —0.13 (-0.58 to 0.31)
(618.72-1634.70) (1361.23-3701.92) (17.89-52.25)
Sex
Male 550.75 (339.81-822.09) 1302.84 39.50 38.53 (22.30-60.10) —0.02 (—0.10 to 0.05)
(777.74-2002.10) (22.70-62.92)
Female 491.81 (268.46-826.25) 1050.58 26.28 23.90 (12.68-40.00) —0.26 (—0.34 to
(556.49-1758.03) (13.87-45.22) —-0.18)
SDI region
High SDI 369.98 (203.68-596.86) 434.30 (228.00-730.00) 35.06 19.95 (10.93-32.56) —2.01 (—2.65 to
(19.48-56.41) —1.36)
High-middle SDI 322.42 (192.33-496.40) 595.58 (331.33-954.08) 36.31 30.27 (16.66-48.89) —0.69 (-1.15to
(20.51-58.53) —0.24)
Middle SDI 197.57 (119.63-306.87) 724.10 (413.95-1138.70) 26.53 34.80 (18.71-56.26) 1.13 (0.78-1.48)
(14.67-44.30)
Low-middle SDI 112.28 (70.90-174.32) 461.13 (275.98-721.64) 24.75 39.28 (22.40-62.76) 1.54 (1.12-1.95)
(14.20-41.10)
Low SDI 39.56 (24.43-63.44) 136.76 (81.26-222.67) 22.74 33.35 (18.57-55.52) 1.24 (0.83-1.64)
(12.95-39.38)
GBD region

Andean Latin America

2.78 (1.50-4.52)

8.75 (4.55-15.15)

16.38 (8.62-27.47)

16.59 (8.57-29.03)

0.15 (—0.15 to 0.44)

Australasia 5.30 (2.95-8.97) 8.27 (3.96-15.14) 23.90 14.53 (7.08-25.85) —2.29 (-2.92to
(12.84-41.60) —1.65)

Caribbean 11.64 (6.73-18.78) 20.06 (11.07-31.79) 49.51 38.58 (21.28-61.34) —1.03 (-1.39 to
(27.73-82.72) —0.68)

Central Asia 14.93 (8.74-23.70) 58.95 (32.38-96.01) 36.96 107.79 3.99 (3.62-4.35)
(21.17-59.46) (54.47-184.25)

Central Europe 76.51 (44.04-122.07) 105.57 (53.79-180.33) 59.36 46.85 (24.13-79.33) —1.13 (-1.54 to
(32.82-96.35) -0.72)

Central Latin America 28.63 (16.01-45.69) 79.47 (44.28-129.70) 42.81 35.57 (19.48-58.45) —0.73 (-1.09 to
(22.77-71.46) —0.37)

Central Sub-Saharan 3.78 (2.30-6.08) 11.49 (6.60-19.34) 23.61 30.13 (16.09-52.25) 0.91 (0.43 to —1.40)

Africa (13.53-40.97)
East Asia 98.39 (60.41-154.34) 351.87 (199.79-571.78) 16.23 (8.98-26.04)  20.77 (11.34-34.59) 1.57 (1.03-2.11)
Eastern Europe 116.23 (72.28-174.32) 171.37 (99.41-261.19) 47.31 49.36 (28.87-75.65) —0.35(-1.05to
(28.64-71.21) —0.36)

Eastern Sub-Saharan
Africa

7.53 (4.24-12.26)

20.68 (11.68-35.24)

14.81 (7.61-27.27)

17.44 (9.33-31.12)

0.66 (—0.06 to 1.37)

High-income Asia Pacific 23.28 (13.63-37.04) 34.48 (17.02-62.61) 13.28 (7.50-21.42)  6.00 (3.16-10.33) -3.23(—4.10to
—2.35)
High-income North 148.01 (87.76-228.08) 203.00 (112.83-327.21) 40.21 29.20 (16.6-46.25) —0.60 (—1.32 to 0.14)
America (24.36-61.37)
North Africa and Middle 72.91 (46.02-112.45) 255.31 (148.83-396.26) 54.60 72.52 1.05 (0.94-1.16)
East (32.17-90.17) (39.80-117.18)
Oceania 1.14 (0.68-1.79) 4.57 (2.79-6.90) 47.43 73.89 1.73 (1.08-2.38)
(27.00-76.08) (43.02-115.15)
South Asia 123.76 (78.50-191.99) 546.34 (328.42-838.30) 28.64 45.06 (26.10-69.79) 1.37 (0.90-1.84)
(16.75-46.91)
Southeast Asia 37.70 (22.22-60.78) 144.73 (82.10-232.15) 19.90 29.94 (16.05-49.24) 1.50 (1.17-1.83)
(10.78-34.29)
Southern Latin America 9.94 (5.80-15.54) 17.10 (8.95-29.09) 23.92 19.86 (10.47-33.68) —0.88 (—1.43 to
(13.49-38.72) —-0.33)
Southern Sub-Saharan 4.58 (2.54-7.68) 13.62 (7.75-21.95) 20.87 29.86 (16.03-49.09) 1.32 (0.96-1.68)
Africa (10.68-36.47)
Tropical Latin America 28.37 (16.37-44.79) 48.42 (27.11-78.36) 39.15 21.04 (11.67-34.55) —1.86 (—2.34 to
(20.92-64.16) -1.37)
Western Europe 215.36 (110.80-370.70) 213.19 (98.99-389.98) 35.75 19.05 (9.57-33.46) —2.59 (-3.18-1.99)
(18.49-61.07)
Western Sub-Saharan 11.78 (6.54-21.3) 11.78 (6.54-21.3) 19.24 19.24 (10.08-37.08) 1.11 (0.92-1.31)

Africa

(10.08-37.08)

Abbreviations: IHD, ischemic heart disease; FPG, fasting plasma glucose; ASMR, age-standardized mortality rate; UI, uncertainty interval; CI, con-

fidence interval; EAPC, estimated annual percentage change; GBD, Global Burden of Disease; SDI, sociodemographic index.
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Table 2

DALYs and ASDR of IHD attributable to high FPG between 1990 and 2019.
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DALYs (Thousands, 95% UI)

ASDR per 100 000 people (95% UI)

EAPC (95% CI)

1990 2019 1990 2019 1990-2019
Global 19820.67 43253.27 534.8 534.8 (340.7-792.2) —0.03 (—0.60 to
(12680.03-29360.12) (27821.41-64164.59) (331.6-804.8) 0.54)
Sex
Male 11708.66 26388.89 692.3 703.4 0.04 (-0.02 to
(7667.85-17574.09) (16794.53-39051.55) (437.2-1023.6) (451.0-1043.4) 0.10)
Female 8112.01 16864.38 400.5 (236.9-619) 384.8 (230.1-590.3) —0.13 (-0.20 to
(4887.07-12451.07) (10065.16-25938.25) —0.06)
SDI region
High SDI 6062.98 (3739.26-9260.95)  6460.62 (3872.16-9861.01)  573.2 334.8 (213.0-492.7) -1.97 (-2.80 to
(355.9-862.9) -1.13)
High-middle SDI 6093.08 (3924.76-8939.09)  9947.46 605.5 493 (312.1-736.1) —0.89 (-1.52to
(6354.42-14816.68) (376.6-893.6) —0.26)
Middle SDI 4151.22 (2738.65-6247.83)  13984.14 449.6 592.7 (370.8-905.3) 1.09 (0.66-1.53)
(8788.14-21059.25) (283.2-681.8)
Low-middle SDI 2595.40 (1689.50-3863.40)  9846.85 460.7 742.3 1.58 (1.06-2.10)
(6088.26-14774.82) (293.4-704.8) (461.5-1117.5)
Low SDI 904.37 (580.37-1349.60) 2984.21 (1882.19-4563.03)  416.4 615.7 (373.6-957.9) 1.24 (0.79-1.70)
(258.7-664.8)
GBD region

Andean Latin America
Australasia

Caribbean

Central Asia

Central Europe
Central Latin America

Central Sub-Saharan
Africa
East Asia

Eastern Europe

Eastern Sub-Saharan
Africa

High-income Asia
Pacific

High-income North
America

North Africa and
Middle East

Oceania

South Asia
Southeast Asia

Southern Latin
America

Southern Sub-Saharan
Africa

Tropical Latin
America

Western Europe

Western Sub-Saharan
Africa

48.36 (28.90-72.78)

82.69 (50.03-131.07)

207.55 (132.76-307.38)

284.71 (180.73-428.07)

1332.04 (830.89-2025.67)

524.26 (330.04-794.96)

88.95 (56.34-138.05)

2142.27 (1325.76-3328.17)

2248.47 (1507.09-3212.54)

156.65 (92.43-242.46)

408.89 (260.44-617.77)

2525.39 (1612.33-3709.97)

1545.52 (1007.02-2322.73)

30.57 (18.28-46.94)

3043.80 (1967.16-4492.37)

774.92 (497.93-1187.48)

175.93 (110.80-262.53)

86.04 (55.04-131.20)

573.75 (353.11-874.39)

3327.88 (1921.73-5403.29)

212.02 (129.30-343.47)

141.24 (79.16-219.55)
108.14 (56.38-180.83)
359.57 (222.34-543.10)
1158.15 (681.71-1817.75)
1556.99 (883.90-2424.73)
1399.72 (872.24-2102.81)
250.15 (150.24-407.24)
6201.95 (3888.24-9606.33)
2950.45 (1884.76-4321.48)
415.51 (249.09-677.82)
463.05 (259.54-768.90)
3149.48 (1974.55-4590.47)
5149.50 (3151.39-7762.32)
128.68 (74.90-197.17)
12123.75
(7474.62-17919.53)
2773.01 (1717.24-4223.93)
275.68 (156.70-434.26)
263.00 (159.94-410.61)
925.12 (557.71-1425.97)
2809.28 (1552.81-4715.77)

650.83 (383.02-1070.35)

256.1
(150.3-390.8)
356.4
(214.3-560.3)
823.7
(523.2-1238.1)
643.6
(398.4-978.8)
946.3
(591.3-1431.6)
690.7
(417.3-1059.2)
434.5
(268.2-694.4)
275.3
(170.7-424.5)
840.8
(554.0-1198.0)
246.2
(138.9-398.9)
212.6
(134.5-322.4)
711.3
(467.7-1036.4)
974 (626.7-1481.7)

1009.4
(609.4-1562.0)
558.1
(355.2-846.2)
338.0
(204.6-529.7)
393.4
(242.9-587.3)
341.2
(206.5-535.0)
678.6
(409.2-1055.4)
554.7
(327.4-889.0)
291.4
(168.6-515.9)

260.5 (145.1-412.0)

203.3 (109.8-334.2)

693.8
(427.7-1048.2)
1790.7
(1001-2862.2)
703.8
(412.1-1082.8)
604.7 (372.7-909.2)

537.2 (310.7-903.6)
323.8 (199.0-502.0)
862.7
(563.5-1254.1)
296.4 (173.7-500.8)
96.5 (58.3-153.5)
493.8 (320.1-708.0)
1276.1
(768.5-1950.3)
1674.4
(1026.4-2514.3)
879.3
(543.0-1301.8)
501.2 (304.8-769.7)
325.9 (188.0-510.5)
507.8 (300.3-797.8)
387.1 (232.7-602.0)
285.4 (165.9-454.4)

425.4 (237.8-708.1)

0.12 (—0.27 to
0.51)

—2.59 (-3.37 to
-1.79)

—0.75 (-1.15 to
—0.35)

3.74 (3.25-4.22)

—1.38 (—2.01 to
—0.75)
—0.59 (-1.10 to
—0.08)
0.79 (0.18-1.41)

1.12 (0.57-1.67)

—0.48 (-1.42 to
0.48)

0.70 (—0.08 to
1.49)

—3.28 (—4.38to
-2.18)

—0.82 (-1.70 to
—-0.07)

0.95 (0.73-1.16)

1.95 (1.14-2.77)

1.41 (0.83-1.99)

1.37 (0.95-1.79)

—0.94 (-1.70 to
—-0.19)
1.55 (1.08-2.02)

-1.63 (-2.23 to
-1.04)
—2.83 (-3.64 to
—2.01)
1.26 (1.04-1.48)

Abbreviations: IHD, ischemic heart disease; FPG, fasting plasma glucose; DALYs, disability-adjusted life years; ASDR, age-standardized DALY rate; UI,
uncertainty interval; CI, confidence interval; EAPC, estimated annual percentage change; GBD, Global Burden of Disease; SDI, sociodemographic

index.
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EAPC =100 x {exp(8) — 1}

X represents calendar year, € represents error term correspondingly. If EAPC and its 95% CI lower limits are both more than 0, ASR
exhibits an upward trend. If EAPC and its 95% CI upper limits are both less than 0, ASR indicated a downward trend. Moreover, no
significant change was considered if the EAPC and its corresponding 95% CI included 0 [11].

The PAF for high FPG is calculated as follows:

PAF 50 = ( / 1R’R',m.yg(X)Pa.\gr(x)dx—RRM.\g(Tll/lR!‘JLu.\)) / / IRRM.\g(X)Pu.\-g;(X)dx

RRqsg(x) is the relative risk as a function of exposure level, (x) for high FPG, cause (0), age group (a), and sex (s). Pgg(x) is the
distribution of exposure for high FPG according to age group (a), sex (s), location (g), and year(t). Location (g) with the lower level of
observed exposure as 1 and the highest as u [7,8].
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Fig. 1. Global age-specific rates of IHD attributable to high FPG per 100 000 population in 2019, by sex. (A) Deaths. (B) DALYs. IHD, ischemic heart
disease; FPG, fasting plasma glucose; DALYs, disability-adjusted life years.
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The non-parametric method of locally weighted scatterplot smoothing (LOESS) regression has been widely used in previous GBD
surveys to investigate the correlation between two variables by fitting a smooth curve [12,13]. In present study, we employed LOESS
regression to estimate the association between SDI levels and age-standardized rates for IHD attributable to high FPG for 21 GBD
regions using GBD 2019 estimates from 1990 to 2019. The two-sided p-value less than 0.05 (p < 0.05) was considered to be significant
throughout this study’s statistical analysis. All statistics were conducted by the R software (Version 4.1.2, R core team, Vienna,
Austria). We used ggplot2, ggrepel, reshape, dplyr, ggmap, mmaps, rgdal R packages to analyze and visualize our data in this study.
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Fig. 2. Age-standardized rates of IHD attributable to high FPG per 100 000 population in 2019, by country. (A) ASMR. (B) DALYs. (C) EAPC of
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3. Results
3.1. Global burden of IHD attributable to high FPG and trends from 1990 to 2019

Globally, the overall deaths and DALYs of IHD attributable to high FPG increased from 1.04 million (0.62-1.63) in 1990 to 2.35
million (1.36-3.70) in 2019, and 19.82 million (12.68-29.36) in 1990 to 43.25 million (27.82-64.16) in 2019, respectively. The global
age-standardized mortality and DALY rates of IHD attributable to high FPG changed from 32 (17.89-52.25) per 100 000 in 1990 to
30.45 (17.09-49.03) per 100 000 in 2019, and 534.8 (331.6-804.8) per 100 000 in 1990 to 534.8 (340.7-792.2) per 100 000 in 2019,
respectively. Despite the increasing population, the trends of ASMR and ASDR were relatively steady with the corresponding EAPC of
—0.13 (—0.58-0.31) and —0.03 (—0.6-0.54) from 1990 to 2019. However, PAF of age-standardized death and DALYs rates increased
from 18.77% to 25.82%, and from 17.01% to 23.84%, respectively from 1990 to 2019 (Supplementary Table 3). More males than
females suffered from IHD attributable to high FPG in 2019. There were 1.30 million deaths (0.78-2.0) and 26.39 million
(16.80-39.05) DALYs for males, whereas 1.05 million (0.56-1.76) deaths and 16.86 million (10.07-25.94) DALYs for females. The
ASMR and ASDR of IHD attributable to high FPG for males were 38.53 (22.30-60.1) and 703.4 (451-1043.4), and the corresponding
ASRs for females were 23.9 (12.68-40) and 384.8 (230.1-590.3) (Tables 1 and 2, Supplementary Fig. 1). The global rates of deaths and
DALYs were increasing along with aging and toped at the oldest age group (95+) in 2019. In terms of the absolute number of deaths
and DALYs, patients aged 80-84 had the highest number of death cases of 395.42 thousand (146.78-785.56) (Fig. 1A), and patients
aged 65-69 had the highest number of DALYs of 6.09 million (2.63-10.51) (Fig. 1B-Supplementary Tables 1 and 2, Supplementary
Fig. 2).
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Fig. 3. Changes of age-standardized rates of IHD attributable to high FPG per 100 000 population, by SDI,1990-2019. (A) Deaths. (B) DALYs. IHD,
ischemic heart disease; FPG, fasting plasma glucose; SDI, socio-demographic index; DALYs, disability-adjusted life years.
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3.2. Geographical burden variations in IHD due to high FPG

In 2019, across 21 GBD regions, South Asia had the highest burden of IHD attributable to high FPG, with a number of death cases of
546.34 thousand (328.42-838.30) and number of DALY cases of 12.12 million (7.47-17.92). In terms of ASRs, Central Asia exhibited
the heaviest ASMR and ASDR of IHD attributable to high FPG of 107.79 (54.47-184.25) and 1790.7 (1001-2862.2) per 100 000
population, respectively. While High-income Asia Pacific presented the lowest age-standardized death and DALYs rates of 6
(3.16-10.33) and 96.5 (58.3-153.5) per 100 000, respectively (Fig. 2A and B). From 1990 to 2019, Central Asia witnessed the highest
increase of both ASMR and ASDR, with an EAPC of 3.99 (3.62-4.35), and 3.74 (3.25-4.22), respectively, while High-income Asia
Pacific showed the most significant drop of ASMR and ASDR of IHD attributable to high FPG, with an EAPC of —3.23 (—4.1 to —2.35)
and —3.28 (—4.38 to —2.18) respectively (Tables 1 and 2, Fig. 2C and D, Supplementary Fig. 3).

3.3. Global burden of IHD attributable to high FPG by SDI

Across all SDI quintiles, countries with low-middle SDI had the peak ASMR of 39.28 (22.40-62.76) per 100 000 in 2019, followed
by countries with middle SDI and low SDI levels, while countries with high SDI quintile exhibited the lowest ASMR of 19.95
(10.93-32.56) per 100 000 population (Fig. 3A). In terms of age-standardized rates of DALYs for IHD attributable to high FPG,
countries with low-middle SDI quintile had the highest ASDR of 742.3 (461.5-1117.5) per 100 000 population, followed by countries
with low and middle SDI levels, while countries with high SDI quintile showed the lowest ASDR of 334.8 (213.0-492.7) per 100 000
population (Fig. 3B). From 1990 to 2019, ASMR and ASDR have increased in low, low-middle and middle SDI quintiles, with the most
highly increase both observed in countries with low-middle SDI, with EAPC of 1.54 (1.12-1.95) for ASMR and 1.58 (1.06-2.1) for
ASDR, respectively. However, the most significantly decline of ASMR and ASDR both occurred in countries with high SDI, with EAPC
of —2.01 (—2.65 to —1.36) for ASMR and —1.97 (—2.8 to —1.13) for ASDR, respectively. In 1990, countries with high-middle SDI had
highest ASMR and ASDR of IHD attributed to high FPG, with 36.31 (20.51-58.53) and 605.5 (376.6-893.6) per 100 000, respectively.
In 2019, the top deaths and DALYs of IHD attributable to high FPG occurred in middle SDI quintiles and low-middle SDI quintiles, with
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724.1 thousand (413.95-1138.70) deaths and 9.85 million (6.09-14.77) DALYs, respectively. (Tables 1 and 2, Supplementary Table 3,
Fig. 4A and B).

4. Discussion

To the best of our knowledge, this is the first study that systematically evaluated the global burden of IHD attributed to high FPG
among 204 countries and territories from 1990 to 2019. In this study, we revealed that the absolute number of deaths and DALYs have
dramatically increased from 1990 to 2019. Although the ASRs of high FPG-induced IHD changed slightly in the global level, there
existed significant variations in different SDI quintiles, especially in countries with lower SDI. Moreover, males had higher ASMRs and
ASDRs of IHD attributable to high FPG compared to females from 1990 to 2019.

The prevalence of hyperglycemia was increased greatly worldwide, with PAF reached over 25% in 2019. High FPG has broad and
far-reaching adverse effects on individuals with IHD [3,6,14,15]. Previous studies have demonstrated that patients with hypergly-
cemia have higher mortality rates after AMI compared to patients with normal glucose levels, and there existed a J-shaped association
between IHD and high FPG [16-18]. Hyperglycemia disturbs a diversity of physical function through various mechanisms such as
oxidative stress response, accumulated glycation end products and fatty acids, resulting in vascular inflammation, vasoconstriction and
cardiac remodeling [18]. Besides, high FPG, accompanied with other metabolic risk factors, such as high low-density lipoprotein
cholesterol, high systolic blood pressure and high BMI, could cause severe high IHD mortality and morbidity together [15,19].
Therefore, population with high FPG can benefit a lot from lowering glucose to a suggestive level [20]. Individuals with high glucose
levels should pay attention to the increased risk of IHD, and take interventions to curb the progression of IHD in time.

Globally, we found the rates of mortality and DALYs of IHD attributable to high FPG were higher in males than in females, which
was consistent with previous large-scale global research [21-24]. It is reported that women presented with fewer ST-segment elevation
myocardial infarction and better cardiac function when facing diabetic heart disease compared to males [25-27]. And they are less
likely to develop obesity, insulin resistance and high FPG [28]. Estrogen play a preliminary role in glucose metabolism, insulin
synthesis and arterial balance, resulting in these sex differences [29-31].

The sex differences between mortality and morbidity rates of IHD can also be explained by behavior risk factors, such as smoking,
stress, obesity and lack of physical activity, which are more prevalent in males than females, resulting in poor glucose regulation and
hyperglycemia [24,32]. Furthermore, females and males differed greatly in disease prevention and therapy choices. For instance,
primary prevention strategies (e.g., healthy foods, physical activeness, health awareness) were more presented in women [21], and
women may respond positively to some therapies such as angiotensin-converting enzyme inhibitors (ACEI), by contrast, men are more
likely to receive secondary prevention treatments such as revascularisation procedures [27,33]. Therefore, Better management of
hyperglycemia through lifestyle interventions, raising awareness of risk factors, and medicine usage are critical to lower rates of DALYs
and deaths in high FPG induced IHD.

Our study found that the rate of deaths and DALYs of patients with IHD attributable to high FPG increased along with age, peaking
in the oldest age group. Notably, aging is the strongest risk factor for cardiovascular disease as senescence is associated with a decline
in a diversity of physiological processes such as immunity, DNA repairing and endocrine regulation [2,34]. It has been reported that
FPG levels were progressively 0.7-1.1 mg/dl higher per decade causing high hazards of IHD attributable to high FPG in the old [35,
36]. Aged individuals are more likely to suffer from comorbidities like dementia, depression and polypharmacy, and old patients have
significantly longer sedentary time compared with the young [36,37]. Undoubtedly, those health risks increased the high FPG induced
IHD risk [38,39]. Furthermore, most clinical trials excluded the elderly aged >75 years, which may influence recommendations for DM
and IHD therapy in the old [37]. Considering the growing population and high burden of IHD attributable to high FPG in the elderly, it
is urgent to involve those patients in clinical trials and provide the most appropriate therapies [40,41].

In this study, we found that high FPG-attributed IHD burden varied significantly across countries with different SDI levels.
Countries with high SDI and high-middle SDI exhibited decreasing trends from 1990 to 2019, and countries with high SDI had the
lowest ASRs of mortality and DALYs of IHD attributable to high FPG in 2019. High-income Asia Pacific not only had the lowest ASRs of
mortality and DALYs in 2019, but also showed the most rapid declines in ASRs across the 30-year period, consistent with previous
studies [42,43]. Undoubtedly, the drop in this trend has been achieved through a diversity of strategies [42]. Residents in high-income
Asia-Pacific with hyperglycemia benefit a lot from good health-care management. For example, lifestyle modifications rank priority in
the primary prevention of prediabetes, such as the promotion of healthy foods (e.g., fruits, vegetables), harnessing unhealthy foods (e.
g., saturated fats, refined carbohydrates), and encouraging physical activity in daily life [44,45]. As for population who have high FPG
levels or have multiple risk factors in developing diabetes, medicine like metformin is considered and prescribed [46]. Whereas poor
diets and high BMI are more prevalent in individuals lived in lower SDI quintiles [47-49]. Also, Also, population in developed
countries is more health-conscious, about 52.3% patients with DM have satisfying glucose control in the United States, whereas only
23% patients have advised glucose levels in low and middle income countries [10]. Good medical devices, adequate medicine, and
sound surveillance systems vary greatly across different SDI quintiles [50,51]. For instance, the medicines are more commonly
available and affordable in high SDI quintiles whereas least attainable in lower SDI countries such as Kyrgyzstan (Central Asia), India
and Pakistan [46]. In high-income countries, metformin and insulin were available in 100% and 93.8% of pharmacies, compared to
64.7% and 10.3% of pharmacies in low-income countries. It is estimated that 26.9% of households cannot afford metformin and 63% of
households cannot afford insulin [52]. These regions with lower SDI levels should improve health infrastructure and improved health
awareness of residents [6]. In general, the burden of hyperglycemia has arisen globally and threatens public health severely, urgent
strategies is needed to address the high mortality and DALYs rates of IHD attributable to high FPG, especially in low and middle SDI
locations, where hyperglycemia and metabolic factors are increasing rapidly [15,53].



N. Shen et al. Heliyon 10 (2024) e27065
5. Limitation

Our study has several limitations. Firstly, the documentation of IHD burden attributable to high FPG depends largely on admissions
to hospitals, which would be less complete for patients with financial problems particularly in less developed regions. For example,
residents who live poor are unlikely to go to hospitals until they suffer heavy IHD or diabetes, and the health-care workers in those
countries are kind of scarcity, thus the high FPG associated IHD burden might be underestimated and less representative. Secondly,
there is no universal standard for determining the main causes of death from IHD. Even in the same region, such criteria depend on the
resources of doctors and hospitals. These factors could significantly influence the mortality rates. Furthermore, IHD is often associated
with a variety of complications, making it difficult to determine the underlying cause of death, especially in the elderly. The data
conducted in the present study may not accurately represent the mortality of IHD attributed to high FPG. Thirdly, our study is limited
to individuals aged over 30 years old, and those patients who are younger than 30 years have been excluded from the study due to the
low incidence of IHD attributable to high FPG. Finally, our study is based on GBD 2019, and data collected from different regions and
countries may vary significantly in quality and accuracy, as well as missing data. Even adjusting the data with several statistical
methods as much as possible, the estimates will inevitably lead to some bias.

6. Conclusions
There existed great inequities and variations in the burden of IHD attributable to high FPG among global regions. Although we have
made great achievements in IHD attributable to high FPG prevention and treatment, the burden is still substantial. More strategies such

as greater healthcare financing and reduced risks exposure are needed to curb the ranking IHD mortality and morbidity, particularly in
lower SDI quintiles.
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Abbreviations
IHD ischemic heart disease
FPG fasting plasma glucose
GBD global burden of disease
DALYs disability-adjusted life-years
ASMR  age-standardized mortality rate
ASDR age-standardized ASDR rate
SDI socio-demographic index
EAPC estimated annual percentage changes
AMI acute myocardial infarction
YLDs year of life lived with disability
YLLs year of life lost
ASR age-standardized rate
Uls uncertainty intervals
CIs confidence intervals
DM diabetes mellitus
ACE converting enzyme
CRT cardiac resynchronization
BMI body mass index
ICD international classification of disease
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