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Background: Malaria remains a substantial concern in the realm of public health on a worldwide level. Using information from the
global burden of disease (GBD) 2019 for 204 countries and territories between 1990 and 2019, we assessed the burden of malaria.
Methods: Data on malaria were derived from the GBD 2019 study between 1990 and 2019. We evaluated the number of incidence,
deaths, disability-adjusted life years (DALY's), age-standardized incidence rates (ASIR), age-standardized mortality rates (ASMR), and
age-standardized DALY rates (ASDR), examining them across variables such as age, year, gender, country, region, and socio-
demographic index (SDI).

Results: The burden of malaria decreased globally between 1990 and 2019. There were 2313.57x10° incident cases and 6.43x10°
deaths in 2019, contributing to 464.38x10° DALYs. Largest incident cases were observed in Western Sub-Saharan Africa [1151.72
(95% UI: 890.01-1527.17)] x10° in 2019. The only region where deaths increased between 1990 and 2019 was Western Sub-Saharan
Africa. ASRs of malaria are distributed heterogeneously in different regions. The highest ASIR was observed in Central Sub-Saharan
Africa [21,557.65 (95% UI: 16,639.4-27,491.48)] in 2019. From 1990 to 2019, the ASMR of malaria declined. Compared to other age
cohorts, the ASIR, ASMR, and ASDR for children aged between 1 to 4 years were found to be higher. Worst-affected regions by
malaria infection were the low-middle SDI region and low SDI region.

Conclusion: Malaria threatens global public health, especially in Central Sub-Saharan Africa and Western Sub-Saharan Africa.
Children 1-4 years old continue to bear the most significant burden of malaria. The study’s results will guide efforts to reduce
malaria’s impact on the global population.
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Background

Malaria continues to have an adverse impact on the health and well-being of individuals across the globe, jeopardizing
their sustenance and quality of life.! Despite the burden of malaria has decreased significantly over the past ten years,>
due to increased uptake of high-impact interventions, it continues to pose a significant global health threat. A rise from
245 million cases in 2020 to an expected 247 million cases worldwide in 84 malaria-endemic countries in 2021, with the
majority of this increase coming from countries in the WHO African Region.® The expected number of malaria-related
deaths in 2021 was 619 000, a small decrease from 2020.> The African continent accounts for 96% of malaria deaths, and
most malaria deaths still occur in children under five.* Malaria is prevalent in low-income countries, particularly among
children, pregnant women, and other vulnerable populations such as migrants.

Risk Management and Healthcare Policy 2023:16 1187-1201 1187
Received: 18 May 2023 © 2023 Shi et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
Accepted: 21 June 2023 AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Published: 26 June 2023


http://orcid.org/0000-0001-6994-6273
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Shi et al Dove

Malaria is a parasite-based disease spread by mosquitoes.” There are approximately 30—40 species of anopheles
mosquitoes that transmit malaria. Four distinct species of malaria parasites have been identified that infect humans,
namely Plasmodium vivax, Plasmodium falciparum, Plasmodium malariae, and Plasmodium ovale.® Among these,
Plasmodium falciparum and Plasmodium vivax are the most widespread, with Plasmodium falciparum being the most
lethal." Even though malaria can be fatal, illness and death can be prevented in most cases.’

Although malaria is mainly prevalent in the world health organization (WHO) African Region, there are significant
variations in the prevalence of malaria across different countries and within different WHO regions.” Burden of malaria
must be better understood at the global and regional level. Understanding the burden of malaria in the global and regional
level is crucial, it helps in identifying the areas that are most affected by malaria and where interventions are needed the
most, and it helps in allocating resources and prioritizing interventions based on the burden of malaria in different
regions. In a recent study, Liu et al directed their attention towards the global patterns and regional discrepancies in the
incidence of malaria infection, while excluding the age-standardized mortality rates (ASMR) and age-standardized
disability-adjusted life years (DALYs) rates (ASDR) attributable to the burden of malaria.” The ASMR and ASDR
allow for a more accurate comparison of the burden of malaria across different populations and time periods, as they
account for differences in age distribution. In this study, we extracted specific data on the incidence, death, and DALYs
rates of malaria by using the global burden of disease (GBD) 2019. We examined the temporal trends of malaria at the
global and regional level from 1990 to 2019 to better comprehend the illness burden of malaria. We also examined the
connection between malaria burden and the Socio-demographic Index (SDI). As a complement and extension of previous
studies, our study could provides a comprehensive perspective on how the world can work toward eliminating malaria.

Methods

Overview

The GBD study, spearheaded by the Institute for Health Metrics and Evaluation (IHME), represents the most extensive
observational epidemiological investigation ever carried out to date. As the health challenges of 21st-century change
worldwide, the GBD study offers a valuable resource for understanding them.® GBD provides a method to calculate
health losses caused by numerous diseases, accidents, and risk factors. In more than 156 nations and territories, more
than 7000 academics compiles and examines data on the GBD.” The GBD database furnishes appraisals in the form of
age-standardized rates per 100,000 individuals. The metrics are accompanied by their corresponding 95% uncertainty
intervals (95% UI) as well.'® To establish a 95% uncertainty interval (UI) for each mortality and morbidity estimate, the
0.025 and 0.975 quantiles were determined from 1000 draws of the posterior distribution.'' The data was sourced from
the GBD 2019 database, accessible at https://vizhub.healthdata.org/gbd-results/. The search parameters were set as

follows: “Cause of death or injury” for the GBD estimate; “deaths, DALYs” for measure; “number and rate” for metric;
“Malaria” for cause; “Global, Select all countries and territories, and Select 21 regions” for location; “All ages, Age-
standardized, <5 years, 6-9 years, 10—14 years, 15-19 years, 20-24 years, 25-29 years, 30—34 years, 35-39 years, 40-44
years, 4549 years, 50-54 years, 55-59 years, 60—64 years, 65-69 years, 70-74 years, 75-79 years, 80—-84 years, 85-89
years, 90-94 years, 95+” for age; “Male, Female, and Both” for sex, and “1990-2019” for year. The general
methodologies adopted to estimate the incidence, mortality, and DALY's attributable to malaria infection have been
explicated elsewhere.'?

Definition

Malaria is a disease caused by a parasitic infection transmitted through mosquito bites. The symptoms of uncomplicated
malaria typically include persistent fever, chills or shivering, sweating, joint pain, and headaches, lasting for a duration of
one to two weeks. During the attack, the individual is likely to experience lethargy and fever, which may result in a loss
of daily function. As per the International Classification of Diseases, 9th (ICD-9) and 10th (ICD-10) revisions, malaria
was identified and described as follows: ICD-9 (084-084.9, V12.03, V75.1) and ICD-10 (B50-B50.0, B50.8-B52.0,
B52.8-B53.1, B53.8-B54.0, P37.3-P37.4)."* SDI is a rapid indicator of a nation’s progress. SDI is a composite statistic
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that includes the total fertility rate for people under the age of 25, the years of schooling for people above the age of 15,
and lagged per-capita income."*

Estimation Methods

National routine surveillance systems and cross-sectional, geolocated, and community-representative observations of
Plasmodium falciparum infection prevalence are the two main sources of malaria data. Different methods for calculating
malaria mortality were required due to Plasmodium falciparum. Use a technique that creates a geographically diverse
grid of case fatality rates in Plasmodium falciparum-infected nations. Instead, a very basic approach was employed to
assign a nominal number of deaths to malaria in nations where Plasmodium vivax was the only species present. The
Malaria Atlas Project modeled estimates for the population coverage of insecticide-treated bed nets, indoor residual
spraying, and effective antimalarial medication treatment. These estimates were resolved to a 5 km x 5 km pixel-year
level (for sub-Saharan Africa) and country-year level (outside of sub-Saharan Africa). High-resolution gridded popula-
tion data were combined with pixel-level clinical incidence rate estimates (both within and outside of Africa) to
determine the overall number of malaria cases per pixel-year. A two-step procedure used in GBD 2019 to assess the
severity of malaria. By analyzing Medical Expenditure Panel Survey data, it was possible to develop severity splits for
mild, moderate, and severe malaria in acute cases. Analyzed the proportion of straightforward instances that resulted in
longer-term damage to estimate the long-term neurological burden caused by malaria.

Statistical Analysis

We evaluated the trend of the ASIR, ASMR, and ASDR in global, High SDI, High-middle SDI, Middle SDI, Low-middle
SDI, and Low SDI. We produced world maps of malaria to demonstrate the geographic variation concerning malaria in
the ASIR, ASMR, and ASDR in 2019. We estimated differences in the burden of malaria by age group and sex in 1990
and 2019. 204 countries and territories were classified into 21 regions according to the physical proximity and
epidemiological homogeneity of these areas.” Herein, we reported the ASIR, ASMR, and ASDR of malaria in 21
regions. We used R statistical software to analyze and display the data (version 4.1.2).

Results

Global Burden of Malaria

Over the past three decades, ASIR, ASMR, and ASDR impact of malaria has been steadily declining globally, and it
started to decline significantly near 2000; they all decreased by approximately 50% in both sexes, females and males
(Figure 1). Incident cases of malaria were observed to a slight decrease from 2427.86 (95% UI: 2007.66-2985.45) x10°
in 1990 to 2313.57 (95% UI: 1860.34-2902.17) x10° in 2019 in global (Table 1). Meanwhile, the number of deaths,
ASIR, ASMR, and ASDR, were different degrees of decline between 1990 and 2019 (Tables 1-3). Death number
decreased from 8.41 (95% UI: 4.63—13.56) x10° in 1990 to 6.43 (95% UI: 3.02—11.54) x10° in 2019. ASIR decreased
from 4084.08 (95% UI: 3388.02-4998.95) in 1990 to 3247.02 (95% UI: 2602.06-4109.56) per 100,000 population in
2019. ASMR decreased from 14.42 (95% UI: 7.95-23.21) in 1990 to 8.95 (95% UI: 4.23—16) per 100,000 population in
2019. ASDR decreased from 1074.99 (95% UI: 608.96-1721.22) in 1990 to 668.11 (95% UI: 337.28-1152.22) per
100,000 population in 2019.

Regional and National Burden of Malaria

The ASRs of Malaria is distributed heterogeneously in different countries. Benin had the highest ASIR [27,623.5 (95%
Ul: 22,120-35,038.8)] per 100,000 population of malaria in 2019, followed by Liberia [27,428 (95% UI: 18,195.2—
35,833.4)], Central African Republic [25,301 (95% UI: 16,640.2-35,405], Cote d’Ivoire [24,841.5 (95% UI: 16,135—
35,485.1)], and Sierra Leone [24,122.6 (95% UI: 13,122.1-34,152.4)]. There were 118 countries and territories with zero
ASIR in 2019 (Figure 2A, Appendix Table 1). Sierra Leone [162.53 (95% UI: 61.69-290.56)], Cote d’Ivoire [143.45
(95% UI: 67.72-268.08)], Liberia [130.78 (95% UI: 53.01-239.2)] are the top 3 countries with ASMR of malaria in
2019, there were 129 countries and territories with an ASMR of zero in 2019 (Figure 2B, Appendix Table 2). Sierra
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Figure | The age-standardized rates of incidence, mortality and DALYs of malaria from 1990 to 2019 for global, High SDI, High-middle SDI, Middle SDI, Low-middle SDI,
and Low SDI.
Abbreviations: DALYs, disability-adjusted life years; SDI, social development index.

Leone [8615 (95% UI: 3642.3-14,846.9)] per 100,000 population has the highest ASDR of malaria in 2019, followed by
Cote d’Ivoire [6871.7 (95% UI: 3576.5-11,949.6)], there were 116 countries and territories with an ASDR of zero in
2019 (Figure 2C, Appendix Table 3).

Largest incident cases were observed in Western Sub-Saharan Africa [1151.72 (95% UL 890.01-1527.17) x 10°] in
2019, followed by Eastern Sub-Saharan Africa [564.32 (95% UI: 423.93-732.38) x 10°] across the 21 GBD regions. The
highest ASIR was observed in Central Sub-Saharan Africa [30,614.03 (95% UI: 24,443.73-36,630.34)] and Western
Sub-Saharan Africa [30,389.1 (95% UI: 24,508.25-37,164.36)] per 100,000 population in 1990, decreased to 21,557.65
(95% UI:16,639.4-27,491.48) and 19,092.54 (95% UI: 14,859.41-24,474.7) per 100,000 population in 2019, respec-
tively. Central Sub-Saharan Africa, Central Latin America, Western Sub-Saharan Africa, and Eastern Sub-Saharan Africa

could see an increase in incident cases of malaria between 1990 and 2019. Malaria incidence is kept zero from 1990 to
2019 in Central Europe, Australasia, High-income North America, Eastern Europe, and Western Europe. Incidence of
malaria cases went down to zero in Southern Latin America and Central Asia in 2019 (Table 1). The highest deaths
number was in Western Sub-Saharan Africa [3.96 (95% UI: 1.86-7.22) x 10°], followed by Eastern Sub-Saharan Africa
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Table | Incidence Cases and ASIR of Malaria for Both Sexes in 1990 and 2019

1990

2019

Incident Cases No. x10°

ASIR per 100,000

Incident Cases No. x10° ASIR per 100,000

(95% UI) (95% UI) (95% UI) (95% UI)
Overall 2427.86 (2007.66—2985.45) 4084.08 (3388.02-4998.95) 2313.57 (1860.34-2902.17) 3247.02 (2602.06—4109.56)
Sex
Female 1206.79 (998.05—-1474.56) 4142.26 (3436.41-5050.01) 1158.35 (931.8-1450.28) 3334.43 (2666.85—4223.5)
Male 1221.07 (1009.85-1508.25) 4031.69 (3344.46-4965.67) 1155.22 (928.59-1451.86) 3164.05 (2537.39-4001.64)

Socio-demographic index

High SDI 0.41 (0.23-0.78) 4.99 (2.88-9.41) 0.02 (0-0.07) 0.17 (0.03-0.73)
High-middle SDI 32.11 (18.14-67.85) 276.22 (155.49-588) 16.93 (10.27-25.69) 161.11 (93.64-254.34)
Middle SDI 308.57 (243.84-421.03) 1630.4 (1303.48-2202.2) 229.49 (153.56-328.43) 1088.99 (714.56-1578.11)
Low-middle SDI 829.11 (629.49-1194.54) 6314.39 (4814.41-8882.81) 598.31 (467.81-779.54) 3278.21 (2557.95-4285.88)
Low SDI 1256.28 (1017.92-1498.38) 17,324.72 (14,158.03-20,551.63) 1467.72 (1184.39-1856.39) 10,228.91 (8298.45-12,609.16)
Region

Andean Latin America

13.91 (7.3-30.96)

3649.72 (2041.16-7291.32)

1.07 (0.47-2.28) 168.14 (73.57-358.97)

Australasia 0 0 0 0
Caribbean 1.57 (1.2-2.55) 432.42 (332.94-684.58) 1.05 (0.4-2.62) 222.76 (84.79-558.07)
Central Asia 23.48 (0.1-51.11) 2833.34 (14.77-5988.35) 0 0
Central Europe 0 0 0 0

Central Latin America

16.37 (14.53-18.4)

1035.18 (923.88-1151.8)

18.61 (4.97-55.29) 74147 (195.53-2222.14)

Central Sub-Saharan Africa

251.68 (201.22-306.81)

30,614.03 (24,443.73-36,630.34)

380.38 (296.4-494.85) 21,557.65 (16,639.4-27,491 48)

East Asia

438 (3.05-10.42)

35.29 (24.69-83.61)

0.1 (0.01-0.35) 0.64 (0.08-2.31)

Eastern Europe

0

0

0 0

Eastern Sub-Saharan Africa

524.96 (416.65-621.91)

19,159.86 (15,146.89-22,477.6)

564.32 (423.93-732.38) 10,839.4 (8233.31-13,780.92)

High-income Asia Pacific

0.26 (0.09-0.63)

14.75 (4.81-35.6)

001 (0-0.02) 0.28 (0.04-1.06)

High-income North America

0

0

0 0

North Africa and Middle East

54.81 (37.45-87.4)

1355.72 (966.23-2063.13)

41.24 (23.84-72.2) 654.96 (379.22-1146.7)

Oceania

14.17 (7.88-23.58)

18,802.45 (11,141.51-29,659.86)

11.69 (4.71-23.99) 8496.22 (3598.86—16,625.86)

South Asia

585.23 (371.27-1015.58)

5068.37 (3345.63-8330.42)

122.35 (65.79-220.84) 671.67 (361.09-1210.02)

Southeast Asia

64.34 (48.49-93.93)

1368.78 (1058.55-1938.69)

9.29 (3.62-21.66) 134.47 (51.99-317.54)

Southern Latin America

0.02 (0.02-0.02)

3.4 (3.4-3.4)

0 0

Southern Sub-Saharan Africa

12,1 8.11-21.62)

2078.19 (1435.28-3631.05)

9.15 (2.12-29.31) 1126.4 (263.97-3598.29)

Tropical Latin America

20.47 (17.66-23.61)

1238.89 (1077.91-1420.23)

2.6 (1.37-4.39) 115.4 (59.99-197.36)

Western Europe

0

0

0 0

Western Sub-Saharan Africa

840.11 (678.44-1018.86)

30,389.1 (24,508.25-37,164.36)

1151.72 (890.01-1527.17) 19,092.54 (14,859.41-24,474.7)

Abbreviations: No., number; ASIR, age-standardized incidence rates; Ul, uncertainty intervals; SDI, Socio-demographic Index.
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Table 2 Death Cases and ASMR of Malaria for Both Sexes in 1990 and 2019

1990

2019

Deaths Number No. x10°

ASMR per 100,000

Deaths Number No. x10°

ASMR per 100,000

(95% UI) (95% UI) (95% UI) (95% UI)

Overall 841 (4.63—13.56) 14.42 (7.95-23.21) 6.43 (3.02-11.54) 8.95 (4.23-16)
Sex

Female 421 (2.36-6.77) 14.6 (8.15-23.33) 3.1 (1.47-5.5) 8.82 (4.23-15.63)
Male 4.19 (2.29-6.81) 14.34 (7.82-23.27) 3.34 (1.56-6) 9.11 (4.3-16.3)
Socio-demographic index

High SDI 0 0.01 (0-0.02) 0 0
High-middle SDI 0.14 (0.06-0.33) 1.33 (0.51-3.03) 0.07 (0.04-0.12) 0.62 (0.32-0.97)
Middle SDI 1.2 (0.71-1.88) 6.99 (4.09-11) 0.77 (0.43-1.26) 3.43 (1.92-5.6)
Low-middle SDI 2.34 (1.22-4.21) 18.46 (9.56-33.1) 1.53 (0.7-2.67) 9.28 (4.21-16.21)
Low SDI 4.72 (2.29-8.1) 67.65 (32.23-117.5) 4.06 (1.78-7.45) 35.21 (14.88-66.15)
Region

Andean Latin America 0.02 (0-0.03) 4.04 (1-9.51) 0 0.03 (0-0.18)
Australasia 0 0 0 0
Caribbean 0.01 (0-0.01) 1.9 (0.72-3.93) 0 (0-0.02) 1.04 (0.15-3.39)
Central Asia 0.01 (0-0.02) 0.64 (0.07-2.06) 0 0

Central Europe 0 0 0 0

Central Latin America 0.01 (0.01-0.03) 0.88 (0.34-1.91) 0.01 (0-0.02) 0.29 (0.07-0.79)
Central Sub-Saharan 0.93 (0.45-1.54) 102.2 (47.55-173.63) 0.76 (0.35-1.31) 51.6 (23.05-93.5)
Africa

East Asia 0.02 (0-0.18) 0.13 (0-1.48) 0 0

Eastern Europe 0 0 0 0

Eastern Sub-Saharan 1.99 (0.93-3.39) 79.9 (36.29-141.76) 1.19 (0.5-2.27) 28.44 (11.37-56.82)
Africa

High-income Asia 0 0.01 (0.01-0.01) 0 0

Pacific

High-income North 0 0 0 0
America

North Africa and 0.12 (0.04-0.24) 3.66 (1.26-7.51) 0.08 (0.02-0.2) 1.36 (0.3-3.57)
Middle East

Oceania 0.01 (0-0.02) 16.74 (4.44-43.08) 0.01 (0-0.03) 9.44 (1.91-27.68)
South Asia 2.11 (1.084.27) 16.72 (8.21-35.71) 0.38 (0.13-0.94) 2.21 (0.77-5.59)
Southeast Asia 0.13 (0.05-0.35) 2.99 (1.1-8.18) 0.01 (0-0.03) 0.17 (0.04-0.44)
Southern Latin 0 0.02 (0.02-0.02) 0 0
America

(Continued)
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Table 2 (Continued).

1990

2019

Deaths Number No. x10°

ASMR per 100,000

Deaths Number No. x10°

ASMR per 100,000

(95% UI) (95% UI) (95% UI) (95% UI)
Southern Sub-Saharan 0.05 (0.01-0.1) 8.05 (2.49-17.99) 0.03 (0-0.09) 3.47 (0.53-11.32)
Africa
Tropical Latin America 0.04 (0.02-0.08) 2.67 (1.2-5.19) 0 0.05 (0.01-0.15)
Western Europe 0 0 0 0
Western Sub-Saharan 2.98 (1.47-5.2) 134.71 (64.65-237.03) 3.96 (1.86-7.22) 104.53 (47.28-196.51)

Africa

Abbreviations: No., number; ASMR, age-standardized mortality rates; Ul, uncertainty intervals; SDI, Socio-demographic Index.

Table 3 DALYs Number and ASDR of Malaria for Both Sexes in 1990 and 2019

1990

2019

DALYs Number No. x10°

ASDR per 100,000

DALYs Number No. x10°

ASDR per 100,000

(95% UI) (95% UI) (95% UI) (95% UI)
Overall 657.43 (371.48-1053.26) 1074.99 (608.96—1721.22) 464.38 (235.07-801.16) 668.11 (337.28-1152.22)
Sex
Female 334.57 (189.76-530.93) 1118.55 (637.27-1772.25) 229.33 (117.98-387.47) 680.28 (348.53—1148.64)
Male 322.85 (180.59-522.41) 1035.17 (578.64-1669.92) 235.05 (116.91-410.4) 657.49 (327.12-1151.54)

Socio-demographic index

High SDI 0.06 (0.04-0.11) 0.81 (0.45-1.41) 0 0.03 (0.02-0.05)
High-middle SDI 10.56 (4.25-23.66) 98.01 (39.38-219.07) 4.42 (2.3-6.84) 43.16 (23.23-65.38)
Middle SDI 87.55 (52.38-139.49) 458.52 (274.89-721.55) 45.88 (27.08-71.98) 219.03 (132.23-336.45)
Low-middle SDI 177.29 (96.94-323.88) 1221.61 (664.53-2170.6) 103.6 (51.53-174.97) 598.73 (295.81-1013.22)
Low SDI 381.77 (192.56-641.16) 4566.62 (2307.9-7680.49) 310.35 (148.25-549.62) 2174.42 (1030.48-3877.18)
Region

Andean Latin America 1.08 (0.33-2.31) 248.34 (75.66-545.76) 0.02 (0.01-0.07) 3.68 (1.58-10.83)
Australasia 0 0 0 0

Caribbean 0.44 (0.17-0.89) 115.48 (45.56-232.95) 0.29 (0.05-0.91) 62.16 (10.13-198.07)
Central Asia 0.53 (0.06—1.66) 57.5 (7.4-180.99) 0 0.12 (0.09-0.16)
Central Europe 0 0 0 0

Central Latin America 1.12 (0.47-2.28) 58.54 (25.13-120.05) 0.45 (0.14-1.14) 18 (5.59-45.24)

Central Sub-Saharan Africa

80.04 (40.4-129.57)

7993.12 (4037.31-13,066.21)

61.6 (30.46-101.97)

3500.18 (1700.61-5879.89)

East Asia

1.06 (0.1-11.17)

8.35 (0.82-87.63)

0.01 (0-0.01)

0.04 (0.03-0.06)

Eastern Europe

0

0

0

0

Eastern Sub-Saharan Africa

161.09 (77.8-270.82)

5242 (2536.86-8873.52)

94.45 (43.09-171.42)

1782.33 (806-3295.75)

(Continued)
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Table 3 (Continued).

1990 2019
DALYs Number No. x10° ASDR per 100,000 DALYs Number No. x10° ASDR per 100,000
(95% UI) (95% UI) (95% UI) (95% UI)

High-income Asia Pacific 0.02 (0.02-0.03) 1.25 (0.97-1.59) 0 0.05 (0.04-0.09)
High-income North America 0 0 0 0
North Africa and Middle East 7.93 (3.11-15.5) 205.6 (78.31-407.22) 4.86 (1.55-11.11) 78.17 (24.89-179.62)
Oceania 0.6 (0.22-1.5) 912.96 (326.6-2280.26) 0.65 (0.18-1.72) 488.7 (136.65-1309.11)
South Asia 160.42 (86.15-326.79) 1133.48 (598.29-2270.58) 25.24 (10.23-57.93) 144.21 (58.07-330.39)
Southeast Asia 8.94 (3.58-22.34) 177.08 (71.21-442.51) 0.78 (0.32-1.7) 11.68 (4.77-25.63)
Southern Latin America 0.01 (0.01-0.01) 2.32 (1.94-2.77) 0 0
Southern Sub-Saharan Africa 3.44 (1.17-7.47) 540.69 (182.38—1185.34) 2.05 (0.38-5.82) 252.53 (46.17-718.33)
Tropical Latin America 3.07 (1.49-5.69) 183.05 (87.64-342) 0.11 (0.05-0.23) 5.19 (2.49-10.89)
Western Europe 0 0 0 0
Western Sub-Saharan Africa 227.63 (115.39-392.54) 8027.82 (4099.61-13,755.96) 273.87 (135.09-480.97) 5204.34 (2529.28-9325.86)

Abbreviations: No., number; DALYs, disability-adjusted life years; ASDR, age-standardized DALYs rates; Ul, uncertainty intervals; SDI, Socio-demographic Index.

[1.19 (95% UI: 0.5-2.27) x 10°], the remaining 19 regions all had very low deaths number in 2019. Western Sub-Saharan
Africa was the only region where deaths increased between 1990 and 2019. The following regions all had zero deaths in
2019 (Australasia, Andean Latin America, Central Europe, Central Asia, Eastern Europe, East Asia, High-income North
America, High-income Asia Pacific, Tropical Latin America, Southern Latin America, and Western Europe). From 1990
to 2019, the ASMR of malaria decreased, and there were nine regions where the ASMR was zero in 2019 (Table 2).
Western Sub-Saharan Africa [273.87 (95% UI: 135.09-480.97) x 10°] has the highest DALYs number in 2019, more than
double that of Eastern Sub-Saharan Africa [94.45 (95% UI: 43.09-171.42) x 10°], and was the only region to rise.
Western Sub-Saharan Africa [5204.34 (95% UI: 2529.28-9325.86)] per 100,000 population had the highest ASDR in
2019. ASDR of malaria declined from 1990 to 2019. The ASDR was zero in 2019 in Central Europe, Australasia, Eastern
Europe, Southern Latin America, High-income North America, and Western Europe.

Age and Sex Patterns

There was little difference between males and females in incident cases, deaths number, and DALYs number.
Additionally, their ASRs showed similar differences (Tables 1-3). Figure 3 shows that highest ASIR, ASMR, and
ASDR were 1-4 years old by sex globally in 1990 and 2019. ASIR showed a downward trend with increased age in
females and males in 1990 and 2019. ASMR began to decrease from age group 1-4 to 30-34 years old and gradually
began to rise to 70—74 years old, and after that, the ASMR decreased in females and males in 1990 and 2019. ASDR
varies little from 10—14 years old to 75-79 years old in females and males in 1990 and 2019, and the ASDR is very low
for people over 80-84 years old (Figure 3).

Association with the SDI

Between the five SDI regions, there were significant variations in malaria ASRs. Low-middle SDI region and Low SDI
region suffered from severest malaria infection, followed Middle SDI region. High-middle SDI region and the High SDI
region had very low malaria ASRs (Figure 1). The number of incident cases of malaria increased only in the low SDI
region, from 1256.28 (95% UI: 1017.92-1498.38) x 10° in 1990 to 1467.72 (95% UI: 1184.39-1856.39) x 10° in 2019.
The ASIR of malaria infection had the highest decrease in the low SDI region, from 17,324.72 (95% UI: 14,158.03—
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20,551.63) per 100,000 population in 1990 to 10,228.91 (95% UI: 8298.45-12,609.16) per 100,000 population in 2019.
Malaria ASIR decreased from extremely low levels in 4.99 in 1990 to 0.17 per 100,000 population in 2019 in the high
SDI region (Table 1). Death cases, DALY's number, ASMR, and ASDR of malaria showed a downward trend in five SDI
regions between 1990 and 2019. In 2019, highest ASMR and ASDR were recorded in the low SDI region, 35.21 (95%
UI: 14.88-66.15) and 2174.42 (95% UI: 1030.48-3877.18) per 100,000 population, respectively (Tables 2-3).

Relationship between SDI and malaria ASRs in 21 GBD regions from 1990 to 2019 was explored. Overall, our
analysis revealed a detrimental correlation between ASRs and SDI for malaria spanning from 1990 to 2019. Notably, the
turning point was around 0.5, beyond which ASRs did not show any significant increase despite an upward trend in SDI.
Western Sub-Saharan Africa, Central Sub-Saharan Africa, and Southern Sub-Saharan Africa had higher than expected
ASIR from 1990 to 2019. In contrast, the ASIR of malaria was lower than expected for South Asia, Tropical Latin
America, and East Asia. Eastern Sub-Saharan Africa had an ASIR higher than expected in the early years. Oceania has
a clear downward trend and has fallen below the expectation line but has recently risen above the expectation line.
Western Sub-Saharan Africa, Southern Sub-Saharan Africa, and Central Sub-Saharan Africa had higher ASMR than
expected from 1990 to 2019. Oceania presents an irregular nonlinear relationship between SDI and ASMR of malaria.
Similar results can be found between SDI and ASDR of malaria (Figure 4).

0 10000 20000

Democratic Republic of Sierra Leone 24122 Céte d’Ivoire 24841 Central African Republic 25301 Liberia 27428 Benin 27623
the Congo 23514

Figure 2 Continued.
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Discussion

The burden of malaria has significantly been reduced in recent decades. Our results also confirm this point, we found that
the ASRs of malaria decreased globally, with a significant decline beginning around the year 2000. The primary factor
can be attributed to the significant increase in malaria interventions between 2001 and 2013, according to the WHO, the
estimated 47% decline in global malaria mortality rates, which prevented approximately 4.3 million deaths between 2001
and 2013." The scale-up of interventions has led to millions of lives being saved worldwide, and malaria mortality has
decreased by 36% from 2010 to 2020."> The number of nations with an active malaria epidemic decreased from 108 in
2000 to 84 in 2021, indicating that progress toward its eradication is being made.’

Regions and countries differed significantly in terms of heterogeneity. At the regional level, an increase in malaria
cases could be observed in Central Latin America, Central Sub-Saharan Africa, Eastern Sub-Saharan Africa, and Western
Sub-Saharan Africa. At the same time, Western Sub-Saharan Africa was the only region where we observed an increase
in the number of deaths between 1990 and 2019. We believe that the reasons may be complex, one of the primary reasons
is inadequate funding for malaria control programs. Many countries in the region have limited resources and struggle to
allocate sufficient funds to combat the disease effectively. Weak health systems also play a significant role, as they often
lack the necessary infrastructure and trained personnel to provide adequate care and treatment for malaria patients.
Another factor is the emergence of drug-resistant strains of the malaria parasite. This makes it more challenging to treat
and control the disease, as traditional medications may no longer be effective. Climate change is also a contributing
factor, as it can create more favorable conditions for the mosquitoes that transmit malaria to thrive and spread the

Nigeria 112.3 Benin 121.7 Burkina Faso 125.3 Liberia 130.8 Céte d’Ivoire 143.4 Sierra Leone 162.5

Figure 2 Continued.
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disease." The specific reasons may need further investigation and research. It is imperative that prevention and
management policies for malaria receive greater attention in these regions, it is essential to implement effective measures
to prevent and control the spread of malaria, such as providing access to insecticide-treated mosquito nets, improving
diagnosis and treatment services, and investing in research to develop new and more effective malaria prevention and
treatment strategies. At the country level, African countries such as Benin, Sierra Leone, and Cote d’Ivoire have a high
burden of ASIR, ASMR, and ASDR, but more than 100 countries have zero. Benin is among the 30 countries that have
managed to achieve their goal of reducing the mortality rate by less than 40%.> Besides, Sierra Leone is estimated to
have achieved a reduction in the incidence of malaria cases by the year 2020 as compared to the incidence in 2015.
Controlling malaria has proved to be extremely difficult in Africa. The transmission rate has again increased, and malaria
infections in Africa increased by 7% to about 228 million between 2019 and 2020. Several potential causes have been
identified, including insecticide-resistant mosquitoes, drug-resistant malaria, and, most recently, the COVID-19
pandemic.?

In areas with high transmission, malaria is most prevalent among children under five,'® and our results support this
point. According to the GBD database, those under five years are counted for ages one to four years. Children under the
age of five are more vulnerable to malaria due to their immature immune system, limited access to protective measures,
and spend more time outside increasing their exposure to mosquito bites.> Fortunately, the WHO recommends the use of
the RTS,S/AS01 malaria vaccine to prevent Plasmodium falciparum malaria in children living in areas with moderate to
high transmission rates. Implementation of this vaccine could potentially save tens of thousands of lives annually and

0 2000 4000 6000 8000

Nigeria 5422.4 Benin 6112.7 Liberia 6271.9 Burkina Faso 6551.9 Cote d’Ivoire 6871.7 Sierra Leone 8615.0

Figure 2 Global distribution of malaria burden in terms of ASIR (A), ASMR (B), and ASDR (C) in 2019.
Abbreviations: DALY, disability-adjusted life-years; ASIR, age-standardized incidence rates; ASMR, age-standardized mortality rates; ASDR, age-standardized DALY's rates.
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Figure 3 Age-specific rates of incidence, deaths, and DALYs of malaria by sex in 1990 and 2019 for Global.
Abbreviations: DALY, disability-adjusted life-years; ASIR, age-standardized incidence rates; ASMR, age-standardized mortality rates; ASDR, age-standardized DALY rates.

contribute to reducing child mortality rates in Africa.'” The RTS,S/ASO1 vaccine’s public health potential has been
acknowledged by WHO, but integration of RTS,S into a country’s vaccine regimen faces significant obstacles.'®
Therefore, malaria prevention interventions of children under five years of age are still needed.

Although there are more than 100 countries and territories with zero ASRs in 2019, the threat of imported malaria
will continue to exist in countries where malaria has been eradicated.'® Malaria can be contracted by people from
countries without malaria when traveling to countries endemic to malaria. Malaria can be effectively prevented through
mosquito bite protection and chemoprophylaxis for travelers to malaria-endemic areas.’® It has been shown that the drugs
used to prevent malaria are safe and well tolerated over the long term. Therefore, malaria prophylactic drugs are
recommended for travelers to countries where malaria is endemic.

Malaria is predominantly found in impoverished regions of the world with tropical and subtropical climates.>° In this
study, we observed that the low-middle SDI region and low SDI region suffered from severest malaria infection. The
likely reasons for the high prevalence of malaria in Africa are the favorable weather conditions that allow for year-round
transmission of the disease and the insufficiency of resources and socio-economic instability pose significant obstacles to
implementing effective malaria control measures.”’ Meanwhile, malaria has enormous costs for individuals, families,
communities, and nations. Gross domestic product grew 1.3% slower per person annually in countries with high malaria
transmission rates.”!
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Figure 4 Age-standardized burden rate attributable to malaria across 21 GBD regions by socio-demographic index for both sexes, 1990-2019. (A) ASIR; (B) ASMR; (C)
ASDR. The solid line shows the expected value between the entire SDI and ASIR, ASMR, and ASDR, respectively.
Abbreviations: ASIR, age-standardized incidence rate; ASMR, age-standardized mortality rate; ASDR, age-standardized disability-adjusted life year rate; GBD, Global

Burden of Disease Study.
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In May 2015, the World Health Assembly adopted the Global Technical Strategy for Malaria 2016-2030 (GTS),'
which aims to achieve a reduction in malaria mortality and incidence of at least 40% from the 2015 baseline by 2020,
75% by 2025, and 90% by 2030.> However, global burden of malaria mortality and morbidity was 94% in the African
Region of the WHO in 2019, and only nine countries met the 2020 milestones. The main reasons are as follows: It is
primarily due to the rapid population growth in sub-Saharan Africa. During the COVID-19 pandemic, significant
disruptions in the delivery of malaria services have been highlighted. There are still too many people who are not
receiving malaria interventions. Even there are still 30% of people around the world cannot access essential health care.??
Development made in nations that have eradicated malaria and those that have significantly lowered transmission levels
shows best practices to direct development elsewhere. Best preventive measures are: wearing long-sleeved clothing,
putting wire mesh on our homes, sleeping under bed nets, taking antimalarial medications according to the doctor’s
advice, mosquito breeding areas should be cleaned, and insecticides should be sprayed inside or outside.? It is possible
to reduce the burden on health systems effortlessly with special measures like presumptive malaria management and
mass drug management.”®> Furthermore, it may be possible to reduce the burden of malaria by controlling disease-
transmitting mosquitoes with genetically engineered gene-driven mosquitoes.* The experiences during the COVID-19
pandemic in Nigeria demonstrated that the resources of various donors should be grouped and unified to reduce
fragmentation and increase collective responses.**

Malaria studies had greatly aided by global funding. However, the funding gap between invested funds and the
resources needed has recently increased dramatically. Achieving the global strategy will require more than triple the
amount spent on malaria fighting in the next ten years.” It will also be necessary to increase malaria funding in the future.

Infection with malaria poses serious risks to pregnant women, their fetuses, and their newborns.'> Malaria infection
during pregnancy can lead to various adverse outcomes such as maternal anemia, preterm delivery, fetal loss, low birth
weight, and cognitive impairment in newborns.>>*® One in four pregnant women in malaria-endemic African malaria-
endemic areas was believed to carry a malaria infection at the time of delivery.”” WHO reported that 34% of pregnancies
in the 33 moderate and high-transmission countries of the WHO African Region were exposed to malaria infection in
2020.%> Because the GBD database lacks data on pregnant women, this article cannot estimate the global burden of
malaria among them. Malaria remains a significant threat to pregnant women. We should take targeted measures to
protect pregnant women from malaria.

Our study used GBD 2019 to investigate the burden of malaria, but there are some limitations. First, The system
dynamics model and statistical model were combined to produce estimates for the GBD results, which do not represent
actual observation data and may not be accurate. Second, pregnant women are not specifically analyzed. Third, Low-
income countries with poor health supervision systems may not accurately capture the true prevalence of malaria.

Conclusions

This study estimated the burden of malaria in the last 30 decades. From 1990 to 2019, there was a decline in the global
burden of malaria, the degree of heterogeneity varied greatly between regions and nations. The burden of malaria remains
elevated in Africa, particularly in Western and Central Sub-Saharan Africa. There is a particular need to pay more
attention to children 14 years old. The findings of our study provided a scientific reference point for malaria prevention
and control strategies in different countries and regions.
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