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Abstract 
Introduction: The World Health Organization (WHO) plans to control the epidemics of malaria and neglected tropical diseases (NTDs) by 
2030. The aim of this study was to evaluate the realizability of achieving the WHO targets by assessing the past, present, and future global 
disease burden of malaria and NTDs. 
Methodology: Joinpoint regression, Spearman's correlation, and the autoregressive integrated moving average model (ARIMA) were used to 
estimate the trends of malaria and NTDs from 1990 to 2030 based on the Global Burden of Disease (GBD) Study 2019. 
Results: Western Sub-Saharan Africa had the highest cases of malaria and NTDs in 2019, with one-half of the global cases. The age-
standardized incidence rate (ASIR) in high socio-demographic index (SDI) and World Bank high-income regions showed upward trends from 
1990 to 2019. The highest burden of NTDs was dengue in 2019, and the ASIR of dengue showed an obvious upward trend from 1990 to 2019. 
Children (< 5 years) had the most serious disease burden of malaria and NTDs from 1990 to 2019. The predicted results showed that the age-
standardized mortality rate of malaria and NTDs worldwide had a slow upward trend from 2020 to 2030.  
Conclusions: This analysis emphasizes that the control of malaria and NTDs in western sub-Saharan Africa should be continuously strengthened 
and the resurgence of malaria and NTDs in high SDI and World Bank high-income regions needs to be highlighted. Dengue and children (< 5 
years) are the primary diseases and populations of concern, respectively, for future prevention efforts. 
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Introduction 

Tropical diseases are a large group of infectious 
diseases caused by viruses, bacteria, and parasites, 
which are usually prevalent in tropical and subtropical 
regions [1]. Infectious tropical diseases mainly include 
malaria and neglected tropical diseases (NTDs). 
Malaria is a common and severe tropical disease. 
According to the World Health Organization (WHO), 
malaria affects approximately 247 million people and 
kills more than 600,000 people worldwide each year; 
and is especially serious in sub-Saharan Africa [2–4]. 
The current effective treatment of malaria is mainly 
standard artemisinin combination therapy (ATC) [5]. 
However, it is unfortunate that ATC resistance has 
emerged in some countries and areas in recent years, 
which makes malaria control and elimination more 
difficult and poses a serious threat to human health 
[6,7]. NTDs are another group of tropical diseases that 
should not be overlooked, and mainly includes 20 types 

of diseases [8–10]. It is estimated that more than 1 
billion people are affected by NTDs worldwide, and 
about 1.7 billion people need preventive treatment each 
year. The total disease burden of NTDs is equivalent to 
AIDS, tuberculosis, or malaria; and most of the NTDs 
carry the risk of causing disability and disfigurement 
[11–14]. Residents of economically underdeveloped 
areas cannot get timely and effective prevention and 
treatment due to limited health resources, which makes 
the prevalence of NTDs persistent and difficult to 
control. 

Evidence suggests that the spatial location of 
malaria and NTDs is highly consistent; therefore, co-
infection of the two diseases is very common [15–17]. 
Co-infection of malaria and NTDs will worsen the 
patient's condition and elevate mortality. For example, 
it was reported that children in Kenya who were co-
infected with the two diseases had lower hemoglobin 
than those who were infected with only one disease 
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[18]. Moreover, controlling and eliminating malaria and 
NTDs can be challenging [19]. Although 
unprecedented breakthroughs have been made in the 
global fight against malaria and NTDs in recent years, 
a variety of factors such as climate change, emerging 
infectious diseases, increasing drug resistance, 
socioeconomic inequalities, and uneven distribution of 
health resources have reduced the effectiveness of the 
previous solutions to control and eliminate malaria and 
NTDs [20]. Therefore, it is possible to get better health 
benefits by combining the control and prevention of 
malaria and NTDs and integrating the solutions for 
them [21–24]. 

Although a limited number of studies have assessed 
the global burden of malaria and NTDs, the diseases 
were individually included in these studies [25,26]. 
However, it is worth noting that malaria and NTDs are 
the two most important tropical diseases and their 
incidence, mortality and disease burden account for a 
large proportion of all tropical diseases. Therefore, 
combining malaria and NTDs can provide information 
on the development trend and disease burden of major 
tropical diseases worldwide.  

In this study, the trend in the incidence, mortality, 
and disease burden of malaria and NTDs in different 
countries and regions from 1990 to 2019 were 
quantitatively evaluated. This analysis can help to 
further understand the changes in major tropical 
diseases over the past three decades. Secondly, the 
trends of burden due to malaria and NTDs in regions 
and populations with different characteristics were 
analyzed, which helped to identify high-risk groups and 
regions with high disease burden. This information can 
guide the direction of future targeted management of 
malaria and NTDs in the world. Thirdly, the disease 
burden of malaria and different types of NTDs were 
compared and the changes in disease burden over each 
decade were analyzed to provide clues for the detection 
of diseases with severe disease burden at different 
periods. Finally, the data on the disease burden of 
malaria and NTDs in 204 countries worldwide from 
1990 to 2019, was used to predict the disease burden 
from 2020 to 2030, and assess the realizability of 
achieving the WHO goal for controlling malaria and 
NTDs by 2030. Meanwhile, the predicted results can 
also provide a reference for advanced intervention of 
malaria and NTDs. The aim of this study was to add 
new insights to this field and help the global efforts to 
eliminate malaria and NTDs by 2030. 

Methodology 
Data sources 

The data used in this study were obtained from the 
Global Burden of Disease Study 2019 (GBD 2019) 
[27], which included incidence, mortality and disease 
burden of malaria and NTDs for 204 countries and 
territories from 1990 to 2019. The NTDs included in 
this study were Chagas disease, leishmaniasis, African 
trypanosomiasis, schistosomiasis, cysticercosis, cystic 
echinococcosis, lymphatic filariasis, onchocerciasis, 
trachoma, dengue, yellow fever, rabies, intestinal 
nematode infections, food-borne tremors, leprosy, 
Ebola, Zika virus, guinea worm disease, and other 
NTD. Disability-adjusted life years (DALYs) were 
defined as years of healthy life lost from incidence to 
death, including years of life lost due to premature death 
(YLL) and years of healthy life lost due to disability 
(YLD). Socio-demographic index (SDI) is a 
comprehensive indicator of the development in a 
country or region, which is assessed by combined data 
on the overall fertility rate of women under 25 years of 
age, the average level of education of women 15 years 
and older, and the per capita income. SDI values range 
from 0 to 1, with an SDI of 0 representing the lowest 
level of health development and an SDI of 1 
representing the highest level of health development.  

 
Statistical analysis 

First, the incidence, mortality, and disease burden 
of malaria and NTDs in different regions and countries 
were collated and the trend change of age-standardized 
rate (ASR) from 1990 to 2019 was calculated using 
joinpoint regression. The average annual percentage 
change (AAPC) was used to represent the trend change 
over time, and the formula used was: 

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 = {𝑒𝑒𝑒𝑒𝑒𝑒 �
∑𝑤𝑤𝑖𝑖𝑏𝑏𝑖𝑖
∑𝑤𝑤𝑖𝑖

� − 1} × 100 

where 𝑏𝑏𝑖𝑖 represented the coefficient of slope in the 
𝑖𝑖 -th segment, 𝑖𝑖  represented each segment within the 
required year range, and 𝑤𝑤𝑖𝑖  represented the length of 
each period. An AAPC > 0 and p < 0.05 indicated an 
increasing trend in the change of ASR within the year 
range and vice versa.  

Second, the changes in the burden of malaria and 
NTDs for different characteristic regions and 
populations from 1990 to 2019 were analyzed and 
stratified by gender, age, level of social development, 
and World Bank income region. 

Third, the disease burden of malaria and different 
types of NTDs were compared and the trends in ASR 
for different diseases in each decade were analyzed. 
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Fourth, a generalized additive model was used to 
analyze the association of SDI with ASR and its AAPC 
in 204 countries and regions, and Spearman's 
correlation was used to explore the correlation between 
them. 

Finally, the autoregressive integrated moving 
average model (ARIMA) was used to predict the 
disease burden from 2020 to 2030 based on the GBD 
2019 data to explore the future trend of malaria and 
NTDs in regions and populations with different 
characteristics. 

In this study, Joinpoint 4.9.1.0 was used for 
joinpoint regression analyses; R 4.2.0 was used for 
Spearman's correlation analysis ("Hmisc" package) and 
trend prediction ("tseries", "forecast" and "zoo" 
packages); ArcGIS Map 10.7 was used for generating 
statistical maps; and GraphPad Prism 8 was used for 
line and bar charts. All statistical tests were two-sided 
and differences were considered significant when p < 
0.05. 

 
Results 
Global burden of malaria and NTDs in 2019 

Approximately 290 million people were infected by 
malaria and NTDs worldwide in 2019, which was a 
4.69% increase compared with 1990 (Table 1). The 
burden of malaria and NTDs was highest in the low SDI 
region in 2019. Meanwhile, the corresponding age-
standardized incidence rate (ASIR) in high-middle SDI 
and high SDI regions increased compared to 1990, and 
their AAPC was 1.26 (95% CI: 0.99 to 1.53) and 1.41 
(95% CI: 1.18 to 1.64), respectively. In the GBD region, 

Western Sub-Saharan Africa had the highest number of 
cases of malaria and NTDs in 2019, with half of the 
global incidence. At the same time, the number of cases 
(growth rate: 36.61%) and DALYs (growth rate: 
15.54%) in this region increased compared to 1990. 
In 2019, the country with the highest ASIR of malaria 
and NTDs was Benin (28286.908 [95% uncertainty 
interval (UI): 22650.606 to 35706.908]/100,000) and 
the lowest was Finland (0.003 [95% UI: 0.001 to 
0.005]/100,000) (Figure 1); the highest age-
standardized mortality rate (ASMR) was Sierra Leone 
(168.260 [95% UI: 67.193 to 295.517]/100,000) and the 
lowest was Ireland (0.004 [95% UI: 0.001 to 
0.006]/100,000) (Supplementary Figure 1); and the 
highest age-standardized disability-adjusted life rate 
(ASDR) was Sierra Leone (9534.948 [95% UI: 
4397.164 to 15842.600]/100,000) and the lowest was 
Ireland (2.271 [95% UI: 1.233 to 4.010]/100,000) 
(Supplementary Figure 2). The ASIR, ASMR, and 
ASDR of most countries changed in 2019 compared to 
1990. The decreases in the ASIR, ASMR, and ASDR of 
malaria and NTDs were the most in Comoros (AAPC: 
– 17.031 [95% CI: – 26.884 to – 5.851]), Cook Islands 
(AAPC: – 18.71 [95% CI: – 18.97 to – 18.46]), and 
Bhutan (AAPC: – 12.65 [95% CI: – 13.86 to – 11.43]). 
The ASIR and ASMR of malaria and NTDs increased 
the most in the Democratic People’s Republic of Korea 
(AAPC: 13.07 [95% CI: – 2.52 to 31.15]) and Barbados 
(AAPC: 4.51 [95% CI: 3.33 to 5.71]). 

 
  

Table 1. Number of malaria and NTDs cases, along with ASIR, and AAPC. 
Characteristics 1990 2019 AAPC of ASIR (95% 

CI) Number of cases (95% UI) ASIR/100,000 (95% UI) Number of cases (95% UI) ASIR/100,000 (95% UI) 
Total 276737307.00 (223626967.10, 339311683.30) 4703.20 (3793.02, 5747.54) 289730012.80 (230991843.80, 364945572.00) 4006.85 (3186.96, 5066.98) -0.56 (-0.66, -0.45) 
Male 138573286.19 (112254221.56, 170301864.89) 4628.62 (3735.45, 5688.00) 143727448.92 (115424532.79, 180623827.99) 3895.16 (3117.17, 4912.97) -0.60 (-0.70, -0.49) 
Female 138164020.84 (111466109.30, 168547890.85) 4785.70 (3855.83, 5851.61) 146002563.91 (115725853.88, 184349574.90) 4124.41 (3268.83, 5229.16) -0.51 (-0.64, -0.38) 
High-middle SDI 5871726.69 (3604850.13, 10685171.20) 506.70 (310.37, 926.14) 8889136.79 (5109302.61, 13407534.51) 700.17 (407.38, 1081.99) 1.26 (0.99, 1.53) 
High SDI 497943.47 (409825.75, 600085.74) 63.09 (50.98, 76.46) 916747.21 (612433.52, 1308999.45) 93.38 (63.46, 133.07) 1.41 (1.18, 1.64) 
Low-middle SDI 98601714.80 (69633565.42, 142304606.70) 7715.04 (5441.49, 11095.55) 83434782.33 (58774307.73, 120880205.80) 4624.28 (3236.91, 6760.14) -1.74 (-1.85, -1.64) 
Low SDI 131020331.00 (106467842.00, 155176976.10) 18442.41 (15199.66, 21634.38) 154143525.10 (124291348.80, 193808159.90) 10900.99 (8867.34, 13432.64) -1.79 (-1.94, -1.64) 
Middle SDI 40586859.48 (31416351.85, 53789887.74) 2193.06 (1705.38, 2882.16) 42190299.73 (31972129.21, 60198162.52) 1903.97 (1416.10, 2718.74) -0.40 (-0.68, -0.12) 
Andean Latin America 1640161.83 (963169.23, 3378428.52) 4306.45 (2658.78, 8035.53) 638012.91 (526565.88, 787342.38) 998.92 (829.38, 1234.01) -4.77 (-6.37, -3.15) 
Australasia 37616.56 (5346.48, 97526.32) 185.80 (25.64, 483.23) 55245.03 (10404.85, 136164.16) 188.67 (34.26, 466.32) 0.05 (0.02, 0.08) 
Caribbean 443448.89 (323565.87, 606305.79) 1254.86 (935.72, 1687.09) 463739.07 (262966.15, 716357.13) 980.27 (552.15, 1518.80) -0.93 (-1.35, -0.50) 
Central Asia 2425889.51 (77792.96, 5180445.77) 2953.92 (121.18, 6097.53) 99831.93 (61636.72, 156750.42) 105.39 (65.75, 164.22) -10.85 (-11.44, -10.27) 
Central Europe 3722.58 (2933.63, 5206.65) 3.04 (2.38, 4.37) 2413.23 (2078.95, 2782.84) 1.85 (1.57, 2.15) -1.69 (-1.74, -1.64) 
Central Latin America 2903370.32 (2693913.25, 3136089.72) 1816.76 (1676.85, 1965.48) 4037391.88 (2515538.76, 7705337.61) 1607.53 (1002.78, 3083.74) -1.23 (-1.95, -0.51) 
Central Sub-Saharan Africa 25573608.57 (20606719.63, 30954740.71) 31355.95 (25274.17, 37266.86) 38750750.07 (30271137.00, 49772708.98) 22121.25 (16935.80, 28318.17) -1.15 (-1.46, -0.84) 
East Asia 2268975.84 (1879232.80,2924055.32) 185.18 (153.99,237.38) 6731434.83 (2415889.22,12639754.95) 495.59 (174.59, 943.28) 3.53 (2.82, 4.25) 
Eastern Europe 23826.40 (19689.29, 28338.16) 9.49 (7.92, 11.21) 24610.09 (20328.38, 29428.89) 9.69 (8.15, 11.48) 0.07 (0.06, 0.08) 
Eastern Sub-Saharan Africa 54406349.44 (43348069.56, 63945999.28) 20387.61 (16370.84, 23840.41) 58051705.49 (43613476.66, 74657766.93) 11233.34 (8525.97, 14305.03) -1.96 (-2.17, -1.74) 
High-income Asia Pacific 57095.87 (33596.54, 94328.08) 32.75 (18.92, 54.31) 62669.85 (47849.77, 84671.48) 37.07 (27.31, 51.28) 0.34 (-0.57, 1.26) 
High-income North America 14437.57 (10629.60, 18186.75) 5.03 (3.60, 6.42) 25723.38 (19003.11, 32466.03) 6.70 (4.87, 8.63) 1.01 (0.68, 1.33) 
North Africa and Middle East 6208858.43 (4437032.55, 9503869.54) 1565.67 (1161.99, 2258.95) 5303659.86 (3052371.38, 8396988.62) 848.58 (489.32, 1342.11) -2.21 (-2.40, -2.02) 
Oceania 1480006.79 (858374.39, 2422490.92) 19814.70 (12174.09, 30794.31) 1585771.76 (662789.20, 3013678.32) 11671.91 (5042.26, 21086.46) -1.32 (-2.28, -0.35) 
South Asia 76943981.83 (45035120.66, 128172494.60) 6761.65 (4075.72, 11003.22) 43553618.09 (19752557.34, 88438419.26) 2416.66 (1080.84, 4904.92) -3.50 (-3.59, -3.40) 
Southeast Asia 11329624.76 (8046746.78, 19025899.32) 2407.48 (1741.37, 3993.14) 8641502.30 (7688072.93, 10056333.99) 1289.54 (1149.96, 1500.62) -1.86 (-2.14, -1.57) 
Southern Latin America 135010.46 (68479.84, 247163.84) 267.91 (133.98, 494.47) 136965.01 (58993.50, 273387.57) 206.71 (88.04, 414.74) -0.86 (-1.05, -0.67) 
Southern Sub-Saharan Africa 1243202.52 (845606.42, 2199591.78) 2138.13 (1494.87, 3675.58) 954332.52 (243653.22, 2984730.81) 1175.21 (303.65, 3614.37) -2.50 (-2.84, -2.17) 
Tropical Latin America 3311427.65 (2737375.02, 3926010.66) 2067.84 (1716.43, 2438.55) 2732486.36 (2410555.48, 3065503.60) 1212.41 (1082.35, 1345.72) -1.79 (-2.34, -1.24) 
Western Europe 1747.48 (1460.50, 2149.33) 0.48 (0.40, 0.59) 5301.46 (4547.09, 6153.65) 1.05 (0.90, 1.21) 2.50 (1.98, 3.03) 
Western Sub-Saharan Africa 86284943.73 (69968379.82, 104234922.42) 31731.82 (25898.93, 38570.53) 117872847.71 (90855055.47, 154907383.71) 19714.88 (15432.93, 25324.66) -1.63 (-1.75, -1.52) 
AAPC: average annual percentage change; ASIR: age-standardized incidence rate; GBD: global burden of disease; NTDs: neglected tropical diseases; SDI: socio-
demographic index. 
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Figure 1 A. Global ASIR in 2019; B. AAPC from 1990 to 2019. 

ASIR: age-standardized incidence rate; AAPC: average annual percentage change. 
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Figure 2. The trends in ASIR, ASMR, and ASDR of malaria and NTDs from 1999 to 2019. 

A: disease burden of malaria and NTDs in the SDI regions from 1999 to 2019; B: disease burden of malaria and NTDs in World Bank income regions from 
1999 to 2019; C: disease burden of malaria and NTDs by gender from 1999 to 2019; D: disease burden of malaria and NTDs by age from 1999 to 2019. ASIR: 
age-standardized incidence rate; ASMR: age-standardized mortality rate; ASDR: age-standardized disability-adjusted life years rate; NTDs: neglected tropical 
diseases. 
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Trend analysis of malaria and NTDs burden from 1990 
to 2019 

The global ASIR, ASMR, and ASDR of malaria 
and NTDs changed little from 1990 to 2019; however, 
the corresponding number of deaths (growth rate: – 
38.37%) and DALYs (growth rate: – 50.11%) showed 
significant downward trends (Supplementary Tables 1 
and 2). Among the SDI regions, the ASIR, ASMR, and 
ASDR of malaria and NTDs were the highest in the low 
SDI region and the lowest in the high SDI region. The 
decreases in the ASIR, ASMR, and ASDR from 1990 
to 2019 were the most in the low SDI region; but the 
corresponding number of cases, deaths, and DALYs 
changed little over time (Figure 2 and Supplementary 
Figure 3). Among the World Bank income regions, the 
ASIR, ASMR, and ASDR of malaria and NTDs were 
the highest in the low-income region and the lowest in 
the high-income region. However, the number of cases, 
deaths, and DALYs were the highest in the lower 
middle-income region and the corresponding number of 
deaths and DALYs showed a significant downward 
trend from 1990 to 2019. Among populations of 
different ages, the highest incidence, mortality, and 
DALYs burden of malaria and NTDs were under 5 
years of age, and showed obvious downward trends 
from 1990 to 2019. Among populations of different 
genders, males and females had similar trends in 

disease burden within different ages and regions, 
showing large declines, and the ASMR and ASDR were 
slightly higher for males than females (Figure 3, 
Supplementary Figures 4, 5, 6, 7, 8). 

 
Comparison of the burden of malaria and different 
types of NTDs 

The burden of malaria was the most severe of all 
diseases in the study, with a decreasing trend in ASIR, 
ASMR, and ASDR from 1990 to 2019 (Supplementary 
Tables 3, 4, and 5). Among NTDs, the highest ASIR, 
ASMR, and ASDR in 1990 were dengue, leishmaniasis, 
and intestinal nematode infections, respectively; and 
the highest ASIR, ASMR, and ASDR in 2019 were for 
dengue. The ASIR of dengue increased by 24.75%, 
ASMR decreased by 4%, and ASDR decreased by 
17.98% in 2019, compared with 1990. In addition, this 
study also found that the changes in ASIR, ASMR, and 
ASDR of most diseases showed a downward trend in 
each decade. Among them, the ASMR of leishmaniasis 
decreased most obviously from 1990 to 1999 [AAPC: 
−18.56 (95% CI: −20.26 to −16.82)].  
  

Figure 3. Subgroup analysis of ASIR, ASMR, and ASDR of malaria and NTDs for the SDI region from 1990 to 2019. 

A: disease burden of malaria and NTDs among men in SDI regions from 1990 to 2019; B: disease burden of malaria and NTDs among women in SDI region 
from 1990 to 2019. ASIR: age-standardized incidence rate; ASMR: age-standardized mortality rate; ASDR: age-standardized disability-adjusted life years 
rate; NTDs: neglected tropical diseases; SDI: socio-demographic index. 
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Figure 4. Correlation of SDI with ASIR, ASMR, ASDR, and their AAPC. 

The size of the points represents the number of cases, and the black curves are fit lines. SDI: socio-demographic index; ASIR: age-standardized incidence rate; 
ASMR: age-standardized mortality rate; ASDR: age-standardized disability-adjusted life years rate; AAPC: average annual percentage change. 
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However, the burden of a small number of diseases had 
increased slightly. For example, the AAPC of the 
ASMR for African trypanosomiasis was 2.26 (95% CI: 
1.55 to 2.98) from 1990 to 1999, and the AAPC of the 
ASMR for dengue was 2.00 (95% CI: 1.91 to 2.10) from 
2000 to 2009. 

 
Correlation analysis of AAPC and ASR with SDI 

The ASIR (r = − 0.79, p < 0.001), ASMR (r = − 
0.85, p < 0.001), and ASDR (r = − 0.88, p < 0.001) of 
malaria and NTDs had strong negative correlations with 
SDI in 2019 (Figure 4). However, the AAPC of ASIR 
(r = 0.35, p < 0.001) and ASDR (r = 0.38, p < 0.001) 
had positive correlations with SDI. In addition, there 
was no correlation between AAPC and SDI for ASMR 
(r = 0.12, p = 0.09). 

 
Predictions of the burden of malaria and NTDs from 
2020 to 2030 

The predictions from 2020 to 2030 showed that the 
trends of global ASIR and ASDR for malaria and NTDs 
changed little; however, the change of ASMR (growth 
rate: 11.68%) showed a slowly increasing trend (Figure 
5). It is worth noting that the ASMR (growth rate: – 
53.28%) in the low SDI region and the ASDR (growth 
rate: – 44.89%) in the low-middle SDI region had a 
more pronounced downward trend. Predictions for 
males and females showed similar trends. Among them, 
the ASMR of males (growth rate: 11.23%) and females 
(growth rate: 11.96%) showed slow upward trends from 
2020 to 2030 (Supplementary Figure 9). ASIR in the 
World Bank high-income region (growth rate: 13.14%) 
and World Bank upper middle-income region (growth 
rate: 9.22%) showed slow upward trends 
(Supplementary Figure 10). The largest decreases of 
ASMR (growth rate: – 61.38%) and ASDR (growth 
rate: – 44.10%) were observed in the population aged 
5–14 years (Supplementary Figure 11).  

 
Discussion 

Globally, the ASIR of malaria and NTDs showed a 
decreasing trend from 1990 to 2019. Although the 
global ASIR of NTDs was increasing during this 
period, the global ASIR of malaria has declined greatly 
due to the widespread use of insecticide-treated 
mosquito nets and ATC, which eventually led to the 
decline of global ASIR of malaria and NTDs [25,26]. 
In this study, the trends of ASR were similar for males 
and females, and ASIR was significantly higher in 
females than in males. Previous studies have found an 
association between the incidence of NTDs and female 
household headship, family conditions, socioeconomic 

status, etc. [28]. Females are often at a disadvantage 
with regards to being infected with tropical diseases due 
to various factors such as gender inequality, poor living 
conditions, and lack of health awareness [29]. In 
addition, this study found that the ASMR and ASDR of 
malaria and NTDs were slightly higher in males than in 
females, which may be because certain NTDs are more 
harmful to males. For example, lymphatic filariasis is a 
disabling and disfiguring chronic tropical disease, that 
can block lymph and lead to swelling of lower limbs 
and genitals. The disease often affects men who hunt or 
fish at night, and the male scrotum becomes swollen 
after being infected with lymphatic filariasis [30,31]. 

In this study, the highest burden of malaria and 
NTDs worldwide was among children under 5 years of 
age, which is consistent with the findings of most 
previous studies [32–34]. Fortunately, the ASIR, 
ASMR, and ASDR of malaria and NTDs for children 
under 5 years of age showed a more significant 
downward trend from 1990 to 2019. As a susceptible 
population of malaria and NTDs, children are usually 
infected with various complications and sequelae 
[35,36]. Safe drinking water, adequate nutritional 
supplementation, and large-scale drug administration 
can reduce the risk of malaria and NTDs for children 
while contributing to the improvement of children's 
conditions and a greater reduction in the mortality and 
disease burden [37]. Therefore, it is very important to 
continuously promote awareness on malaria and NTDs 
and improve environmental and personal hygiene 
measures. In the future, the health of children under 5 
years of age should be given more attention for the 
global control and prevention of malaria and NTDs. 
Active sanitation improvement and health resource 
assistance will be important mitigation measures in 
areas with a high prevalence of malaria and NTDs 
[38,39]. 

Several studies have shown that malaria and NTDs 
are strongly associated with poverty, which is 
consistent with the findings of this study [40,41]. It is 
worth noting that the ASIR of malaria and NTDs in high 
SDI and World Bank high-income regions was rising 
from 1990 to 2019. At the same time, relevant studies 
have confirmed that imported cases of malaria and 
NTDs have increased in most developed countries 
because of military operations and large influxes of 
migrant tourists from endemic areas, ultimately causing 
a large number of deaths and severe disease burden [42–
44]. Climate change, world trade, population 
movements, and decreasing vaccination rates have led 
to a significant increase in the number of cases in 
developed countries [45,46].  
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Figure 5. Predictions of malaria and NTDs in different SDI regions from 2020 to 2030.  

A: ASIR of malaria and NTDs in different SDI regions from 2020 to 2030; B: ASMR of malaria and NTDs in different SDI regions from 2020 to 2030; C: 
ASDR of malaria and NTDs in different SDI regions from 2020 to 2030. The red dots represent the corresponding rates from 1990 to 2019; the blue dots 
represent the predictions from 2020 to 2030; and the shading represents the 95% confidence intervals. ASIR: age-standardized incidence rate; ASMR: age-
standardized mortality rate; ASDR: age-standardized disability-adjusted life years rate; SDI: socio-demographic index; NTDs: neglected tropical diseases.  
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Therefore, future prevention and treatment of malaria 
and NTDs can no longer be limited to low-income 
regions and developing countries. Furthermore, the 
ASIR of malaria and NTDs in western sub-Saharan 
Africa had increased significantly from 1990 to 2019. 
In particular, Benin was the country with the highest 
ASIR of malaria and NTDs in 2019. The ASIR of 
malaria has increased significantly due to rising 
mosquito vector resistance in countries such as Benin 
and Gambia [47,48]. Therefore, there is need to 
intensify research and development of medicines, 
expand vaccination against malaria and NTDs in all 
regions, and improve the accessibility of medical 
resources. 

 
Conclusions 

This study observed that the highest disease burden 
of the NTDs was dengue in 2019 and the ASIR of 
dengue steadily increased from 1990 to 2019. Relevant 
studies have found that dengue has transformed from a 
sporadic disease to a worldwide epidemic with high 
mortality and severe disease burden [49,50]. Although 
the control measures against dengue are being 
strengthened; the incidence, mortality, and disease 
burden of dengue have been increasing continuously. 
The primary reasons for the rising incidence of dengue 
may be the diversification of infectious pathways, 
transnational population movements, and the existence 
of various dengue sera [51,52]. In 2021, WHO 
developed a plan for managing NTDs in the period 
2021–2030, which proposed new goals, approaches, 
and interventions; and aimed to eliminate the harm to 
human health caused by global NTDs [53]. The 
predicted results showed that the global ASMR of 
malaria and NTDs in the World Bank high-income 
region will continue to rise from 2020 to 2030. In order 
to end the harm caused by malaria and NTDs to human 
health, there is urgent need to improve the diagnosis and 
treatment of these tropical diseases, strengthen the 
research and development of new pesticides and 
effective vaccines, and work together with the 
government, communities and international 
organizations to prevent and control the increase of 
malaria and NTDs. At the same time, the World Bank 
high-income region and the World Bank upper middle-
income region should be alerted to increased morbidity 
due to factors such as population migration, 
urbanization, and climate change. 

This research has several limitations. Firstly, this 
study combined the disease burden of malaria and 
NTDs based on the GBD database, but it could not 
determine the number of people suffering from co-

infection with both diseases and their disease burden, 
which may not be conducive to accurate control and 
prevention of malaria and NTDs, and it deserves further 
study. Second, the GBD database collected data on 
different types of NTDs, but data are missing for some 
regions or diseases with low incidence; therefore, this 
may lead to an underestimation of the global disease 
burden for both malaria and NTDs, as well as some bias 
in the results comparing the burden of different NTDs. 
Third, the study predicted the future disease burden of 
malaria and NTDs, which is informative for the future 
control of epidemics of the two diseases. However, 
changes in climate, treatment modalities, and vaccine 
policies in the future may result in the disease burden of 
malaria and NTDs following a different trend, thereby 
reducing the long-term accuracy of the predictions in 
this study; therefore, further research based on new data 
will be needed in the future. 

 
 
Acknowledgements 
We are sincerely grateful to all members of the Global 
Burden of Disease Study 2019 for providing data support for 
our study. 
 
Authors’ contributions 
DL, SZ, conception and study design; DL, YS, data analysis, 
results summary, manuscript completion; RW, RH, 
visualization; TS, SZ, manuscript review and edit. All 
authors read and approved the manuscript. 
 
Corresponding author 
Suling Zhu, PhD. 
School of Public Health, Lanzhou University 
No. 199, Donggang West Road, Chengguan District, 
Lanzhou City, Gansu Province, China. 
Tel: +86-0931-8915008 
Fax: +86-0931-8915008 
Email address: zhusl@lzu.edu.cn 
 
Conflict of interest 
No conflict of interest is declared. 
 
References 
1. Zumla A, Ustianowski A (2012) Tropical diseases. Infect Dis 

Clin N Am 26: 195–205. doi: 10.1016/j.idc.2012.02.007. 
2. Varo R, Chaccour C, Bassat Q (2020) Update on malaria. Med 

Clin (Barc) 155: 395–402. doi: 10.1016/j.medcli.2020.05.010. 
3. Reiner RC Jr, Hay SI (2022) The overlapping burden of the 

three leading causes of disability and death in sub-Saharan 
African children. Nat Commun 13: 7457. doi: 10.1038/s41467-
022-34240-6. 

4. World Health Organization (2023) Malaria. Available: 
https://www.who.int/news-room/fact-sheets/detail/malaria. 
Accessed: 29 March 2023. 



Li et al. – Global disease burden of malaria and NTDs J Infect Dev Ctries 2025; 19(12):1878-1889. 
 

1888 

5. Okell LC, Drakeley CJ, Ghani AC, Bousema T, Sutherland CJ 
(2008) Reduction of transmission from malaria patients by 
artemisinin combination therapies: a pooled analysis of six 
randomized trials. Malar J 7: 125. doi: 10.1186/1475-2875-7-
125. 

6. Phillips MA, Burrows JN, Manyando C, van Huijsduijnen RH, 
Van Voorhis WC, Wells TNC (2017) Malaria. Nat Rev Dis 
Primers 3: 17050. doi: 10.1038/nrdp.2017.50. 

7. Haldar K, Bhattacharjee S, Safeukui I (2018) Drug resistance 
in Plasmodium. Nat Rev Microbiol 16: 156–170. doi: 
10.1038/nrmicro.2017.161. 

8. Hotez PJ, Aksoy S, Brindley PJ, Kamhawi S (2020) World 
neglected tropical diseases day. PLoS Negl Trop Dis 14: 
e0007999. doi: 10.1371/journal.pntd.0007999. 

9. Sripa B, Leonardo L, Hong SJ, Ito A, Brattig NW (2022) Status 
and perspective of Asian neglected tropical diseases. Acta Trop 
225: 106212. doi: 10.1016/j.actatropica.2021.106212. 

10. World Health Organization (2023) Neglected tropical diseases. 
Available: https://www.who.int/news-room/questions-and-
answers/item/neglected-tropical-diseases. Accessed: 16 
January 2023. 

11. Joshi G, Quadir SS, Yadav KS (2021) Road map to the 
treatment of neglected tropical diseases: nanocarriers 
interventions. J Control Release 339: 51–74. doi: 
10.1016/j.jconrel.2021.09.020. 

12. Hotez PJ, Brown AS (2009) Neglected tropical disease 
vaccines. Biologicals 37: 160–164. doi: 
10.1016/j.biologicals.2009.02.008. 

13. Engels D, Zhou XN (2020) Neglected tropical diseases: an 
effective global response to local poverty-related disease 
priorities. Infect Dis Poverty 9: 10. doi: 10.1186/s40249-020-
0630-9. 

14. Hotez PJ, Molyneux DH, Fenwick A, Kumaresan J, Sachs SE, 
Sachs JD, Savioli L (2007) Control of neglected tropical 
diseases. N Engl J Med 357: 1018–1027. doi: 
10.1056/NEJMra064142. 

15. Afolabi MO, Adebiyi A, Cano J, Sartorius B, Greenwood B, 
Johnson O, Wariri O (2022) Prevalence and distribution pattern 
of malaria and soil-transmitted helminth co-endemicity in sub-
Saharan Africa, 2000–2018: a geospatial analysis. PLoS Negl 
Trop Dis 16: e0010321. doi: 10.1371/journal.pntd.0010321. 

16. Hotez PJ, Molyneux DH, Fenwick A, Ottesen E, Ehrlich Sachs 
S, Sachs JD (2006) Incorporating a rapid-impact package for 
neglected tropical diseases with programs for HIV/AIDS, 
tuberculosis, and malaria. PLoS Med 3: e102. doi: 
10.1371/journal.pmed.0030102. 

17. Brooker S, Clements AC, Hotez PJ, Hay SI, Tatem AJ, Bundy 
DA, Snow RW (2006) The co-distribution of Plasmodium 
falciparum and hookworm among African school children. 
Malar J 5: 99. doi: 10.1186/1475-2875-5-99. 

18. Brooker S, Akhwale W, Pullan R, Estambale B, Clarke SE, 
Snow RW, Hotez PJ (2007) Epidemiology of Plasmodium-
helminth co-infection in Africa: populations at risk, potential 
impact on anemia, and prospects for combining control. Am J 
Trop Med Hyg 77: 88–98. doi: 10.4269/ajtmh.2007.77.88. 

19. Karl S, Jones MK, Gutiérrez L, Moore B, Kattenberg E, 
Lacerda M (2015) Challenges for diagnosis of malaria and 
neglected tropical diseases in elimination settings. Biomed Res 
Int 2015: 270756. doi: 10.1155/2015/270756. 

20. De Rycker M, Baragaña B, Duce SL, Gilbert IH (2018) 
Challenges and recent progress in drug discovery for tropical 
diseases. Nature 559: 498–506. doi: 10.1038/s41586-018-
0327-4. 

21. Engels D, Huang F, Zhou XN (2021) Time to integrate malaria 
and neglected tropical diseases control and elimination. China 
CDC Wkly 3: 372–374. doi: 10.46234/ccdcw2021.100. 

22. Sachs JD, Hotez PJ (2006) Fighting tropical diseases. Science 
311: 1521. doi: 10.1126/science.1126851. 

23. Garg R, Lee LA, Beach MJ, Wamae CN, Ramakrishnan U, 
Deming MS (2002) Evaluation of the integrated management 
of childhood illness guidelines for treatment of intestinal 
helminth infections among sick children aged 2–4 years in 
western Kenya. Trans R Soc Trop Med Hyg 96: 543–548. doi: 
10.1016/S0035-9203(02)90435-9. 

24. Blackburn BG, Eigege A, Gotau H, Gerlong G, Miri E, Hawley 
WA, Mathieu E, Richards F (2006) Successful integration of 
insecticide-treated bed net distribution with mass drug 
administration in Central Nigeria. Am J Trop Med Hyg 75: 
650–655. doi: 10.4269/ajtmh.2006.75.650. 

25. Liu Q, Jing W, Kang L, Liu J, Liu M (2021) Trends of the 
global, regional and national incidence of malaria in 204 
countries from 1990 to 2019 and implications for malaria 
prevention. J Travel Med 28: taab046. doi: 
10.1093/jtm/taab046. 

26. Lin Y, Fang K, Zheng Y, Wang H-L, Wu J (2022) Global 
burden and trends of neglected tropical diseases from 1990 to 
2019. J Travel Med 29: taac031. doi: 10.1093/jtm/taac031. 

27. Global Burden of Disease Study 2019 (2019) Data resources. 
Available: https://ghdx.healthdata.org/gbd-2019. Accessed: 26 
September 2023. 

28. Vlassoff C, Bonilla E (1994) Gender-related differences in the 
impact of tropical diseases on women: what do we know? J 
Biosoc Sci 26: 37–53. doi: 10.1017/S0021932000021040. 

29. Burki T (2020) Gender disparities in neglected tropical 
diseases. Lancet Infect Dis 20: 175–176. doi: 10.1016/S1473-
3099(20)30013-X. 

30. Ozano K, Dean L, Yoshimura M, MacPherson E, Linou N, 
Otmani Del Barrio M, Halleux CM, Ogundahunsi O, Theobald 
S (2020) A call to action for universal health coverage: why we 
need to address gender inequities in the neglected tropical 
diseases community. PLoS Negl Trop Dis 14: e0007786. doi: 
10.1371/journal.pntd.0007786. 

31. Lin Y, Fang K, Zheng Y, Wang HL, Wu J (2022) Global 
burden and trends of neglected tropical diseases from 1990 to 
2019. J Travel Med 29: taac031. doi: 10.1093/jtm/taac031. 

32. Herricks JR, Hotez PJ, Wanga V, Coffeng LE, Haagsma JA, 
Basáñez MG, Buckle G, Budke CM, Carabin H, Fèvre EM, 
Fürst T, Halasa YA, King CH, Murdoch ME, Ramaiah KD, 
Shepard DS, Stolk WA, Undurraga EA, Stanaway JD, Naghavi 
M, Murray CJL (2017) The global burden of disease study 
2013: what does it mean for the NTDs? PLoS Negl Trop Dis 
11: e0005424. doi: 10.1371/journal.pntd.0005424. 

33. Gutman JR, Lucchi NW, Cantey PT, Steinhardt LC, Samuels 
AM, Kamb ML, Kapella BK, McElroy PD, Udhayakumar V, 
Lindblade KA (2020) Malaria and parasitic neglected tropical 
diseases: potential syndemics with COVID-19? Am J Trop 
Med Hyg 103: 572–577. doi: 10.4269/ajtmh.20-0516. 

34. Hotez PJ, Odom John AR, LaBeaud AD (2019) Pediatric 
tropical medicine: the neglected diseases of children. PLoS 
Negl Trop Dis 13: e0007008. doi: 
10.1371/journal.pntd.0007008. 

35. Pérez-Molina JA, Molina I (2018) Chagas disease. Lancet 391: 
82–94. doi: 10.1016/S0140-6736(17)31612-4. 

36. Trivedi S, Chakravarty A (2022) Neurological complications 
of malaria. Curr Neurol Neurosci 22: 499–513. doi: 
10.1007/s11910-022-01214-6. 



Li et al. – Global disease burden of malaria and NTDs J Infect Dev Ctries 2025; 19(12):1878-1889. 
 

1889 

37. Boisson S, Engels D, Gordon BA, Medlicott KO, Neira MP, 
Montresor A, Solomon AW, Velleman Y (2016) Water, 
sanitation and hygiene for accelerating and sustaining progress 
on neglected tropical diseases: a new global strategy 2015-20. 
Int Health 8 Suppl 1: i19-21. doi: 10.1093/inthealth/ihv073. 

38. Naqvi FA, Das JK, Salam RA, Raza SF, Lassi ZS, Bhutta ZA 
(2022) Interventions for neglected tropical diseases among 
children and adolescents: a meta-analysis. Pediatrics 149 Suppl 
5: e2021053852E. doi: 10.1542/peds.2021-053852E. 

39. Edosomwan EU, Evbuomwan IO, Agbalalah C, Dahunsi SO, 
Abhulimhen-Iyoha BI (2020) Malaria coinfection with 
neglected tropical diseases (NTDs) in children at internally 
displaced persons (IDP) camp in Benin City, Nigeria. Heliyon 
6: e04604. doi: 10.1016/j.heliyon.2020.e04604. 

40. Aborode AT, Fajemisin EA, Aiyenuro EA, Alakitan MT, 
Ariwoola MO, Imisioluwa JO, Rafiu R, Alexiou A (2022) 
Neglected tropical diseases (NTDs) and COVID-19 pandemic 
in Africa: special focus on control strategies. Comb Chem High 
T Scr 25: 2387–2390. doi: 
10.2174/1386207325666220427123349. 

41. Amlabu WE, Antwi CA, Awandare G, Gwira TM (2020) 
Elucidating the possible mechanism of action of some 
pathogen box compounds against Leishmania donovani. PLoS 
Negl Trop Dis 14: e0008188. doi: 
10.1371/journal.pntd.0008188. 

42. Mansueto P, Seidita A, Vitale G, Cascio A (2014) 
Leishmaniasis in travelers: a literature review. Travel Med 
Infect Dis 12: 563–581. doi: 10.1016/j.tmaid.2014.09.007. 

43. Ladhani S, Aibara RJ, Riordan FA, Shingadia D (2007) 
Imported malaria in children: a review of clinical studies. 
Lancet Infect Dis 7: 349–357. doi: 10.1016/S1473-
3099(07)70110-X. 

44. Pavli A, Maltezou HC (2010) Leishmaniasis, an emerging 
infection in travelers. Int J Infect Dis 14: e1032–1039. doi: 
10.1016/j.ijid.2010.06.019. 

45. Blood-Siegfried J, Zeantoe GC, Evans LJ, Bondo J, Forstner 
JR, Wood K (2015) The impact of nurses on neglected tropical 
disease management. Public Health Nurs 32: 680–701. doi: 
10.1111/phn.12149. 

46. Hotez PJ (2018) The rise of neglected tropical diseases in the 
"new Texas". PLoS Negl Trop Dis 12: e0005581. doi: 
10.1371/journal.pntd.0005581. 

47. Accrombessi M, Akogbeto MC, Dangbenon E, Akpovi H, Sovi 
A, Yovogan B, Adoha C, Assongba L, Ogouyemi-Hounto A, 

Padonou GG, Thickstun C, Rowland M, Ngufor C, 
Protopopoff N, Cook J (2022) Malaria burden and associated 
risk factors in an area of pyrethroid-resistant vectors in 
southern Benin. Am J Trop Med Hyg 107: 681–688. doi: 
10.4269/ajtmh.22-0190. 

48. Miles A, Harding NJ, Bottà G, Clarkson CS, Antão T, Kozak 
K, Schrider DR, Kern AD, Redmond S, Sharakhov I, Pearson 
RD, Bergey C, Fontaine MC, Donnelly MJ, Lawniczak MKN, 
Kwiatkowski DP, Donnelly MJ, Ayala D, Besansky NJ, Burt 
A, Caputo B, della Torre A, Fontaine MC, Godfray HCJ, Hahn 
MW, Kern AD, Kwiatkowski DP, Lawniczak MKN, Midega J, 
Neafsey DE, O'Loughlin S, Pinto J, Riehle MM, Sharakhov I, 
Vernick KD, Weetman D, Wilding CS, White BJ, Troco AD, 
Pinto J, Diabaté A, O'Loughlin S, Burt A, Costantini C, 
Rohatgi KR, Besansky NJ, Elissa N, Pinto J, Coulibaly B, 
Riehle MM, Vernick KD, Pinto J, Dinis J, Midega J, Mbogo C, 
Bejon P, Wilding CS, Weetman D, Mawejje HD, Donnelly MJ, 
Weetman D, Wilding CS, Donnelly MJ, Stalker J, Rockett K, 
Drury E, Mead D, Jeffreys A, Hubbart C, Rowlands K, Isaacs 
AT, Jyothi D, Malangone C, Vauterin P, Jeffery B, Wright I, 
Hart L, Kluczyński K, Cornelius V, MacInnis B, Henrichs C, 
Giacomantonio R, Kwiatkowski DP(2017) Genetic diversity of 
the African malaria vector Anopheles gambiae. Nature 552: 
96–100. doi: 10.1038/nature24995. 

49. Katzelnick LC, Coloma J, Harris E (2017) Dengue: knowledge 
gaps, unmet needs, and research priorities. Lancet Infect Dis 
17: e88–e100. doi: 10.1016/S1473-3099(16)30473-X. 

50. Guzman MG, Halstead SB, Artsob H, Buchy P, Farrar J, 
Gubler DJ, Hunsperger E, Kroeger A, Margolis HS, Martínez 
E, Nathan MB, Pelegrino JL, Simmons C, Yoksan S, Peeling 
RW (2010) Dengue: a continuing global threat. Nat Rev 
Microbiol 8: S7–16. doi: 10.1038/nrmicro2460. 

51. Tsheten T, Gray DJ, Clements ACA, Wangdi K (2021) 
Epidemiology and challenges of dengue surveillance in the 
WHO South-East Asia Region. Trans R Soc Trop Med Hyg 
115: 583–599. doi: 10.1093/trstmh/traa158. 

52. Guzman MG, Harris E (2015) Dengue. Lancet 385: 453–465. 
doi: 10.1016/S0140-6736(14)60572-9. 

53. World Health Organization (2021) WHO issues new 10-year 
plan to end suffering from neglected tropical diseases. 
Available: https://www.who.int/zh/news/item/28-01-2021-
who-issues-new-10-year-plan-to-end-suffering-from-
neglected-tropical-diseases. Accessed: 28 January 2021. 



Li et al. – Global disease burden of malaria and NTDs J Infect Dev Ctries 2025; 19(12):1878-1889. 
 

 

Annex – Supplementary Items 
 
Supplementary Table 1. Mortality cases, ASMR and AAPC of malaria and NTDs worldwide from 1990 to 2019. 
Characteristics 1990 2019 AAPC of ASIR 

(95% CI) Mortality cases (95% UI) ASMR/100,000 (95% UI) Mortality cases (95% UI) ASMR/100, 000 (95% UI) 
Total 1034118.59 (638521.28, 1551483.96) 18.06 (11.26, 27.02) 747343.72 (406562.08, 1247137.81) 10.32 (5.61, 17.27) -1.91 (-2.39, -1.43) 
Male 534845.38 (334860.22, 817074.13) 18.74 (11.84, 28.47) 394035.14 (217155.15, 652725.06) 10.73 (5.92, 17.77) -1.88 (-2.32, -1.45) 
Female 499273.21 (306658.79, 759080.36) 17.52 (10.82, 26.48) 353308.57 (189698.33, 590879.83) 9.94 (5.32, 16.65) -1.94 (-2.41, -1.47) 
SDI Region      
High-middle SDI 23561.16 (14524.70, 42339.76) 2.20 (1.37, 3.92) 14733.77 (10438.10, 20246.68) 1.06 (0.74, 1.45) -2.41 (-3.74, -1.06) 
High SDI 1114.44 (946.76, 1833.82) 0.12 (0.10, 0.23) 438.33 (205.88, 527.64) 0.03 (0.01, 0.03) -4.87 (-6.82, -2.88) 
Low-middle SDI 286954.70 (171462.54, 485219.82) 23.68 (14.31, 38.76) 188040.74 (103632.16, 303470.70) 11.63 (6.47, 18.63) -2.49 (-3.06, -1.92) 
Low SDI 566763.99 (319129.67, 911332.75) 86.19 (49.89, 137.65) 442274.21 (214458.22, 781598.75) 39.26 (19.00, 69.61) -2.71 (-3.28, -2.13) 
Middle SDI 155385.98 (102732.18, 227345.74) 9.31 (6.29, 13.4) 101636.73 (66941.75, 150541.17) 4.56 (3.03, 6.68) -2.45 (-3.20, -1.69) 
GBD Region      
Andean Latin America 2408.44 (1234.64, 4410.56) 7.38 (3.88, 13.09) 820.50 (364.70, 1522.70) 1.46 (0.64, 2.74) -5.67 (-7.58, -3.73) 
Australasia 2.99 (2.05, 4.17) 0.01 (0.01, 0.02) 2.60 (1.80, 3.40) 0.01 (0.00, 0.01) -3.52 (-6.16, -0.82) 
Caribbean 862.53 (438.05, 1578.54) 2.51 (1.33, 4.55) 647.60 (221.20, 1773.90) 1.37 (0.47, 3.74) -3.97 (-9.24, 1.61) 
Central Asia 713.33 (168.96, 2013.59) 0.86 (0.27, 2.26) 134.20 (73.80, 401.10) 0.17 (0.10, 0.46) -5.90 (-6.77, -5.02) 
Central Europe 271.39 (126.57, 1283.69) 0.25 (0.11, 1.16) 45.20 (28.50, 79.50) 0.03 (0.02, 0.07) -7.41 (-8.42, -6.39) 
Central Latin America 3843.77 (2274.69, 5565.44) 3.05 (1.78, 4.17) 3360.30 (2270.00, 5026.10) 1.42 (0.97, 2.11) -3.27 (-4.04, -2.49) 
Central Sub-Saharan Africa 109981.63 (61218.69, 171335.17) 137.96 (82.12, 209.04) 82920.00 (41474.60, 137565.10) 59.41 (30.33, 100.56) -2.90 (-3.45, -2.34) 
East Asia 6725.65 (4399.49, 23555.10) 0.65 (0.45, 2.03) 1914.00 (1327.40, 2282.00) 0.11 (0.07, 0.13) -6.15 (-7.37, -4.91) 
Eastern Europe 215.23 (147.35, 268.81) 0.10 (0.07, 0.12) 142.40 (91.70, 176.00) 0.06 (0.04, 0.08) -1.57 (-2.21, -0.93) 
Eastern Sub-Saharan Africa 245208.16 (139278.03, 387644.08) 105.77 (62.57, 167.23) 129573.60 (59485.30, 236781.20) 31.9 (14.65, 59.83) -3.98 (-4.58, -3.36) 
High-income Asia Pacific 47.39 (37.23, 54.37) 0.03 (0.02, 0.03) 99.20 (31.90, 135.80) 0.02 (0.01, 0.03) -0.68 (-1.06, -0.30) 
High-income North America 58.08 (43.3, 122.69) 0.02 (0.01, 0.04) 200.10 (73.90, 238.10) 0.04 (0.01, 0.05) 2.59 (1.04, 4.17) 
North Africa and Middle East 19048.62 (8832.70, 45215.55) 6.04 (2.97, 12.39) 10088.90 (3577.00, 23463.40) 1.78 (0.66, 4.08) -4.22 (-4.83, -3.61) 
Oceania 1008.83 (350.04, 2490.07) 18.69 (6.72, 44.99) 1192.30 (324.90, 3232.70) 10.61 (2.93, 28.89) -1.83 (-4.14, 0.54) 
South Asia 264240.96 (142518.19, 495146.20) 21.85 (11.74, 41.96) 70398.10 (42599.80, 126270.00) 4.42 (2.67, 7.74) -5.74 (-6.56, -4.92) 
Southeast Asia 37186.30 (17911.26, 59866.11) 7.65 (4.06, 12.92) 16710.20 (7393.10, 21255.20) 2.75 (1.19, 3.52) -3.29 (-4.07, -2.50) 
Southern Latin America 1287.21 (692.07, 2293.56) 2.97 (1.61, 5.42) 939.00 (520.10, 2874.70) 1.14 (0.64, 3.45) -3.23 (-3.45, -3.02) 
Southern Sub-Saharan Africa 4934.26 (1798.84, 10637.36) 8.89 (3.38, 18.82) 3131.90 (809.80, 9332.70) 4.06 (1.13, 12.01) -2.79 (-4.13, -1.44) 
Tropical Latin America 14457.69 (7520.38, 20102.25) 12.91 (6.46, 17.15) 9219.00 (5040.00, 13736.80) 3.96 (2.13, 5.96) -4.08 (-4.26, -3.90) 
Western Europe 929.99 (815.04, 1333.25) 0.18 (0.15, 0.31) 122.00 (67.20, 236.70) 0.02 (0.01, 0.05) -8.24 (-10.93, -5.46) 
Western Sub-Saharan Africa 320686.15 (169189.26, 536583.17) 147.75 (78.71, 249.40) 415682.50 (206252.90, 736045.90) 109.51 (53.05, 201.10) -1.03 (-1.54, -0.51) 
AAPC: average annual percentage change; ASMR: age-standardized mortality rate; NTDs: neglected tropical diseases. 
 
 
 
 
Supplementary Table 2. DALYs, ASDR, and AAPC of malaria and NTDs worldwide from 1990 to 2019. 
Characteristics 1990 2019 AAPC of ASIR 

(95% CI) DALYs (95%UI) ASDR/100,000 (95% UI) DALYs (95% UI) ASDR/100,000 (95% UI) 
Total 94425891.58 (63899893.01, 134921004.20) 1596.63 (1099.29, 2263.78) 62903804.67 (38609885.53, 95989237.10) 884.96 (537.27, 1356.63) -2.04 (-2.32, -1.76) 
Male 48903021.40 (33619165.04, 69744707.14) 1638.96 (1142.09, 2319.02) 32462044.54 (19823859.62, 49837508.17) 892.16 (544.05, 1373.61) -2.10 (-2.37, -1.83) 
Female 45522870.18 (30179557.12, 65989656.89) 1558.82 (1046.62, 2244.41) 30441760.13 (18720869.48, 46305720.70) 879.22 (534.37, 1342.14) -1.98 (-2.27, -1.70) 
High-middle SDI 2813926.30 (1975972.41, 4158089.96) 252.52 (175.77, 376.74) 1632064.47 (1225664.25, 2120206.42) 121.96 (91.80, 155.99) -2.36 (-3.05, -1.66) 
High SDI 211584.27 (154387.08, 277718.58) 24.88 (18.07, 33.60) 208706.93 (149604.63, 282686.54) 16.47 (12.00, 22.22) -1.39 (-1.63, -1.15) 
Low-middle SDI 26516310.08 (17764567.28, 41458294.82) 2000.99 (1377.79, 3006.25) 15179995.54 (9518155.55, 22174386.82) 879.86 (551.73, 1286.23) -2.86 (-3.24, -2.48) 
Low SDI 49271637.99 (29903424.18, 75125236.53) 6610.94 (4281.28, 9756.57) 37402634.85 (20974987.71, 61102872.24) 2767.10 (1602.60, 4446.44) -2.99 (-3.23, -2.75) 
Middle SDI 15577939.63 (11357912.25, 20853719.38) 863.50 (643.01, 1140.10) 8457692.13 (6184827.49, 11004301.13) 385.56 (280.56, 507.13) -2.79 (-3.21, -2.37) 
Andean Latin America 241195.81 (155822.40, 371526.27) 651.12 (443.06, 969.85) 120199.32 (82769.47, 166047.61) 196.17 (134.82, 271.03) -4.19 (-5.61, -2.75) 
Australasia 1735.12 (967.91, 2960.31) 9.52 (5.36, 16.26) 1644.89 (801.45, 3046.84) 6.62 (3.27, 11.83) -1.26 (-1.34, -1.17) 
Caribbean 141264.53 (98095.08, 192664.82) 396.09 (279.03, 535.51) 100542.43 (64344.68, 165589.93) 215.05 (137.47, 355.78) -2.76 (-6.07, 0.67) 
Central Asia 126085.87 (69632.14, 231740.96) 164.11 (98.36, 272.99) 71834.95 (47817.81, 103336.45) 77.78 (52.30, 111.05) -3.06 (-3.73, -2.40) 
Central Europe 68060.77 (43523.52, 135193.90) 53.51 (33.93, 117.58) 52544.10 (33419.10, 76653.22) 33.42 (22.30, 46.89) -1.60 (-1.71, -1.49) 
Central Latin America 500745.20 (374959.08, 654077.45) 323.23 (249.32, 409.73) 430030.32 (326680.53, 543402.42) 175.31 (133.78, 220.70) -2.49 (-2.90, -2.08) 
Central Sub-Saharan Africa 9882246.92 (5854608.75, 14816993.26) 11677.82 (7687.42, 16870.95) 7561214.43 (4363266.75, 11559274.04) 4763.25 (2871.02, 7168.40) -3.01 (-3.24, -2.77) 
East Asia 2603986.11 (1622646.39, 4070894.32) 218.82 (138.27, 335.40) 1161098.85 (708126.37, 1836690.97) 67.47 (41.87, 105.04) -3.97 (-4.26, -3.68) 
Eastern Europe 117183.67 (81956.23, 157449.25) 46.74 (33.57, 62.34) 96587.75 (66168.67, 132245.32) 34.54 (24.23, 46.64) -1.04 (-1.10, -0.98) 
Eastern Sub-Saharan Africa 20842087.13 (12573118.74, 31845293.12) 7587.79 (4885.43, 11218.65) 11406000.30 (6177271.60, 18923070.46) 2302.84 (1298.87, 3841.00) -4.03 (-4.45, -3.60) 
High-income Asia Pacific 49879.01 (34801.68, 68645.53) 29.07 (20.08, 40.54) 45001.75 (30981.51, 62509.10) 20.04 (13.78, 28.11) -1.27 (-1.37, -1.17) 
High-income North America 72705.52 (47200.25, 104792.80) 22.46 (14.86, 32.26) 100977.14 (64268.93, 149894.47) 19.70 (13.10, 28.31) -0.43 (-0.63, -0.24) 
North Africa and Middle East 1794192.17 (1057379.08, 3677359.98) 502.88 (312.12, 926.79) 1136429.46 (676501.02, 1827124.33) 185.48 (111.65, 297.24) -3.60 (-4.04, -3.17) 
Oceania 113251.05 (69250.24, 204749.96) 1802.03 (1112.25, 3137.16) 131514.66 (76585.93, 240096.19) 1009.00 (585.56, 1857.48) -2.34 (-4.09, -0.56) 
South Asia 25328875.31 (15778277.39, 43116953.25) 1973.98 (1259.90, 3271.61) 7274290.24 (5088917.47, 10500096.37) 417.61 (293.86, 601.09) -5.41 (-5.65, -5.17) 
Southeast Asia 4584996.31 (2940385.89, 6302719.68) 921.67 (624.84, 1250.43) 1802287.97 (1162003.29, 2292388.51) 283.55 (179.58, 359.62) -3.91 (-4.45, -3.36) 
Southern Latin America 85498.10 (62699.07, 119847.36) 178.84 (130.94, 247.91) 54563.96 (37949.56, 94208.20) 73.38 (51.13, 122.65) -3.04 (-3.12, -2.96) 
Southern Sub-Saharan Africa 586141.17 (334050.25, 984460.74) 1008.50 (604.77, 1659.61) 359292.27 (181026.15, 745203.13) 458.42 (240.86, 940.71) -2.70 (-3.52, -1.88) 
Tropical Latin America 906894.15 (576784.11, 1248377.98) 661.86 (415.36, 883.21) 538434.84 (378498.43, 766476.29) 235.86 (162.63, 349.52) -3.54 (-3.72, -3.35) 
Western Europe 44778.64 (31220.34, 70519.25) 11.38 (7.62, 20.17) 33828.41 (22132.76, 49365.79) 6.60 (4.39, 9.74) -1.87 (-2.15, -1.59) 
Western Sub-Saharan Africa 26334089.01 (14964045.59, 42713459.16) 9957.95 (6039.74, 15650.92) 30425486.66 (16381998.79, 51117804.35) 5873.21 (3147.39, 9999.82) -1.80 (-2.09, -1.50) 
AAPC: average annual percentage change; ASDR: age-standardized disability-adjusted life years rate; NTDs: neglected tropical diseases. 
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Supplementary Table 3. Changes in ASIR for malaria and different types of NTDs from 1990 to 2019. 

Diseases 
1990 2019 1990–2019 1990–1999 2000–2009 2010–2019 

ASIR/100000(95% UI) ASIR/100000(95% UI) AAPC (95% CI) p 
value AAPC (95% CI) p 

value AAPC (95% CI) p 
value AAPC (95% CI) p 

value 
African 
trypanosomiasis 0.69 (0.47, 1.04) 0.03 (0.02, 0.04) -10.85 (-11.54, -

10.17) 
< 

0.001 2.26 (1.55, 2.98) < 
0.001 

-14.00 (-15.40, -
12.57) 

< 
0.001 

-20.32 (-21.86, -
18.75) 

< 
0.001 

Chagas disease 4.07 (3.54, 4.68) 2.27 (2.00, 2.56) -2.00 (-2.13, -1.88) < 
0.001 -3.12 (-3.19, -3.05) < 

0.001 -1.45 (-1.56, -1.34) < 
0.001 -1.82 (-2.05, -1.60) < 

0.001 

Cystic echinococcosis 2.65 (1.87, 3.70) 2.60 (1.72, 3.79) -0.07 (-0.09, -0.06) < 
0.001 0.02 (-0.04, 0.07) 0.550 -0.40 (-0.45, -0.34) < 

0.001 0.16 (0.15, 0.17) < 
0.001 

Dengue 557.15 (243.32, 1212.53) 740.38 (478.25, 1323.07) 1.01 (0.94, 1.07) < 
0.001 1.36 (1.34, 1.37) < 

0.001 2.00 (1.91, 2.10) < 
0.001 -0.42 (-0.62, -0.22) < 

0.001 

Guinea worm disease 30.83 (30.35, 31.34) 0.00 (0.00, 0.00) -32.99 (-35.66, -
30.21) 

< 
0.001 

-31.52 (-34.94, -
27.91) 

< 
0.001 

-33.55 (-37.25, -
29.63) 

< 
0.001 

-42.08 (-49.07, -
34.13) 

< 
0.001 

Leishmaniasis 17.15 (14.05, 20.77) 8.70 (6.54, 11.42) -2.31 (-2.57, -2.05) < 
0.001 -4.70 (-4.80, -4.60) < 

0.001 1.54 (1.40, 1.69) < 
0.001 -4.75 (-5.40, -4.10) < 

0.001 

Leprosy 1.48 (1.30, 1.73) 0.65 (0.57, 0.75) -2.79 (-2.85, -2.73) < 
0.001 -4.23 (-4.29, -4.16) < 

0.001 -2.89 (-3.08, -2.71) < 
0.001 -1.51 (-1.57, -1.44) < 

0.001 

Malaria 4084.09 (3388.02, 
4998.95) 

3247.02 (2602.06, 
4109.56) -0.80 (-0.95, -0.64) < 

0.001 -0.43 (-0.59, -0.26) < 
0.001 -0.18 (-0.44, 0.08) 0.182 -2.17 (-2.77, -1.57) < 

0.001 

Rabies 0.46 (0.18, 0.75) 0.18 (0.08, 0.28) -3.08 (-3.25, -2.91) < 
0.001 -1.93 (-2.07, -1.78) < 

0.001 -3.96 (-4.14, -3.78) < 
0.001 -3.41 (-3.52, -3.30) < 

0.001 

Yellow fever 4.64 (1.78, 10.02) 1.50 (0.57, 3.30) -3.85 (-4.15, -3.55) < 
0.001 -3.91 (-4.23, -3.60) < 

0.001 -3.82 (-4.25, -3.40) < 
0.001 -4.57 (-5.88, -3.25) < 

0.001 
ASIR: age-standardized incidence rate; AAPC: average annual percentage change; NTDs: neglected tropical diseases. 
 
 
 
 
Supplementary Table 4. Changes in ASMR for malaria and different types of NTDs from 1990 to 2019.  
 ASMR/100000 (95% 

UI) 
ASMR/100000 (95% 

UI) AAPC (95% CI) p 
value AAPC (95% CI) p 

value AAPC (95% CI) p 
value AAPC (95% CI) p 

value 

African trypanosomiasis 0.32 (0.16, 0.53) 0.02 (0.01, 0.03) -9.67 (-10.94, -
8.39) 

< 
0.001 3.35 (-1.34, 8.26) 0.164 -13.47 (-15.44, -

11.45) 
< 

0.001 
-17.59 (-20.52, -

14.55) 
< 

0.001 

Chagas disease 0.31 (0.14, 0.37) 0.12 (0.07, 0.21) -3.32 (-3.62, -3.02) < 
0.001 -5.23 (-5.92, -4.54) < 

0.001 -2.76 (-2.92, -2.59) < 
0.001 -2.01 (-2.32, -1.69) < 

0.001 

Cystic echinococcosis 0.06 (0.04, 0.07) 0.02 (0.01, 0.02) -3.86 (-4.04, -3.68) < 
0.001 -3.78 (-3.91, -3.65) < 

0.001 -5.13 (-5.25, -5.00) < 
0.001 -2.04 (-2.36, -1.71) < 

0.001 

Cysticercosis 0.03 (0.02, 0.04) 0.01 (0.01, 0.02) -2.40 (-2.50, -2.34) < 
0.001 -1.81 (-2.00, -1.61) < 

0.001 -2.94 (-3.04, -2.84) < 
0.001 -2.43 (-2.57, -2.30) < 

0.001 
Dengue 0.50 (0.12, 0.74) 0.48 (0.12, 0.59) -0.09 (-0.39, 0.22) 0.574 -0.96 (-1.74, -0.18) 0.023 0.41 (-0.12, 0.93) 0.130 -0.11 (-0.59, 0.38) 0.629 

Intestinal nematode infections 0.13 (0.10, 0.17) 0.03 (0.02, 0.04) -4.88 (-5.08, -4.67) < 
0.001 -3.68 (-3.74, -3.62) < 

0.001 -3.95 (-4.51, -3.39) < 
0.001 -6.58 (-7.04, -6.11) < 

0.001 

Leishmaniasis 1.00 (0.33, 3.28) 0.08 (0.02, 0.26) -8.49 (-9.73, -7.22) < 
0.001 

-18.56 (-20.26, -
16.82) 

< 
0.001 1.45 (-0.69, 3.63) 0.187 -9.68 (-10.60, -8.75) < 

0.001 

Malaria 14.42 (7.96, 23.21) 8.95 (4.23, 16.00) -1.65 (-2.02, -1.27) < 
0.001 0.26 (0.00, 0.51) 0.049 -0.34 (-0.73, 0.05) 0.086 -4.53 (-5.57, -3.48) < 

0.001 
Other neglected tropical 
diseases 0.20 (0.13, 0.47) 0.19 (0.13, 0.48) -0.20 (-0.40, -0.07

） 0.004 -0.75 (-0.93, -0.57) < 
0.001 0.35 (0.25, 0.45) < 

0.001 -0.11 (-0.37, 0.15) 0.356 

Rabies 0.48 (0.74, 0.18) 0.18 (0.08, 0.24) -3.38 (-3.69, -3.06) < 
0.001 -2.19 (-2.37, -2.01) < 

0.001 -3.58 (-4.30, -2.84) < 
0.001 -3.80 (-4.01, -3.59) < 

0.001 

Schistosomiasis 0.40 (0.35, 0.44) 0.14 (0.12, 0.16) -3.47 (-3.65, -3.30) < 
0.001 -2.22 (-2.49, -1.94) < 

0.001 -4.77 (-5.10, -4.45) < 
0.001 -3.34 (-4.02, -2.67) < 

0.001 

Yellow fever 0.23 (0.09, 0.48) 0.06 (0.02, 0.12) -4.51 (-6.22, -2.77) < 
0.001 -4.92 (-10.41, 0.90) 0.096 -5.00 (-6.02, -3.97) < 

0.001 -5.36 (-7.83, -2.83) 0.001 

ASMR: age-standardized mortality rate; AAPC: average annual percentage change; NTDs: neglected tropical diseases; SDI: socio-demographic index. 
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Supplementary Table 5. Changes in ASDR for malaria and different types of NTDs from 1990 to 2019. 

Diseases 
1990 2019 1990–2019 1990–1999 2000–2009 2010–2019 

ASDR/100, 000 (95% 
UI) 

ASDR/100, 000 (95% 
UI) AAPC (95% CI) p 

value AAPC (95% CI) p 
value AAPC (95% CI) p 

value AAPC (95% CI) p 
value 

African trypanosomiasis 18.13 (8.83, 29.44) 1s.10 (0.49, 2.10) -9.41 (-10.66, -8.14) < 
0.001 3.50 (-0.89, 8.08) 0.119 -13.11 (-15.04, -

11.14) 
< 

0.001 
-17.33 (-20.23, -

14.33) 
< 

0.001 

Chagas disease 8.51 (3.72, 10.53) 3.34 (2.25, 5.57) -3.19 (-3.33, -3.05) < 
0.001 -4.43 (-4.63, -4.24) < 

0.001 -3.08 (-3.28, -2.87) < 
0.001 -1.86 (-2.28, -1.43) < 

0.001 

Cystic echinococcosis 3.82 (3.05, 4.70) 1.56 (1.14, 2.16) -2.98 (-3.11, -2.86) < 
0.001 -3.13 (-3.21, -3.06) < 

0.001 -3.70 (-3.82, -3.58) < 
0.001 -1.72 (-1.95, -1.49) < 

0.001 

Cysticercosis 23.77 (15.05, 34.04) 16.79 (10.74, 23.88) -1.20 (-1.24, -1.15) < 
0.001 -0.77 (-0.89, -0.65) < 

0.001 -1.49 (-1.52, -1.45) < 
0.001 -1.34 (-1.42, -1.26) < 

0.001 

Dengue 39.21 (9.32, 61.96) 32.16 (11.11, 44.15) -0.62 (-0.89, -0.35) < 
0.001 -1.21 (-1.92, -0.50) 0.005 0.12 (-0.40, 0.64) 0.660 -1.08 (-1.46, -0.70) < 

0.001 

Food-borne trematodiases 22.54 (10.00, 44.21) 9.47 (4.67, 17.57) -2.90 (-3.05, -2.74) < 
0.001 -4.51 (-4.64, -4.37) < 

0.001 -3.19 (-3.28, -3.10) < 
0.001 -0.70 (-1.71, 0.32) 0.180 

Guinea worm disease 0.50 (0.31, 0.73) 0.00 (0.00, 0.00) -31.38 (-34.13, -
28.51) 

< 
0.001 

-31.04 (-35.05, -
26.77) 

< 
0.001 

-33.19 (-35.42, -
30.89) 

< 
0.001 

-37.09 (-53.54, -
14.80) 0.003 

Intestinal nematode infections 91.23 (58.69, 135.75) 26.60 (17.03, 40.49) -4.17 (-4.36, -3.98) < 
0.001 -2.86 (-2.94, -2.78) < 

0.001 -4.95 (-5.19, -4.71) < 
0.001 -4.71 (-4.88, -4.53) < 

0.001 

Leishmaniasis 74.14 (26.92, 236.57) 9.39 (5.00, 22.22) -6.95 (-7.97, -5.92) < 
0.001 

-17.07 (-18.71, -
15.39) 

< 
0.001 1.35 (-0.32, 3.04) 0.113 -6.51 (-7.09, -5.92) < 

0.001 

Leprosy 0.95 (0.62, 1.39) 0.35 (0.23, 0.51) -3.31 (-3.44, -3.18) < 
0.001 -4.11 (-4.31, -3.92) < 

0.001 -4.35 (-4.68, -4.03) < 
0.001 -1.66 (-1.75, -1.58) < 

0.001 

Lymphatic filariasis 81.23 (54.25, 117.00) 20.71 (12.18, 34.66) -4.79 (-5.51, -4.08) < 
0.001 0.05 (-0.08, 0.18) 0.411 -10.77 (-11.91, -9.61) < 

0.001 -2.81 (-3.96, -1.64) 0.001 

Malaria 1074.99 (608.96, 
1721.22) 668.11 (337.28, 1152.22) -1.64 (-2.00, -1.27) < 

0.001 0.28 (0.05, 0.51) 0.023 -0.36 (-0.67, -0.05) 0.023 -4.72 (-5.53, -3.90) < 
0.001 

Onchocerciasis 26.24 (16.65, 38.18) 15.69 (9.75, 23.28) -1.75 (-1.83, -1.67) < 
0.001 -3.49 (-3.58, -3.40) < 

0.001 -1.97 (-2.14, -1.80) < 
0.001 0.22 (0.12, 0.32) < 

0.001 
Other neglected tropical 
diseases 43.60 (30.30, 67.77) 39.43 (27.00, 63.68) -0.34 (-0.38, -0.31) < 

0.001 -0.42 (-0.45, -0.39) < 
0.001 -0.30 (-0.35, -0.25) < 

0.001 -0.31 (-0.51, -0.12) 0.001 

Rabies 29.71 (10.80, 47.62) 10.59 (4.38, 14.69) -3.55 (-3.87, -3.23) < 
0.001 -2.25(-2.52, -1.97) < 

0.001 -3.75 (-4.63, -2.86) < 
0.001 -4.07(-4.30, -3.83) < 

0.001 

Schistosomiasis 36.30 (25.12, 54.89) 20.92 (13.23, 33.73) -1.90 (-1.98, -1.81) < 
0.001 -0.57 (-0.71, -0.43) < 

0.001 -1.51 (-1.56, -1.47) < 
0.001 -3.69 (-4.05, -3.33) < 

0.001 

Trachoma 7.28 (4.61, 10.96) 2.20 (1.39, 3.33) -4.04 (-4.25, -3.82) < 
0.001 -3.24 (-3.38, -3.09) < 

0.001 -5.96 (-6.31, -5.61) < 
0.001 -2.89 (-3.13, -2.66) < 

0.001 

Yellow fever 14.48 (5.43, 30.53) 3.98 (1.47, 8.21) -4.27 (-5.97, -2.54) < 
0.001 -4.57 (-9.96, 1.14) 0.114 -4.66 (-5.66, -3.65) < 

0.001 -5.52 (-7.97, -3.00) 0.001 

AAPC: average annual percentage change; ASDR: age-standardized disability-adjusted life years rate; GBD: global burden of disease; NTDs: neglected tropical 
diseases; SDI: socio-demographic index. 
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  Supplementary Figure 1. ASMR for malaria and NTDs worldwide in 2019, and AAPC from 1990 to 2019. 

A: ASMR for malaria and NTDs worldwide in 2019; B: AAPC of ASMR for malaria and NTDs worldwide from 1990 to 2019. ASMR: age-standardized 
mortality rate; AAPC: average annual percentage change; NTDs: neglected tropical diseases. 
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  Supplementary Figure 2. ASDR for malaria and NTDs worldwide in 2019 and AAPC from 1990 to 2019. 

A: ASDR for malaria and NTDs worldwide in 2019; B: AAPC of ASDR for malaria and NTDs worldwide from 1990 to 2019. ASDR: age-standardized 
disability-adjusted life years rate; AAPC: average annual percentage change; NTDs: neglected tropical diseases. 
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  Supplementary Figure 3. Trends in incident cases, mortality cases, and DALYs with different characteristics of malaria and NTDs from 
1999 to 2019. 

A: incident cases: mortality cases: and DALYs of malaria and NTDs in SDI regions from 1990 to 2019; B: incident cases: mortality cases: and DALYs of 
malaria and NTDs in the World Bank income regions from 1990 to 2019; C: incident cases: mortality cases: and DALYs of malaria and NTDs by gender from 
1990 to 2019; S3D: incident cases: mortality cases: and DALYs of malaria and NTDs by age from 1990 to 2019. DALYs: disability-adjusted life years; NTDs: 
neglected tropical diseases. SDI, socio-demographic index. 
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  Supplementary Figure 4. Subgroup analysis in incident cases, mortality cases, and DALYs of malaria and NTDs for SDI regions from 1990 
to 2019. 

A: incident cases: mortality cases: and DALYs of malaria and NTDs among men in SDI region from 1990 to 2019; B: incident cases: mortality cases: and 
DALYs of malaria and NTDs among women in SDI regions from 1990 to 2019. DALYs: disability-adjusted life years; NTDs: neglected tropical diseases; 
SDI: socio-demographic index. 

Supplementary Figure 5. Subgroup analysis in incident cases, mortality cases, and DALYs of malaria and NTDs for the World Bank income 
regions from 1990 to 2019. 

A: incident cases: mortality cases: and DALYs of malaria and NTDs among men for the World Bank income regions from 1990 to 2019; B: incident cases: 
mortality cases: and DALYs of malaria and NTDs among women for the World Bank income regions from 1990 to 2019. DALYs: disability-adjusted life 
years; NTDs: neglected tropical diseases. 
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  Supplementary Figure 6. Subgroup analysis in incident cases, mortality cases, and DALYs of malaria and NTDs for different ages from 
1990 to 2019. 

A: incident cases: mortality cases: and DALYs of malaria and NTDs among men of different ages from 1990 to 2019; B: incident cases: mortality cases and 
DALYs of malaria and NTDs among women of different ages from 1990 to 2019. DALYs: disability-adjusted life years; NTDs: neglected tropical diseases. 

Supplementary Figure 7. Subgroup analysis in ASIR, ASMR and ASDR of malaria and NTDs for World Bank income region from 1990 
to 2019. 

A: ASIR: ASMR: and ASDR of malaria and NTDs among men for World Bank income regions from 1990 to 2019; B: ASIR: ASMR: and ASDR of malaria 
and NTDs among women for World Bank income regions from 1990 to 2019. ASIR: age-standardized incidence rate; ASMR: age-standardized mortality rate; 
ASDR: age-standardized disability-adjusted life years rate; NTDs: neglected tropical diseases. 
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  Supplementary Figure 8. Subgroup analysis in disease burden of malaria and NTDs for different ages from 1990 to 2019. 

A: disease burden of malaria and NTDs among men of different ages from 1990 to 2019; B: disease burden of malaria and NTDs among women for different 
ages from 1990 to 2019. ASIR: age-standardized incidence rate; ASMR: age-standardized mortality rate; ASDR: age-standardized disability-adjusted life 
years rate; NTDs: neglected tropical diseases. 
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  Supplementary Figure 9. Predictions of malaria and NTDs in different genders from 2020 to 2030. 

A: ASIR of malaria and NTDs in different genders from 2020 to 2030; B: ASMR of malaria and NTDs in different genders from 2020 to 2030; C: ASDR of 
malaria and NTDs in different genders from 2020 to 2030. The red dots represent the corresponding rates from 1990 to 2019: the blue dots represent the 
projected results from 2020 to 2030: and the shading represents the 95% confidence intervals. ASIR: age-standardized incidence rate; ASMR: age-standardized 
mortality rate; ASDR: age-standardized disability-adjusted life years rate; NTDs: neglected tropical diseases. 
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  Supplementary Figure 10. Predictions of malaria and NTDs in different World Bank income regions from 2020 to 2030. 

A: ASIR of malaria and NTDs in different World Bank income regions from 2020 to 2030; B: ASMR of malaria and NTDs in different World Bank income 
regions from 2020 to 2030; C: ASDR of malaria and NTDs in different World Bank income regions from 2020 to 2030. The red dots represent the 
corresponding rates from 1990 to 2019: the blue dots represent the projected results from 2020 to 2030: and the shading represents the 95% confidence 
intervals. ASIR: age-standardized incidence rate; ASMR: age-standardized mortality rate; ASDR: age-standardized disability-adjusted life years rate; NTDs: 
neglected tropical diseases. 
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 Supplementary Figure 11. Predictions of malaria and NTDs in different ages from 2020 to 2030. 

A: ASIR of malaria and NTDs in different ages from 2020 to 2030; B: ASMR of malaria and NTDs in different ages from 2020 to 2030; C: ASDR of malaria 
and NTDs in different ages from 2020 to 2030. The red dots represent the corresponding rates from 1990 to 2019: the blue dots represent the projected results 
from 2020 to 2030: and the shading represents the 95% confidence intervals. DALYs: disability-adjusted life years; NTDs: neglected tropical diseases; ASIR: 
age-specific incidence rate; ASMR: age-specific mortality rate; ASDR: age-specific disability-adjusted life years rate. 
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