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Abstract
Background  Tuberculosis (TB) remains a major global health threat. Despite ongoing efforts to control and eradicate 
TB, various factors including socioeconomic issues, policy modifications, and unexpected public health crises like 
COVID-19 pandemic have posed new obstacles to achieving TB elimination. This study aims to analyze the changes 
in global tuberculosis burden over the past 32 years, and provide scientific support for global initiatives targeting the 
eradication of TB in the post-pandemic period.

Methods  The data for this study were obtained from the Global Burden of Disease (GBD) 2021 database, with age-
standardized incidence rate (ASIR), prevalence rate (ASPR), mortality rate (ASDR), and disability-adjusted life years 
(DALYs) as the primary assessment indicators. Dynamic changes in the TB burden were analyzed by estimating the 
annual percentage changes (EAPCs). The attributable ratios of six main risk factors to TB burden were calculated, 
and the correlation between the Socio-Demographic Index (SDI) and the TB burden was analyzed using Pearson 
correlation tests.

Results  The global TB incidence decreased from 8.6 million cases in 1990 to 8.4 million cases in 2021, with a 
corresponding decline in deaths. However, the TB burden remains higher among men than women. The highest 
incidence and mortality rates were observed in the age group of 15–69 years, with a notable gender disparity, 
especially in Eastern Europe. These rates were generally elevated in low-income and lower-middle-income regions, 
with significantly higher Age-Standardized Incidence Rates and Age-Standardized Death Rates in males compared to 
females. A significant negative correlation was found between SDI values and TB burden. Analyzing risk factors from 
the Global Burden of Disease study, it was determined that globally, dietary risks, high body-mass index, high fasting 
plasma glucose, low physical activity, tobacco, and alcohol use were the main contributors to TB age-standardized 
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Introduction
Tuberculosis (TB) is a chronic infectious disease caused 
by Mycobacterium tuberculosis (MTB), primarily trans-
mitted via airborne particles. It remains a significant 
global public health issue and is one of the leading causes 
of death from infectious disease worldwide [1]. Accord-
ing to the World Health Organization (WHO), in 2022, 
there were 10.6 million new cases of TB. Approximately 
1.3  million deaths were attributed to TB, which include 
167,000 cases of TB/HIV co-infection. This positions TB 
as the second largest infectious disease killer globally, 
after COVID-19 [2].

In recent years, substantial efforts have been made 
globally to prevent and control TB. There has been a gen-
eral decline in global TB prevalence and mortality rates 
from 2000 to 2022, while the ongoing global COVID-19 
pandemic posed huge risks to the global TB elimination 
efforts. Recent figures show an increase in TB incidence, 
with an additional 1.1  million cases recorded between 
2021 and 2022 [3]. This surge likely reflected a backlog of 
TB cases that did not receive timely diagnosis and treat-
ment due to disruptions in healthcare services caused by 
the pandemic.

With the advancement of socio-economic develop-
ment and urbanization, population mobility has nota-
bly increased, This shift has influenced TB transmission 
dynamics, together with the continued presence of risk 
factors such as HIV infection, diabetes, smoking, and 
malnutrition [4, 5]. These factors collectively contribute 
to the growing complexity of TB prevention.

The socioeconomic impact of TB is particularly severe 
in resource-limited low-income and lower-middle-
income countries. Although the global burden of TB 
has decreased overall, disparities across countries and 
regions persist. High-income countries have lower rates 
of tuberculosis morbidity and mortality due to well-
established health systems and effective preventive mea-
sures. In contrast, low-income and lower-middle-income 
countries continue to struggle with a high burden of TB. 
This disparity not only highlights differences in economic 
development and healthcare resources, but also under-
scores the influence of sociodemographic factors on TB 
prevalence.

In 2022, the World Health Organization (WHO) 
released ‘Implementing the End TB Strategy: The Essen-
tials, 2022 Update,’ which provides the recently updated 
resources for guiding TB control efforts globally [6]. This 

publication is crucial for analyzing the current condition 
of the global TB epidemic and understanding the disease 
burden in the post-epidemic era.

Since its establishment in 1990, the Global Burden of 
Disease (GBD) research program has provided an analyt-
ical framework and comprehensive data to assess global 
and regional disease burdens [7]. Through the utilization 
of extensive epidemiological data and systematic mod-
eling, the GBD program has examined the occurrence, 
prevalence, mortality, and disability-adjusted life years 
(DALYs) associated with various diseases, including 
TB. Furthermore, the GBD divides the world into seven 
super-regions based on epidemiological similarities and 
geographic proximity, further subdividing them into 21 
specific regions which include Andean Latin America, 
Australasia, Caribbean, Central Asia, Central Europe, 
Central Latin America, Central Sub-Saharan Africa, East 
Asia, Eastern Europe, Eastern Sub-Saharan Africa, High-
income Asia Pacific, High-income North America, North 
Africa and Middle East, Oceania, South Asia, Southeast 
Asia, Southern Latin America, Southern Sub-Saharan 
Africa, Tropical Latin America, Western Europe, and 
Western Sub-Saharan Africa. This categorization is used 
to study the epidemiological patterns and the geographic 
distribution of diseases, serving as a scientific foundation 
for countries to develop disease prevention strategies and 
public health policies.

This study, utilizing data from the GBD 2021 database, 
aims to evaluate the current status and changes in the TB 
burden globally and regionally by analyzing its incidence, 
prevalence, and mortality rates over time. By examining 
the 21 regions defined by GBD, the study also explores 
the influence of gender, age, and socioeconomic devel-
opment on the TB burden. The study aspires to serve as 
a valuable resource for global TB control efforts, and its 
findings aim to inform more effective strategies for TB 
prevention, contributing to the global goal of eliminating 
the TB epidemic by 2030.

Methods
The data acquisition and calculation methods for the rel-
evant indicators in this study were based on existing lit-
erature [8], with modifications and adjustments made to 
meet the specific needs of this research.

Disability-Adjusted Life Years, with tobacco and alcohol use having the most significant impact. Analysis of risk factors 
suggests that tailored public health interventions for specific genders and regions can effectively lessen the TB 
burden.

Keywords  Tuberculosis, Disease burden, Systematic analysis, Post-pandemic period, Preventive strategies, Socio-
demographic factor
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Data acquisition
The Global Burden of Disease (GBD 2021) database 
includes the disease burden of 371 diseases around the 
world, across different geographical regions and 204 
countries and regions [9], with subnational level analy-
sis conducted for 21 regions. The concepts and analyti-
cal framework of GBD, the cause hierarchy, and detailed 
methods have been extensively introduced in other lit-
erature [7, 10]. Data on the incidence, prevalence, mor-
tality, DALYs, and their corresponding age-standardized 
rates (ASRs) for tuberculosis were downloaded from the 
Global Health Data Exchange (GHDx) [11]. Gender and 
age distribution information was also collected, which 
reflects social development based on total fertility rates, 
per capita income, and years of education. According 
to previous research records, the level of social devel-
opment is an important factor affecting the incidence, 
prevalence, and mortality of pulmonary tuberculosis [8]. 
We obtained the Socio-Demographic Index (SDI) val-
ues to investigate the correlation between the burden of 
Tuberculosis in different countries and the level of social 
development.

Statistical analysis
Incidence, prevalence, mortality, and DALYs are key 
parameters used to evaluate the burden of tuberculosis. 
To account for changes in population size and age dis-
tribution, we also used age-standardized rates for inci-
dence, prevalence, mortality (referred to as ASIR, ASPR, 
and ASDR, respectively), and DALY rates. To monitor 
the evolving disease burden, a statistical model was uti-
lized to estimate the EAPCs, which is calculated based on 
ASRs using the formula: y = α + βx. Here, x represents the 
year, and y represents log10(ASRs). The EAPC value is 
derived from EAPC = 100 * (10β − 1). If the EAPCs value 
and its 95% CI are above zero, it indicates an increas-
ing trend, and vice versa. Furthermore, we conducted a 
Pearson correlation analysis to assess the relationship 
between SDI values and ASRs [11].

Data visualization
Data visualization was conducted using R software (ver-
sion 4.3.2) to illustrate the burden of tuberculosis in vari-
ous countries or regions via a world map. In this study, 
software packages such as map, ggplot2, and dplyr were 
used.

Results
Tuberculosis incidence, prevalence, and annual percentage 
change
The global number of incident cases of tuberculosis 
decreased from 8.6 million in 1990 (95% CI: 7.5 million 
to 9.9  million) to 8.4  million in 2021 (95% CI: 7.5  mil-
lion to 9.4  million) (Table  1). When examining gender 

differences, the total number of incident cases for males 
in 2021 was 4.7  million (95% CI: 4.2  million to 5.2  mil-
lion), while for females it was 3.7  million (95% CI: 
3.3 million to 4.2 million). Despite variations in popula-
tion size and age distribution, males consistently showed 
a higher TB incidence rate than females. In 2021, ASIR 
for males was 115.34 per 100,000 population (95% CI: 
103.71-128.58), while ASIR for females was 91.96 per 
100,000 population (95% CI: 81.49-102.62). Additionally, 
the decline of incidence rate in females is slightly faster 
than that in males (EAPC: males, -1.86, 95% CI: -1.96 to 
-1.76; females, -2.01, 95% CI: -2.11 to -1.92).

From a geographical perspective, South Asia had 
the greatest the number of incident cases in the whole 
of Asia (3.5  million in 1990 and 3.6  million in 2021), 
whereas Eastern Europe had the highest ASIR among 
Europe (98.97 in 1990 and 57.89 per 100,000 population 
in 2021). As for Asia continent, all regions experienced a 
significant decrease in ASIR. Among them, East Asia has 
the greatest decline over the past three decades (EAPC: 
-2.68, 95% CI -3.09 to -2.27), while the reduction of ASIR 
in Southeast Asia was relatively the smallest one (EAPC: 
-1.22, 95% CI: -1.41 to -1.03). In Eastern Sub-Saharan 
Africa, the number of incident cases rose from 731,640 in 
1990 to 860,550 in 2021 (Fig. 1a), accompanied by a con-
siderable change in ASIR (574.71 in 1990 and 282.94 per 
100,000 population in 2021, EAPC: -2.25, 95% CI: -2.36 
to -2.13). In most of the regions except for Southern Sub-
Saharan Africa, there has been a significant decline in 
incidence rates. Specifically, the EAPC for Southern Sub-
Saharan Africa was 0.09 (95% CI: -0.21 to 0.37).

In terms of social development levels, all SDI countries 
showed a declining trend in ASIR (Figure S1), and high 
SDI countries had significantly lower number of incident 
cases and ASIR for TB (21.51 in 1990, 9.19 per 100,000 
population in 2021; EAPC: -2.28, 95% CI: -2.68 to -1.88). 
Regarding the changes over the entire period, the most 
rapid decrease in ASIR can be seen in High-middle SDI 
countries (EAPC: -2.02, 95% CI: -2.10 to -1.94), while the 
data of middle SDI countries shows the lowest change 
over years (EAPC: -1.30, 95% CI: -1.45 to -1.15).

Tuberculosis death and annual percentage change
Global tuberculosis deaths have decreased from 1.8 mil-
lion in 1990 to 1.2  million in 2021 (Table  2). Gender 
subgroup analysis for 2021 indicated higher deaths and 
age-standardized death rate (ASDR) in males compared 
to females (deaths: male, 725,385, female, 437,411; ASDR: 
male, 18.19 per 100,000 population, female, 10.22 per 
100,000 population). Females showed a slightly greater 
decline in tuberculosis-related mortality compared to 
males (male EAPC: -3.03, 95% CI -3.21 to -2.84; female 
EAPC: -3.29, 95% CI -3.43 to -3.16). Analysis by Socio-
Demographic Index (SDI) value revealed that all SDI 
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countries showed a declining trend in ASDR (Figure 
S2), and tuberculosis deaths are predominantly concen-
trated in low-middle SDI countries (deaths: 753,220 in 
1990, 505,640 in 2021; ASDR: 103.17 in 1990, 33.81 per 
100,000 population in 2021). Notably, in 2021, the ASDR 
in low SDI countries (60.16 per 100,000 population) is 
significantly higher than in low-middle SDI countries 
(33.81 per 100,000 population), despite the latter having 
higher absolute numbers of fatalities (low SDI: 352,026, 

low-middle SDI: 505,642). The ASDR in high SDI coun-
tries had seen a substantial decrease (ASDR: 3.06 in 1990 
and 0.61 per 100,000 population in 2021; EAPC: -5.47, 
95% CI: -5.58 to -5.35) (Fig. 1b, accurate data was included 
in Table S1). Geographically, South Asia recorded the 
highest number of tuberculosis-related deaths (772,826 
in 1990, 500,932 in 2021), Eastern Sub-Saharan Africa 
had the highest ASDR in 1990 (219.15 per 100,000 popu-
lation, 95% CI: 177.37-270.33), and Central Sub-Saharan 

Table 1  The number of incident cases and incidence rates of tuberculosis in 1990 / 2021 and temporal trends
1990 1990 2021 2021 1990–2021
Incident cases No. 
*103(95%CI)

ASIR/100,000 No. 
(95%CI)

Incident cases No. 
*103(95%CI)

ASIR/100,000 No. 
(95%CI)

EAPC No.
(95%CI)

Overall 8598.52(7528.23-9854.79) 173.03(152.89-198.71) 8407.13(7519.79-9393.77) 103.00(92.21-114.91) -1.57(-1.71–1.43)
Sex
  Male 4467.13(3942.67-5108.72) 190.24(168.06-217.32) 4684.70(4183.37-5243.43) 115.34(103.71-128.58) -1.86(-1.96–1.76)
  Female 4131.39(3588.42-4748.72) 159.87(139.83-183.66) 3722.43(3313.15-4158.32) 91.96(81.49-102.62) -2.01(-2.11–1.92)
Socio-demographic factor
  High SDI 209.88(186.48-235.64) 21.51(19.23–24.07) 128.65(112.44-145.76) 9.19(8.04–10.61) -2.28(-2.68–1.88)
  High-middle SDI 863.67(764.94-985.28) 80.25(71.28–90.99) 543.00(479.14-613.32) 35.45(31.54–40.33) -2.58(-3.22–1.94)
  Middle SDI 2503.57(2196.59-2876.20) 173.03(152.89-198.71) 2525.80(2270.80-2798.41) 97.92(88.07-107.77) -1.30(-1.45–1.15)
  Low-middle SDI 3382.96(2910.05-3954.65) 372.83(322.07-432.47) 3231.46(2883.99-3665.30) 184.63(164.33-208.36) -2.02(-2.10–1.94)
  Low SDI 1634.24(1455.70-1832.95) 446.33(399.31-499.36) 1974.06(1753.39-2214.87) 240.81(214.02-269.43) -2.15(-2.25–2.06)
Region
  Andean Latin 
America

67.21(58.04–76.85) 199.71(175.82-225.08) 40.74(35.28–47.86) 61.56(53.60-71.69) -3.90(-4.18–3.62)

  Australasia 1840.63(1547.13-2203.41) 8.54(7.21–10.19) 1.69(1.45–1.98) 5.13(4.37–6.02) -1.35(-1.55–1.14)
  Caribbean 17.29(15.53–19.36) 50.00(45.41–55.52) 16.55(14.62–18.62) 34.13(30.04–38.28) -1.06(-1.23–0.90)
  Central Asia 62.07(54.00-70.47) 96.50(85.29-108.97) 50.92(44.32–58.50) 53.28(46.65–60.59) -1.79(-2.22–1.35)
  Central Europe 47.45(41.77–53.58) 35.17(31.26–39.51) 19.96(17.07–23.03) 13.65(11.86–15.67) -2.81(-3.44–2.17)
  Central Latin 
America

53.38(48.03–59.69) 42.76(38.40-47.46) 50.15(44.04–57.51) 19.25(16.93–21.93) -1.84(-2.15–1.53)

  Central Sub-Saha-
ran Africa

232.48(206.33-257.99) 545.66(491.34–602.20) 400.10(356.01–448.00) 392.31(352.37-437.48) -1.06(-1.22–0.90)

  East Asia 1242.81(1072.33-1439.98) 112.27(97.95-127.84) 707.42(630.58-786.49) 40.28(36.25–44.72) -2.68(-3.09–2.27)
  Eastern Europe 239.72(206.95–279.30) 98.97(85.92-114.92) 136.68(113.80-165.44) 57.89(48.95–70.52) -2.00(-3.18–0.81)
  Eastern Sub-Saha-
ran Africa

731.64(657.33-816.91) 574.71(515.67-636.78) 860.55(755.46-974.84) 282.94(250.78-314.99) -2.25(-2.36–2.13)

  High-income Asia 
Pacific

87.67(78.62–97.60) 45.65(41.13–50.53) 47.26(40.22–54.41) 15.44(13.33–17.83) -1.92(-2.34–1.50)

  High-income 
North America

13.08(11.20-15.35) 4.15(3.56–4.87) 10.05(8.61–11.74) 2.31(1.99–2.73) -2.36(-2.78–1.95)

  North Africa and 
Middle East

200.12(177.81-224.84) 73.05(66.44–80.54) 163.76(143.32-188.97) 28.94(25.47–32.99) -2.68(-2.91–2.45)

  Oceania 7.72(6.91–8.60) 161.13(147.22-177.15) 13.74(12.45–15.19) 122.03(111.69-133.54) -0.59(-0.68–0.49)
  South Asia 3494.30(2922.17-4234.28) 408.70(342.56-488.64) 3569.83(3155.74-4088.87) 204.05(180.62-231.66) -2.03(-2.13–1.94)
  Southeast Asia 1166.40(1050.84-1289.09) 314.14(285.20-345.81) 1264.29(1148.25-1395.42) 181.42(164.65–198.80) -1.22(-1.41–1.03)
  Southern Latin 
America

13.39(11.71–15.36) 27.60(24.24–31.53) 9.82(8.55–11.49) 13.63(11.79–15.97) -1.92(-2.13–1.71)

  Southern Sub-
Saharan Africa

268.05(237.16-302.37) 544.24(490.50-608.71) 344.14(300.92-393.27) 417.09(370.36–470.40) 0.09(-0.21-0.37)

  Tropical Latin 
America

72.82(63.26–84.15) 55.11(48.44–62.97) 72.89(62.72–85.11) 29.53(25.53–34.40) -1.33(-1.96–0.70)

  Western Europe 54.72(47.20-64.61) 13.01(11.07–15.41) 24.82(21.59–28.63) 5.69(4.79–6.76) -2.79(-3.10–2.47)
  Western Sub-
Saharan Africa

524.36(476.28-579.52) 363.61(330.80–399.00) 601.76(533.19-676.84) 177.75(155.88-200.89) -2.57(-2.78–2.36)
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Africa had the highest ASDR in 2021 (102.62 per 100,000 
population, 95% CI: 73.09-148.92).

Additionally, the tuberculosis deaths have been 
declined from 1990 to 2021 in nearly all 21 regions. The 
East Asia region (EAPC: -6.48, 95% CI -6.72 to -6.22) and 
the High-income Asia Pacific region (EAPC: -6.46, 95% 
CI: -6.59 to -6.31) showed a rapid decline in ASDR. At 
the national or regional level, the Central African Repub-
lic and Somalia had a relatively high ASDR for tuberculo-
sis in 2021 (Central African Republic: 264.97 per 100,000 

population, Somalia: 264.82 per 100,000 population) 
(Fig.  2b, accurate data was included in Table S2). Fur-
thermore, China and Kazakhstan have seen a significant 
decrease ASDR from tuberculosis (China: EAPC: -7.79; 
Kazakhstan: EAPC: -7.08).

Age distribution is a critical parameter in the epidemi-
ology of tuberculosis. Globally, in 2021, significant differ-
ences in the epidemiological parameters of tuberculosis 
were observed across different age groups and genders 
(Fig. 3a).

Fig. 1  The global burden of tuberculosis in 204 countries or territories in 2021. a The ASIR of 204 countries; b the ASDR of 204 countries; c the age-stan-
dardized DALYs rate of 204 countries. Notes: ASIR = age-standardized incidence rate; ASDR = age-standardized death rate. Accurate ASRs was contained 
in Additional file 1 (Table S1). Global tuberculosis disease burden among different age groups
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The incidence rate of tuberculosis in the 5–9 age group 
is the lowest among all age groups (19.01 in males and 
28.38 per 100,000 population in females). The incidence 
rate in the 85 and older age group is the highest across all 
age groups (298.84 in males and 142.99 per 100,000 pop-
ulation in females), however the number of incident cases 
is comparatively low due to the smaller base population 
of elderly individuals. Conversely, in the 15–69 age group, 
which comprises the prime working-age population, had 

the highest incidence rate, number of incident cases and 
considerable gender disparities of tuberculosis. Globally, 
in 2021, prevalence of tuberculosis is most common in 
the 15–44 age range, particularly in the 30–34 age group. 
Specifically, 370,318 males and 281,555 females in this 
age range were infected, with incidence rates of 121.20 
and 94.19 per 100,000 population respectively. The num-
ber of prevalent cases began to decrease starting from the 

Table 2  The number of deaths and death rates of tuberculosis in 1990 / 2021 and temporal trends
1990 1990 2021 2021 1990–2021
Death cases No. 
*103(95%CI)

ASDR/100,000 No. 
(95%CI)

Death cases No. 
*103(95%CI)

ASDR/100,000 No. 
(95%CI)

EAPC 
No.(95%CI)

Overall 1778.87(1532.82-1980.8) 39.99(34.16–44.76) 1162.80(1050.01-1313.99) 13.96(12.61–15.72) -3.09(-3.25–2.93)
sex
  Male 1051.72(810.02-1227.16) 51.79(39.84–61.09) 725.38(646.28-868.62) 18.19(16.16–21.80) -3.03(-3.21–2.84)
  Female 727.15(660.77-815.16) 30.49(27.66–34.05) 437.41(396.77–482.6) 10.22(9.28–11.33) -3.29(-3.43–3.16)
Socio-demographic factor
  High SDI 32.86(30.76–34.64) 3.06(2.86–3.23) 13.21(11.41–14.69) 0.61(0.54–0.68) -5.47(-5.58–5.35)
  High-middle SDI 97.95(83.26-112.02) 9.76(8.30-11.17) 37.19(33.14–42.71) 2.07(1.85–2.37) -4.47(-4.84–4.09)
  Low SDI 460.61(396.2-539.73) 155.35(130.24-183.69) 352.03(302.73-415.76) 60.16(52.67–70.85) -2.67(-2.87–2.46)
  Low-middle SDI 753.22(648.04-842.94) 103.17(87.11-117.11) 505.64(445.26-580.69) 33.81(29.83–38.66) -3.28(-3.43–3.12)
  Middle SDI 433.29(372.44-475.75) 37.92(32.19–41.76) 254.08(227.48-300.42) 9.85(8.81–11.63) -4.05(-4.19–3.91)
Region
  Andean Latin 
America

13.98(12.02–16.21) 51.31(43.79–59.65) 4.33(3.48–5.47) 7.05(5.66–8.92) -6.33(-6.59–6.06)

  Australasia 0.14(0.13–0.15) 0.59(0.55–0.63) 0.08(0.07–0.09) 0.14(0.13–0.16) -4.53(-4.78–4.27)
  Caribbean 4.00(3.20–8.32) 12.69(10.04–27.66) 2.53(1.69–6.20) 5.07(3.37–12.21) -2.97(-3.14–2.80)
  Central Asia 7.30(6.90–7.78) 12.29(11.62–13.18) 4.42(3.88–5.01) 4.67(4.12–5.27) -2.45(-3.28–1.61)
  Central Europe 6.58(6.33–6.80) 4.64(4.45–4.79) 1.86(1.72-2.00) 0.99(0.91–1.07) -4.5(-4.85–4.13)
  Central Latin 
America

13.57(13.16–13.93) 13.73(13.23–14.12) 6.09(5.38–6.96) 2.41(2.13–2.75) -6.15(-6.43–5.86)

  Central Sub-Saharan 
Africa

64.11(45.30-82.27) 190.86(126.63-252.52) 70.26(49.30-101.23) 102.62(73.09-148.92) -1.57(-1.78–1.35)

  East Asia 184.41(152.31-218.41) 20.91(17.37–24.55) 49.03(40.01–61.65) 2.43(1.99–3.04) -6.48(-6.72–6.22)
  Eastern Europe 14.86(14.56–15.15) 5.57(5.46–5.67) 8.45(7.60–9.49) 2.96(2.67–3.31) -0.98(-2.01–0.055)
  Eastern Sub-Saharan 
Africa

220.49(186.98-264.77) 219.15(177.37-270.33) 159.77(129.45-195.01) 81.60(67.28–98.09) -2.75(-2.97–2.52)

  High-income Asia 
Pacific

13.57(12.44–15.11) 7.04(6.45–7.82) 6.65(5.43–7.55) 1.10(0.93–1.23) -6.46(-6.59–6.31)

  High-income North 
America

2.48(2.33–2.56) 0.72(0.68–0.74) 0.92(0.83–0.97) 0.15(0.14–0.16) -5.51(-5.85–5.15)

  North Africa and 
Middle East

36.43(29.34–56.45) 17.99(14.01–30.34) 20.89(16.35–29.85) 4.37(3.44–6.33) -4.51(-4.61–4.40)

  Oceania 2.25(1.69–3.11) 65.69(49.39–89.41) 3.04(2.47–3.76) 36.51(29.41–45.06) -1.88(-1.91–1.83)
  South Asia 772.83(666.72-861.44) 113.31(96.24-128.39) 500.93(442.26-588.28) 33.11(29.19–39.07) -3.65(-3.82–3.47)
  Southeast Asia 252.32(201.82-288.29) 87.28(68.30-100.45) 170.55(147.94-199.98) 27.25(23.53–31.56) -3.38(-3.52–3.22)
  Southern Latin 
America

2.78(2.65–2.92) 5.97(5.69–6.27) 1.25(1.16–1.34) 1.50(1.40–1.60) -4.79(-5.01–4.57)

  Southern Sub-Saha-
ran Africa

29.63(25.48–36.23) 82.08(69.58-100.72) 39.36(34.35–45.83) 60.44(53.28–69.99) -0.85(-1.32–0.37)

  Tropical Latin 
America

8.79(8.56–9.03) 7.89(7.63–8.11) 5.83(5.55–6.07) 2.29(2.18–2.38) -4.23(-4.34–4.11)

  Western Europe 8.89(8.35–9.24) 1.55(1.46–1.61) 2.85(2.48–3.06) 0.27(0.24–0.29) -5.73(-5.85–5.59)
  Western Sub-Saha-
ran Africa

119.45(99.77-145.55) 106.06(89.09-129.95) 103.68(79.41-130.73) 45.01(36.28–54.17) -2.2(-2.43–1.95)
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35–39 age group and prevalence rate began to decrease 
from the 55–59 age group.

Disparities in age distribution were also observed in 
both mortality and disability-adjusted life years (DALYs) 
related to tuberculosis. Among individuals aged 20 and 
above, the tuberculosis deaths and DALYs of males are 
higher than that of female in the same age group. Among 
the various age periods under 19, the age group of 5 years 
old and below had the highest number of deaths, DALYs, 
and corresponding rates. In 2021, within the 15–70 

age groups, the number of tuberculosis-related deaths 
increased with age (Fig.  1c), and there was a significant 
difference between males and females. For instance, the 
number of male deaths from tuberculosis in the 50–70 
age group was approximately twice that of females in the 
same age range. It is noteworthy that although the num-
ber of deaths continues to decline with increasing age in 
individuals over 70, the death rate per 100,000 people 
shows a sharp upward trend for males. Specifically, In the 
90–94 age range, mortality of males is almost three times 

Fig. 2  The EAPCs of incidence rate (a), mortality rate (b), and DALYs rate (c) caused by tuberculosis in 204 countries or territories from 1990 to 2021. Note: 
EAPCs = Estimate the annual percentage change. Accurate EAPCs was contained in Additional file 1 (Table S2)
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more than that of females (males: 168.82 per 100,000 
population, females: 64.44 per 100,000 population). 
Besides, the trends for DALYs, deaths, and their corre-
sponding rates all showed a pattern of initially increas-
ing and then decreasing with age. Unlike death cases, the 
peak of DALYs occurred in the age group of 50–54 years. 
Additionally, within the age group of 20–50 years, there 
was a brief period where the DALYs of females showed a 
slight decline as age increased.

Global tuberculosis burden in different genders and 
regions
Pyramid charts were generated using GBD 2021 data 
to delve deeper into the disease burden of tuberculosis 
across various genders. These graphs show ASIR, ASPR, 
ASDR, and AS-DALYs rate across different genders and 
21 global regions (Fig. 4, data see in Table S5).

The analysis of the age-standardized incidence rates 
across the 21 regions found that among these regions, 
Southern Sub-Saharan Africa had the highest female 
ASIR, while Central Sub-Saharan Africa had the high-
est male ASIR. Moreover, there were notable gender 
disparities in tuberculosis burden in Eastern Europe 

and Tropical Latin America (Eastern Europe: males vs. 
females = 85.73 vs. 32.95; Tropical Latin America: males 
vs. females = 41.39 vs. 18.73).

The prevalence rate is an important indicator reflect-
ing the current condition of infectious disease epidem-
ics. Oceania had the highest ASPR (Fig. 4b), with 40,606 
per 100,000 population of males and 39,885 per 100,000 
population of females. Corresponding to the region’s high 
incidence rate, the East Asia region also had a consider-
ably high ASPR (31,714 in male and 29,464 per 100,000 
population in female). In contrast, Western Europe had 
the lowest ASPR (6,826 in male and 6,488 per 100,000 
population in female). In most regions, males had a 
greater ASPR than females. This gender disparity was 
evident even in developed regions like Western Europe 
and high-income North America, where overall ASPRs 
were lower.

Comparing with the age-standardized incidence rates, 
prevalence rates, death rates, and DALYs rate, ASDR 
and age- standardized DALYs showed more pronounced 
gender differences than incidence and prevalence rates 
(Fig.  4). Overall, tuberculosis ASDR (Table  1) and age-
standardized DALY rate (males: 220.05 per 100,000 

Fig. 3  The Global Burden of TB by Age Group and Gender in 2021. a The number of incident cases and incidence rate among different age groups. b the 
number of prevalent cases and prevalence rate among different age groups; c the number of deaths and death rate among different age groups; d the 
number and rate of DALYs caused by tuberculosis among different age groups. Note Accurate figures were contained in Additional file 1 (Table S3 and S4)
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populations, females: 58.95 per 100,000 population) were 
significantly higher in males than in females. Compared 
to other Sub-Saharan Africa regions, Southern Sub-Saha-
ran Africa had a relatively higher male-to-female ASDR 
ratio (Southern Sub-Saharan Africa: 2.11; Eastern Sub-
Saharan Africa: 1.73; Central Sub-Saharan Africa: 1.36; 
Western Sub-Saharan Africa: 1.33). Four regions of Sub-
Saharan Africa had the high age-standardized DALYs 
due to their severe tuberculosis burden, and both males 
and females in Central Sub-Saharan Africa had extremely 
high age-standardized DALYs (Fig. 4d). The high-income 
Asia Pacific region and Western Europe had relatively 
lower age-standardized DALY rates (33.83 in males and 
14.49 per 100,000 population in female).

The correlation analysis between SDI value and the 
tuberculosis burden
To explore the potential correlation between the level of 
social development and the burden of tuberculosis, we 
conducted a correlation analysis between SDI values and 
ASRs in 21 different geographical regions from 1990 to 
2021. The results indicated that ASRs are significantly 
negatively correlated with SDI values (ASIR-SDI coeffi-
cient: -0.77, ASDR-SDI coefficient: -0.74, age-standard-
ized DALY rate-SDI coefficient: -0.76; all P values are 
< 0.001).

Attributable risk factors
In the GBD database, we searched for risk factors associ-
ated with tuberculosis-related disability and death, which 
show a similar result with WHO tuberculosis report 2023 
[2]. To enhance clarity and conciseness, ultimately, we 
have selected second-level risk factors for our final clas-
sification, which includes low physical activity, tobacco 
use, high fasting plasma glucose, alcohol consumption, 
dietary risks, and high body mass index. Tobacco and 
alcohol use are two major risk factors, both globally and 
within different SDI countries (Fig.  6). However, the 
attributable risk of tobacco has shown a gradual decline 
over time, both globally and in regions with different 
SDI levels, while the other risk factors related to DALYs 
have gradually increased over time. At the same time, 
according to the subgroup analysis based on different 
SDI levels, the proportion of tuberculosis-related DALYs 
attributable to tobacco use in 2021 in high-middle SDI 
(23%) and middle SDI (19%) countries was higher than 
the global level (11%) (see in Table S11). The attributable 
risk of alcohol use in high-middle and high SDI countries 
has declined in the past decade, while regions with lower 
SDI levels have shown a more significant upward trend. 
Moreover, in low SDI countries, over the past decade, 
high fasting plasma glucose and alcohol use have sur-
passed tobacco as the two most significant contributors.

Fig. 4  Gender-specific ASIR (a), ASPR (b), ASDR (c), DALYs rate (d) of 21 regions in 2021. Note Accurate rate was contained in Additional file 1 (Table S5)
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A gender and SDI regional subgroup analysis of the 
global age-standardized DALYs (Fig.  7) revealed that, 
excluding high body-mass index, the proportion of other 
risk factors in global females in 2021 was not higher than 
among males. In males, tobacco is the main attributable 
risk factor, while in females, it is high fasting plasma glu-
cose. Besides, in high-middle and high SDI regions, the 
high body-mass index had a relatively great influence on 
females, accounted for 15% and 9% respectively. Com-
pared to those from lower SDI countries and regions, the 
proportion of the tobacco factor among people in higher 

SDI areas was higher, and that in middle-high SDI coun-
tries was the highest one, approximately made up 31% of 
total. In low SDI countries, alcohol use was the top attrib-
utable risk for tuberculosis DALYs in males, accounted 
for with approximately 14%; however, it was still lower 
than in high-middle and high SDI countries, accounted 
for approximately 22% and 21% respectively (see in Table 
S8).

The differences in the main risk factors for tuberculo-
sis were visually processed among different genders in 
the 21 global regions (Fig. 8). Males and females showed 

Fig. 5  Correlation Between Socio-demographic Index (SDI) and Tuberculosis Burden in 2021. a The incidence rate per 100,000 population; b the mortal-
ity rate per 100,000 population; c the DALYs rate per 100,000 population. Note Accurate SDI from 1990 to 2021 was contained in Additional file 1 (Table S6)
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Fig. 7  Contributions of 6 main risk factors to the proportion of age-standardized DALYs due to Tuberculosis by different SDI quintiles and sex in 2021. 
Note: The proportions in the figure are displayed in decimal format for better accuracy. Accurate proportions were contained in Additional file 1 (Table S8)

 

Fig. 6  Trends of the proportion of age-standardized DALYs attributable to 6 main risk factors from 1990 to 2021, grouping by different SDI quintiles. Note: 
the proportions in the figure are displayed in decimal format for better accuracy. Trends of DALYs for TB from 1990 to 2021 varied from SDI regions can 
be seen in Additional file 1 (Table S7)
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disparities in the main risk factors across various regions. 
In males, alcohol use is almost the main risk factor in 
every region, except for North Africa and the Middle 
East. Tobacco use is also a major factor affecting the 
DALYs of tuberculosis in many regions, such as in East-
ern Europe and East Asia, where its attributable risk 
proportion is extremely high, with approximately 40% 
and 33% respectively. Slightly different from the situa-
tion in males, high fasting plasma glucose is the highest 
proportional risk factor in global females (Fig.  8b), and 
its attributable risk is higher in economically developed 
areas than in economically backward areas. Showing 
the same trend, alcohol use and tobacco are also impor-
tant risk factors for tuberculosis in females. Overall, low 
physical activity and dietary risks had the lowest attribut-
able risk, but upon further analysis, we found that in eco-
nomically developed areas such as Western Europe and 
high-income North America, their impact on DALYs was 
more pronounced compared to low-income areas. These 
findings underscore the significant gender disparities in 
main risk factors of TB across regions, emphasizing the 
need for gender- and region-specific public health poli-
cies to effectively reduce the TB burden of DALYs.

Discussion
Overall global tb burden trends
This study provides a comprehensive overview and sum-
mary of the tuberculosis burden using data from the GBD 
2021 database, which shows a global decline in tubercu-
losis incidence, prevalence, and mortality from 1990 to 
2021. Despite this overall trend, notable variations persist 
across different regions and genders.

Males consistently bear a greater burden of tubercu-
losis compared to females, evident in higher rates of 

incidence, prevalence, and mortality. Evidences from 
World Health Organization and other pertinent stud-
ies indicate that, both globally and in specific nations 
and areas, there were notable disparities in the incidence 
of tuberculosis between men and women before to and 
including 2021 [12–15]. Gender disparities are espe-
cially prominent in regions like East Asia, Andean Latin 
America, and sub-Saharan Africa. Additionally, this dis-
parity may be attributed to factors such as occupational 
exposure, social habits, and higher prevalence of smok-
ing and alcohol consumption among men. Relevant stud-
ies have demonstrated, for example, that men prefer to 
believe their bodies are superior to those of women and 
may, on a worldwide scale, intentionally or unconsciously 
repress their illnesses in order to avoid being viewed as 
weak or feminine. In addition, men are more likely than 
women to work in sectors like construction and mining, 
which raises their risk of tuberculosis [16, 17]. Further-
more, according to our research data and other studies 
concerned [18, 19], smoking and drinking are risk fac-
tors that influence the incidence of tuberculosis, and the 
higher rates of smoking and drinking among men com-
pared to women may be one of the reasons for the greater 
disease burden in men.

Given the observed gender differences in TB burden, 
it is crucial to propose more targeted interventions. For 
instance, tailored health education and support programs 
for men should be developed, as they may be at higher 
risk due to occupational or behavioral factors. Addition-
ally, establishing stricter safety exposure limits in high-
risk occupations could help reduce the incidence of TB in 
environments where men are more likely to face occupa-
tional hazards.

Fig. 8  Proportion of TB Disability-Adjusted Life Years (DALYs) Attributable to Risk Factors Across 21 Regions in 2021. Note: The proportions in the figure 
are displayed in decimal format for better accuracy, which was shown in Additional file 1 (Table S9 and S10)
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Differences between regions
The data indicates that the burden of tuberculosis var-
ies significantly across geographic regions. Sub-Saharan 
Africa stands out as having the highest global rates of TB 
incidence, prevalence, mortality, and age-standardized 
disability-adjusted life years (DALYs). In contrast, West-
ern Europe and high-income North America exhibit 
much lower TB burdens. These disparities may be attrib-
uted to factors such as economic development, health-
care infrastructure, public health awareness, and TB 
control measures specific to each region. For example, a 
study conducted in Kenya [20] found that unequal distri-
bution of healthcare resources between urban and rural 
areas led to lower tuberculosis diagnosis rates and lim-
ited access to health treatment in rural areas, which may 
contribute to a higher tuberculosis burden. Addition-
ally, the overburdened public healthcare system in the 
region has made it difficult for low-income populations 
to access standardized treatment, which often leads to 
impoverishment as a consequence of the disease. Besides, 
the region’s social and cultural context, such as beliefs 
favoring traditional treatment methods and tuberculo-
sis-related stigma, influences the proper understanding 
of the disease, thereby compounding the burden of ill-
ness. These factors contribute to an increased risk of TB-
related mortality and have a significant impact on DALYs 
[9, 21].

Our analysis sends evidence to a result of signifi-
cant negative correlations between Social Development 
Index (SDI) values and tuberculosis burden, including 
incidence, mortality, and age-standardized Disability-
Adjusted Life Years (DALY) rates. This indicates that 
higher levels of social development are associated with 
lower tuberculosis burden, underscoring the impor-
tance of socio-economic development in tuberculosis 
control. Two Chinese studies, supporting our specula-
tions, show that factors related to economic and cultural 
development, such as rising per capita GDP, rising urban 
and rural populations, falling unemployment rates, and 
an increase in the number of people receiving higher 
education, can reduce tuberculosis incidence. In terms 
of healthcare, the steady rise in health resources has 
resulted in a dramatic decrease in tuberculosis incidence. 
Economic development may also lead to higher per cap-
ita daily living and healthcare costs, which could lower 
the prevalence of tuberculosis by enhancing daily health-
care services, enhancing nutrition, and improving living 
conditions [22, 23].

These findings send us valuable insights, suggesting 
that improving education levels, increasing per capita 
income, and enhancing healthcare conditions are crucial 
strategies for reducing the burden of tuberculosis.

Risk factors
Analyzing the current major risk factors for TB is crucial 
for countries to effectively prevent and control this dis-
ease. Globally, factors such as dietary risks, high body-
mass index, high fasting plasma glucose, low physical 
activity, tobacco use, and alcohol consumption have been 
identified as significant contributors to TB disability-
adjusted life years (DALYs).

Among these factors, tobacco use ranked first and alco-
hol use ranked second. However, the attributable risk 
of tobacco has gradually declined from 1990 to 2021, 
potentially due to the emergence of epidemiological evi-
dence, increased individual health awareness, and the 
implementation of tobacco control regulations in vari-
ous countries. Unhealthy lifestyle choices, particularly 
smoking and alcohol abuse, have been consistently linked 
to an increased risk of TB. Tobacco contains harmful 
substances like nicotine, leading to lung tissue damage 
and decreased resistance to MTB [24]. Chronic alcohol 
consumption weakens the immune system, making indi-
viduals more susceptible to MTB infection and impairing 
the response of alveolar macrophages to pathogens [25]. 
Studies have also shown an association and interaction 
between TB and diabetes, making diabetic patients facing 
a higher risk of developing TB [4]. Elevated blood glu-
cose levels that promote the growth and reproduction of 
MTB and weaken immune function [26]. In high-income 
countries, higher rates of tobacco and alcohol consump-
tion, along with the prevalence of high body-mass index 
linked to overnutrition, contribute to a significant burden 
of related health risks. In contrast, in low SDI countries, 
the attributable risk of alcohol use has been rising over 
the past decade, likely as a result of economic develop-
ment. Men, who exhibit higher rates of smoking and 
alcohol use, often have a higher attributable risk for 
TB DALYs. These behavioral risk factors, however, do 
not exist in isolation. They often interact with broader 
socioeconomic determinants like poverty, education, 
and healthcare access, which exacerbate their effects on 
TB burden. For instance, malnutrition, which is more 
prevalent in low-income regions, weakens the immune 
system, increasing susceptibility to TB. Poverty also 
restricts access to healthcare services, delaying diagnosis 
and treatment, which allows TB to spread more easily. 
Research has shown that socioeconomic factors such as 
housing conditions, employment status, and education 
levels strongly influence both exposure to Mycobacte-
rium tuberculosis and the progression of the disease [27]. 
Thus, the coexistence of these risk factors with unfavor-
able socioeconomic conditions creates a complex web of 
influences that heightens the overall TB burden.
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Tuberculosis control
Researchers worldwide have devoted substantial efforts 
to improving the diagnosis and treatment of TB. Shorter 
treatment regimens using rifapentine have been shown 
to enhance availability and scale-up. Swift diagnosis and 
targeted treatment play a vital role in preventing adverse 
disease outcomes and transmission. A study conducted 
in Germany revealed an increasing use of Interferon-
Gamma Release Assays (IGRAs) for detecting latent TB 
infection (LTBI), enabling these patients to receive pre-
ventive treatment [28].

Despite the availability of effective treatment regimens 
and preventive measures, TB continues to be a leading 
cause of death in low- and middle-income countries, as 
they may face a multitude of severe social problems and 
diseases while having limited resources [29]. WHO sta-
tistics reveal that only 36% of patients worldwide receive 
standardized treatment, underscoring a significant 
imbalance between TB detection and treatment, and a 
funding gap still persists. The Lancet TB Commission’s 
2023 report recommends that funding for TB in mid-
dle-income countries should be tied to these countries 
increasing their mobilization of domestic resources [30].

Suggestions for strategies
Regarding all these data and former researches [31], we 
found out that social determinants can influence popu-
lation behaviors, lifestyles, and healthcare accessibility, 
thereby affecting the spatial, temporal, and demographic 
distribution of risk factors across different populations. 
In terms of this, we suggest that several practical strate-
gies can be implemented, including strengthening health 
systems, improving surveillance, and integrating TB ser-
vices with other public health efforts.

Targeted screening and diagnosis
Rather than universal screening, focusing on high-risk 
populations, such as those in crowded settings, migrants, 
and individuals with HIV, is essential to maximize 
resources. Mobile clinics or community health work-
ers (CHWs) can support early diagnosis in underserved 
regions, thus improving access to care and preventing TB 
transmission. WHO advocates for research into new TB 
diagnostic tools, which further strengthens this targeted 
approach.

Task-shifting in healthcare
Training CHWs to handle essential TB tasks, including 
case detection and treatment monitoring, can relieve 
pressure on healthcare systems. This approach uses 
local resources more effectively and promotes patient 
adherence to treatment. Additionally, international 
exchange programs, where healthcare workers from high 

TB-burden countries train in more advanced healthcare 
systems, could enhance expertise and improve TB care.

Leveraging technology for diagnosis
In regions with limited healthcare access, digital health 
tools can significantly improve TB management. Mobile 
apps for symptom tracking and remote consultations 
enable early diagnosis and continuous treatment moni-
toring. These tools also facilitate real-time data collec-
tion, which strengthens TB surveillance and control.

International cooperation and funding
Addressing TB in low-SDI countries requires strong 
international cooperation to bridge funding gaps. While 
financial sustainability remains a challenge, collabora-
tions among governments, NGOs, and other stakehold-
ers are essential. However, specific and viable funding 
strategies need further development due to the complex-
ity of international financing.

Limitations of the study
While this study provides a detailed analysis of the global 
burden of tuberculosis, it is not without its limitations. 
The analysis relies on an established GBD model, and 
the assumptions and parameter choices made within this 
model have the potential to influence the results. Fur-
thermore, the accuracy and completeness of the data are 
heavily reliant on the quality of reporting and the stan-
dard of care in each country. For instance, in low-income 
countries, data may be delayed or missing, which could 
affect the reliability of our findings. Additionally, there 
is a lack of systematic monitoring data on TB treatment 
adherence and outcomes across different regions, which 
restricts our ability to offer a comprehensive overview 
of the current condition and effectiveness of global TB 
treatment.

Socioeconomic factors, policy changes, and emer-
gencies, such as the COVID-19 pandemic, also pose 
challenges to our anticipated analyses of the tubercu-
losis burden from the current period to 2030 [32]. The 
COVID-19 pandemic had a strong impact on TB pre-
vention efforts globally, which caused a huge disruption 
to healthcare services, lockdowns, and reduced access to 
diagnostic and treatment facilities. This have led to delays 
in TB diagnoses and treatments, which in turn resulted 
in an increase in TB cases and deaths during and after the 
pandemic. For instance, in several high-burden countries, 
treatment success rates declined, while failure and loss-
to-follow-up rates increased [33]. Additionally, global TB 
incidence dropped during the pandemic due to restricted 
health service access, but this led to an increase in undi-
agnosed cases, exacerbating future outbreaks [34]. Future 
changes in the burden of tuberculosis are expected to 
be shaped by various factors, highlighting the needs for 
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enhanced epidemiologic data and continuous surveil-
lance and examination of these trends.
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