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Summary
Background Global evaluations of the progress towards the WHO End TB Strategy 2020 interim milestones on 
mortality (35% reduction) and incidence (20% reduction) have not been age specific. We aimed to assess global, 
regional, and national-level burdens of and trends in tuberculosis and its risk factors across five separate age groups, 
from 1990 to 2021, and to report on age-specific progress between 2015 and 2020.

Methods We used the Global Burden of Diseases, Injuries, and Risk Factors Study 2021 (GBD 2021) analytical 
framework to compute age-specific tuberculosis mortality and incidence estimates for 204 countries and territories 
(1990–2021 inclusive). We quantified tuberculosis mortality among individuals without HIV co-infection using 
22 603 site-years of vital registration data, 1718 site-years of verbal autopsy data, 825 site-years of sample-based vital 
registration data, 680 site-years of mortality surveillance data, and 9 site-years of minimally invasive tissue sample 
(MITS) diagnoses data as inputs into the Cause of Death Ensemble modelling platform. Age-specific HIV and 
tuberculosis deaths were established with a population attributable fraction approach. We analysed all available 
population-based data sources, including prevalence surveys, annual case notifications, tuberculin surveys, and 
tuberculosis mortality, in DisMod-MR 2.1 to produce internally consistent age-specific estimates of tuberculosis 
incidence, prevalence, and mortality. We also estimated age-specific tuberculosis mortality without HIV co-infection 
that is attributable to the independent and combined effects of three risk factors (smoking, alcohol use, and diabetes). 
As a secondary analysis, we examined the potential impact of the COVID-19 pandemic on tuberculosis mortality 
without HIV co-infection by comparing expected tuberculosis deaths, modelled with trends in tuberculosis deaths 
from 2015 to 2019 in vital registration data, with observed tuberculosis deaths in 2020 and 2021 for countries with 
available cause-specific mortality data.

Findings We estimated 9·40 million (95% uncertainty interval [UI] 8·36 to 10·5) tuberculosis incident cases and 
1·35 million (1·23 to 1·52) deaths due to tuberculosis in 2021. At the global level, the all-age tuberculosis incidence 
rate declined by 6·26% (5·27 to 7·25) between 2015 and 2020 (the WHO End TB strategy evaluation period). 15 of 
204 countries achieved a 20% decrease in all-age tuberculosis incidence between 2015 and 2020, eight of which were 
in western sub-Saharan Africa. When stratified by age, global tuberculosis incidence rates decreased by 16·5% 
(14·8 to 18·4) in children younger than 5 years, 16·2% (14·2 to 17·9) in those aged 5–14 years, 6·29% (5·05 to 7·70) 
in those aged 15–49 years, 5·72% (4·02 to 7·39) in those aged 50–69 years, and 8·48% (6·74 to 10·4) in those aged 
70 years and older, from 2015 to 2020. Global tuberculosis deaths decreased by 11·9% (5·77 to 17·0) from 2015 to 
2020. 17 countries attained a 35% reduction in deaths due to tuberculosis between 2015 and 2020, most of which were 
in eastern Europe (six countries) and central Europe (four countries). There was variable progress by age: a 35·3% 
(26·7 to 41·7) decrease in tuberculosis deaths in children younger than 5 years, a 29·5% (25·5 to 34·1) decrease in 
those aged 5–14 years, a 15·2% (10·0 to 20·2) decrease in those aged 15–49 years, a 7·97% (0·472 to 14·1) decrease in 
those aged 50–69 years, and a 3·29% (–5·56 to 9·07) decrease in those aged 70 years and older. Removing the 
combined effects of the three attributable risk factors would have reduced the number of all-age tuberculosis deaths 
from 1·39 million (1·28 to 1·54) to 1·00 million (0·703 to 1·23) in 2020, representing a 36·5% (21·5 to 54·8) reduction 
in tuberculosis deaths compared to those observed in 2015. 41 countries were included in our analysis of the impact 
of the COVID-19 pandemic on tuberculosis deaths without HIV co-infection in 2020, and 20 countries were included 
in the analysis for 2021. In 2020, 50 900 (95% CI 49 700 to 52 400) deaths were expected across all ages, compared to 
an observed 45 500 deaths, corresponding to 5340 (4070 to 6920) fewer deaths; in 2021, 39 600 (38 300 to 41 100) deaths 
were expected across all ages compared to an observed 39 000 deaths, corresponding to 657 (–713 to 2180) fewer 
deaths. 

Interpretation Despite accelerated progress in reducing the global burden of tuberculosis in the past decade, the 
world did not attain the first interim milestones of the WHO End TB Strategy in 2020. The pace of decline has been 
unequal with respect to age, with older adults (ie, those aged >50 years) having the slowest progress. As countries 
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refine their national tuberculosis programmes and recalibrate for achieving the 2035 targets, they could consider 
learning from the strategies of countries that achieved the 2020 milestones, as well as consider targeted interventions 
to improve outcomes in older age groups.

Funding Bill & Melinda Gates Foundation.

Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 
4.0  license.

Introduction
Despite being a preventable and largely curable disease, 
tuberculosis remains a major contributor to the global 
burden of disease. Tuberculosis causes more than 
1 million deaths annually and was the leading cause of 

death due to a single infectious agent in 2019.1 Since the 
early 1990s, global initiatives to address tuberculosis 
have grown more prominent, resulting in declines in the 
global burden of this disease.2 Recent progress has been 
unimpressive, however, as global annual rates of decline 

Research in context

Evidence before this study
In the context of the WHO End TB Strategy, several groups have 
generated estimates of tuberculosis incidence and mortality, 
including the WHO Global Tuberculosis Programme and the 
Global Burden of Diseases, Injuries, and Risk Factors Study 
(GBD), to monitor global and national-level progress towards 
eliminating tuberculosis. 2020 marked a crucial year for 
evaluating progress as the first quantitative milestones of the 
End TB Strategy passed. We searched PubMed with the search 
string “(“tuberculosis” OR “TB”) AND (“burden” OR “estimates”) 
AND (“End TB”) AND (“target*” OR “milestone*”)”, with no 
language restrictions, for publications from Jan 1, 2015, to 
Dec 1, 2023. Our search identified seven studies presenting 
population-based tuberculosis burden estimates to assess 
progress towards the End TB targets for subsets of countries; of 
these, only one study examined differences in progress by age. 
The single study analysing progress by age used GBD 2019 
tuberculosis estimates to evaluate temporal trends in 
Cambodia. Additionally, the 2022 Global Tuberculosis Report 
from WHO illustrated that tuberculosis deaths decreased by 
only 5·9%, while the tuberculosis incidence rate dropped by 
10%, between 2015 and 2021, falling well short of the targeted 
milestones. However, as yet, no global, systematic, age-specific 
study has been done to investigate progress towards the 
2020 End TB Strategy mortality and incidence milestones, 
which outlined a 35% reduction in tuberculosis deaths and 
20% reduction in the tuberculosis incidence rate between 2015 
and 2020, with additional assessments of the role of key risk 
factors in achieving these milestones.

Added value of this study
We comprehensively examined the burden of tuberculosis for 
five separate age groups in 204 countries and territories from 
1990 to 2021. We focused on examining temporal trends in 
tuberculosis incidence and mortality from 2015 to 2020 to 
assess global progress towards the End TB Strategy milestones, 
with an emphasis on exploring progress by age for the 
first time. We also present age-specific, risk-deleted mortality 
estimates that represent deaths due to tuberculosis that would 
have been observed if the combined effects of all evaluated risk 

factors were removed, to provide insights into the role of 
addressing risk factors in achieving the End TB targets. Last, 
we analysed vital registration data only (2015–21 inclusive) to 
assess the potential impact of the COVID-19 pandemic on 
age-specific tuberculosis mortality in countries with available 
cause-specific data.

Implications of all the available evidence
Global tuberculosis control programmes could consider closely 
examining the 15 countries that achieved the 2020 incidence 
milestone and the 17 countries that achieved the 2020 
mortality milestone, many of which were in western 
sub-Saharan Africa and eastern Europe, to better understand 
drivers of their marked progress. Many of these countries have 
implemented innovative approaches to active case finding 
while implementing social protection interventions such as 
advanced tuberculosis surveillance in high-risk areas and 
economic incentives for patients. We observed unequal 
progress by age groups and found particularly slow progress in 
reducing the tuberculosis burden in older adults (aged 
>50 years), indicating that tuberculosis in this age group should 
be more widely recognised and monitored to achieve WHO’s 
2035 End TB Strategy targets. One approach for reducing 
the tuberculosis burden in older adults and achieving the 2035 
End TB targets is addressing risk factors for tuberculosis. Our 
assessment of risk-deleted mortality suggests that the world 
would have achieved the 2020 End TB mortality milestone, 
with a 36% reduction in global tuberculosis deaths and the 
largest benefits in older adults, if the risk factors of smoking, 
alcohol use, and diabetes were removed. Although complete 
elimination of such risk factors is highly unlikely, this 
assessment illustrates the magnitude of potential 
improvement. Finally, our secondary analysis of countries with 
complete vital registration data showed variable impacts of the 
COVID-19 pandemic on tuberculosis mortality in 2020 and 
2021; some countries and age groups reported fewer than 
expected deaths due to tuberculosis, whereas others reported 
more deaths than expected. Additional data from countries 
with a high tuberculosis burden are urgently needed to 
understand the generalisability of these findings.
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in tuberculosis incidence over the past 10 years have 
ranged between 1% and 2%.3,4 The WHO End TB Strategy 
represents a renewed global resolve to accelerate progress 
by aiming to reduce deaths due to tuberculosis by 95% 
and cut tuberculosis incidence by 90% between 2015 and 
2035, while also seeking to have zero tuberculosis-
affected households experiencing catastrophic financial 
costs due to the disease by 2035.5 Rigorous evaluations of 
the trends in the global burden of tuberculosis are 
therefore crucial for assessing progress towards 
achieving the End TB Strategy targets and identifying 
specific drivers of marked national progress.

The year 2020 marked a crucial timepoint for 
evaluating progress towards eliminating tuberculosis. 
The first quantitative milestones in the End TB Strategy 
called for a 35% reduction in deaths due to tuberculosis 
and a 20% reduction in the tuberculosis incidence rate 
by 2020.5 The 2022 Global Tuberculosis Report from 
WHO illustrated that tuberculosis deaths decreased by 
only 5·9%, while the tuberculosis incidence rate 
decreased by 10%, between 2015 and 2021, falling well 
short of the 2020 milestones.6 Moreover, studies 
examining global trends towards WHO targets have yet 
to fully consider age-specific differences in progress. 
The current evidence suggests that although the 
tuberculosis burden remains substantially high in 
children,7,8 older age groups generally have the highest 
rates of tuberculosis mortality and incidence.9,10 A report 
of the Global Burden of Diseases, Injuries, and Risk 
Factors Study 2019 (GBD 2019) based on data from 
Cambodia also indicated that temporal trends of 
reductions in the tuberculosis burden become slower 
with increasing age.11 Several factors could explain these 
marked age-related differences, including age-specific 
diagnostic challenges,12,13 age-specific mixing patterns,14 
immune senescence15 and other age-related immune 
dysfunctions,16 and comorbidities common in older 
patients masking tuberculosis symptoms.17 Although 
largely unexplored at the global level, age-specific 
differences in risk factor prevalence might further 
augment these age-related discrepancies. Identification 
of age-specific progress towards the End TB Strategy 
milestones, combined with assessments of the role of 
key risk factors, could therefore help inform targeted 
interventions to accelerate progress towards eliminating 
tuberculosis.

Leveraging the GBD 2021 framework, we aimed to 
examine the levels and trends in the global burden of 
tuberculosis to investigate age-specific attainment of the 
2020 WHO End TB Strategy mortality and incidence 
milestones for 204 countries and territories. Considering 
that modifiable tuberculosis risk factors, such as alcohol 
consumption, smoking, and diabetes, can augment 
preventive interventions, we supplemented our analysis 
by examining age-specific risk-deleted tuberculosis 
mortality (ie, the tuberculosis mortality rate that would 
have been observed if risk factors for tuberculosis 

mortality were removed) to highlight the need to address 
reductions in risk factor exposure as part of any holistic 
response to achieving the End TB Strategy targets. Last, 
we examined the potential impact of the COVID-19 
pandemic on tuberculosis mortality by drawing on vital 
registration data from those countries with available 
data. This manuscript was produced as part of the 
GBD Collaborator Network and in accordance with 
the GBD Protocol.

Methods
Overview
We have previously published detailed methods of the 
GBD analytical framework18,19 and tuberculosis burden 
estimation in GBD.1,3,11 Here, we summarise the 
methodology for estimating tuberculosis mortality and 
morbidity, as well as key risk factors, with more detailed 
descriptions of the modelling strategy provided in 
appendix 1 (pp 3–26). In compliance with the Guidelines 
for Accurate and Transparent Health Estimates 
Reporting, input data sources and codes for each step of 
the estimation process are available on the Global Health 
Data Exchange.

Tuberculosis mortality
The GBD 2021 Cause of Death database contained all 
available vital registration, surveillance system, and 
verbal autopsy data from 1980 to 2020. Leveraging the 
database, we included 22 603 site-years of vital 
registration data, 825 site-years of sample-based vital 
registration data, 680 site-years of mortality surveillance 
data, and 9 site-years of minimally invasive tissue 
sample (MITS) diagnoses data for modelling tuber-
culosis mortality among individuals without HIV co-
infection. Country-specific data sources and citations 
are included in the Global Health Data Exchange. We 
processed raw cause of death data to account for 
completeness and differences in coding schemes, to 
redistribute deaths from unspecified codes to more 
specific underlying causes of death,20 and to reassign 
misclassified HIV deaths.

We used the Cause of Death Ensemble modelling 
(CODEm) strategy to generate tuberculosis mortality 
estimates in individuals without HIV co-infection by 
location, year, age, and sex. CODEm is a hierarchical 
modelling platform that uses an ensemble of different 
modelling methods for rates or cause fractions with 
varying choices of covariates (eg, smoking prevalence, 
alcohol consumption, and Healthcare Access and Quality 
[HAQ] Index) that perform best with out-of-sample 
predictive validity testing.21 Appendix 1 (p 13) provides 
example countries illustrating that final tuberculosis 
mortality estimates presented throughout this analysis 
largely follow trends in input data. Finally, we established 
age-specific tuberculosis deaths among individuals with 
HIV infection using a population attributable fraction 
(PAF) approach (appendix 1 pp 14–15).

See Online for appendix 1



Articles

www.thelancet.com/infection   Vol 24   July 2024 701

Tuberculosis morbidity
We simultaneously modelled age-sex-specific tuber-
culosis incidence, prevalence, and cause-specific mortality 
using the DisMod-MR 2.1 (disease-model-Bayesian meta-
regression) modelling tool. DisMod-MR 2.1 is a Bayesian 
disease modelling tool that leverages all available 
morbidity and mortality data, the epi demiological 
relationships between disease parameters, and spatial 
relationships to output internally consistent disease 
burden estimates.22 We provide details of case definitions, 
input data sources, and data processing strategies in 
appendix 1 (pp 2–3, 16–26).

Briefly, we identified all population-based tuberculosis 
prevalence surveys via comprehensive reviews of the 
literature. Similarly to previous GBD iterations, we used 
a Bayesian meta-regression tool23 to adjust prevalence 
surveys that used smear-positive tuberculosis as the case 
definition rather than bacteriologically confirmed 
tuberculosis. We further recalibrated surveys that used 
symptoms only as the screening method over both 
symptoms and chest X-ray (appendix 1 pp 22–23). Next, 
we maximised data informing DisMod-MR by predicting 
age-sex-specific incidence for countries with low-quality 
data ratings for cause of death data. We estimated 
incidence for these countries through a mortality-to-
incidence ratio approach using countries with high-
quality data ratings on cause of death data as inputs into 
a Bayesian meta-regression analysis23 where the HAQ 
Index24 was the primary covariate. We then linked 
location-specific predicted mortality-to-incidence ratios 
with tuberculosis death estimates to obtain estimated 
age-sex-specific incidence (appendix 1 p 20).

We subsequently modelled these data, together with age-
sex-specific case notifications for locations with high-
quality data ratings on causes of death data, 
population-based tuberculin surveys, and estimates of 
tuberculosis excess mortality rate, remission, and cause-
specific mortality rate, in DisMod-MR 2.1 to generate all-
form tuberculosis morbidity estimates that were internally 
consistent. To further improve internal consistency of 
modelling in DisMod, we computed all-age and both-sexes 
priors of tuberculosis duration using a combination of 
tuberculosis duration data from a systematic review of 
studies during the pre-chemotherapy era25 and the HAQ 
Index. We then used DisMod’s statistical triangulation 
approach, using the estimated tuberculosis duration priors 
and age-sex-specific tuberculosis mortality, prevalence, 
and incidence data, to derive final age-sex-specific 
tuberculosis duration estimates (appendix 1 pp 27–28). 
Finally, we disaggregated tuberculosis incidence by HIV 
status by applying the fraction of new all-form tuberculosis 
cases that were HIV and tuberculosis co-infections to our 
all-form tuberculosis cases estimated from DisMod-MR.

Risk factor analysis
GBD has previously published detailed methodology for 
risk factor estimation.26 In summary, age-sex-specific 

PAFs in adults were computed within the comparative 
risk assessments framework of GBD with the following 
inputs: prevalence estimates for exposure to risk factors; 
the relative risk of tuberculosis mortality as an outcome 
of exposure to each risk factor; and the theoretical 
minimum risk exposure level (TMREL), defined as the 
level of exposure that would minimise risk for each 
individual in a population. We computed tuberculosis 
mortality attributable in adults (aged ≥15 years) to each 
risk factor by multiplying the PAF by the number of 
tuberculosis deaths for each risk–outcome pair. We 
subsequently derived risk-deleted mortality rates to 
quantify tuberculosis deaths that would have been 
observed had the risk factors been set to their 
corresponding TMRELs. The risk-deleted tuberculosis 
mortality rates are therefore computed by multiplying the 
observed tuberculosis mortality by one minus the PAF for 
a risk factor or combination of risk factors. The objective 
of the risk-deleted analysis is to illustrate the potential 
magnitude of addressing tuberculosis risk factors across 
countries and age groups. For this analysis, we quantified 
tuberculosis PAFs for alcohol consump tion,27 smoking,28 
and diabetes29 among adults without HIV co-infection. 
We provide complete details of the methods for estimation 
of the tuberculosis risk factors in appendix 1 (pp 39–67).

Impact of the COVID-19 pandemic on tuberculosis 
mortality
We evaluated the potential age-specific impact of the 
COVID-19 pandemic on tuberculosis mortality without 
HIV co-infection using vital registration data for all 
countries with available cause-specific mortality data in 
2020 and 2021. This secondary analysis included data 
from 41 countries that reported at least ten tuberculosis 
deaths in 2019 for each age group of interest, representing 
four of the seven GBD super-regions (appendix 2 
pp 300–04), with 15 countries from the high-income 
super-region, 14 in central Europe, eastern Europe, and 
central Asia, ten in Latin America and the Caribbean, 
and two in southeast Asia, east Asia, and Oceania that 
had sufficient cause-specific mortality data. Using these 
data as inputs, we fitted quasi-Poission regression 
models to data from 2015 to 2019 with population size as 
an offset to estimate the expected number of tuberculosis 
deaths in 2020–21 for each country. The quasi-likelihood 
was selected to account for overdispersion in count data. 
This analysis was stratified by adults and children 
combined (aged <65 years), elderly individuals 
(≥65 years), and all ages combined. We selected these age 
groups on the basis of evidence illustrating that global 
tuberculosis diagnoses during the pandemic declined 
relatively more in individuals aged 65 years and older 
than in those younger than 65 years.30 We subsequently 
compared age-specific observed tuberculosis deaths to 
predicted tuberculosis deaths in 2020 and 2021 to identify 
potential excess tuberculosis deaths. Comparisons were 
made by computing the difference in observed to 

See Online for appendix 2
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expected tuberculosis deaths (excess tuberculosis deaths) 
and the respective ratio.

Data presentation
We aggregated tuberculosis incidence and mortality 
estimates by HIV status to present all-form tuberculosis 
burden estimates for five age groups (<5 years, 5–14 years, 
15–49 years, 50–69 years, and ≥70 years) throughout this 
analysis. Next, we used the GBD world population age 
standard to derive age-standardised rates for all-form 
tuberculosis incidence and mortality. For changes over 
time, we provide annualised rates of change (ARC) as the 
difference in the natural log of the incidence and 
mortality rates at the start and end of the time interval 
divided by the number of years in the interval. We 
present tuberculosis incidence-specific and mortality-
specific ARCs for 1990–2010 and 2010–21. To evaluate 
attainment of the 2020 WHO End TB interim milestones, 
we derived percentage changes in all-form tuberculosis 
rates and counts of both incidence and mortality from 
2015 to 2020. At each modelling step described, parameter 
uncertainty was incorporated by randomly drawing 
500 samples from each age-sex-location-year-specific 
parameter distribution and propa gating this uncertainty 
forward across each step of the analysis. Consistent with 
the GBD framework, we computed 95% uncertainty 
intervals (UIs) for all estimates based on the 2·5th and 
97·5th percentiles of the final 500 draws. More detailed 
tuberculosis burden results by HIV status, age, and sex 
across locations and years are available in the GBD 
Results Tool. Counts are rounded to three significant 
figures while rates and percentages are rounded to one 
decimal place, except where greater precision was needed 
to differentiate between values. 

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, writing of 
the report, or the decision to submit the manuscript for 
publication.

Results
Overview
In 2021, we estimated that there were 9·40 million 
(95% UI 8·36–10·5) tuberculosis incident cases and 
1·35 million (1·23–1·52) deaths due to tuberculosis 
globally (table 1). HIV and tuberculosis co-infection 
constituted 1·00 million (0·90–1·13; 10·7% [10·3–11·0]) 
of the 9·40 million all-form tuberculosis incident cases 
and 205 000 (158 000–248 000; 15·1% [11·9–17·7]) of the 
1·35 million all-form global tuberculosis deaths. The age-
standardised incidence rate for all-form tuberculosis was 
115 (102–128) per 100 000 population and the age-
standardised mortality rate was 16·2 (14·8–18·2) per 
100 000 population in 2021 (table 1). From 1990 to 2021, 
the global age-standardised tuberculosis incidence rate 
decreased by 37·0% (34·5–39·1), while the global 

age-standardised tuber culosis mortality rate decreased by 
61·1% (52·6–66·3).

Age-specific tuberculosis burden
The global age distribution for the number of all-form 
tuberculosis incident cases in 2021 demonstrated a drop-
off in cases after age 5 years, but a rapid spike in cases at 
age 15–24 years, followed by steady decreases until age 
70–74 years, after which there was a rapid drop in cases 
(appendix 2 p 4). The corresponding age distribution of 
tuberculosis incidence rates showed a similar pattern 
until age 20–24 years, when the rate levelled off until a 
rapid increase from age 50–69 years, followed by a small 
drop (appendix 2 p 5). In 2021, 3·8% (95% UI 3·6–4·2) 
of incident cases were in those younger than 5 years, 
4·7% (3·8–5·9) were in those aged 5–14 years, 54·9% 
(52·4–58·9) were in those aged 15–49 years, 26·5% 
(23·4–29·5) were in those aged 50–69 years, and 10·1% 
(9·2–11·0) were in those aged 70 years and older (table 1).

The age distribution for tuberculosis deaths in 2021 
showed a similar drop-off in deaths after age 5 years, with 
numbers rapidly increasing after age 19 years before 
levelling off at age 55–69 years and then sharply decreasing 
(appendix 2 p 4). For the tuberculosis mortality rate 
distribution, the rate dropped after age 5 years before 
steadily increasing for the remaining age groups until age 
80–84 years when it levelled off (appendix 2 p 5). In 2021, 
4·5% (95% UI 3·5–5·0) of global tuberculosis deaths were 
in children younger than 5 years, 1·5% (1·5–1·6) were in 
those aged 5–14 years, 36·4% (35·7–35·9) were in those 
aged 15–49 years, 33·2% (32·8–33·6) were in those aged 
50–69 years, and 24·5% (24·6–24·9) were in those aged 
70 years and older (table 1).

In 2021, tuberculosis incidence rates were greater than 
100 per 100 000 population in children younger than 
5 years in 34 countries, and in children aged 5–14 years in 
14 countries (appendix 2 pp 6, 8, 20–85). Tuberculosis 
incidence rates exceeded 500 per 100 000 population in 
those aged 15–49 years in nine countries, in those aged 
50–69 years in 33 countries, and in those aged 70 years 
and older in 50 countries (appendix 2 pp 10, 12, 14, 20–85).

In 2021, tuberculosis mortality rates exceeded 25 per 
100 000 population in children younger than 5 years in 
20 countries, in those aged 5–14 years in one country, and 
in those aged 15–49 years in 37 countries (appendix 2 
pp 7, 9, 11, 20–85). Among older adults, tuberculosis 
mortality rates exceeded 300 per 100 000 in those aged 
50–69 years in eight countries and in those aged 70 years 
and older in 44 countries (appendix 2 pp 13, 15, 20–85).

Our assessment of the global ARC in tuberculosis 
incidence showed that children younger than 5 years and 
those aged 5–14 years had the largest ARCs, decreasing 
by 4·1% (95% UI 3·8–4·3) and 3·7% (3·4–4·0), 
respectively, between 2010 and 2021, while ARCs in the 
adult age groups decreased by around 2% in the same 
period (table 1). Similarly, children younger than 5 years 
and those aged 5–14 years had the largest ARCs for 
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Number of cases Cases per 
100 000 
population

Annualised rate 
of change in 
tuberculosis 
incidence 
(1990–2010), % 

Annualised rate 
of change in 
tuberculosis 
incidence 
(2010–21), % 

Number of deaths Deaths per 
100 000 
population

Annualised rate 
of change in 
tuberculosis deaths 
(1990–2010), % 

Annualised rate 
of change in 
tuberculosis deaths 
(2010–21), % 

Global

All ages 9 400 000 
(8 360 000 to 10 500 000)

115 
(102 to 128)

–0·734% 
(–0·914 to –0·523)

–1·94% 
(–2·09 to –1·78)

1 350 000 
(1 230 000 to 1 520 000)

16·2 
(14·8 to 18·2)

–1·40% 
(–1·82 to –0·928)

–4·01% 
(–4·84 to –2·96)

<5 years 354 000 
(298 000 to 436 000)

53·8 
(45·3 to 66·3)

–1·56% 
(–1·91 to –1·29)

–4·05% 
(–4·32 to –3·77)

60 300 
(43 500 to 76 700)

9·16 
(6·61 to 11·7)

–3·09% 
(–3·68 to –2·52)

–7·85% 
(–9·63 to –5·84)

5–14 years 446 000 
(315 000 to 623 000)

33·0 
(23·3 to 46·0)

–1·48% 
(–1·79 to –1·10)

–3·71% 
(–4·03 to –3·41)

20 900 
(18 300 to 24 000)

1·55 
(1·36 to 1·78)

–1·22% 
(–1·80 to –0·547)

–6·60% 
(–7·71 to –5·57)

15–49 years 5160 000 
(4380 000 to 6180 000)

131 
(111 to 157)

–0·596% 
(–0·842 to –0·336)

–1·90% 
(–2·09 to –1·74)

491 000 
(439 000 to 546 000)

12·4 
(11·1 to 13·8)

–0·400% 
(–0·873 to 0·0442)

–4·72% 
(–5·50 to –3·87)

50–69 years 2490 000 
(1960 000 to 3100 000)

173 
(137 to 216)

–1·56% 
(–1·81 to –1·28)

–2·12% 
(–2·33 to –1·96)

448 000 
(404 000 to 510 000)

31·2 
(28·1 to 35·5)

–2·79% 
(–3·23 to –2·22)

–4·36% 
(–5·23 to –2·99)

≥70 years 949 000 
(770 000 to 1150 000)

192 
(156 to 234)

–1·63% 
(–1·92 to –1·37)

–2·29% 
(–2·52 to –2·06)

331 000 
(302 000 to 379 000)

67·0 
(61·1 to 76·6)

–2·88% 
(–3·41 to –2·25)

–3·96% 
(–4·80 to –2·63)

Central Europe, eastern Europe, and central Asia

All ages 219 000 
(188 000 to 262 000)

46·9 
(40·3 to 56·2)

–0·0580% 
(–0·374 to 0·249)

–4·28% 
(–4·79 to –3·80)

15 900 
(14 600 to 17 300)

3·01 
(2·77 to 3·29)

1·60% 
(1·40 to 1·78)

–8·65% 
(–9·32 to –8·08)

<5 years 2260 
(1860 to 2900)

8·78 
(7·25 to 11·3)

–2·07% 
(–2·44 to –1·68)

–4·94% 
(–5·50 to –4·43)

334 
(267 to 441)

1·30 
(1·04 to 1·72)

–3·07% 
(–3·77 to –2·42)

–6·90% 
(–8·85 to –4·68)

5–14 years 6020 
(4140 to 8540)

10·9 
(7·52 to 15·5)

–1·13% 
(–1·58 to –0·659)

–4·43% 
(–5·09 to –3·52)

66·2 
(59·4 to 75·1)

0·120 
(0·108 to 0·136)

–0·0316% 
(–0·505 to 0·385)

–7·86% 
(–8·68 to –6·90)

15–49 years 140 000 
(113 000 to 175 000)

70·9 
(57·3 to 88·6)

–0·0144% 
(–0·432 to 0·363)

–4·12% 
(–4·80 to –3·46)

6900 
(6260 to 7800)

3·49 
(3·17 to 3·94)

3·40% 
(3·19 to 3·67)

–9·40% 
(–10·0 to –8·89)

50–69 years 55 900 
(42 100 to 72 900)

56·0 
(42·2 to 73·1)

–0·807% 
(–1·27 to –0·285)

–3·77% 
(–4·39 to –3·10)

6410 
(5850 to 7030)

6·42 
(5·86 to 7·05)

0·238% 
(0·0892 to 0·388)

–8·83% 
(–9·67 to –7·94)

≥70 years 14 300 
(11 200 to 18 000)

36·0 
(28·2 to 45·5)

–1·76% 
(–2·14 to –1·40)

–3·61% 
(–4·19 to –3·08)

2150 
(2040 to 2270)

5·42 
(5·16 to 5·73)

–2·68% 
(–2·81 to –2·53)

–5·32% 
(–5·74 to –4·90)

High income

All ages 99 300 
(87 900 to 114 000)

7·29 
(6·36 to 8·56)

–2·94% 
(–3·18 to –2·69)

–1·93% 
(–2·16 to –1·69)

12 700 
(11 200 to 13 900)

0·576 
(0·519 to 0·630)

–4·45% 
(–4·86 to –4·22)

–2·11% 
(–2·42 to –1·76)

<5 years 937 
(727 to 1190)

1·73 
(1·34 to 2·20)

–2·33% 
(–2·74 to –1·94)

–3·42% 
(–3·70 to –2·94)

24·2 
(20·0 to 28·4)

0·0445 
(0·0368 to 
0·0524)

–8·40% 
(–8·93 to –7·92)

–6·05% 
(–6·79 to –5·35)

5–14 years 2370 
(1590 to 3440)

1·94 
(1·30 to 2·81)

–2·92% 
(–3·37 to –2·49)

–2·41% 
(–2·79 to –1·98)

19·2 
(16·3 to 22·1)

0·0157 
(0·0133 to 
0·0181)

–9·11% 
(–9·80 to –8·34)

–4·29% 
(–4·85 to –3·71)

15–49 years 40 900 
(33 500 to 50 900)

8·45 
(6·91 to 10·5)

–3·04% 
(–3·44 to –2·69)

–2·52% 
(–2·74 to –2·30)

1470 
(1170 to 1780)

0·303 
(0·241 to 0·367)

–6·50% 
(–6·80 to –6·24)

–3·86% 
(–4·23 to –3·47)

50–69 years 27 600 
(21 000 to 34 300)

9·94 
(7·58 to 12·4)

–3·84% 
(–4·37 to –3·32)

–2·05% 
(–2·45 to –1·72)

2330 
(2090 to 2520)

0·839 
(0·754 to 0·908)

–7·28% 
(–7·68 to –6·91)

–3·83% 
(–4·38 to –3·44)

≥70 years 27 500 
(22 600 to 33 900)

17·9 
(14·8 to 22·1)

–3·20% 
(–3·57 to –2·91)

–2·13% 
(–2·59 to –1·66)

8820 
(7290 to 9740)

5·76 
(4·76 to 6·36)

–4·14% 
(–4·63 to –3·86)

–3·24% 
(–3·65 to –2·79)

Latin America and Caribbean

All ages 207 000 
(181 000 to 239 000)

33·1 
(29·0 to 38·0)

–2·25% 
(–2·51 to –1·94)

–0·870% 
(–1·17 to –0·506)

24 200 
(20 600 to 29 100)

3·87 
(3·30 to 4·65)

–4·17% 
(–4·59 to –3·70)

–2·28% 
(–2·96 to –1·45)

<5 years 4040 
(3320 to 5020)

8·54 
(7·01 to 10·6)

–4·95% 
(–5·26 to –4·56)

–2·46% 
(–2·90 to –2·04)

552 
(442 to 709)

1·17 
(0·934 to 1·50)

–8·14% 
(–8·96 to –7·42)

–5·60% 
(–7·12 to –3·88)

5–14 years 7520 
(5280 to 10 600)

7·84 
(5·50 to 11·0)

–4·30% 
(–4·74 to –3·71)

–1·37% 
(–1·99 to 
–0·826)

266 
(219 to 352)

0·277 
(0·228 to 0·367)

–6·62% 
(–7·35 to –5·91)

–4·35% 
(–5·41 to –3·14)

15–49 years 125 000 
(104 000 to 153 000)

40·0 
(33·5 to 49·0)

–2·47% 
(–2·79 to –2·12)

–1·01% 
(–1·47 to –0·566)

10 100 
(8190 to 12 500)

3·23 
(2·62 to 4·01)

–4·17% 
(–4·77 to –3·48)

–2·89% 
(–3·46 to –2·17)

50–69 years 51 800 
(39 400 to 66 000)

49·6 
(37·7 to 63·2)

–2·56% 
(–2·88 to –2·23)

–1·70% 
(–2·25 to –1·16)

8040 
(6850 to 9630)

7·69 
(6·56 to 9·22)

–5·25% 
(–5·60 to –4·84)

–3·10% 
(–3·85 to –2·23)

≥70 years 18 600 
(14 900 to 23 400)

54·0 
(43·1 to 67·7)

–3·62% 
(–3·90 to –3·34)

–2·82% 
(–3·15 to –2·39)

5230 
(4650 to 6090)

15·2 
(13·5 to 17·7)

–5·67% 
(–5·94 to –5·35)

–4·09% 
(–4·99 to –3·05)

(Table 1 continues on next page)
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tuberculosis mortality rates, decreasing by 7·9% 
(5·8–9·6) and 6·6% (5·6–7·7), respectively, between 
2010 and 2021, while ARCs in the adult age groups 
decreased by 4·0–4·7% in that period (table 1).

At the super-region level, central Europe, eastern 
Europe, and central Asia (incidence ARC –4·3% [95% UI 
–4·8 to –3·8]; mortality ARC –8·7% [–9·3 to –8·1]) and 
sub-Saharan Africa (incidence ARC –4·1% [–4·2 to –3·8]; 
mortality ARC –6·1% [–7·2 to –5·1]) had the largest age-
standardised ARCs in 2010–21 (table 1). We found that 
23 countries had ARCs for age-standardised tuberculosis 
incidence rates that exceeded 4·5% in 2010–21, 11 of 
which were in sub-Saharan Africa and nine were in 

central Europe, eastern Europe, and central Asia 
(appendix 2 pp 20–85). Similarly, 23 countries had ARCs 
for age-standardised tuberculosis mortality rates that 
exceeded 7·0%; of these, 13 were in central Europe, 
eastern Europe, and central Asia and six were in 
sub-Saharan Africa.

Progress towards the End TB Strategy 2020 milestones
At the global level, the all-age tuberculosis incidence rate 
declined by 6·26% (95% UI 5·27 to 7·25) between 2015 
and 2020 (table 2; figure 1). When stratified by sex, 
the tuberculosis incidence rate decreased by 7·9% 
(6·5 to 9·2) in females and by 4·9% (4·1 to 5·9) in males 

Number of cases Cases per 
100 000 
population

Annualised rate 
of change in 
tuberculosis 
incidence  
(1990–2010), % 

Annualised rate 
of change in 
tuberculosis 
incidence 
(2010–21), % 

Number of deaths Deaths per 
100 000 
population

Annualised rate 
of change in 
tuberculosis deaths 
(1990–2010), % 

Annualised rate 
of change in 
tuberculosis deaths 
(2010–21), % 

(Continued from previous page)

North Africa and Middle East

All ages 169 000 
(149 000 to 195 000)

29·7 
(26·4 to 33·8)

–2·36% 
(–2·59 to –2·05)

–2·87% 
(–3·31 to –2·49)

19 600 
(15 600 to 26 900)

4·13 
(3·27 to 5·76)

–3·94% 
(–4·58 to –3·09)

–3·81% 
(–5·23 to –2·18)

<5 years 7310 
(5740 to 9170)

12·0 
(9·39 to 15·0)

–3·20% 
(–3·70 to –2·74)

–5·47% 
(–6·35 to –4·72)

1030 
(767 to 1310)

1·68 
(1·26 to 2·15)

–5·51% 
(–6·26 to –4·74)

–6·94% 
(–8·62 to –4·38)

5–14 years 14 800 
(10 500 to 20 500)

12·1 
(8·62 to 16·8)

–2·21% 
(–2·54 to –1·75)

–6·22% 
(–7·21 to –5·34)

424 
(337 to 582)

0·347 
(0·276 to 0·477)

–3·66% 
(–4·41 to –2·85)

–6·80% 
(–8·29 to –4·95)

15–49 years 88 700 
(72 700 to 108 000)

26·5 
(21·7 to 32·3)

–2·59% 
(–2·93 to –2·13)

–2·58% 
(–2·96 to –2·18)

6740 
(5370 to 8920)

2·02 
(1·61 to 2·67)

–3·56% 
(–4·39 to –2·74)

–3·77% 
(–5·18 to –1·91)

50–69 years 39 800 
(30 300 to 49 600)

46·8 
(35·6 to 58·4)

–2·80% 
(–3·33 to –2·29)

–2·95% 
(–3·46 to –2·42)

5790 
(4500 to 8260)

6·81 
(5·29 to 9·72)

–5·20% 
(–6·04 to –4·14)

–4·92% 
(–6·60 to –3·24)

≥70 years 18 100 
(14 500 to 22 500)

88·8 
(71·3 to 111)

–3·24% 
(–3·57 to –2·89)

–3·09% 
(–3·49 to –2·73)

5660 
(4280 to 8480)

27·9 
(21·1 to 41·7)

–4·70% 
(–5·79 to –3·65)

–4·55% 
(–6·00 to –2·82)

South Asia

All ages 3640 000 
(3140 000 to 4190 000)

208 
(180 to 239)

–1·58% 
(–1·98 to –1·18)

–1·50% 
(–1·76 to –1·21)

509 000 
(458 000 to 591 000)

33·4 
(30·0 to 38·8)

–2·61% 
(–3·04 to –2·06)

–3·70% 
(–4·88 to –2·17)

<5 years 62 600 
(50 000 to 77 800)

39·5 
(31·5 to 49·0)

–3·20% 
(–3·78 to –2·65)

–4·26% 
(–4·86 to –3·71)

9970 
(7950 to 12 300)

6·29 
(5·01 to 7·76)

–5·78% 
(–6·76 to –4·74)

–7·12% 
(–8·90 to –4·81)

5–14 years 134 000 
(90 800 to 189 000)

38·3 
(26·1 to 54·1)

–3·17% 
(–3·90 to –2·45)

–3·62% 
(–4·28 to –3·04)

5740 
(4900 to 6740)

1·65 
(1·41 to 1·93)

–4·53% 
(–5·23 to –3·60)

–5·88% 
(–7·19 to –4·56)

15–49 years 2020 000 
(1700 000 to 2540 000)

200 
(169 to 252)

–1·79% 
(–2·31 to –1·32)

–2·09% 
(–2·42 to –1·73)

166 000 
(149 000 to 192 000)

16·5 
(14·8 to 19·1)

–2·63% 
(–3·13 to –2·08)

–5·17% 
(–6·38 to –3·70)

50–69 years 1040 000 
(786 000 to 1320 000)

400 
(303 to 507)

–2·05% 
(–2·55 to –1·49)

–2·33% 
(–2·66 to –2·03)

181 000 
(159 000 to 216 000)

69·8 
(61·2 to 83·3)

–3·62% 
(–4·09 to –2·93)

–5·03% 
(–6·31 to –3·17)

≥70 years 389 000 
(304 000 to 481 000)

532 
(415 to 657)

–2·33% 
(–2·86 to –1·89)

–2·09% 
(–2·51 to –1·68)

147 000 
(129 000 to 171 000)

200 
(176 to 233)

–3·32% 
(–3·91 to –2·50)

–4·16% 
(–5·48 to –2·55)

Southeast Asia, east Asia, and Oceania

All ages 2060 000 
(1870 000 to 2290 000)

84·5 
(76·8 to 92·2)

–1·44% 
(–1·68 to –1·14)

–1·23% 
(–1·42 to –1·04)

237 000 
(215 000 to 281 000)

9·09 
(8·26 to 10·7)

–2·75% 
(–3·33 to –2·00)

–2·98% 
(–4·01 to –1·59)

<5 years 46 700 
(39 100 to 58 000)

33·8 
(28·3 to 41·9)

–3·52% 
(–3·88 to –3·14)

–2·04% 
(–2·29 to –1·77)

3520 
(2790 to 4370)

2·55 
(2·01 to 3·16)

–6·66% 
(–7·38 to –6·07)

–8·28% 
(–9·90 to –6·17)

5–14 years 81 100 
(57 400 to 110 000)

26·4 
(18·7 to 36·0)

–3·12% 
(–3·47 to –2·71)

–2·33% 
(–2·73 to –1·93)

1790 
(1570 to 2040)

0·582 
(0·512 to 0·664)

–4·04% 
(–4·56 to –3·48)

–8·29% 
(–9·26 to –7·21)

15–49 years 875 000 
(739 000 to 1020 000)

82·1 
(69·3 to 95·3)

–1·72% 
(–2·09 to –1·33)

–1·30% 
(–1·53 to –1·09)

59 700 
(53 700 to 68 700)

5·59 
(5·04 to 6·44)

–2·45% 
(–3·01 to –1·75)

–3·47% 
(–4·59 to –2·36)

50–69 years 740 000 
(607 000 to 903 000)

142 
(117 to 174)

–2·38% 
(–2·69 to –2·08)

–2·17% 
(–2·44 to –1·94)

90 400 
(81 200 to 108 000)

17·4 
(15·6 to 20·9)

–4·69% 
(–5·37 to –3·79)

–4·34% 
(–5·63 to –2·78)

≥70 years 318 000 
(267 000 to 380 000)

207 
(173 to 247)

–2·23% 
(–2·53 to –1·87)

–3·13% 
(–3·48 to –2·88)

81 500 
(73 200 to 97 300)

52·9 
(47·6 to 63·2)

–4·37% 
(–5·08 to –3·52)

–5·40% 
(–6·34 to –3·90)

(Table 1 continues on next page)
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(appendix 2 p 18). Among both sexes, children younger 
than 5 years (16·5% [14·8 to 18·4]) and those aged 
5–14 years (16·2% [14·2 to 17·9]) had the largest declines 
in incidence rate, while the percentage decline ranged 
between 5·72% and 8·48% for the other age groups 
(table 2).

The number of global tuberculosis deaths decreased by 
11·9% (95% UI 5·77 to 17·0) from 2015 to 2020 (table 2). 
The percentage change in the number of global 
tuberculosis deaths was greater in females (13·8% [8·4 to 
18·0]) than in males (10·5% [0·1 to 18·1]; appendix 2 
p 18). Among both sexes, children younger than 5 years 
(35·3% [26·7 to 41·7]) and those aged 5–14 years (29·5% 
[25·5 to 34·1]) had the largest declines in the number of 
deaths, while individuals aged 70 years and older (3·29% 
[–5·56 to 9·07]) had the lowest decline (figure 1).

Among all countries, 15 achieved a 20% decrease in the 
all-age tuberculosis incidence rate between 2015 and 2020: 
eight of these were in western sub-Saharan Africa, three 
were in eastern sub-Saharan Africa, one was in central 
Europe, two were in central Asia, and one was in Andean 
Latin America (figure 2A; appendix 2 pp 86–149). When 
stratified by age groups, 66 countries achieved a 20% 
reduction in the all-age tuberculosis incidence rate in 
children younger than 5 years, as did 50 countries in those 
aged 5–14 years, 22 countries in those aged 15–49 years, 
12 countries in those aged 50–69 years, and ten countries 
in those aged 70 years and older (appendix 2 pp 86–149). 
The only region that achieved a 20% decrease in the 
incidence rate was western sub-Saharan Africa (21·6% 
[95% UI 19·7 to 23·3]; appendix 2 pp 86–149). By 2021, 
38 countries had achieved a 20% reduction in the all-age 
tuberculosis incidence rate (21 in sub-Saharan Africa; 11 in 
central Europe, eastern Europe, and central Asia; three in 

high-income countries; and three in the remaining GBD 
super-regions), with the sub-Saharan Africa super-region 
becoming the only super-region to achieve a 20% reduction 
(appendix 2 pp 150–213). Among the 20 high tuberculosis 
burden countries in GBD 2021, three countries (Tanzania, 
Kenya, and Nigeria) achieved a 20% decrease in the all-age 
incidence rate in 2020, with an additional three high 
tuberculosis burden countries (Myanmar, Uganda, and 
Zimbabwe) meeting the target in 2021 (appendix 2 p 16).

Eastern Europe (43·8% [95% UI 40·7 to 45·9]) was 
the only region that achieved a 35% decline in the 
number of tuberculosis deaths between 2015 and 2020 
(appendix 2 pp 86–149). 19 countries and territories 
achieved this milestone: six in eastern Europe, four in 
central Europe, four in central Asia, two in the 
Caribbean, one in Andean Latin America, one in 
Australasia, and one in western sub-Saharan Africa 
(figure 2B; appendix 2 pp 86–149). Central Europe, 
eastern Europe, and central Asia was the only GBD 
super-region to achieve a 35% reduction in the number 
of tuberculosis deaths by 2020 (38·8% [36·5–40·6]; 
table 2). Regarding age groups, 95 countries achieved a 
35% decrease in the number of tuberculosis deaths in 
children younger than 5 years, as did 55 countries in 
those aged 5–14 years, 26 countries in those aged 
15–49 years, 20 countries in those aged 50–69 years, 
and six countries in those aged 70 years and older. In 
2021, two additional countries (ie, 19 in total) achieved a 
35% decrease in tuberculosis deaths (appendix 2 
pp 150–213). None of the countries with a high 
tuberculosis burden achieved a 35% decrease in 
tuberculosis deaths in 2020 or 2021, but the Democratic 
Republic of the Congo (23·7% [11·9–34·9]), Myanmar 
(22·9% [6·94–33·0]), and Tanzania (22·5% [10·7–34·0]) 

Number of cases Cases per 
100 000 
population

Annualised rate 
of change in 
tuberculosis 
incidence  
(1990–2010), % 

Annualised rate 
of change in 
tuberculosis 
incidence 
(2010–21), % 

Number of deaths Deaths per 
100 000 
population

Annualised rate 
of change in 
tuberculosis deaths 
(1990–2010), % 

Annualised rate 
of change in 
tuberculosis deaths 
(2010–21), % 

(Continued from previous page)

Sub-Saharan Africa

All ages 3010 000 
(2670 000 to 3370 000)

351 
(315 to 391)

–0·418% 
(–0·564 to –0·242)

–4·06% 
(–4·23 to –3·82)

533 000 
(456 000 to 609 000)

83·2 
(72·3 to 94·5)

–0·814% 
(–1·39 to –0·363)

–6·10% 
(–7·24 to –5·08)

<5 years 230 000 
(191 000 to 282 000)

133 
(111 to 163)

–2·05% 
(–2·34 to –1·73)

–5·46% 
(–5·83 to –5·02)

44 800 
(31 200 to 57 800)

25·9 
(18·1 to 33·5)

–3·36% 
(–3·98 to –2·68)

–9·23% 
(–11·2 to –7·03)

5–14 years 201 000 
(139 000 to 281 000)

66·4 
(45·9 to 92·6)

–0·203% 
(–0·487 to 0·195)

–5·18% 
(–5·51 to –4·80)

12 600 
(10 300 to 15 100)

4·17 
(3·40 to 4·97)

1·39% 
(0·555 to 2·28)

–7·88% 
(–9·22 to –6·83)

15–49 years 1870 000 
(1580 000 to 2220 000)

342 
(289 to 406)

–0·0102% 
(–0·185 to 0·188)

–4·28% 
(–4·50 to –4·01)

240 000 
(204 000 to 280 000)

43·9 
(37·3 to 51·2)

0·784% 
(0·0659 to 1·40)

–7·15% 
(–8·18 to –6·20)

50–69 years 538 000 
(424 000 to 671 000)

595 
(468 to 741)

–0·697% 
(–0·929 to –0·491)

–3·60% 
(–3·92 to –3·21)

154 000 
(130 000 to 178 000)

170 
(144 to 197)

–1·03% 
(–1·71 to –0·413)

–4·90% 
(–6·00 to –3·64)

≥70 years 163 000 
(135 000 to 194 000)

831 
(689 to 992)

–0·744% 
(–0·970 to –0·503)

–3·20% 
(–3·51 to –2·88)

81 400 
(70 200 to 91 700)

416 
(358 to 468)

–1·55% 
(–2·16 to –0·981)

–3·60% 
(–4·61 to –2·07)

Data are presented to three significant figures. Data in parentheses are 95% uncertainty intervals. In the all-ages rows, the rates of all-form tuberculosis incidence and deaths are age standardised. GBD=Global 
Burden of Diseases, Injuries, and Risk Factors Study.

Table 1: Age-specific all-form tuberculosis incident cases and deaths with corresponding rates per 100 000 population by GBD super-region (2021) 
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2015 
incidence rate 
per 100 000 
population

2020 
incidence rate 
per 100 000 
population

Percentage 
change in 
incidence rate, 
%

Incidence 
target per 
100 000 
population

2015 deaths 2020 deaths Percentage change 
in mortality, %

Mortality target

Global

All ages 129 
(114 to 144)

121 
(108 to 135)

–6·26% 
(–7·25 to –5·27)

103 
(91·5 to 115)

1 570 000 
(1 450 000 to 1 700 000)

1 390 000 
(1 280 000 to 1 540 000)

–11·9% 
(–17·0 to –5·77)

1 020 000 
(943 000 to 1 100 000)

<5 years 67·9 
(57·0 to 82·9)

56·7 
(48·0 to 70·2)

–16·5% 
(–18·4 to –14·8)

54·3 
(45·6 to 66·3)

104 000 
(84 000 to 119 000)

67 200 
(50 200 to 83 000)

–35·3% 
(–41·7 to –26·7)

67 300 
(54 600 to 77 600)

5–14 years 41·9 
(29·4 to 58·0)

35·1 
(24·7 to 48·8)

–16·2% 
(–17·9 to –14·2)

33·5 
(23·5 to 46·4)

32 000 
(28 400 to 35 500)

22 600 
(20 000 to 25 600)

–29·5% 
(–34·1 to –25·5)

20 800 
(18 500 to 23 100)

15–49 years 141 
(120 to 169)

132 
(113 to 159)

–6·29% 
(–7·70 to –5·05)

113 
(96·1 to 135)

593 000 
(534 000 to 650 000)

503 000 
(455 000 to 549 000)

–15·2% 
(–20·2 to –10·0)

385 000 
(347 000 to 422 000)

50–69 years 188 
(149 to 232)

177 
(141 to 218)

–5·72% 
(–7·39 to –4·02)

150 
(119 to 186)

499 000 
(467 000 to 528 000)

459 000 
(421 000 to 515 000)

–7·97% 
(–14·1 to –0·472)

324 000 
(304 000 to 343 000)

≥70 years 214 
(172 to 260)

196 
(160 to 238)

–8·48% 
(–10·4 to –6·74)

171 
(138 to 208)

347 000 
(322 000 to 367 000)

335 000 
(307 000 to 378 000)

–3·29% 
(–9·07 to 5·56)

225 000 
(209 000 to 239 000)

Central Europe, eastern Europe, and central Asia

All ages 64·2 
(55·9 to 76·0)

53·7 
(46·5 to 63·9)

–16·5% 
(–19·4 to –13·9)

51·4 
(44·7 to 60·8)

26 900 
(25 900 to 28 600)

16 400 
(15 600 to 17 600)

–38·8% 
(–40·6 to –36·5)

17 500 
(16 800 to 18 600)

<5 years 11·7 
(9·76 to 15·1)

9·43 
(7·82 to 12·2)

–19·6% 
(–24·4 to –16·8)

9·39 
(7·81 to 12·1)

602 
(507 to 705)

351 
(287 to 454)

–41·6% 
(–50·0 to –33·7)

391 
(330 to 458)

5–14 years 13·9 
(9·46 to 19·2)

11·7 
(8·00 to 16·4)

–15·7% 
(–20·1 to –11·3)

11·1 
(7·57 to 15·4)

103 
(93·6 to 113)

70·1 
(63·0 to 78·8)

–31·9% 
(–35·5 to –27·7)

66·9 
(60·9 to 73·5)

15–49 years 86·1 
(69·6 to 106)

72·8 
(58·9 to 92·3)

–15·5% 
(–19·5 to –12·3)

68·8 
(55·7 to 85·1)

12 400 
(11 600 to 13 900)

7160 
(6570 to 8070)

–42·4% 
(–43·9 to –40·3)

8090 
(7560 to 9060)

50–69 years 66·7 
(50·0 to 84·6)

56·9 
(42·7 to 73·3)

–14·7% 
(–18·3 to –10·9)

53·4 
(40·0 to 67·7)

11 000 
(10 800 to 11 300)

6610 
(6340 to 7040)

–40·0% 
(–42·5 to –37·2)

7170 
(7010 to 7350)

≥70 years 43·2 
(33·5 to 54·6)

36·6 
(28·9 to 46·3)

–15·3% 
(–19·6 to –11·3)

34·6 
(26·8 to 43·7)

2680 
(2550 to 2760)

2240 
(2100 to 2330)

–16·5% 
(–18·6 to –14·4)

1740 
(1660 to 1790)

High income

All ages 10·3 
(9·20 to 11·7)

9·40 
(8·37 to 10·8)

–8·37% 
(–10·2 to –6·76)

8·21 
(7·36 to 9·37)

13 200 
(11 800 to 14 300)

12 500 
(11 000 to 13 600)

–5·23% 
(–7·26 to –3·09)

8590 
(7690 to 9300)

<5 years 2·19 
(1·73 to 2·81)

1·81 
(1·40 to 2·33)

–17·6% 
(–20·4 to –14·6)

1·76 
(1·38 to 2·25)

39·6 
(33·6 to 45·4)

26·0 
(21·6 to 30·7)

–34·4% 
(–37·6 to –30·7)

25·7 
(21·9 to 29·5)

5–14 years 2·23 
(1·52 to 3·24)

2·15 
(1·46 to 3·15)

–3·77% 
(–6·41 to –1·03)

1·78 
(1·22 to 2·59)

24·6 
(20·7 to 28·1)

19·7 
(16·8 to 22·7)

–19·7% 
(–23·5 to –15·7)

16·0 
(13·5 to 18·3)

15–49 years 9·96 
(8·10 to 12·4)

8·86 
(7·21 to 11·0)

–11·0% 
(–12·7 to –8·89)

7·96 
(6·48 to 9·88)

1800 
(1440 to 2120)

1500 
(1200 to 1810)

–16·3% 
(–18·8 to –13·8)

1170 
(935 to 1380)

50–69 years 11·3 
(8·67 to 13·9)

10·3 
(7·81 to 12·7)

–9·40% 
(–13·6 to –6·49)

9·07 
(6·93 to 11·2)

2700 
(2490 to 2920)

2350 
(2120 to 2540)

–13·1% 
(–15·6 to –11·0)

1750 
(1620 to 1900)

≥70 years 20·4 
(17·0 to 24·7)

18·3 
(15·1 to 22·3)

–10·3% 
(–15·2 to –6·76)

16·3 
(13·6 to 19·8)

8660 
(7320 to 9370)

8630 
(7120 to 9510)

–0·334% 
(–3·03 to 2·71)

5630 
(4760 to 6090)

Latin America and Caribbean

All ages 36·0 
(31·7 to 41·0)

34·7 
(30·4 to 39·8)

–3·42% 
(–5·77 to 
–0·669)

28·8 
(25·3 to 32·8)

25 800 
(22 600 to 31 200)

24 700 
(21 200 to 29 200)

–4·32% 
(–9·16 to 1·35)

16 800 
(14 700 to 20 300)

<5 years 9·50 
(7·94 to 11·7)

8·65 
(7·29 to 10·8)

–8·93% 
(–12·4 to –5·44)

7·60 
(6·35 to 9·33)

785 
(640 to 986)

590 
(460 to 750)

–25·0% 
(–32·9 to –15·0)

511 
(416 to 641)

5–14 years 7·91 
(5·54 to 10·8)

7·87 
(5·64 to 11·0)

–0·467% 
(–5·06 to 5·26)

6·32 
(4·43 to 8·65)

347 
(289 to 468)

285 
(236 to 371)

–17·7% 
(–23·4 to –9·85)

225 
(188 to 304)

15–49 years 41·3 
(34·8 to 50·1)

39·9 
(33·5 to 48·5)

–3·55% 
(–7·06 to 
–0·0735)

33·1 
(27·8 to 40·1)

11 400 
(9440 to 14 200)

10 300 
(8370 to 12 800)

–10·0% 
(–14·0 to –5·73)

7420 
(6140 to 9250)

50–69 years 54·3 
(42·5 to 67·5)

49·9 
(38·3 to 63·1)

–8·13% 
(–12·0 to –3·12)

43·4 
(34·0 to 54·0)

7960 
(7130 to 9610)

8140 
(7040 to 9660)

2·29% 
(–4·33 to 9·20)

5170 
(4630 to 6250)

≥70 years 64·0 
(52·0 to 79·1)

55·0 
(44·6 to 68·5)

–14·0% 
(–16·7 to –11·5)

51·2 
(41·6 to 63·3)

5290 
(4810 to 5960)

5390 
(4830 to 6100)

1·98% 
(–4·94 to 10·3)

3440 
(3130 to 3870)

(Table 2 continues on next page)
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2015 
incidence rate 
per 100 000 
population

2020 
incidence rate 
per 100 000 
population

Percentage 
change in 
incidence rate

Incidence 
target per 
100 000 
population

2015 deaths 2020 deaths Percentage change 
in mortality, %

Mortality target

(Continued from previous page)

North Africa and Middle East

All ages 31·5 
(27·7 to 35·8)

28·1 
(24·9 to 32·5)

–10·7% 
(–13·2 to –8·66)

25·2 
(22·2 to 28·6)

22 600 
(18 700 to 31 700)

20 200 
(16 300 to 28 300)

–10·5% 
(–17·6 to –3·06)

14 700 
(12 200 to 20 600)

<5 years 15·1 
(12·5 to 18·5)

12·6 
(9·82 to 15·4)

–16·8% 
(–21·8 to –11·8)

12·1 
(9·97 to 14·8)

1660 
(1260 to 2080)

1140 
(849 to 1470)

–30·9% 
(–38·8 to –19·3)

1080 
(821 to 1350)

5–14 years 15·6 
(11·4 to 21·9)

12·7 
(9·02 to 17·6)

–18·5% 
(–24·5 to –13·0)

12·4 
(9·11 to 17·5)

612 
(481 to 829)

454 
(369 to 623)

–25·6% 
(–33·9 to –15·9)

398 
(313 to 539)

15–49 years 31·3 
(25·8 to 37·7)

27·7 
(22·7 to 33·6)

–11·5% 
(–14·0 to –9·18)

25·1 
(20·7 to 30·2)

7960 
(6400 to 10 200)

6930 
(5530 to 9100)

–12·9% 
(–20·8 to –4·60)

5180 
(4160 to 6630)

50–69 years 54·5 
(42·0 to 68·1)

48·5 
(36·8 to 59·5)

–10·9% 
(–13·4 to –7·58)

43·6 
(33·6 to 54·5)

5900 
(4870 to 8700)

5790 
(4590 to 8450)

–1·93% 
(–10·3 to 9·05)

3840 
(3170 to 5650)

≥70 years 109 
(87·6 to 134)

92·8 
(75·2 to 115)

–14·6% 
(–18·1 to –12·1)

86·9 
(70·1 to 108)

6410 
(5020 to 10 800)

5870 
(4500 to 8980)

–8·28% 
(–17·0 to 3·08)

4170 
(3260 to 7010)

South Asia

All ages 205 
(177 to 235)

199 
(172 to 228)

–3·06% 
(–5·10 to –1·25)

164 
(142 to 188)

573 000 
(536 000 to 611 000)

523 000 
(460 000 to 598 000)

–8·71% 
(–16·4 to 1·24)

373 000 
(348 000 to 397 000)

<5 years 48·2 
(39·0 to 59·7)

43·1 
(34·0 to 53·7)

–10·7% 
(–14·6 to –7·34)

38·6 
(31·2 to 47·8)

17 800 
(15 300 to 20 200)

11 200 
(9140 to 13 800)

–36·9% 
(–46·9 to –26·0)

11 600 
(9920 to 13 100)

5–14 years 47·7 
(33·0 to 67·5)

40·6 
(27·9 to 56·7)

–14·9% 
(–19·4 to –11·2)

38·2 
(26·4 to 54·0)

8230 
(7250 to 9190)

6090 
(5150 to 7050)

–26·1% 
(–32·7 to –17·4)

5350 
(4710 to 5970)

15–49 years 216 
(181 to 273)

201 
(171 to 254)

–6·59% 
(–9·20 to –4·10)

173 
(145 to 218)

186 000 
(172 000 to 202 000)

169 000 
(148 000 to 188 000)

–9·39% 
(–19·3 to –0·412)

121 000 
(112 000 to 131 000)

50–69 years 440 
(331 to 561)

410 
(315 to 516)

–6·61% 
(–9·71 to –4·01)

352 
(265 to 449)

213 000 
(198 000 to 229 000)

189 000 
(164 000 to 224 000)

–11·0% 
(–19·3 to 0·197)

138 000 
(129 000 to 149 000)

≥70 years 560 
(436 to 707)

534 
(418 to 660)

–4·52% 
(–7·94 to –1·36)

448 
(349 to 566)

148 000 
(137 000 to 160 000)

148 000 
(130 000 to 170 000)

–0·103% 
(–9·08 to 13·1)

96 100 
(89 100 to 104 000)

Southeast Asia, east Asia, and Oceania

All ages 97·5 
(88·6 to 106)

95·9 
(87·5 to 105)

–1·72% 
(–3·32 to 
–0·442)

78·0 
(70·9 to 85·1)

265 000 
(248 000 to 286 000)

240 000 
(219 000 to 273 000)

–9·45% 
(–16·9 to –0·0543)

173 000 
(161 000 to 186 000)

<5 years 39·1 
(32·6 to 48·3)

34·6 
(28·9 to 42·7)

–11·4% 
(–13·6 to –9·52)

31·3 
(26·1 to 38·6)

6020 
(5020 to 6970)

3860 
(3090 to 4750)

–35·9% 
(–43·1 to –28·5)

3910 
(3260 to 4530)

5–14 years 30·4 
(21·7 to 41·4)

27·8 
(19·9 to 37·4)

–8·39% 
(–11·0 to –6·19)

24·3 
(17·3 to 33·1)

2810 
(2540 to 3070)

1950 
(1720 to 2210)

–30·7% 
(–36·6 to –25·2)

1830 
(1650 to 2000)

15–49 years 84·6 
(72·5 to 97·1)

83·6 
(71·3 to 97·2)

–1·21% 
(–3·31 to 1·25)

67·7 
(58·0 to 77·7)

77 800 
(72 200 to 84 400)

62 000 
(56 500 to 70 500)

–20·2% 
(–29·0 to –10·5)

50 500 
(46 900 to 54 900)

50–69 years 154 
(127 to 184)

145 
(119 to 175)

–5·56% 
(–8·08 to –3·40)

123 
(102 to 148)

92 300 
(85 400 to 99 900)

90 700 
(80 000 to 104 000)

–1·65% 
(–10·9 to 10·4)

60 000 
(55 500 to 64 900)

≥70 years 244 
(205 to 285)

215 
(181 to 256)

–12·0% 
(–14·5 to –9·23)

195 
(164 to 228)

86 500 
(78 700 to 95 000)

81 700 
(74 000 to 93 800)

–5·59% 
(–12·2 to 4·66)

56 300 
(51 100 to 61 800)

Sub-Saharan Africa

All ages 333 
(297 to 370)

276 
(246 to 306)

–17·1% 
(–18·2 to –15·6)

266 
(238 to 296)

646 000 
(557 000 to 727 000)

549 000 
(476 000 to 624 000)

–15·1% 
(–20·1 to –8·55)

420 000 
(362 000 to 473 000)

<5 years 187 
(156 to 227)

143 
(121 to 177)

–23·6% 
(–26·2 to –21·2)

149 
(125 to 182)

76 700 
(59 000 to 90 300)

50 000 
(35 400 to 62 600)

–35·0% 
(–42·7 to –26·7)

49 800 
(38 300 to 58 700)

5–14 years 93·0 
(64·9 to 128)

71·6 
(49·3 to 99·6)

–23·0% 
(–25·6 to –21·0)

74·4 
(51·9 to 102)

19 900 
(16 700 to 22 800)

13 700 
(11 400 to 16 100)

–31·1% 
(–36·7 to –26·3)

12 900 
(10 900 to 14 800)

15–49 years 435 
(366 to 515)

356 
(303 to 427)

–18·3% 
(–20·0 to –16·7)

348 
(293 to 412)

295 000 
(255 000 to 341 000)

246 000 
(210 000 to 288 000)

–16·6% 
(–21·7 to –11·0)

192 000 
(166 000 to 221 000)

50–69 years 724 
(581 to 897)

617 
(491 to 760)

–14·8% 
(–16·8 to –12·5)

579 
(465 to 717)

166 000 
(144 000 to 187 000)

156 000 
(133 000 to 179 000)

–6·04% 
(–12·2 to 2·10)

108 000 
(93 300 to 122 000)

≥70 years 1010 
(836 to 1200)

866 
(722 to 1030)

–14·3% 
(–15·9 to –12·6)

808 
(669 to 961)

89 000 
(77 800 to 97 200)

83 500 
(72 400 to 92 600)

–6·15% 
(–11·4 to 2·64)

57 900 
(50 600 to 63 200)

Data are presented to three significant figures. Data in parentheses are 95% uncertainty intervals. GBD=Global Burden of Diseases, Injuries, and Risk Factors Study.

Table 2: Age-specific all-form tuberculosis percentage change from 2015 to 2020 for incidence rates and deaths by GBD super-region 
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had the largest reductions between 2015 and 2021 
(appendix 2 p 17).

After removing the combined effects of three tuber-
culosis risk factors (smoking, alcohol use, and diabetes), 
the number of global all-form tuberculosis deaths 
would decrease from 1·39 million (95% UI 1·28–1·54) 
to 1·00 million (0·703–1·23) in 2020 (table 3). Compar ing 

the observed number of tuberculosis deaths in 2015 
to the risk-deleted number of tuberculosis deaths in 
2020 represents a 36·5% (21·5–54·8) decrease. The 
corresponding percent age declines would be 31·0% 
(15·9–48·8) in those aged 15–49 years, 40·5% (22·3–62·6) 
in those aged 50–69 years, and 41·0% (25·4–62·0) in 
those aged 70 years and older. If the effects of risk factors 

Figure 1: Global age-specific all-form tuberculosis incidence rates (A) and deaths (B), 1990–2021
The dashed grey lines indicate WHO End TB Strategy 2020 milestones (20% reduction in incidence rates and 35% reduction in deaths compared with 2015). 
The shaded areas represent 95% uncertainty intervals.
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Figure 2: Percentage change from 2015 to 2020 in all-age, all-form tuberculosis incidence rates per 100 000 population (A) and deaths (B)
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were removed, 13 additional regions would have joined 
eastern Europe in achieving a 35% decline in the number 
of tuberculosis deaths. Furthermore, the cumu lative 
number of countries achieving a 35% decrease would 
have increased from 15 to 132 in 2020 and 143 in 2021 
(appendix 2 pp 214–99). A 35% reduction would have been 
achieved in 104 countries for individuals aged 15–49 years, 
in 144 countries for those aged 50–69 years, and in 
169 countries for those aged 70 years and older in 2020.

Impact of the COVID-19 pandemic on tuberculosis 
mortality
For the 41 countries included in our analysis of COVID-19 
impact, 50 900 (95% CI 49 700 to 52 400) tuberculosis 

deaths without HIV co-infection were expected across all 
ages in 2020, compared to an observed 45 500 tuber-
culosis deaths (figure 3A; appendix 2 pp 300–04). This 
corresponded to 5340 (4070 to 6920) fewer tuberculosis 
deaths than expected (negative excess tuberculosis 
deaths) and an observed to expected (OE) ratio of 0·90 
(0·87 to 0·92). Individuals aged 65 years and older 
contributed more to the negative excess deaths (–4330 
[–5310 to –3370], OE ratio 0·80 [0·77 to 0·84]) than did 
those younger than 65 years (–1000 [–2150 to –127], OE 
ratio 0·97 [0·93 to 1·00]). We estimated that 28 of 
41 countries had negative excess tuberculosis deaths, 
with a combined contribution of 6000 (4770 to 7400) 
fewer tuberculosis deaths and an OE ratio of 0·86 

Observed number of 
deaths for 2015

Observed number of 
deaths for 2020

Smoking-deleted 
counts for 2020

Alcohol-deleted 
counts for 2020

Diabetes-deleted 
counts for 2020

All risk-deleted 
number of deaths

Percentage 
change in 2020 
risk-deleted 
number of 
deaths vs 2015 
observed 
number of 
deaths, %

Global

All ages 1 570 000 
(1 450 000 to 1 700 000)

1 390 000 
(1 280 000 to 1 540 000)

1 220 000 
(1 050 000 to 1 390 000)

1 250 000 
(889 000 to 1 550 000)

1 240 000 
(1 130 000 to 1 390 000)

999 000 
(703 000 to 1 230 000)

–36·5% 
(–54·8 to –21·5)

15–49 years 593 000 
(534 000 to 650 000)

503 000 
(455 000 to 549 000)

457 000 
(396 000 to 510 000)

453 000 
(323 000 to 566 000)

492 000 
(444 000 to 538 000)

408 000 
(297 000 to 499 000)

–31·0% 
(–48·8 to –15·9)

50–69 years 499 000 
(467 000 to 528 000)

459 000 
(421 000 to 515 000)

382 000 
(313 000 to 456 000)

403 000 
(255 000 to 523 000)

399 000 
(361 000 to 462 000)

297 000 
(185 000 to 389 000)

–40·5% 
(–62·6 to –22·3)

≥70 years 347 000 
(322 000 to 367 000)

335 000 
(307 000 to 378 000)

294 000 
(253 000 to 336 000)

303 000 
(207 000 to 379 000)

257 000 
(230 000 to 309 000)

204 000 
(129 000 to 260 000)

–41·0% 
(–62·0 to –25·4)

Central Europe, eastern Europe, and central Asia

All ages 26 900 
(25 900 to 28 600)

16 400 
(15 600 to 17 600)

11 900 
(9140 to 15 200)

13 000 
(6220 to 20 800)

15 100 
(14 200 to 16 500)

9040 
(4520 to 14 500)

–66·3% 
(–83·0 to –45·4)

15–49 years 12 400 
(11 600 to 13 900)

7160 
(6570 to 8070)

5220 
(4090 to 6710)

5670 
(2500 to 9260)

7000 
(6410 to 7930)

4230 
(2090 to 6690)

–66·0% 
(–83·2 to –45·2)

50–69 years 11 000 
(10 800 to 11 300)

6610 
(6340 to 7040)

4310 
(3060 to 5900)

5000 
(1750 to 8580)

5870 
(5520 to 6320)

2970 
(989 to 5560)

–73·1% 
(–91·0 to –49·4)

≥70 years 2680 
(2550 to 2760)

2240 
(2100 to 2330)

1950 
(1680 to 2190)

1940 
(1190 to 2560)

1850 
(1710 to 2020)

1420 
(882 to 1920)

–47·1% 
(–67·5 to –30·2)

High income

All ages 13 200 
(11 800 to 14 300)

12 500 
(11 000 to 13 600)

10 900 
(8970 to 12 400)

10 200 
(4570 to 15 200)

10 400 
(9190 to 11 700)

7520 
(3320 to 11 200)

–43·2% 
(–74·0 to –15·3)

15–49 years 1800 
(1440 to 2120)

1500 
(1200 to 1810)

1330 
(1030 to 1610)

1320 
(805 to 1860)

1480 
(1180 to 1780)

1180 
(763 to 1560)

–34·4% 
(–53·1 to –16·1)

50–69 years 2700 
(2490 to 2920)

2350 
(2120 to 2540)

1850 
(1450 to 2240)

1880 
(841 to 2910)

2050 
(1810 to 2300)

1360 
(640 to 2090)

–49·7% 
(–75·5 to –22·1)

≥70 years 8660 
(7320 to 9370)

8630 
(7120 to 9510)

7660 
(5910 to 8830)

6950 
(2920 to 10 500)

6860 
(5680 to 7980)

4930 
(1890 to 7650)

–43·1% 
(–77·7 to –14·4)

Latin America and Caribbean

All ages 25 800 
(22 600 to 31 200)

24 700 
(21 200 to 29 200)

22 400 
(18 700 to 27 200)

21 300 
(12 900 to 29 600)

22 100 
(18 500 to 26 800)

17 600 
(10 700 to 24 500)

–31·6% 
(–56·4 to –9·35)

15–49 years 11 400 
(9440 to 14 200)

10 300 
(8370 to 12 800)

9550 
(7610 to 12 100)

8820 
(5350 to 12 900)

10 100 
(8180 to 12 500)

8170 
(5190 to 11 700)

–28·4% 
(–54·5 to –4·74)

50–69 years 7960 
(7130 to 9610)

8140 
(7040 to 9660)

7070 
(5800 to 8740)

6890 
(3990 to 9720)

7050 
(5930 to 8510)

5320 
(3080 to 7570)

–33·2% 
(–59·6 to –9·66)

≥70 years 5290 
(4810 to 5960)

5390 
(4830 to 6100)

4930 
(4230 to 5690)

4700 
(2780 to 6300)

4090 
(3530 to 4810)

3280 
(1830 to 4510)

–38·1% 
(–63·9 to –19·3)

(Table 3 continues on next page)
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(0·83 to 0·89). Those aged 65 years and older also 
contributed more negative excess deaths (–4340 [–5310 to 
–3370], OE ratio 0·78 [0·75 to 0·82]) than did those 
younger than 65 years (–1660 [–2580 to –817], OE ratio 
0·93 [0·89 to 0·96]) in these 28 countries. 13 countries 
had excess tuberculosis deaths, with a combined 
contribution of 669 (–63 to 1030) excess tuberculosis 
deaths and an OE ratio of 1·08 (0·99 to 1·13). However, 
in these countries individuals younger than 65 years 
contributed almost all the excess tuberculosis deaths 
(660 [–60 to 1010], OE ratio 1·11 [0·99 to 1·17] vs 

eight [–160 to 126], OE ratio 1·00 [0·92 to 1·07], in those 
aged ≥65 years).

There were 20 countries reporting data through the 
year 2021 (figure 3B; appendix 2 pp 300–04). In these 
countries, 39 600 (95% CI 38 300 to 41 100) tuberculosis 
deaths without HIV co-infection were expected compared 
to an observed 39 000 tuberculosis deaths (appendix 2 
pp 300–04). This corresponded to 657 (–713 to 2180)  
fewer tuberculosis deaths than expected, with an OE 
ratio of 0·98 (0·95–1·02). There were marked differences 
by age as people younger than 65 years contributed 

Observed number of 
deaths for 2015

Observed number of 
deaths for 2020

Smoking-deleted 
counts for 2020

Alcohol-deleted 
counts for 2020

Diabetes-deleted 
counts for 2020

All risk-deleted 
number of deaths

Percentage 
change in 2020 
risk-deleted 
number of 
deaths vs 2015 
observed 
number of 
deaths, %

(Continued from previous page)

North Africa and Middle East

All ages 22 600 
(18 700 to 31 700)

20 200 
(16 300 to 28 300)

17 700 
(13 800 to 23 900)

19 900 
(16 000 to 28 200)

16 500 
(12 800 to 23 500)

14 300 
(11 100 to 19 500)

–36·4% 
(–45·9 to –26·9)

15–49 years 7960 
(6400 to 10 200)

6930 
(5530 to 9100)

6020 
(4840 to 7730)

6800 
(5350 to 8950)

6560 
(5260 to 8660)

5610 
(4440 to 7270)

–29·4% 
(–39·1 to –18·0)

50–69 years 5900 
(4870 to 8700)

5790 
(4590 to 8450)

4790 
(3540 to 6700)

5700 
(4490 to 8320)

4330 
(3250 to 6440)

3500 
(2460 to 5130)

–40·6% 
(–53·4 to –26·5)

≥70 years 6410 
(5020 to 10 800)

5870 
(4500 to 8980)

5290 
(3910 to 8130)

5820 
(4480 to 8970)

4050 
(2980 to 6550)

3620 
(2600 to 5800)

–43·7% 
(–54·2 to –33·2)

South Asia

All ages 573 000 
(536 000 to 611 000)

523 000 
(460 000 to 598 000)

448 000 
(367 000 to 534 000)

471 000 
(314 000 to 594 000)

448 000 
(388 000 to 525 000)

351 000 
(223 000 to 454 000)

–38·8% 
(–60·2 to –21·2)

15–49 years 186 000 
(172 000 to 202 000)

169 000 
(148 000 to 188 000)

149 000 
(127 000 to 172 000)

150 000 
(97 900 to 191 000)

163 000 
(143 000 to 181 000)

129 000 
(84 500 to 168 000)

–30·7% 
(–54·7 to –10·0)

50–69 years 213 000 
(198 000 to 229 000)

189 000 
(164 000 to 224 000)

154 000 
(120 000 to 193 000)

168 000 
(102 000 to 218 000)

158 000 
(134 000 to 193 000)

116 000 
(65 900 to 157 000)

–45·7% 
(–67·7 to –27·3)

≥70 years 148 000 
(137 000 to 160 000)

148 000 
(130 000 to 170 000)

128 000 
(104 000 to 152 000)

137 000 
(96 600 to 168 000)

110 000 
(92 400 to 136 000)

88 800 
(56 400 to 116 000)

–40·0% 
(–60·6 to –22·7)

Southeast Asia, east Asia, and Oceania

All ages 265 000 
(248 000 to 286 000)

240 000 
(219 000 to 273 000)

191 000 
(159 000 to 230 000)

215 000 
(144 000 to 276 000)

209 000 
(185 000 to 241 000)

151 000 
(95 900 to 203 000)

–42·9% 
(–63·0 to –24·4)

15–49 years 77 800 
(72 200 to 84 400)

62 000 
(56 500 to 70 500)

51 200 
(45 600 to 60 000)

55 400 
(38 000 to 70 400)

60 800 
(55 000 to 69 200)

45 700 
(31 900 to 60 900)

–41·1% 
(–60·1 to –24·7)

50–69 years 92 300 
(85 400 to 99 900)

90 700 
(80 000 to 104 000)

67 100 
(52 500 to 85 800)

80 100 
(49 600 to 106 000)

79 000 
(68 100 to 92 500)

52 800 
(31 300 to 74 500)

–42·8% 
(–66·0 to –18·8)

≥70 years 86 500 
(78 700 to 95 000)

81 700 
(74 000 to 93 800)

67 000 
(55 000 to 78 500)

73 500 
(50 100 to 95 700)

63 000 
(55 400 to 73 600)

47 000 
(28 700 to 62 300)

–45·7% 
(–65·8 to –26·8)

Sub-Saharan Africa

All ages 646 000 
(557 000 to 727 000)

549 000 
(476 000 to 624 000)

520 000 
(446 000 to 589 000)

498 000 
(359 000 to 626 000)

516 000 
(442 000 to 590 000)

449 000 
(323 000 to 553 000)

–30·6% 
(–49·1 to –18·3)

15–49 years 295 000 
(255 000 to 341 000)

246 000 
(210 000 to 288 000)

234 000 
(199 000 to 270 000)

225 000 
(165 000 to 284 000)

243 000 
(208 000 to 285 000)

214 000 
(160 000 to 263 000)

–27·2% 
(–45·0 to –14·8)

50–69 years 166 000 
(144 000 to 187 000)

156 000 
(133 000 to 179 000)

142 000 
(118 000 to 163 000)

136 000 
(86 600 to 179 000)

142 000 
(120 000 to 165 000)

115 000 
(72 400 to 149 000)

–30·6% 
(–56·7 to –10·6)

≥70 years 89 000 
(77 800 to 97 200)

83 500 
(72 400 to 92 600)

79 300 
(68 000 to 88 300)

73 200 
(44 000 to 92 800)

66 400 
(57 500 to 78 600)

55 500 
(32 100 to 71 700)

–37·7% 
(–63·1 to –21·3)

Data are presented to three significant figures. Data in parentheses are 95% uncertainty intervals. The total number of deaths presented in this table is for all-form tuberculosis. However, the risk factors are for 
HIV-negative tuberculosis, and accordingly, risk-factor death deletion only occurred for individuals without HIV co-infection. GBD=Global Burden of Diseases, Injuries, and Risk Factors Study.

Table 3: Age-specific risk-deleted tuberculosis deaths by GBD super-region, 2020
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excess tuberculosis deaths (2290 [1100 to 3370], OE ratio 
1·10 [1·04 to 1·15]), whereas those aged 65 years and 
older had negative excess tuberculosis deaths (–2950 
[–3920 to –2100], OE ratio 0·81 [0·76 to 0·86]). Only five 
countries contributed negative excess deaths, with a 
combined contribution of 2310 (1100 to 3680) fewer 
tuberculosis deaths and an OE ratio of 0·90 (0·85 to 
0·95). In those countries, people aged 65 years and older 
contributed negative excess deaths (–2880 [–3860 to 
–2090], OE ratio 0·72 [0·66 to 0·78]), whereas those 
younger than 65 years did not (574 [–467 to 1602], OE 
ratio 1·04 [0·97 to 1·13]). The remaining 15 countries had 
a combined contribution of 1650 (737 to 2100) excess 
tuberculosis deaths and an OE ratio of 1·10 (1·04 to 1·13). 
Among these 15 countries, people younger than 65 years 
contributed almost all excess tuberculosis deaths (1720 
[824 to 2097], OE ratio 1·16 [1·07 to 1·20]), whereas those 
aged 65 years and older contributed 71 (–213 to 395) fewer 
deaths than expected (OE ratio 0·99 [0·93 to 1·04]).

Discussion
Despite accelerated global progress in reducing the 
burden of tuberculosis in the past decade, we observed 
that the first WHO End TB interim milestones in 2020 
were not achieved at the global level: global tuberculosis 
incidence decreased by only 6% and global tuberculosis 
deaths decreased by 12% between 2015 and 2020. The 
substantial gap in reaching the global milestones is in 
keeping with observations from other studies.31–34 We 
further observed that progress was differential with 
respect to age such that individuals younger than 15 years 
had the sharpest declines while the older adult age 
groups had only minimal reductions. Our analysis of 
risk-deleted mortality suggests that reducing tuberculosis 
risk factors will be important in any holistic strategy for 
reducing tuberculosis mortality among adults and achiev-
ing the optimistic End TB milestones.

The finding that only 15 countries achieved the 2020 
tuberculosis incidence milestone in 2020 underscores 

Figure 3: Observed versus predicted tuberculosis deaths for all countries with available cause-specific vital registration data combined from 2015 to 2020 (A) 
and 2021 (B)
Observed tuberculosis deaths represent tuberculosis deaths without HIV co-infection from vital registration data. 41 countries had data up to 2020 and 20 countries 
had data up to 2021. Green circles represent observed tuberculosis deaths aggregated across included countries. Solid lines are aggregated predicted values from 
country-specific and age-specific quasi-Poisson regressions, with vital registration data from 2015 to 2019 used as inputs; the shaded areas represent the 
corresponding 95% CIs. Complete country-specific results are included in appendix 2 (pp 300–04).
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that substantial challenges remain in identifying all 
individuals with tuberculosis in communities and 
initiating treatment. When individuals with tuberculosis 
remain undiagnosed, they might unknowingly propagate 
infections to healthy contacts.35 Tuberculosis control 
programmes could consider enhancing interventions 
that have previously been shown to improve detection 
and mitigate delays in treatment initiation, including 
active case finding,36 tuberculosis outreach screening with 
communication campaigns,37 and the use of new rapid 
tuberculosis diagnostic tools.38 Tuberculosis control 
programmes could also consider exploring the pro-
grammes running in sub-Saharan Africa, since 11 of the 
15 countries that achieved the incidence milestone in 
2020 were in this region. For example, Nigeria achieved 
a 22% decrease (appendix 2 pp 86–149), indicating that its 
novel active case-finding interventions with advanced 
surveillance in tuberculosis hotspots,39 increase in 
diagnostic equipment and par tnering with the private 
sector,40 and economic incentives for patients41 were 
effective in helping to achieve the milestone. In Tanzania, 
which achieved a 26% reduc tion (appendix 2 
pp 86–149), the national tuberculosis programme scaled 
up community-based interventions aiming to link indi-
viduals to tuberculosis services with proven effectiveness42 
while introducing an effective nationwide quality-
improvement initiative in tuberculosis case finding.43 The 
marked progress in Cameroon44 (30% reduction in 
incidence) and Kenya45 (23% reduction in incidence; 
appendix 2 pp 86–149) might also point to the success of 
intensified tuberculosis case-finding programmes that 
were reported to increase case detection in these 
respective countries . In addition to these innovative case-
finding programmes, many countries in sub-Saharan 
Africa saw marked increases in antiretroviral therapy 
coverage for people with HIV between 2015 and 2020 that 
might have further contributed to the substantial 
reductions in tuberculosis incidence in the region.46

We observed that only 17 countries achieved the End 
TB mortality milestone in 2020, indicating continued 
suboptimal treatment outcomes globally, potentially 
owing to poor early linkage to treatment, inadequate 
support for people with tuberculosis to ensure treatment 
adherence, unidentified drug resistance, and inadequate 
prevention of advanced HIV disease. Previous research 
has indicated that treatment adherence interventions (eg, 
patient counselling and education, reminders, and digital 
health technologies)47,48 and social protection interventions 
(eg, cash transfers and economic incentives)49,50 can 
increase treatment adherence and prevent mortality. 
A new tuberculosis treatment regimen for drug-resistant 
tuberculosis, endorsed by WHO, that is efficacious, safe, 
and shorter than previous regimens could have a role in 
reducing tuberculosis deaths.51 Additional research 
should examine the marked progress in reducing 
tuberculosis deaths in the 17 countries that achieved the 
End TB mortality milestone in 2020. For instance, 

national social protection interventions in Moldova52 
(which achieved a 48% reduction) and Ecuador53 (which 
achieved a 41% reduction; appendix 2 pp 86–149) 
markedly increased treatment adherence, potentially 
prevented drug resistance, and might have played a role 
in the countries’ progress.

Most importantly, our results showed differential 
progress with respect to age in reducing the burden of 
tuberculosis. We found that children (aged <15 years) had 
the largest reductions in tuberculosis burden, with a 16% 
reduction in the incidence rate and 34% decrease in deaths 
between 2015 and 2020. This finding is in keeping with a 
recent study done in Cambodia, which used GBD 2019 
tuberculosis estimates to show greater reductions in the 
tuberculosis burden in children than in older adults.11 The 
substantial progress in reducing the tuberculosis burden 
in children might reflect recent trends showing marked 
decreases in child mortality,54 global improvements in 
child nutrition outcomes,55,56 increasing tuberculosis case 
finding and services for children,57–59 and continued 
reductions in vertical HIV transmission.60,61 Despite these 
improvements, the burden of tuberculosis in children 
remains high, with an estimated 89 800 deaths in 2020. 
With recent evidence suggesting that most tuberculosis 
transmission among children occurs outside the 
household,62 integrating effective household contact-
tracing programmes63,64 with community-based strategies 
(eg, routine or mass screen ing, targeted preventive therapy, 
and environmental interventions) will be particularly 
important for continued progress.

While individuals aged 50 years and older constituted 
37% of all tuberculosis incident cases and 58% of all 
tuberculosis deaths in 2020, these age groups have shown 
slow progress in reducing the tuberculosis burden since 
2015. These results suggest that tuberculosis in older 
adults poses a major challenge to tuberculosis control, 
and achieving the End TB targets will therefore require 
targeting these age groups. Previous studies have shown 
several challenges in controlling tuberculosis in older 
individuals. For example, older individuals are more 
likely to progress to active tuberculosis, they do not have 
classical clinical features,65 which has been shown to delay 
diagnosis and treatment,17 and they are more likely to 
have adverse reactions to treatment.66 Studies show that 
screening and treating older adults for latent tuberculosis 
is essential for meeting the 2025 interim End TB 
milestones.67 However, the high probability of adverse 
reactions to treatment, potentially contributing to higher 
likelihoods of interruptions to tuberculosis preventive 
therapy in this age group,68 underscores the importance 
of developing shorter, less toxic treatments, along with 
early diagnosis, for achieving the End TB targets.69

Our study highlights that one opportunity for reducing 
the tuberculosis burden among older adults and achieving 
the End TB targets is by better addressing tuberculosis 
risk factors. We found that eliminating tuberculosis risk 
factors would reduce global tuberculosis deaths by 37% in 
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2020 compared with 2015, with the largest reductions 
expected in individuals aged 50 years and older. 
Implementation of WHO’s recent framework for 
collaborative action on tuberculosis and comor bidities70 
across health systems will be important for addressing 
tuberculosis risk factors. The framework provides an 
evidence-based and patient-centred approach for 
coordinating with risk factor control initiatives throughout 
the continuum of tuberculosis care, includ ing prevention, 
diagnosis and treatment, and care after the completion of 
tuberculosis treatment. A successful case study of the 
programme is Pakistan, which integrated smoking 
cessation support with routine tuberculosis care in 2017 
and found that a quarter of participants stopped smoking.71 
Mexico’s innovative tuberculosis and diabetes partnership 
is another example that provides bidirectional services 
across the continuum of care and has been shown to 
improve tuberculosis treatment outcomes while screening 
85% of all diagnosed tuberculosis cases for diabetes.70,72

However, eliminating risk factors would still leave 
1·00 million global tuberculosis deaths in 2020. This 
estimate underscores that other approaches, combined 
with addressing risk factors, will be important for 
reaching the upcoming End TB milestones. These 
approaches include considering the social determinants 
of tuberculosis, such as poverty, poor housing, 
overcrowding, undernutrition, and poor access to health 
care, which create environments conducive to widespread 
transmission. Tuberculosis subsequently augments 
existing social and economic vulnerabilities as it creates 
substantial losses in productivity73 and catastrophic 
financial costs74 for people living in poverty. The universal 
health coverage agenda will therefore be important to 
ending tuberculosis as it will ensure uninterrupted 
availability of and access to tuberculosis diagnostic tests 
and treatment for people at highest risk of tuberculosis.73

Finally, our secondary analysis of the impact of the 
COVID-19 pandemic on tuberculosis burden underscores 
the need for continued research and data. Although many 
models have predicted hundreds of thousands of additional 
tuberculosis deaths due to the COVID-19 pandemic,75,76 our 
analyses of the available vital registration data have so far 
indicated variable impact in 2020 and 2021. Studies have 
shown substantial disruptions to tuberculosis health 
services, but a review of the impact of the COVID-19 
pandemic on tuberculosis indicated that there are limited 
empirical data on the effects of the pandemic on 
tuberculosis outcomes.77 In the context of our analysis of 
41 countries, we found many countries reporting lower 
than expected deaths, while a few countries had more 
deaths than expected in the absence of the COVID-19 
pandemic, with Russia reporting an 8% increase in deaths 
in 2020 and a 15% increase in 2021, and Brazil reporting a 
10% increase in 2021 (appendix 2 300–04). This analysis 
provides some indication that previously described 
disruptions in tuberculosis services and treatment in both 
Russia78,79 and Brazil80 might have led to increases in 

tuberculosis mortality. However, this hypothesis does not 
explain why almost all the observed excess deaths occurred 
in individuals younger than 65 years. For example, this age 
group contributed all excess tuberculosis deaths in Russia 
and the USA in 2020 and 462 of the 480 excess deaths in 
Brazil in 2021 (appendix 2 300–04). If disruptions in 
tuberculosis services led to increases in tuberculosis 
mortality, then we would have seen increases in 
tuberculosis deaths across all age groups, including older 
age groups (≥65 years). Since this was not observed in our 
study, one potential explanation for the excess deaths in 
individuals younger than 65 years might be 
misclassification of COVID-19 deaths as tuberculosis 
deaths. A recent study in Brazil found marked levels of 
misclassified COVID-19 deaths in garbage codes and 
hypothesised that there are additional misclassified 
COVID-19 deaths in other respiratory diseases.81 Several 
other studies have also shown potential misclassified 
COVID-19 deaths in non-COVID-19 respiratory 
conditions,82,83 which might be amplified in locations with 
scarce or inadequate SARS-CoV-2 diagnostic capabilities.84 
Further investigations and scrutiny of cause of death data 
are urgently needed to understand the degree to which 
COVID-19 deaths were misassigned to tuberculosis and 
other respiratory condi tions. Additionally, although several 
studies have shown disruptions to tuberculosis services, 
many found that tuberculosis treatment success rates did 
not change during the pandemic.85,86 With additional 
evidence show ing that the average duration until cure or 
death is 3 years for untreated patients with tuberculosis,25 
this timeframe  might have also provided opportunities for 
tuberculosis service recovery programmes87–90 to mobilise 
and avert mortality.

Our results showed that many countries had negative 
excess (ie, lower than expected) deaths due to tuberculosis 
throughout the pandemic. For example, we found negative 
excess tuberculosis deaths in both 2020 and 2021 when 
aggregating across 41 of 204 countries, with notable 
reductions in the Philippines (a 14% reduction in 2020 and 
a 10% reduction in 2021), Peru (a 37% decrease in 2020), 
South Korea (a 10% decrease in 2020), and many other 
countries contributing negative excess deaths in both years 
(appendix 2 300–04). Other studies with empirical data 
have also reported similar reductions during the pandemic, 
with one study in South Africa reporting a decrease in 
undiagnosed tuberculosis deaths;91 another in Madurai, 
India, reporting a 50% decrease in deaths due to infectious 
diseases (which included deaths from tuber culosis);92 a 
study in Taiwan (province of China) reporting continued 
gradual decreases in tuberculosis mortality during the 
pandemic years;93 and a recent study in Indonesia showing 
a pre-pandemic to pandemic all-cause mortality rate ratio 
of 0·97 (95% CI 0·91–1·04) among people diagnosed with 
tuberculosis.94 These results suggest that public health 
measures for COVID-19 and mask wearing might have 
helped to prevent tuberculosis transmission, as observed 
with influenza95 and respiratory syncytial virus.96 
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Interestingly, our results showed that in most countries 
with reductions in tuberculosis mortality, the decreases 
were driven by the group aged 65 years and older. This 
observation provides some support for the hypothesis that 
individuals with tuberculosis and SARS-CoV-2 co-infection 
are more prone to dying from COVID-19 than individuals 
with SARS-CoV-2 infection only.97,98 Considering that the 
cumulative percentage of the global population with 
SARS-CoV-2 infection at least once during the first 2 years 
of the pandemic was higher than 40%,99 that mortality due 
to COVID-19 is highest among older people,100 and the 
high fatality rates in individuals with tuberculosis and 
SARS-CoV-2 co-infection,101,102 older individuals with co-
infection, par ticularly those who were undiagnosed with 
tuberculosis at the beginning of the pandemic, might have 
died from COVID-19. Emerging evidence from India’s 
national tuberculosis prevalence survey103 between 2019 
and 2021 provides some support for potential reductions 
in transmission, as the study showed a marked reduction 
in tuberculosis prevalence coinciding with the peak in 
COVID-19 deaths during the second wave in the country. 
Although our analysis of vital registration data from 
41 countries overall showed a variable impact of the 
COVID-19 pandemic on tuberculosis mortality, contin ued 
research is needed to accurately quantify this associa tion, 
with a focus on potential misclassification of COVID-19 
deaths as tuberculosis deaths and on the potential 
reduction in the numbers of patients with tuber culosis 
owing to patients with tuberculosis dying from COVID-19.

Insufficient empirical data on the impact of the 
COVID-19 pandemic on the tuberculosis burden is the 
primary reason we observed discrepancies in estimates 
between GBD 2021 and WHO’s 2022 Global Tuberculosis 
Report6 for the years 2020 and 2021. Although both groups 
had similar estimates in 2019 (eg, both estimated 
approximately 1·4 million deaths), the tuberculosis results 
diverge in 2020–21, with GBD 2021 estimating 1·39 
million (95% UI 1·28–1·54) deaths in 2020 and 
1·35 million (1·23–1·52) deaths in 2021, whereas WHO 
estimated 1·49 million deaths in 2020 and 1·59 million 
deaths in 2021. Tuberculosis incidence estimates for 2021 
were slightly lower in GBD 2021 (9·40 million [95% UI 
8·36–10·5] cases) than in WHO’s 2022 report (10·6 million 
[95% CI 9·9–11] cases) but with overlapping uncertainty 
intervals. WHO relied on mathematical models to generate 
tuberculosis incidence and death estimates for 26 countries 
in 2020–21. Due to the scarcity  of empirical data, WHO 
made several assumptions, including assuming that any 
decreases in notification were solely attributed to delays in 
tuberculosis diagnosis and treatment. For GBD 2021, we 
did not make any changes to our modelling approach for 
estimation in 2020–21 as we could not validate potential 
assumptions with empirical data. For the years 2020–21, 
we used the same estimation framework as described in 
the methods to generate estimates for other years. The 
differing estimation approaches in 2020–21 subsequently 
also caused differences between GBD 2021 and WHO’s 

2022 report in estimates of the percentage changes towards 
the End TB milestones in 2021 (deaths: 5·9% for WHO vs 
14·0% for GBD 2021; incidence: 10·0% for WHO vs 8·0% 
for GBD 2021; appendix 2 pp 150–213). As more empirical 
data on tuberculosis deaths and incidence during the 
pandemic become available, GBD and WHO estimates are 
expected to align more.

This study has multiple limitations. The primary 
limitation is data availability as there were gaps in data 
across countries, age groups, and years. In the absence of 
data, estimates were dependent on covariates with evidence 
of a biological relationship or strong relationship with 
tuberculosis, spatial relationships, and out-of-sample 
predictive validity assessments. The absence of data is 
reflected in larger uncertainty intervals. These data 
limitations also create challenges in our statistical 
triangulation approach, particularly in sub-Saharan Africa 
where data are more scarce, where our model attempts to 
triangulate between tuberculosis mortality and prevalence. 
In this study, we were unable to quantify tuberculosis 
mortality attributable to all important risk factors, with 
indoor air pollution and malnutrition not included. We 
plan to include malnutrition as a risk factor in future 
iterations of GBD as novel robust data establishing a causal 
link become available.104 We were also unable to quantify 
the burden attributable to the social determinants of 
tuberculosis (eg, poverty and educational attainment). 
Additionally, PAF estimations assume that there is a causal 
relationship between an exposure and an outcome without 
confounding, that exposure removal does not impact the 
distribution of unrelated risk factors, and that a feasible 
intervention to eliminate exposure exists.105 However, these 
assumptions might not always hold true in practice. 
Studies have also highlighted the potential for bias in 
Levin’s formula for PAF calculation that we used in this 
analysis,105,106 but the bias when using adjusted relative 
risks, as we have done here, is often small.107 Moreover, 
although we accounted for potential biases when 
quantifying the relationship between risk factors and 
tuberculosis through the inclusion of bias covariates, these 
covariates might not entirely identify and rectify bias if all 
or most input studies are inherently biased. Finally, we 
could not quantify the impact of the COVID-19 pandemic 
on the tuberculosis burden owing to insufficient empirical 
evidence of impact. Although the Institute for Health 
Metrics and Evaluation has estimated that there were 
18 million excess all-cause deaths for the years 2020–21,108 
there is a scarcity of data on what fraction of these, if any, 
are due to tuberculosis. Our assessment of the available 
vital registration data indicated that the COVID-19 
pandemic did not significantly change tuberculosis 
mortality in 2020–21 in most countries. However, this 
analysis was restricted to 41 countries that had available 
data, which subsequently restricts the generalisability of 
our findings. The release of more data from other 
countries, particularly in settings with a high tuberculosis 
burden, and more years of data are urgently needed to 
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understand the generalisability of our findings. In the next 
iteration of GBD, we plan to include new vital registration 
data, emerging prevalence surveys, and other empirical 
data sources to systematically quantify the impact of 
COVID-19 on tuberculosis incidence and mortality.

In conclusion, despite substantial progress in reducing 
the global burden of tuberculosis, our results show that 
the world did not achieve the 2020 interim End TB 
incidence and mortality milestones. Tuberculosis control 
programmes could consider closely evaluating those 
countries that achieved the 2020 milestones to better 
understand the drivers of their marked progress. We also 
observed that the pace of decline was unequal across age 
groups. Targeting the burden of disease in older adults 
(aged >50 years) will be crucial for achieving the 
upcoming End TB targets as this population represents 
a large share of the tuberculosis burden and has 
experienced minimal progress. Our analyses indicate 
that addressing risk factors, by collaborating with risk 
factor control initiatives, will also be important to 
reducing tuberculosis mortality among older adults and 
could be crucial for achieving the next End TB milestones. 
Finally, the impact of the COVID-19 pandemic on the 
global tuberculosis burden remains heterogenous and 
uncertain. Empirical data on the effects of the COVID-19 
pandemic on tuberculosis are urgently needed.
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