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Background: Tuberculosis (TB) continues to disproportionately affect vulnerable 

populations in conflict zones like Afghanistan, remaining a significant global health 

concern. We aimed to analyze TB trends in Afghanistan from 1990 to 2021 and pro-

jects the future burden to 2040, informing evidence-based public health planning. 

Methods: Using sex-specific epidemiological data from the Global Burden of Dis-

ease (GBD) study (1990–2021), we projected the future prevalence of TB in Afghani-

stan and globally through 2040. We employed an illness-death model (IDM), cali-

brated to the GBD data to generate these projections. 

Results: From 1990 to 2021, the global age-standardized prevalence rate (ASPR) of 

TB decreased by 23%, with projections indicating a further 6% decline by 2040. Af-

ghanistan demonstrated a more substantial historical reduction of 43% and is forecast 

to achieve an additional 41% decrease by 2040. Although starting from a lower base-

line than the global average, Afghanistan’s rate of improvement is significantly more 

rapid. Projections for Afghanistan are associated with greater uncertainty, largely due 

to unique socio-political challenges. Nonetheless, these trends highlight the consider-

able progress made by the country despite major operational constraints. 

Conclusion: While projections suggest potential progress in TB control, recent in-

creases in case notifications and wide uncertainty intervals highlight that epidemio-

logical outcomes in fragile states depend on political and economic factors as much as 

biomedical interventions, especially where case detection is suboptimal. 
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Introduction 
 

Tuberculosis (TB) continues to pose a signifi-

cant challenge to global public health and 

serves as a critical marker of broader socioeco-

nomic disparities (1). Due to its intricate rela-

tionship with socioeconomic factors and its 

propensity to disproportionately affect vulnera-

ble populations, TB transcends a simple bacte-

rial disease, serving instead as a robust metric 

for assessing a society's overall health (2). Alt-

hough effective treatment regimens are availa-

ble, the burden of TB persists at alarmingly 

high levels, especially in areas destabilized by 

conflict and fragility (3). The protracted nature 

of this pandemic demands analytical approach-

es that are not only vigilant but also increasing-

ly refined and data-centric to effectively steer 

the course toward eradication (4). 

The incidence of the disease is disproportion-

ately high in nations experiencing protracted 

crises, such as Afghanistan, where fragmented 

health systems and barriers to treatment acces-

sibility exacerbate its spread and impact (5). In 

this context, the global burden of disease 

(GBD) study serves as a vital analytical tool, 

providing standardized, comparable data that is 

essential for comprehending the full scope of 

the TB epidemic (6, 7). 

In this study, we used the TB epidemiological 

data from GBD to depict the future trajectory of 

TB in Afghanistan and compare it with global 

estimate. This research might provide a robust 

scientific foundation for shaping TB control 

policies in Afghanistan. The objective was to 

deliver actionable recommendations to health 

authorities and global agencies, facilitating the 

development of effective, equitable, and evi-

dence-based TB management strategies. 

 

Methods 
 

Data Sources 

To estimate the prevalence of TB in Afghani-

stan  and globally through 2040 the following 

epidemiological data, including gender-

stratified and age standardized incidence, 

prevalence and  mortality rate for both all-cause 

and TB-specific mortality in Afghanistan from 

1990 to 2021, were retrieved from the GBD 

2021 via https://vizhub.healthdata.org/gbd-

results/. Moreover, demographic data, essential 

for population-level projections, were extracted 

from the publicly available population forecasts 

on the GHDx platform accessible from 

https://vizhub.healthdata.org/population-

forecast/. 

 

Modeling Approach 

The analysis was conducted using the illness-

death model (IDM), a compartmental model 

based on a discrete-time difference equation. 

The model is a dynamic compartmental frame-

work that tracks populations through three 

health states: susceptible to TB, active TB in-

fection, and death (an absorbing state). It incor-

porates sex-specific parameters to reflect key 

epidemiological variations (8, 9). Transitions 

are governed by rate parameters: susceptible 

individuals move to the infected state based on 

the annual incidence rate and to the death state 

via the general mortality rate. Those infected 

can revert to susceptibility or progress to death. 

For calibration, we fitted the model to historical 

GBD data (1990–2021) using a least-squares 

optimization approach. Complete model equa-

tions are detailed in reference (10). The objec-

tive of this approach was to produce representa-

tive annual estimates of TB prevalence for Af-

ghanistan and the global level through 2040. 

Further methodological details are available in 

reference (10). 
 

Results 
 

Analysis of Age-Standardized Prevalence Rate 

(ASPR) Trends: Global and Afghanistan 

(1990-2040) 

https://vizhub.healthdata.org/gbd-results/
https://vizhub.healthdata.org/gbd-results/
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Global ASPR Trends 
From 1990 to 2021, the global ASPR decreased 

significantly by 23.07% among both sexes, re-

flecting sustained improvements in healthcare 

access, preventive measures, and treatment pro-

tocols worldwide. In 2021, the global ASPR 

was recorded at 23,614.01, with sex-specific 

rates of 22,847.87 for females and 24,386.29 

for males. Projections from 2021 to 2040 indi-

cate a continued yet slower decline, with an es-

timated net reduction of 6.44%, resulting in an 

ASPR of 22,092.18 (95% CI: 21,423.18–

22,782.06) for both sexes. Female ASPR is ex-

pected to decline by 7.12% to 21,219.96 (95% 

CI: 20,561.46–21,899.56), while male ASPR is 

projected to decrease by 5.93% to 22,940.53 

(95% CI: 22,239.35–23,663.81) (Table 1; Fig-

ure 1). The narrow confidence intervals suggest 

high forecast certainty, supported by robust and 

consistent global data. 

 

 
Figure 1: Age-standardized prevalence rates of tuberculosis for global and Afghanistan, 1990-2021 (historical, 

dotted line) and 2021-2040 (projected, dotted line with 95% confidence interval). 
 

Afghanistan ASPR Trends 
Between 1990 and 2021, Afghanistan exhibited 

a pronounced decline in ASPR, with a reduc-

tion of 42.65% for both sexes—one of the most 

rapid decreases globally, though beginning 

from an initially high disease burden. By 2021, 

Afghanistan’s ASPR reached 20,114.49, with 

lower rates observed among females 

(19,113.25) compared to males (21,076.51). 

Projections through 2040 suggest a further ac-

celerated decline, exceeding global trends, with 
an overall reduction of 40.94% to an ASPR of 

11,879.53. Sex-specific projections indicate a 

decline of 41.09% for females (to 11,259.51) 

and 41.21% for males (to 12,390.86). These 

projections, however, are associated with wide 

confidence intervals (e.g., 10,218.83–13,810.04 

for both sexes), indicating substantial uncertain-

ty influenced by socioeconomic instability, 

health system fragility, and constraints in data 

quality and availability. 

 

Comparison Between Global and Afghanistan 

Trends 
A comparative assessment of ASPR trends re-

veals notable differences between global and 

Afghan patterns. Although both exhibited con-

siderable declines from 1990 to 2021, Afghani-

stan’s reduction of 42.65% was nearly twice the 

global average of 23.07%, albeit from a differ-

ing baseline. The 2021 ASPR baseline was 

higher globally (23,614.01) than in Afghanistan 
(20,114.49). Projections for 2021–2040 indicate 

divergent trajectories: global ASPR is expected 

to decline modestly by 6.44%, whereas Afghan-

istan is projected to experience a sharp acceler-

ated decline of 40.94%. These differences high-

light Afghanistan’ remarkable progress in re-

ducing TB prevalence under challenging condi-

tions, though significant uncertainty remains in 

long-term forecasts due to contextual vulnera-

bilities.
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Table 1: Historical (1990-2021) and projected (2021-2040) age-standardized prevalence rates (ASPR) of tuber-

culosis for global and Afghanistan, with corresponding percentage changes 

 
Sex Coun-

try/ 

region 

1990 2021 2022 2025 2030 2035 2040 Per-

centag

e 

chang

e 1990 

vs. 

2021 

Per-

centag

e 

chang

e 2021 

vs. 

2040 

Bot

h 

Global 30696.

644 

(27716
.498-

33776.

959) 

23614.

01 

(21451
.098-

26020.

10) 

23698.953(2

3561.27-

23837.44) 

23423.052(2

3194.26-

23654.1) 

22970.504(2

2589.38-

23358.06) 

22526.93(21

998.71-

23067.83) 

22092.18(21

423.18-

22782.06) 

-

23.073 

-6.444 

 Af-
ghani-

stan 

35074.
17 

(31926

.676-

38424.
95) 

20114.
488 

(17699

.784-

23081.
23) 

19534.412(1
8985.61-

20099.07) 

17972.03(17
129.57-

18855.92) 

15644.866(1
4415.33-

16979.25) 

13626.384(1
2132.52-

15304.15) 

11879.529(1
0218.83-

13810.04) 

-
42.651

6 

-
40.940

4 

Fe

mal

e 

Global 30032.

31 

(27123
.349-

33116.

137) 

22847.

871 

(20741
.372-

25213.

65) 

22905.686(2

2769.26-

23042.93) 

22615.588(2

2389.14-

22844.33) 

22140.333(2

1763.8-

22523.38) 

21675.194(2

1154.3-

22208.91) 

21219.963(2

0561.46-

21899.56) 

-

23.922

4 

-

7.1249

9 

 Af-
ghani-

stan 

34171.
295 

(30843

.979-

37637.
707) 

19113.
254 

(16621

.384-

22146.
53) 

18569.27(18
067.16-

19085.33) 

17078.796(1
6307.98-

17886.03) 

14858.577(1
3733.65-

16075.62) 

12931.292(1
1564.98-

14458.98) 

11259.509(9
742.1-

13013.19) 

-
44.066

3 

-
41.090

6 

Mal

e 

Global 31390.

562 

(28353
.762-

34502.

776) 

24386.

291 

(22176
.671-

26832.

46) 

24495.575(2

4351.92-

24640.08) 

24228.918(2

3990.03-

24470.19) 

23791.19(23

392.75-

24196.42) 

23361.755(2

2808.84-

23928.07) 

22940.525(2

2239.35-

23663.81) 

-

22.313

3 

-

5.9286 

 Af-
ghani-

stan 

36169.
048 

(33113

.684-

39552.
118) 

21076.
508 

(18484

.537-

24200.
97) 

20447.713(1
9846.44-

21067.2) 

18797.198(1
7875.35-

19766.58) 

16342.293(1
4999.58-

17805.19) 

14218.864(1
2590.14-

16058.27) 

12390.855(1
0581.42-

14509.73) 

-
41.727

8 

-
41.210

1 

 

Discussion 
 

This study elucidates the epidemiological tra-

jectory of TB in Afghanistan by projecting 

ASPR from 2021 to 2040, revealing both en-

couraging trends and considerable uncertain-

ties. A central finding is the projected 40.94% 

decline in ASPR for both sexes, suggesting a 

potential rapid reduction in TB burden, con-

sistent with the substantial historical decrease 

of 42.65% observed between 1990 and 2021. 

However, this optimistic forecast must be inter-

preted alongside recent short-term fluctuations, 

including a 3.3% increase in case notifications 

from 2023 to 2024 (11), and the exceptionally 

wide confidence intervals around the 2040 es-
timates indicating high uncertainty dependent 

on non-biological factors. 
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These projections reconcile seemingly conflict-

ing reports and complete the knowledge puzzle 

when contextualized within the broader evi-

dence. The decline in TB trends likely reflects 

improved detection rates due to expanded Gen-

eXpert networks and enhanced screening (12), 

especially among returning migrants (13), ra-

ther than decreased transmission(14).  Alterna-

tively, the decline may be due to underreporting 

resulting from a lack of robust surveillance and 

monitoring. While global declines reflect grad-

ual improvements in stable health systems, Af-

ghanistan's steeper decline likely represents ac-

celerated "catching-up" through evidence-based 

interventions (15, 16). However, the substantial 

difference in confidence interval widths (3,591 

points for Afghanistan versus 1,359 points 

globally) quantitatively demonstrates how polit-

ical instability, aid dependency, and security 

challenges threaten health gains (17). This di-

vergence underscores that conflict settings re-

quire distinct analytical approaches and inter-

vention strategies(18). 

Several methodological considerations should 

be considered when interpreting these findings. 

The compartmental IDM framework, calibrated 

with GBD 2021 data, offers a robust approach 

for estimating the future TB burden by account-

ing for fluctuations and interactions among key 

epidemiological rates over time. This model 

provided the foundation for our national, sex-

stratified projections. However, these projec-

tions are subject to some limitations.  

First, the model’s reliability is inherently con-

strained by its dependence on surveillance data, 

which is incomplete in settings like Afghanistan 

where case detection remains suboptimal (19). 

Consequently, the accuracy of model parame-

ters may be affected. Second, the IDM does not 

incorporate sudden political shifts, economic 

instability, or other systemic disruptions that 

could substantially alter healthcare accessibility 

and transmission dynamics. Relatedly, the 

model cannot reflect Afghanistan’s critical de-

pendence on external funding for TB pro-

grams—a major programmatic vulnerability not 

quantifiable in projections. Third, the absence 

of subnational data restricts the assessment of 

spatial variations in risk and health service ac-

cess, meaning our national estimates may mask 

localized epidemic intensities. Finally, the pro-

jections assume sustained implementation of 

current TB control efforts; any deviation from 

this stable trajectory due to societal or political 

crises could significantly alter the anticipated 

outcomes.  

Our analysis also revealed the counter-intuitive 

finding of Afghanistan’s lower ASPR in 2021 

compared to the global average. This could po-

tentially be attributed to a combination of de-

mographic factors—such as a younger popula-

tion structure less susceptible to TB—severe 

underreporting due to fragmented health sys-

tems, or the effects of substantial outward mi-

gration from high-risk groups.  

This finding underscores that a lower modeled 

prevalence does not necessarily indicate a lower 

disease burden but may reflect systemic surveil-

lance gaps and unique population dynamics. 

Therefore, for these optimistic projections to be 

realized, TB control strategies in Afghanistan 

must be not only technically sound but also re-

silient to political and economic shocks, with 

future research prioritizing subnational data to 

guide tailored interventions. 
 

Conclusion 
 

While these projections suggest potential accel-

erated progress in TB control, the recent case 

notification increases and wide uncertainty in-

tervals serve as crucial reminders that epidemi-

ological outcomes in fragile states remain de-

termined equally by political and economic fac-

tors as biomedical interventions where case de-

tection remains suboptimal. 
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