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ABTRACT
Background: Evidence of significant, measurable, and pre-
ventable loads of mortality risk even after anti-tuberculosis 
therapy and cure would be a convincing, tangible, and mean-
ingful indicator of the efficacy of prevention.
Aims & Objectives: To study of a life expectancy decline in 
people with treated tuberculosis and the possible benefits of 
prophylaxis
Methods & Materials: We examined the years of potential 
life lost between 918 people with latent tuberculous infection 
and a cohort of 386 cured tuberculosis (TB) patients. To esti-
mate the anticipated years of potential life lost for each cohort 
and for demographic groupings, we built a regression model.
Results: When compared to a group without active TB, dece-
dents with a history of thoroughly treated TB are anticipated 
to lose an additional 3.6 years of life on average. White and 
Hispanic people were expected to see greater longevity losses 
than their Black and Asian counterparts.
Conclusion: The expected lifetime of treated TB survivors was 
significantly different from that of a comparable group without 
active TB, according to our research. With a total of 1485 life-
years lost, or the equivalent of more than 180 75-year lifespans, 
these excess losses are considerable. These results highlight an 
important lost opportunity cost for each TB case that could 
have been prevented: an average of 3.6 years of life. We come 
to the conclusion that despite adequate anti-tuberculosis treat-
ment, there is still a significant burden of preventable mortality, 
which is a strong argument in favour of more widespread and 
organised use of prevention.
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INTRODUCTION
The idea that a cure consistently returns patients 

to their pre-illness state may be inaccurate, despite the 
fact that tuberculosis (TB) is frequently thought of as a 
curable disease with no long-lasting post-cure conse-
quences [1]. While cavitary lesions typically disappear 
after cure on computerised tomography (CT) scans 
[2,3], there is evidence to suggest that poor health may 
persist long after the patient is discharged from care 
and treatment is finished[4–8]. TB is preventable, and 
such health deficits may be linked to a shorter lifes-
pan. It is possible to diagnose latent tuberculous in-
fection (LTBI), assess the likelihood of the infection 
becoming active, and, if necessary, lower that risk by 
taking an antibiotic course. [9,10] As the limitations 
of cure as a fully adequate harm reduction strategy 
become TB control and elimination paradigms have 
started to change as it becomes more clear that treat-
ment is not a truly effective harm reduction method. 
Clinicians and public health authorities are rethinking 
treatment and other decisions based on the presump-
tion that prevention and treatment have equivalent ef-
fects on health outcomes, as well as the idea that active 
TB is a discrete episode in a patient’s lifetime that is 
resolved with the end of standard treatment. [11] Na-
tional medical organisations including the Centers for 
Disease Control and Prevention (CDC, Atlanta, GA, 
USA) have advocated focused testing and treatment of 
people at high risk of LTBI for more than ten years as a 
top priority for TB control in the country. [9,12] These 
recommendations haven’t been generally adopted, 
though [13,14] in part because they haven’t been well 
received by medical professionals[15], and in part be-
cause there aren’t enough resources for public health. 
[16] An evidence-based comparison of results is nec-
essary to balance the possible costs and advantages of 
different strategic decisions or expenditures in order 
to facilitate effective and efficient advocacy or the 
allocation of system resources. The pulmonary im-
pairment and relative mortality risks experienced by 
former TB patients have been characterised. Work has 
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been done to detect TB-related morbidity and mortal-
ity taking place in the period between infection and 
death or cure. [8] Unfortunately, the residual loads of 
morbidity and mortality risks that persist even after 
cure have not been assessed, and the marginal health 
costs associated with failing to intervene in a TB case 
that may have been avoidable as well as the potential 
benefits of prevention are still unknown. By calculat-
ing the absolute burden of TB-associated death among 
a specified cohort of people who were known to have 
finished anti-tuberculosis therapy, we aimed to close 
this knowledge gap. By providing insight into the 
long-term advantages of TB prevention, our estimates 
will help people better grasp the unmeasured health 
effects of active TB.

METHODS AND MATERIALS
The CDC’s Division of Tuberculosis Elimination 

collaborates with academic and public health partners 
at 20 US sites to create the Tuberculosis Epidemiologic 
Studies Consortium (TBESC). 18 We built a database 
for two groups using data from three of the TBESC sites: 
Texas, Massachusetts, and Seattle/King County, Wash-
ington. These groups included people who had fin-
ished treatment for TB illness at least six years ago and 
a comparative group of people who had been diagnosed 
with LTBI. 19,20 Age 718 years at the start of treatment 
(for TB) or diagnosis (for LTBI), a sufficient amount of 
comparable demographic, clinical, and other data to 
allow adjusted analyses, and enough identifiers to de-
termine vital status in the National Death Index were 
the requirements for inclusion in the database (NDI). 
Additionally, TB survivors had to meet the following 
criteria: 1) had their TB identified, reported, and treated 
between 1 January 1993 and 31 December 2002; 2) had 
their treatment finished within 3 years of starting it; and 
3) were still alive at the end of their therapy. One LTBI 
diagnosis made within the same 10-year period as cases 
and the absence of any previous TB disease records were 
additional requirements for inclusion in the comparison 
group. In order to compare our choice of LTBI diagnosis 
with related techniques used to assess lung damage fol-
lowing TB, 8 It is irrelevant to our proposed adjustment 
for generalised non-TB risk factors like lifestyle and so-
cioeconomic status whether a possible comparison sub-
ject has received LTBI therapy, hence it was not taken 
into account in the qualifying criteria.

The essential status of individuals in the two 
groups as of December 31, 2008, was determined us-

ing the CDC NDI, providing 6–16 years of retrospec-
tive observation for each subject. The NDI compares 
provided information on full name, sex, birth date, 
and (where available) Social Security number with its 
death records using a probability algorithm. 1) To cat-
egorise people according to their vital state; and 2) To 
evaluate the reliability and accuracy of the identifying 
information For a positive predictive value for mor-
tality of.89%, subjects categorised by NDI as having 
likelihood scores over the suggested cut-off threshold 
were considered to be deceased. [21–23] For analysis, 
the final results were de-identified.

The Texas Department of State Health (DHSH) 
Institutional Review Board (IRB), the University of 
North Texas Health Science Center Office for the Pro-
tection of Human Subjects (Fort Worth, TX, USA), 
the CDC’s central IRB, as well as the respective IRBs 
of each participating site, approved the protocols for 
data collection and analysis. Years of potential life lost 
(YPLL) were computed for both groups. The YPLL 
stands for the potential loss due to mortality for each 
individual, and it reveals some divergence when the 
average YPLL difference between the two cohorts is 
not equal. Utilizing the life expectancy approach, YPLL 
were determined. [24] We calculated the loss when a 
subject had passed away and YPLL were known by 
utilising the United States Life Tables, 2006. [25] The 
YPLL, which was included as a second data point 
for regression analysis, thus represents the individu-
al’s difference between the observed age at death and 
the anticipated sex- and age-adjusted life expectancy. 
In order to forecast the anticipated YPLL in each co-
hort, a zero-inflated Poisson (ZIP) regression model 
was fitted because death was a relatively rare occur-
rence throughout the observation period. [26,27] For 
each demographic subgroup, the expected YPLL and 
the absolute loss attributed to TB were predicted us-
ing the coefficients from the Poisson portion of the 
regression model (the expected YPLL). The model 
included known TB history, age at treatment comple-
tion (for TB survivors) or admission into observation 
(for comparison patients), duration of observation, 
and demographic factors into account. When the 
HIV was missing, it was assumed to be negative. To 
examine the effect of prior TB illness and HIV on pre-
mature death, a separate ZIP regression analysis was 
performed without include the 748 known HIV-posi-
tive patients and controls. Predicted YPLLs were then 
compared between the HIV inclusive group and the 
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HIV-excluded group. In a second analysis, summary 
YPLLs were determined in order to compare the years 
lost in both cohorts and to help correct for the some-
what younger control group. The midpoint of each 10-
year age group was subtracted from 85 to determine 
the YPLLs for the range of ages 18 to 85. Each cohort’s 
deaths were added together after being multiplied by 
the YPLL for each age group. [28] All analyses were 
performed using Stata Statistical Software Release 12 
(StataCorp, College Station, TX, USA, 2011).

RESULTS
A cohort of 386 TB patients who had been success-

fully treated and a population of 918 people who had 
LTBI were both included in the final database. Table 1 
displays the demographic details for the cohorts of the 
case and control subjects.

Table 1
Characteristics of TB survivors (case subjects) and LTBI compar-
ison cohorts

 Characteristic  Case 
subjects 

n=386(%)

Comparison 
subjects 

n=918(%)

P- value

Sex
Male 206 567 0.01
Female 180 351 0.01

Race
 White 84  248 0.01
Black 83 219 0.01
Asian 112 190 0.01
Hispanic 86 206 0.01
Other or unknown 21  55 0.01

Age at cohort entry, years
18–30 107  397 0.01
30–50 122  285 0.01
50–70 99 161 0.01
70 58  75 0.01

Geographic location
Massachusetts 1293 298 0.01
Seattle/King County 984 252
Texas 1656 305
Known HIV-positive 350  63 0.01

v2 test was used to compare binary or categorical variables.† Sex 
and foreign birth categories do not sum to n due to missing data.
‡ Student’s t-test was used to compare age at diagnosis.

The distribution of sex, race/ethnicity, age at obser-
vation entry, location, HIV status, foreign birth, and 
survival to the conclusion of the observation period all 

showed significant disparities. The LTBI comparator 
group enrolled more frequently among those under 30 
years old and had an average age at enrollment of 89.3% 
compared to 60.7% of TB survivors. At age 770 years, 
TB survivors were enrolled at roughly nine times the 
rate of LTBI comparison participants. 24% of the TB 
group and 5.9%of the LTBI group had passed away by 
the conclusion of the 11-year observation period. Sex, 
race, age, HIV status, and nativity-controlled analyses 
projected that research participants with a history of 
thoroughly treated TB would experience higher rates 
of longevity loss than those with LTBI but no history 
of disease (incidence rate ratio 1.24, P, 0.001).

In Table 2, the estimated average YPLL for people 
who passed away during the observation period is 
contrasted between the LTBI control group and the 
treated TB group. An adjusted average of 4.89 years 
are lost across the cohort to deaths following the end 
of anti-tuberculosis therapy, against a loss of 1.28 years 
to deaths following enrolment in the LTBI comparison 
group (P, 0.001). A sensitivity analysis looking at how 
well the entire model adjusted for the effects of HIV 
predicted less than half a year of YPLL difference from 
the whole model for those who had both HIV infec-
tion and a history of TB (P, 0.001). (data not shown). 
When compared to a population with no history of ac-

Table 2
Predicted YPLL by individual characteristics and TB history

TB Predicted 
YPLL (95%CI)

LTBI Pre-
dicted YPLL 

(95%CI)

Absolute loss of 
years attribut-

able to TB
TB vs. LTBI 4.88 

(4.23–5.45)
1.23 

(1.08–1.43)
3.58

Sex
Male 4.72 

(4.09–5.29)
1.26 

(1.04–1.39)
3.46

Female 5.09 
(4.39–5.73)

1.38 
(1.12–1.62)

3.65

Race
White  5.73 

(4.74–6.76)
 1.53 

(1.25–1.82)
4.22

Black 4.02 
(3.24–4.77)

1.05 
(0.83–1.27)

2.96

Asian 4.27 
(3.34–5.60)

1.11 
(0.84–1.38)

3.13

Hispanic 5.38 
(4.42–6.34)

1.42 
(1.14–1.69)

3.97

HIV-positive 15.39 
(13.23–19.38)

4.64 
(3.58–5.70)

11.56

Foreign-born 3.19 
(2.36–3.57)

0.81 
(0.67–0.95)

2.32
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tive TB disease, decedents with a history of thoroughly 
treated TB had an average life loss of 3.6 years. White 
and Hispanic TB survivors are expected to experience 
greater life loss than their Black and Asian counter-
parts, although immigrants are less likely to lose years 
of potential life than survivors who were born in the 
United States.

DISCUSSION 
In comparison to a group with no history of TB 

disease, we discovered a higher-than-expected mor-
tality burden in the years after anti-tuberculosis ther-
apy completion. In comparison to their sex-adjusted 
life expectancy, decedents with a history of thoroughly 
treated TB lost an adjusted average of 4.92 potential 
years of life. The majority of this loss, or 3.6 years, is 
significantly linked to a history of active but thorough-
ly treated TB. This TB-related burden raises the possi-
bility of even another advantage from TB prevention. 
These additional losses are significant, totaling 14 158 
life-years, or the equivalent of more than 172 75-year 
life spans, in our study cohort of fewer than 4000 case 
subjects. Put another way, These findings suggest that 
progress toward domestic elimination targets with 
an emphasis on prevention has a real and significant 
impact in addition to those On average, 3.6 potential 
years of life may be preserved for every incident case 
that is prevented. Our results are in line with those of 
other researchers who discovered higher mortality 
rates in TB survivors than in the general population. 
[29,30] The large difference in the unadjusted death 
rate between cases and controls (23.6% and 4.2%, re-
spectively) was assessed using two different analytical 
models as well as alternative methodologies. Our esti-
mations were reliable, and repeated results showed a 
substantial correlation between TB survivability and 
potential life-year loss-a potential loss comparable to 
the more widely publicised attributed losses from to-
bacco use and obesity. [31,32]

There are possible difficulties to this study, most 
notably ascertainment issues and biases that could de-
velop from using administrative records as a source 
of data. A person could be observed for a total of 616 
years in the original data set, which was gathered ret-
rospectively. It’s probable that TB survivors will con-
tinue to die prematurely after that point, which could 
result in an underestimation of the mortality load. It 
is possible that our data’s subjects don’t accurately re-
flect the populations we compared. Additionally, the 

lack of data for risk and other factors specific to each 
study participant constrained both our analysis and 
the initial diagnosis of vital condition. Due to the na-
ture of TB, missing data were not spread uniformly. 
Due to the nature of TB reporting and record keeping, 
missing data were not spread fairly. We also noticed 
that the control group had more missing data than the 
other groups.

The use of LTBI as a control group has additional 
restrictions. Due to the circumstances that led to the 
report of a prior illness, such as immigration or con-
finement, there may be ascertainment bias present. 
Other risk variables, such as HIV status, may not be as 
meticulously recorded as TB cases when LTBI status is 
confirmed. It is probably true that TB is a sign of gener-
al ill health and that some of the early mortality seen in 
this population is caused by risk factors for active TB, 
such as untreated comorbidities, substance misuse, or 
inadequate nutrition, rather than by the disease’s actu-
al effects. However, it is well known that people with 
LTBI and active TB share some demographic hazards 
as well as chronic morbidities and the pulmonary and 
other impairments they cause. 2–8 This suggests that 
our premise and comparison approaches are sufficient 
to plausibly explain a measurable connection between 
a history of active TB and disproportionate premature 
death. We discovered that participants who were immi-
grants had higher survival rates, and previous research 
has revealed that those with active TB die less frequent-
ly in immigrants.[33,34] Even so, because our study did 
not record deaths in study subjects who left the United 
States during or after the observation period, we were 
unable to calculate the time spent in the United States. 

The differences found in our study may support 
the “healthy immigrant” hypothesis, which holds that 
moving to another country is most likely to be prac-
tised by healthier people. According to recent studies, 
those who immigrated recently report being in better 
health than people who were born here, although this 
difference becomes less pronounced the longer they 
have lived in the country. [35] Finally, even though 
our data show a diverse population from three differ-
ent US regions, conclusions obtained from studying 
just those three areas may not be completely general-
izable to the US population or other populations. 

CONCLUSION
We conducted analyses to determine the effects of 

potential sample bias, data constraints, and model se-
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lection sensitivity, but we were unable to uncover any 
evidence that would fundamentally undermine our 
findings. Due to the concentration of new cases and 
pockets of LTBI in hard-to-reach populations includ-
ing immigrants, the jailed, and the homeless, eliminat-
ing the residual cases of TB in industrialised countries 
is challenging. Evidence is essential to support the po-
litical goal of eliminating TB since there is uncertain-
ty over the political will to pursue this expensive and 
demanding goal. Our study makes the persuasive case 
for public investment in and support for TB preven-
tion by indicating that even totally treated TB may not 
prevent a significant mortality burden.

Significant improvements in policy, practise, and the 
idea that treating LTBI is, from a societal perspective, 
as important as treating active disease are necessary to 
reduce the burden of TB in the United States and de-
fine a route to elimination. There is growing evidence 
that the burden of TB does not end with the completion 
of effective treatment, challenging our understanding 
of how and when TB impacts health. The correlation 
between prospective life loss and prior TB strengthens 
this argument and shows that the burden is higher than 
previously thought. We advise that long-term sequelae 
and death should be addressed when evaluating the ef-
fectiveness of prevention in order to better understand 
the underlying risk factors for decreased longevity.

Despite these gloomy developments, we are also able 
to offer a second, much more upbeat conclusion: the 
methods for TB elimination through diligent prevention 
efforts are already available, are widely acknowledged, 
and, given the evidence provided in this work, may be 
more valuable and effective than currently believed.
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