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A B S T R A C T  

B A C K G R O U N D : Several countries have developed na-
tional strategic plans to address post-TB disability 
and comorbidities. However, their feasibility and added 
value within routine programmatic settings remain 
undocumented. 
M E T H O D S : We followed up individuals who successfully 
completed TB treatment at 11 health facilities in China 
between 2022–2023. Within the programmatic setting, 
we assessed health status, on-going symptoms, comor-
bidities, risk factors and disability (measured by 6-minute 
walking test [6MWT]) 18–24 months after treatment 
completion. 
R E S U L T S : Of 586 individuals who completed TB 
treatment, 503 (86%) were reassessed. Compared with 
end of TB treatment, there were significant increases in 
cough (11.0% versus 6.4%), untreated diabetes (3.2% 
versus ,1.0%), high blood pressure (13.1% versus 

8.9%), cigarette smoking (12.7% versus 5.2%) and ex-
cessive alcohol consumption (5.8% versus 1.2%). Other 
conditions remained similar with 27.0% still disabled 
(6MWT,400m). 78 (13%) patients died or were lost-to- 
follow-up, with risk factors at end of treatment including 
on-going symptoms (RR1.7, 95%CI 1.1–2.7), high blood 
pressure (RR2.3, 95%CI 1.2–4.1) and undernutrition 
(RR2.6, 95%CI 1.7–3.9). Nine patients had recurrent 
TB. Employment status remained unchanged, with 
47.5% still unemployed 18–24 months later. 
C O N C L U S I O N S : TB survivors experienced substantial 
multimorbidity 18–24 months post-TB treatment. 
Health services must integrate long-term care strategies to 
address these ongoing health challenges. 
K E Y  W O R D S :  tuberculosis; China; health systems; 
multimorbidity; employment status; real-time opera-
tional research 

Despite reported treatment success rates exceeding 
85% for people newly enrolled in first-line TB treat-
ment, substantial numbers experience post-TB pul-
monary or extra-pulmonary sequelae that reduce their 
quality of life.1–3 TB survivors also face significantly 
higher mortality than the general population.4 The 
overall disease burden is substantial with post-TB 
morbidity and mortality estimated to account for 
58 million disability-adjusted life years (DALYS), 
representing 47% of the total TB DALY burden.5 

With an estimated 155 million TB survivors glob-
ally, the need to improve post-TB health is 

imperative.6 Although there are clinical standards for 
assessing, managing and rehabilitating persons with 
post-TB lung disease,7 national TB programmes (NTP) 
have been slow to adopt these approaches. A few 
studies from China and several African countries have 
demonstrated the feasibility of assessing patients at the 
end of TB treatment for disability, comorbidities and 
risk factors within the routine health services.8–10 

These studies show that those requiring further care 
can be identified and referred, though further research 
is needed to ensure those referred are receiving the care 
they require, and are contributing to the evidence base 
for WHO guidance on post-TB care.11–12 

Addressing TB-associated disability and comor-
bidities up to two years after the end of TB treatment is 
part of national strategic plans in several countries.13 
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However, how this can be implemented within a 
routine NTP setting and its added value assessed re-
mains unclear. We therefore conducted a study to 
follow-up patients in China, 18–24 months after 
completing TB treatment, to evaluate their health 
status and the on-going burden of symptoms, 
comorbidities, risk factors and disability. The overall 
aim was for the TB health facility staff in 11 selected 
health facilities in China to contact the 586 patients 
who successfully completed TB treatment between 
2022–2023,9 and assess their status 18–24 months 
later. 

Specific objectives were to: i) assess whether these 
follow-ups could be done and whether patient out-
comes (alive, dead or lost to follow-up [LTFU]) could 
be determined; ii) evaluate the prevalence of symp-
toms, comorbidities, risk factors and disability (both 
new and pre-existing) and examine whether these 
conditions at the end of TB treatment were associated 
with later death or LTFU; iii) identify numbers diag-
nosed with recurrent TB; and iv) document employ-
ment status. 

METHODS 

Design 
This was a cohort study involving primary data 
collection. 

Setting and study sites 
The 11 health facilities that were selected for the 
previous China study were used for the current study.9 

These sites were chosen based on their broad geo-
graphical coverage, sufficient numbers of registered TB 
patients, and staff willingness to attend to post-TB 
work without additional resources. All 11 facilities 
were equipped with on-site chest radiography, a lab-
oratory for blood tests (including fasting blood glu-
cose) and blood pressure measuring equipment. 

Study Population 
The study population included 586 TB patients who 
successfully completed TB treatment in the previous 
project.9 The TB survivors were re-assessed between 
May–December 2024. 

Training health professionals involved in the study 
Capacity building was done in accordance with the 
Structured Operational Research and Training Ini-
tiative (SORT IT) model.14 In brief, at project onset, a 
remote training module was implemented to refresh 
the Chinese focal points on key principles of opera-
tional research and data collection. They collaborated 
to finalize the generic protocol and agree on mea-
surements to be done in each facility. This process was 
similarly applied after the study’s completion to an-
alyse the data and prepare the paper. 

Assessment procedures using the structured 
evaluation form 
As with the previous study, a focal point (the head or 
chief doctor) in each health facility was appointed to 
oversee and monitor TB survivor assessments 18–24 
months post-TB treatment. Assessments were either 
carried out face-to-face in health facilities or con-
ducted remotely by phone if TB survivors lived far 
away. Advice and referral were provided in case TB 
survivors needed further care. Assessments were done 
using the same assessment form as before,9 with the 
addition of employment status. The form was trans-
lated into Chinese, printed and sent to the selected 
health facilities for on-site evaluation. Data were 
collected on: TB registration number; demographics; 
clinical details; dates of end of TB treatment and 18-24 
month reassessment; general health status (alive, died, 
LTFU); cause of death as reported by family, by 
healthcare authority or on the death certificate; 
symptoms; comorbidities (old and new), including 
diabetes and high blood pressure with measurements 
of fasting blood glucose and blood pressure – HBA1C 

was not available; risk factors (old and new) including 
self-reported cigarette smoking and excess alcohol 
drinking, and undernutrition assessed by body mass 
index (BMI); recurrent TB, which was self-reported 
and verified in medical records; and employment 
status at the end of TB treatment and at the 18–24 
month reassessment. Disability was assessed by per-
forming the 6-minute walking test (6MWT) as pre-
viously described.8,9 For those undergoing remote 
assessments, individuals were guided in how to per-
form the 6MWT on a measured track. An abnormal 
6MWT was defined as walking ,400 meters in the 
6 minutes.8,9,15 

Data variables, sources of data and data collection 
Data variables were collected using the assessment 
forms between May–December 2024. Each focal 
point and data manager at the implementing sites 
cross-checked the data for accuracy. Data were en-
tered into an Excel file and analysed using OpenEpi. 
Categorical data were presented as frequencies and 
proportions and continuous data as means and 
standard deviations (SD). Comparisons between 
groups were made using the chi square test. Condi-
tions at the end of TB treatment associated with a 
combined outcome of death or LTFU (‘an adverse 
outcome’) during the 18–24 months post-TB treatment 
follow-up were analysed using the chi square test. 
Relative risks (RR) with 95% confidence intervals were 
used as measures of association. Significance levels were 
set at 5% (P,0.05). 

The research protocol was approved by the Ethics 
Advisory Group of the Union (EAG 14/24, dated 28/03/ 
2024) and the review committee at the Beijing Chest 
Hospital, Beijing, China (YNLX-2022-002, dated 16/ 
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02/2022). Written informed consent was obtained from 
individual patients using a consent form in Chinese. 

RESULTS 

Feasibility of assessments and general health status 
Of the 586 individuals who successfully completed TB 
treatment, 503 (86%) were contacted and reassessed. 
Five were contacted but declined reassessment, 19 
(3%) had died and 59 (10%) were LTFU. Among 
those reassessed, 170 (34%) were evaluated at the 
same hospital or clinic where they had completed TB 
treatment; 7 (1%) were assessed at a different hospital 
or clinic close to home; and 325 (65%) were assessed 
remotely at home by a doctor or nurse via telephone or 
video: their 6MWT was assessed using a measured 
track and their blood pressure and fasting blood 
glucose were measured at a nearby health facility. One 
individual was assessed at home by a doctor. Among 
the 19 who died, 3 succumbed to TB-related lung 

complications, 1 died from cardiovascular disease, 
1 from cancer, 2 from other reasons, and 12 died from 
unknown reasons. 

Characteristics of those successfully reassessed 
Of the 503 individuals reassessed, the mean age (SD) 
was 54.2�17.6 years. Their baseline characteristics at 
the time of TB diagnosis are shown in Table 1. The 
majority were male and resided in rural areas. Pul-
monary disease was present in 94%, with more sur-
vivors having bacteriologically confirmed disease than 
clinically diagnosed disease (58% v 42%) and more 
with new compared with recurrent disease (91% v 
9%). Ongoing symptoms, comorbidities, risk factors 
and disability at the time of reassessment compared 
with the end of TB treatment are shown in Table 2. 
Significant findings from those assessed 18–24 months 
later included an increased proportion with cough, 
with untreated diabetes, with high blood pressure, 
with current cigarette smoking and excess alcohol 

Table 1. Baseline characteristics (at the time of TB diagnosis) of individuals successfully reassessed 
18–24 months after completing TB treatment in the eleven hospitals and clinics in China. 

Baseline characteristics Number (%) 

Total 503 
Gender: Male 330 (65.6) 

Female 173 (34.4) 
Residence: Urban 191 (38.0) 

Rural 312 (62.0) 
Disease location: Pulmonary 472 (93.8) 

Extrapulmonary 31 (6.2) 
Type of Tuberculosis: Bacteriologically confirmed 292 (58.1) 

Clinically diagnosed 211 (41.9) 
Category of Tuberculosis: New 458 (91.0) 

Retreatment 45 (9.0) 

Table 2. Symptoms, comorbidities, risk factors and disability in 503 individuals who successfully 
completed TB treatment and were reassessed 18–24 months later in China. 

Category Variable 
End of TB treatment 18–24 months later 

Number (%) Number (%) 

Total cohort assessed 503 503 
Symptomatology No symptoms 419 (83.3) 416 (82.7) 

Any symptoms 84 (16.7) 87 (17.3) 
Cough 32 (6.4) 55 (11.0)* 
Shortness of breath 17 (3.4) 25 (5.0) 
Fatigue 30 (6.0) 25 (5.0) 
Chest pain 4 (,1.0) 11 (2.2) 
Other 25 (5.0) 8 (1.6)* 

Comorbidities Diabetes Mellitus on treatmenta 57 (11.3) 58 (11.5) 
Diabetes Mellitus not on treatmenta 3 (,1.0) 16 (3.2)* 
High blood pressureb 45 (8.9) 66 (13.1)* 
Mental Health Disorder 3 (,1.0) 6 (1.2) 

Risk factors Cigarette smoking 26 (5.2) 64 (12.7)** 
Excess alcohol drinking 6 (1.2) 29 (5.8)** 
Occupational exposure to silica dust 5 (1.0) 10 (2.0) 
Use of recreational drugs 00 (0) 00 (0) 
Undernutrition (BMI,18.5) 100 (19.9) 80 (15.9) 

Disability 6MWT done 476 (94.6) 476 (94.6) 
6MWT ,400 m 112 (23.5) 136 (27.0)c 

aIncludes individuals with previously diagnosed and newly diagnosed diabetes mellitus at the time of assessment; 
bIncludes individuals with previously diagnosed and newly diagnosed high blood pressure at the time of assessment; 
cDenominator is the number undertaking 6MWT. 
Comparisons of proportions by chi-square test: 
*¼P,0.05; **¼P,0.001 
BMI ¼ body mass index; 6MWT ¼ 6-minute walking test. 
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consumption. Other symptoms, comorbidities, risk 
factors and disability remained the same, with over 
a quarter of patients still classified as disabled at the 
18–24 month assessment (6MWT,400m). Individ-
uals who successfully completed treatment without 
symptoms, comorbidities, risk factors or disability but 
later developed new conditions are detailed in Table 3. 
In total, 16.2% of those with no symptoms at end of 
TB treatment became symptomatic, 13.5% developed 
a new comorbidity, 21.8% developed a new risk factor 
and 16.4% became disabled (6MWT,400m). 

Characteristics at end of TB treatment of those who 
later died or were LTFU 
Individuals who successfully completed TB treatment 
and had on-going symptoms, high blood pressure or 
undernutrition (BMI,18.5) at the end of treatment 
had a significantly higher risk of an adverse outcome 
(later death / LTFU) compared with those without 
these health issues (see Table 4). 

Recurrent TB 
During follow-up, nine persons developed recurrent 
TB and were re-initiated on a new TB treatment 
regimen. Only one of the nine had a risk factor for TB 
(BMI,18.5) at the end of TB treatment. 

Employment status 
There was no significant change in employment status 
between the end of TB treatment and 18–24 months 
later (see Table 5). Just under half of all patients were 

unemployed at the end of TB treatment and this 
remained unchanged. 

DISCUSSION 

This study marks the first attempt to contact and assess 
TB survivors 18–24 months after successfully com-
pleting treatment under routine NTP conditions in 
China. Several key findings emerged from this effort. 

First, it proved challenging to contact the cohort as 
many individuals had dispersed throughout the coun-
try. For two thirds of survivors, the assessments had to 
be undertaken remotely at home via phone or video, 
which may mean that comorbidities or disability are not 
detected or are incorrectly assessed compared with face- 
to-face assessments. Nevertheless, this might be the only 
practical and affordable way to conduct such long-term 
follow-up within routine healthcare settings. 

Second, it is concerning that 18–24 months after 
successfully completing TB treatment a significant 
proportion of TB survivors continued to experience 
on-going symptoms, comorbidities, risk factors and 
disability. Notably, some of these conditions (such as 
untreated diabetes, high blood pressure, cigarette 
smoking and excess alcohol consumption) had in-
creased compared with levels observed at the end of TB 
treatment. Furthermore, between 10–25% of patients 
who were asymptomatic, without comorbidities, risk 
factors and disability at the end of TB treatment de-
veloped new symptoms or health issues during the 
subsequent follow-up period. This multimorbidity 
presents several risks. Smoking and excess alcohol 

Table 3. Individuals who completed TB treatment with NO symptoms, comorbidities, risk factors 
or disability and who developed one or more of these conditions when re-assessed 18–24 months 
later in China. 

Characteristics Number (%) 

No symptoms at end of TB treatment 419 
Symptoms at the 18–24 month re-assessment 68 (16.2) 

Cougha 46 
Shortness of breath 16 
Fatigue 17 
Chest Pain 7 
Other 4 

No comorbidity at end of TB treatment 407 
Comorbidities at the 18-24 month re-assessment 55 (13.5) 

Diabetes Mellitusa 17 
High Blood Pressure 41 
Mental Health Disorder 2 

No risk factor at end of TB treatment 377 
Risk factors at the 18–24 month re-assessment 82 (21.8) 

Cigarette smokinga 35 
Excess alcohol drinking 18 
Silica dust exposure 5 
Use of recreational drugs 0 
Undernutrition (BMI,18.5) 37 

No disability at end of TB treatment 6MWT .400m 364 
Tested for disability at 18–24 month re-assessmentb 6MWT done 347 
Disability at the 18–24 month re-assessment 6MWT ,400m 57 (16.4) 

aNumbers with specific symptoms, comorbidities and risk factors do not add up to the total as some patients had more 
than one of these health issues; b17 of the 364 patients who had no disability at end of TB treatment were unable to do 
the 6MWT at the reassessment. 
BMI ¼ body mass index; 6MWT ¼ 6 minute walking test 
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consumption are well known risk factors for TB,16,17 

with smoking also significantly associated with an 
increased risk of recurrent TB.18,19 Diabetes is asso-
ciated with a reduced likelihood of recovering from 
TB, a higher risk of recurrent TB and an increased 
chance of developing multidrug-resistant TB.20,21 

Untreated and poorly controlled diabetes, as was 
found in our cohort, further exacerbates the risk of 
TB.22 Smoking, excess alcohol intake, diabetes and 
high blood pressure are also important risk factors for 
non-communicable diseases, such as cardiovascular 
disease and cancer, and these may be responsible for 
some of the elevated all-cause mortality observed in TB 
survivors compared with the general population.4 

Third, during the follow-up period, 78 (13%) patients 
died or were LTFU. Previous research investigating what 
happened to TB patients recorded as LTFU during 
treatment found that up to one third had died.23 Thus, it 
is possible that the actual number of deaths in our cohort 
is higher than reported. To account for this uncertainty, 

we combined death and LTFU as an adverse outcome 
and assessed whether there were any conditions at the 
end of TB treatment associated with it. We found that 
on-going symptoms, high blood pressure and under-
nutrition were all significantly associated with an in-
creased risk of death/LTFU. This finding, although not 
surprising, is significant. On-going symptoms, particu-
larly cough, might indicate undiagnosed chronic lung 
disease or lung cancer which, if untreated, are important 
causes of mortality.24 Additionally, high blood pressure 
in TB patients is associated with an increased mortality 
rate at 2 years of follow-up.25 Undernutrition is not only 
an added risk factor for TB,26,27 but also predicts long- 
term mortality over 2–3 years of follow-up.28 A recent 
modelling study suggested that nutritional interventions 
at the TB-affected household level could substantially 
avert TB-associated deaths.29 

Fourth, nine individuals were recorded as having 
recurrent TB, although this number could be higher as 
some of the unknown deaths during follow-up might 
have been due to undiagnosed TB and some of those 
LTFU might have had TB. Nevertheless, the incidence 
rate of recorded recurrent TB over the follow-up pe-
riod in our cohort is significantly higher than that 
estimated for new TB in China in 2022.30 

Finally, and disappointingly, the employment status 
of TB survivors 18–24 months after completing TB 
treatment was unchanged, with a substantial pro-
portion still unemployed. We are unable to compare 
these findings with other studies as we were unable to 
find relevant research on the subject, highlighting the 
need for in-depth analysis of this area. 

This study had several strengths. Over 85% of in-
dividuals who had successfully completed TB treatment 

Table 5. Employment status of the reassessed TB individuals 
18–24 months after completing TB treatment in China. 

Employment status 

At the end of TB 
treatment 18–24 months later 

Number (%) Number (%) 

Total 503 503 
Unemployed 236 (46.9) 239 (47.5) 
Employed 96 (19.1) 93 (18.4) 
Daily wage labourer 32 (6.4) 32 (6.4) 
Homemaker 47 (9.3) 49 (9.7) 
Student 10 (2.0) 8 (1.6) 
Retired 58 (11.5) 63 (12.5) 
Other 24 (4.8) 19 (3.8) 

Unemployed defined as no paid work. 

Table 4. Symptoms, comorbidities, risk factors and disability in individuals successfully completing treatment who died or were lost- 
to-follow up 18–24 months later in China. 

Category Variable 

End of TB 
Treatment 

Died/LTFU 
18–24 months later 

RR 
95% 

CI P value Number Number (%) 

Total 586 78 (13.3) 
Symptomatology Symptoms 105 21 (20.0) 1.7 (1.1–2.7) ,0.05 

No symptoms 481 57 (11.9) ref 
Comorbidity Diabetes 73 12 (16.4) 1.3 (0.7–2.2) 0.40 

No diabetes 513 66 (12.9) ref 
High blood pressure 32 9 (28.1) 2.3 (1.2–4.1) ,0.05 
No high blood pressure 554 69 (12.5) ref 
Mental health disorder 4 1 (25.0) 1.9 (0.3–10.5) 0.90 
No mental health disorder 582 77 (13.2) ref 

Risk Factors Cigarette smoking 27 1 (3.7) 0.3 (0.0–1.9) 0.20 
No cigarette smoking 559 77 (13.8) ref 
Excess alcohol drinking 6 0 - 1.2 (0.2–7.5) 1.0 
No alcohol drinking 580 78 (13.4) ref 
Silica dust exposure 5 0 - 1.4 (0.2–8.4) 1.0 
No silica dust exposure 581 78 (13.4) ref 
Undernutrition (BMI,18.5) 95 26 (27.5) 2.6 (1.7–3.9) ,0.001 
No undernutrition 491 52 (10.6) ref 

Disability 6MWT done 557 76 
6MWT,400m 137 24 (17.5) 1.4 (0.9–2.2) 0.12 
6MWT�400m 420 52 (12.4) ref 

Fisher Exact test applied when cell numbers ,5. 
LTFU ¼ loss-to-follow-up; RR ¼ relative risk; CI ¼ confidence interval; BMI ¼ body mass index; 6MWT ¼ 6-minute walking test; ref ¼ referent 
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were contacted and reassessed, despite their dispersion 
around the country. We also used the same stand-
ardised assessment tools at the two time periods which 
strengthened the comparability of our findings. How-
ever, there were some limitations. Two thirds of TB 
survivors were assessed remotely, including conducting 
the 6MWT, raising concerns about the quality and 
accuracy of the assessments. We failed to collect in-
formation on the date or type of recurrent TB so were 
unable to plot incidence curves and estimate time to 
event. About 10% of the TB survivors were LTFU, 
leaving their true status unknown. Finally, we should 
have gathered information about employment status 
before the onset of TB to better understand the disease’s 
impact on jobs and livelihoods. This is an area in need 
of further research. 

CONCLUSION 

It is clear that this cohort of successfully treated TB 
patients in China experiences on-going multimorbidity 
and disability that significantly impacts their quality of 
life and reduces life expectancy. These findings under-
score our previous argument that TB programmes 
should assess patients for these conditions at the start 
and end of TB treatment.31 After completing treatment, 
survivors must be educated about potential health issues 
so they can take responsibility for improving their sit-
uation. They also require referral to the general health 
services to ensure long-term management of high blood 
pressure and diabetes, support for quitting smoking and 
abstaining from excess alcohol consumption and fur-
ther investigation for on-going cough. It is unrealistic to 
expect TB programmes to shoulder these long-term 
responsibilities alone. As the Lancet Commission on 
TB emphasized five years ago, we need fully integrated 
person- and family-centred services so that the multiple 
morbidities that pre-exist or arise during or after TB 
treatment are diagnosed and properly managed and 
treated.32 This aligns with Sustainable Development 
Goal 3 (SDG) that calls on countries to ‘ensure healthy 
lives and promote well-being at all ages’.33 To achieve 
this, countries must adopt Universal Health Coverage 
to address these interconnected health issues. Without 
this comprehensive and holistic response, the future will 
likely mirror the past and people with TB will continue 
to suffer the consequences. 
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