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Abstract OBJECTIVE: Post-pulmonary tuberculosis (post-PTB) sequelae, including impaired lung function, reduced exercise capacity, and 
diminished quality of life (QoL), pose significant challenges even after successful anti-tuberculosis treatment. While pulmonary 
rehabilitation (PR) is an established intervention for chronic respiratory diseases, its long-term effectiveness in post-PTB patients is not 
well-documented. This study aimed to evaluate the long-term impact of an 8-week outpatient PR program on respiratory function, 
exercise performance, and QoL in post-PTB patients.

MATERIAL AND METHODS: In a randomized controlled trial, 90 post-PTB patients aged ≥18 years were allocated to either the PR 
group or a control group. The PR program included supervised endurance and resistance training, breathing exercises, and patient 
education, delivered over 8 weeks. Primary outcomes, including the 6-minute walk distance (6MWD), Saint George’s Respiratory 
Questionnaire (SGRQ), and pulmonary function tests, were assessed at baseline, immediately post-intervention, and at 12 months. 
Data were analyzed using repeated measures ANOVA.

RESULTS: The PR group demonstrated significant and sustained improvements across all measures. The 6MWD increased by 217 
meters post-PR and remained 143 meters higher at 12 months (P < 0.05). SGRQ scores showed a 28-point reduction post-PR and a 
32-point reduction at 12 months (P < 0.05). FEV1 improved by 41% post-PR, and by 45% at 12 months (P < 0.05). No significant 
changes were observed in the control group.

CONCLUSION: An 8-week PR program delivers long-term benefits in respiratory function, exercise capacity, and QoL in post-PTB 
patients. Incorporating PR into post-PTB care is a promising strategy to mitigate chronic sequelae and enhance patient outcomes.
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Appendix 1. Granger causality test

This section aims to identify causal relationships between time series that are useful in forecasting. 

Causality implies that the estimated future values of a time series variable are affected by the past values of another related 
time series variable.28 According to Granger (1969), causality refers to the relationship between X and Y in the presence of two 
variables. If the prediction of variable X is better than the prediction based only on lagged values of X, then variable Y is a Granger 
cause of X.29 The formulae used for the Granger causality test are given in equations 1 and 2. 

In equations 1 and 2, t is the time variable, and u_1t and u_2t are the error terms. u_1t and u_(2t) are assumed to be uncorrelated. 

In equation 2, if δj is different from zero, it can be stated that there is a Granger causality relationship from X to Y. If βj coefficients 
are significantly different from zero, it can be stated that there is a Granger causality relationship from Y to X. The null hypothesis 
in the Granger causality test is “X is not a Granger Cause of Y”.30 

In the Granger causality test, the null hypothesis is “independent variables are not Granger causes of the dependent variable,” 
while the alternative hypothesis is “independent variables are Granger causes of the dependent variable”.28 The null hypotheses 
for this study were as follows; “CO is not a Granger cause of asthma. SO2 is not a Granger cause of asthma. PM10 is not a Granger 
cause of asthma. CO is not a Granger cause of COPD. SO2 is not a Granger cause of COPD. PM10 is not a Granger cause of COPD. 
CO is not a Granger cause of pneumonia. SO2 is not a Granger cause of pneumonia. PM10 is not a Granger cause of pneumonia. 
CO is not a Granger cause of bronchitis. SO2 is not a Granger cause of bronchitis. PM10 is not a Granger cause of bronchitis. CO 
is not a Granger cause of URTI. SO2 is not a Granger cause of URTI. PM10 is not a Granger cause of URTI.”

https://orcid.org/0000-0002-5020-3514
https://orcid.org/0000-0002-0823-2266
https://orcid.org/0000-0002-2273-1563
https://orcid.org/0000-0002-5330-1240
https://orcid.org/0000-0003-0077-3065
https://orcid.org/0009-0006-4112-7878

