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ABSTRACT 
Objective: To derive and validate a prediction score for the presence of 
post-tuberculosis obstructive lung disease (post-TB OLD) in adult patients 
at the end of PTB. 
Methods: We used data of patients aged ≥18 years successfully treated 
for PTB, at the Yaounde Jamot Hospital, Cameroon from January 2015 to 
May 2017. A simple prediction score was constructed using regression 
coefficients for predictors in the final model. The model’s discrimination 
was assessed using c-statistics and calibration assessed via Hosmer and 
Lemeshow (H-L) statistics. Internal validation used bootstrap resampling 
procedures. 
Results: A total of 400 patients (men 53.5%) with a median age (25

th
 -

75
th

) of 38(29-49) years were included. Fifty four patients had post-TB 
OLD, giving the prevalence (95% CI) of post-TB OLD of 13.5%. (10.3-17%). 
The independent determinants of post-TB OLD were proportion (%) of 
lung sequelae [odds ratio (95% CI): 1.04(1.02-1.06) per 1% increment, β = 
0.042] and smoking [2.19(1.18-4.08), β =0.783].  The resulting score for 
prediction of post-TB OLD (S-TB-OLD) was therefore expressed as: S-TB-
OLD= Proportion of lung sequelae (%) + 19 (if tobacco smoking). The c-
statistic was 0.680 (95% CI: 0.597 – 0.763). At the optimal cut-off point 
score of 19.31, the sensitivity, specificity and negative predicted value 
were 67%, 65% and 92.5%, respectively. The calibration was good [H-Lχ2= 
8.135 (p = 0.321)] and the optimism was marginal in boostrap resampling.  
Conclusion: Confirmation of the usefulness of this score should help to 
stratify patients according to the risk of developing post-tuberculous 
obstructive post-TB OLD in order to improve their management.  
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INTRODUCTION  

Tuberculosis (TB) remains a major public health problem in spite of existing prevention and control strategies. The 

World Health Organization (WHO) 2018 global TB report estimated a total of 10 million incident TB cases worldwide 

in 2017, with a death toll of 1.6 million people(1). In Cameroon, approximately 26,000 TB cases were notified in 

2017(2). Even after a well conducted treatment, pulmonary tuberculosis (PTB) heals leaving pleuro-parenchymal 

sequelae of variable degrees due to its fibrogenic character.  Chest X-Ray (CXR) is the most used imagery exam in the 

detection and follow-up of PTB sequelae. The prevalence of CXR sequelae at the end of a TB treatment is elevated, 

varying between 66.2 to 88%(3–6). These sequelae are dominated by residual cavities and fibro-nodular opacities(3). 

These pleuro-parenchymal sequelae can have a permanent repercussion on lung function, altering the quality of life of 

patients. Lung function abnormalities observed in sequelae phase are variable, with certain authors revealing a 

predominance of obstructive disorders; and with others, a predominance of restrictive disorders or mixed disorders(7–

10). In recent studies published from 2011 to 2016 the prevalence of post-TB OLD ranges from 13.2% to 57.9%(7,9–

12). In these recent studies, risk factors for post-TB OLD are not reported. Few studies have reported risk factors for 

post-TB OLD. In studies published prior to the 1990s, the risk factors for post-TB OLD were radiographic extension of 

lesions, duration of disease before TB treatment, age and tobacco smoking (13,14). In limited resources setting where 

tuberculosis predominates, it is important to stratify patients according to the risk of developing post-tuberculosis lung 

function impairment in order to optimize their management. Indeed, the aim of this study is to investigate the associated 

factors of post-TB OLD and generate a simple numerical score for predicting post-TB OLD in adults. 

MATERIALS AND METHODS 

Setting and participants 

This study used data from three cross-sectional studies conducted from January to July 2015 (7 months), from 

December 2015 to May 2016 (6 months) and from January to May 2017 (5 months) at the Yaounde Jamot Hospital 

(YJH). YJH is the reference center for the management of TB and respiratory diseases for Yaounde (capital city of 

Cameroon) and its surroundings. The management of TB in this center is based on the international 

recommendations(15). The data were collected using non probabilistic, consecutive and exhaustive sampling method.  

The adults’ patients successful treated for bacteriologically proven pulmonary TB at the Diagnosis and 

Treatment Center (DTC) of YJH were included. Patients with the following criteria were excluded: acute respiratory 

infection, chronic obstructive airway disease, asthma, interstitial lung disease, lung cancer and lung resection, 

congestive heart failure; contraindications to pulmonary function test (recent myocardial infarction, pneumothorax, 

pregnancy at third trimester, recent thoracic or abdominal surgery, a seriously altered general state or severe dyspnea 

limiting the correct execution of the spirometry maneuvers); inappropriate spirometry maneuvers.  Ethical clearances 

were obtained from the Institutional Ethics Committee of the Faculty of Medicine and Biomedical Sciences of the 

University of Yaounde I (Data collected from January to July 2015, and from January to May 2017) and from 

Institutional Ethics Committee of Faculty of Medicine and Pharmaceutical Sciences of University of Douala (Data 

collected from December 2015 to May 2016). A research authorization was equally obtained from the administrative 

authorities of the YJH. 
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Data collection 

Baseline data  

The following social and demographic data were collected: age, sex, marital status, place of residence (urban, 

semi-urban and rural), higher level of formal education. Past medical history included HIV status; history of respiratory 

diseases such as pneumonia, pulmonary TB; other comorbidities influencing the respiratory function such as diabetes 

mellitus and heart failure. Tobacco smoking was evaluated in pack-years. Smoking habits were divided in following 

groups: former smokers (stopped smoking for more than 6 months at least), never-smokers; active smokers. Concerning 

alcohol consumption, patients having stopped drinking for at least 12 months were considered as former drinkers and 

occasional drinkers (alcohol use less than a day/week), regular drinkers and non-drinkers were also distinguished.  

Exposure to biomass fuel was evaluated by the type of fuel or combustible used to cook food in household.  

Clinical data comprising duration of symptoms prior to tuberculosis treatment and persistence of respiratory 

symptoms at the end of TB treatment (cough, expectoration, and dyspnea) were collected. The dyspnea was graded 

according to modified Medical Research Council Scale (16). The weight was taken in kilograms with the aid of a 

CAMRY-branded scale (CAMRY, Guangzhou, China). The patient was dressed only in light clothing. The height was 

measured with a measuring gauge to the nearest cm in a patient standing straight up, with heels joined together and 

arms along the body. Body mass index in kg/m
2
 was calculated as the ratio of weight (kg) to height squared (squared 

meter). 

Standard full-size postero-anterior chest X-ray (CXR) was used to quantify the extent of lung remodeling in 

patients. The nature, distribution, and extent of abnormalities were noted for initial and final CXR. Type of CXR lesions 

collected include: cavities, infiltrates, nodules, fibrotic lesions, miliary lesions, patchy or confluent consolidation and 

associated pleural effusion. Extension of radiographic lesions was appreciated by using total percentage of lung affected 

by any pathology on the initial and final chest X-ray (at the end of treatment). To grade the percentage of affected lung, 

visual estimation of the extent of opacification, cavitation or other pathology as a percentage of visible lungs was made. 

To evaluate this, each lung field was subdivided into three zones (upper, middle and lower zone) according to the 

method described by Ralph et al (17). The delimitation was done by two horizontal lines: the first is the horizontal line 

passing through the upper border of the chondro-costal junction of the anterior arch of the second rib to the lateral 

thoracic wall; the second is the horizontal line passing through the upper border of the chondro-costal junction of the 

anterior arch of the 4
th

 rib to the lateral thoracic wall. Dense opacification of an entire zone was graded as 100% of that 

zone, while patchy consolidation within a zone attracted scores <100% depending on the extent of consolidation. An 

average percentage of lesions per lung field was then evaluated and an average of the two lung fields deduced to 

determine the total percentage of affected lung (% of pulmonary tuberculosis lung sequelae). 

Spirometric data 

Spirometry was performed using a turbine pneumotachograph (spiro USB, care fusion, Yorba Linda-USA) 

respecting the American Thoracic Society (ATS) 1994 standards(18). The exam was done by pulmonary function test 

technicians or by well-trained final year medical student. 

All measurements were performed after at least 15 min rest, with the participant in a seated position, the back 

straight up, and nose clipped to allow air flow only by mouth. The American Thoracic Society/European Respiratory 

Society (ATS/ERS) acceptability and reproducibility criteria were applied (18). Instructions were explained before 

every maneuver; at least three tests were done per participant with the maximum being eight tests, while observing a 

rest period of at least one minute between consecutive tests to establish the forced vital capacity (FVC) curve. 
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Spirometry variables measured included: forced expiratory volume in 1s (FEV1), forced vital capacity (FVC) and the 

FEV1/FVC ratio. 

FEV1 and FVC values retained were the best out of the three tests which fulfilled the acceptability criteria 

(maximal difference below 5 % or 150 ml). All these measurements were expressed in absolute values  and as a 

percentage of predicted value. Predicted values were estimated using Global Lung Initiative (GLI) 2012 references 

value (19). Quality control was done by regularly supervising investigator who performed spirometry. Spirometric 

curves were reviewed weekly by one of the experienced chest physicians working in YJH and feedback was made to 

investigators.  

Data analysis 

The data analysis used IBM-SPSS software for Windows version 23 (IBM, Chicago, US). Categorical variables were 

expressed as counts and proportions. Quantitative variables were summarized in terms of mean (standard deviation) 

when the distribution was considered normal; otherwise they were expressed in terms of median (25
th 

-75
th

 percentiles). 

The groups comparison used Chi-2 or Fisher exact test for proportions and Student t-test or non-parametric equivalent 

for continuous variables (Mann-Whitney U test or median test).  Logistic regressions models were used to select 

independent determinants of post-TB OLD. Candidate variables were first tested for inclusion in univariable models, 

then the significant ones based on a p-value < 0.10 were all entered into the same multivariable models, and backward 

stepwise eliminations procedures used to retain the variables in the final models as recommended by Collett (20). The 

performance of the derived model was tested on the development sample and in bootstrap resampling, which was based 

on 2000 replications.  In the bootstrap internal validation based on 2000 replications, the original dataset was resampled 

at random with replacement 2000 times, with each random sample being of the same size (number of participants) as 

the original dataset. For each sample, the logistic regressions were fitted, the new beta coefficients estimated and a new 

equation derived using predictors in the final model. This new model was then tested on the dataset from which it was 

developed and as well as on the original dataset, and the differences in the performance on the derivation and original 

samples, were averaged across the 2000 replication to derive the optimism.  

 The weighting for developed score was derived from regression coefficients and the C-statistic was computed 

for the correspondent score. The receiver-operating characteristic (ROC)  curves were used to derive the optimal cut-off 

point score, applying the Youden’s index method (21). Performance measures including the sensitivity, specificity, 

positive and negative predictive values where then estimated at the optimal threshold. 

RESULTS 

Study Population 

During the study period, 513 patients were invited to participate in the study. Seventy six patients were excluded for 

unavailability of lung function testing and 37 patients for unusable spirometry curves. In total, 400 participants were 

definitively included in the study. The flow chart of participant’s inclusion is shown on the figure 1.   
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Figure 1: Flow diagram of participant’s inclusion 

 

The baseline characteristics of participants are depicted in Table1. There were 214 (53.5%) men and 186 

(46.5%) women. The median age (25
th

 -75
th

 percentiles) of men was 40 (31-50) years and that of women was 36 (27.8-

46) years (p=0.002). The majority of participants had reached the secondary school level of education (274 participants, 

68.5%). In this study, 100 (25%) participants were active smokers and 70 (17.6%) consumed alcohol regularly. The 

prevalence of smoking was higher in men than in women (35% vs 4.3%, p<0.001). The median (25
th

 -75
th

 percentiles) 

duration of symptoms before TB treatment was 8 (4-16) weeks in overall group. The prevalence of HIV infection in 

total sample was 35.5%. In overall sample, 70.5% of the participants had a least one type of radiographic sequelae of 

TB. Persistent cavity lesions and parenchymal lung destruction were respectively found in 21.3% and 3.5% of 

participants. The median (25
th

 -75
th

 percentiles) proportion of extension of pulmonary TB sequelae was 5% (0.8-15.8%) 

in total sample with no significant difference between men and women.  
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Table 1: Baseline characteristics  of participants 

Characteristics Overall 

N=400 (%) 

Men 

N=214 (%) 

Women 

N=186 (%) 

p-value 

Age, years, m (25
th

 -75
th

 percentiles) 38(29-49) 40(31-50) 36 (27.8-46) 0.002 

Residency     

   Urban 314 (78.5) 167 (78) 147 (79) 0.967 

   Semi-urban 49 (12.3) 20(9.3) 17 (9.1)  

   Rural 37 (9.3) 27 (12.6) 22 (11.8)  

Level of education     

   No formal education 19 (4.8) 7 (3.3) 12 (6.5) 0.143 

   Primary 107 (26.8) 51 (23.8) 56 (30.1)  

   Secondary 198 (49.5) 110 (51.4) 88 (47.3)  

   University 76 (19) 46 (21.5) 30 (16.1)  

Marital Status     

    Non-unionized 226/398 (56.8) 112 (52.6) 114 (61.6) 0.069 

    Unionized 172/398 (43.2) 101 (47.4) 71 (38.4)  

Smoking     

   Current 83 (20.8) 75 (35) 8 (4.3) <0.001 

   Ex-smokers 14 (3.5) 12 (5.6) 2 (1.1)  

   Non smokers 303 (75.8) 127 (59.3) 176 (94.6)  

Biomass exposure 148/397 (37.3) 82/212 (38.7) 66/185 (35.7) 0.537 

Alcohol consumption     

   Regular 70/398 (17.6) 62 (29.1) 8 (4.3) <0.001 

   Occasional 124/398 (31.2) 71 (33.3) 53 (28.6)  

   Ex-drinker 87/398 (21.9) 45 (21.1) 42 (22.7)  

   Non drinker 117/398 (29.4) 35 (16.4) 82 (44.3)  

Previous history of TB 36(9) 25(11.7) 11(5.9) 0.044 

Past history of pneumonia 5(1.3) 0(0) 5(2.7) 0.021 

Duration of respiratory symptoms, weeks, m 

(25
th

 -75
th

 percentiles) 

8(4-16) 8(4-12) 8(4-16) 0.017 

Persistent respiratory symptoms  111(27.8) 56(26.2) 55(29.6) 0.449 

BMI, Kg/m
2
 , m (25

th
 -75

th
 percentiles) 22 (20.2-24.1) 22.1(20.4-24.1) 220(20.2-24.2) 0.836 

HIV infection 141/397 (35.5) 67(31.6) 141(35.5) 0.081 

Radiographic sequelae     

    No sequelae 118 (29.5) 58 (27.1) 60 (32.3) 0.259 

    Significant pleural thickness 11 (2.8) 8 (3.7) 3 (1.6) 0.195 

    Fibro-nodular sequelae 212 (53) 118 (55.1) 94 (50.5) 0.358 

    Persistent cavity lesions 85 (21.3) 46 (21.5) 39 (21) 0.898 

    Parenchymal destruction 14 (3.5) 8 (3.7) 6 (3.2) 0.781 

    Extension of pulmonary sequelae,  

    %, m (25
th

 -75
th

 percentiles) 

5 (0.8-15.8) 5.81 (1-16.2) 5 (0.7-15.3) 0.306 

Lung function parameters     

   FEV1, %, m(25
th

 -75
th

 percentiles)               76.8 (61.1-89.2) 76.6 (58.9-92.3) 77.9 (62.8-87.6) 0.616 

   FVC, %, m(25
th

 -75
th

 percentiles)               76.1 (64.2-88.8) 75.7 (62.5-91.5) 76.4 (65.5-87.6) 0.764 

   FEV1/FVC, m(25
th

 -75
th

 percentiles) 0.83 (0.78-0.88) 0.82 (0.76-0.87) 0.85 (0.79-0.89) 0.002 

TB, tuberculosis; m, median; BMI, body mass index; HIV, human immunodeficiency virus; PA, pack-years; BMI, body mass index; 

HIV, human immunodeficiency virus; FEV1, forced expiratory volume in 1st second; FVC, forced vital capacity; m, median 
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Prevalence and determinants of post-tuberculosis obstructive lung disease 

Out of 400 participants, 54 participants had post-TB OLD, giving a prevalence (95% CI) of post-TB OLD of 13.5 % 

(10.3-17%). The univariable analysis of associated factors to post-TB OLD is depicted in Table 2. Past-history of TB 

was found in 16.7% patients with post-TB OLD and in 7.8% patients without TB related OLD (p=0.042). Current or 

past-tobacco smoking was more frequent in patients with post-TB OLD (38.9% vs 22%, p=0.007). Persistent 

respiratory symptoms at the end of TB treatment and low body mass index were also associated to post-TB OLD. 

Concerning radiographic features the presence of any TB sequelae, persistent cavity lesions and extension of pulmonary 

sequelae were significantly associated to post-TB OLD. Indeed, the median (25
th

 -7
th

 percentiles) proportion of 

pulmonary sequelae was 14.2% (3.4-30%) in post-TB OLD group and 1.04 % (1.02-1.06%) in non-OLD group (p < 

0.001).  

Table 2: Univariable analysis of associated factors to post-tuberculosis obstructive lung disease (Post-TB-OLD) 

in Yaounde, Cameroon 

Characteristics Post-TB OLD 

N=54 (%) 

No Post-TB OLD 

N=346(%) 

COR(95% CI), p-value 

Age, years, m(25
th

 -75
th

 

percentiles) 

41.5(29.8-48.5) 37(29-49) 1.01(0.99-1.03) 0.451 

Gender     

    Male 32(59.3) 182(52.6) 1.31(0.73-2.35)  0,362 

    Female 22(40.7) 164(47.4) 1  

HIV infection 16(29.6) 125(36.4) 0.73(0.39-1.37) 0.331 

Past-history of TB 9(16.7) 27(7.8) 2.36(1.04-5.35) 0.042 

Past-history of pneumonia 1(1.9) 4(1.2) 1.6150.18-14.71) 0.669 

Smoking     

   Smokers/Ex-smokers 21(38.9) 76(22) 2.26(1.24-4.13) 0.007 

   Non smokers 33(61.1) 270(78) 1  

Biomass exposure 31/54(57.4) 218/343(63.6) 0.77(0.43-1.38) 0.385 

Alcohol consumption     

   Regular 12(22.2) 58(16.9) 1.66(0.71-3.86) 0.244 

   Occasional 17(31.5) 107(31.1) 1.27(0.59-2.75) 0.542 

   Ex-drinker 12(22.2) 75(21.8) 1.28(0.55-2.96) 0.564 

   Non drinker 13(24.1) 104(30.2) 1  

Duration of respiratory 

symptoms, weeks, m (IQR) 

8(8-24) 8(4-12) 1.01(1.00-1.03) 0.019 

Persistent respiratory 

symptoms  

24(44.4) 87(25.1) 2.38(1.32-4.29) 0.003 

BMI, Kg/m
2
 , m (IQR) 21.0(20.3-22.4) 22.2(20.2-24.4) 0.88(0.80-0.98) 0.022 

Radiographic sequelae     

    Any sequelae 45(83.3) 237(68.5) 2.30(1.09-4.87) 0.026 

    Persistent cavity lesions 18(33.3) 67(19.4) 2.08(1.11-3.89 0.020 

    Extension of pulmonary  

    sequelae, %, m (IQR) 

14.2(3.4-30) 5(0.8-15.0) 1.04(1.02-1.06) < 0.001 

TB, tuberculosis; BMI, body mass index; COR, crude odds ratio; IQR, interquartile range; CI, confidence interval 

In multinomial logistic regression analysis, the independent determinants of post-TB OLD were tobacco 

smoking [OR (95% CI): 2.17(1.13-4.16), p=0.020] and proportion of lung sequelae [1.03(1.01-1.06) per 1% increment, 

p=0.012], Table 3.  
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Table 3: Multivariable analysis of factors associated to post-tuberculosis obstructive lung disease 

Factors  β coefficient AOR(95% CI) p-value 

Past-history of TB 0.460 1.58(0.63-4.01) 0.331 

Tobacco smoking 0.773 2.17(1.13-4.16) 0.020 

Duration of respiratory symptoms, per 1 week increment 0.011 1.01(0.99-1.02) 0.090 

Persistent respiratory symptoms  0.572 1.77(0.93-3.39) 0.085 

BMI, per 1 Kg/m
2
 increment -0.077 0.93(0.82-1.04) 0.192 

Radiographic sequelae    

    Any sequelae 0.068 0.93(0.38-2.30) 0.882 

    Persistent cavity lesions -0.006 0.99(0.48-2.06) 0.986 

    Extension of pulmonary sequelae, per 1%  

    increment 

0.031 1.03(1.01-1.06) 0.012 

TB, tuberculosis; BMI, body mass index; AOR, adjusted odds ratio; CI, confidence interval 

Prediction score for post-tuberculosis obstructive lung disease 

The regression coefficient of 0.783 was higher for history of tobacco smoking than that of the proportion of lung 

sequelae (0.042), leading to a relative weight of 19 (0.783/0.042) for the presence of history of tobacco smoking. The 

resulting score for prediction of post-TB OLD (S-TB-OLD) is therefore expressed as: S-TB-OLD= Proportion of lung 

sequelae (%) + 19 (if tobacco smoking). The discriminant properties of this score are depicted in Figure 2. The AUC 

was 0.680(0.597-0.763). At the optimal cut-off point score of 19.31, the sensitivity and the specificity were 67% and 

65%, respectively. At this cut-off point, the positive predicted value was 22.5% and the negative predicted value was 

92.5%.  

 

 

           Figure 2: Discrimination curve for post-tuberculosis obstructive lung disease 
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Models validation 

The agreement between the presence of post-TB OLD estimated by the final prediction score and observed 

post-TB OLD across the continuum of predicted probability was good. The Hosmer and Lemeshow χ
2
 was 8.135 (p-

value=0.321). The discrimination of the model in the derivation sample was good with apparent c-statistic (95% CI) of 

0.680(0.597-0.763). The model showed very good stability in bootstrap internal validation method across the 2000 

replications with a non-significant optimism at 0.002. The optimism corrected c-statistic was 0.678(0.595-0.761). 

Evaluation of risk of post-tuberculosis obstructive lung disease 

Based on the prediction score for obstructive lung disease derived above, classification of patients into low risk group 

(score < 19), moderate risk group (score between 19 and 40) or high risk group (score ≥ 40) for post-TB OLD can be 

done (Table 4). Class I corresponds to low risk and class III to high risk. As expected, risk of OLD increased across risk 

classes being 7.5%, 19.8% and 32.4% respectively for class I, II and III.  

 

Table 4: Discriminative performances of post-tuberculosis obstructive lung disease score (S-TB-OLD) 

Parameters Values 

Linear predictor score, S-TB-OLD, mean (Min-Max) 16.6 (0-79) 

C-statistic by linear predictor score (95% CI) 0.680 (0.597-0.763) 

C-statistic by risk group (95% CI) 0.668 (0.588-0.749) 

Prevalence of OLD in each risk group  

    Class I, low risk (score  < 19) 7.5% (18/240) 

    Class II, moderate  risk (19 ≤ score <40) 19.8% (52/126) 

    Class III, high risk (score ≥ 40) 32.4% (11/34) 

TB, tuberculosis; OLD, obstructive lung disease, Min, minimal value, Max, maximal value, 

CI, confidence interval 

 

DISCUSSION 

In this study we have found the independent determinants of post-TB OLD and have derived and validated a prediction 

score for post-TB OLD in adults at the end of treatment of PTB. The 

derived model used easily assessable variables in routine clinical practice. Two factors including tobacco smoking and 

proportion of lung sequelae emerged as the independent associated factors of post-TB OLD. We have also assessed the 

clinical utility of the derived score (S-TB OLD) and established a classification of patients into risk groups with respect 

to the score obtained with those with S-TB OLD ≥ 40 at highest risk. The model developed in this study has perfect 

calibration and good discrimination with only marginal variation during boostrap internal validation.  

Tobacco use was associated with post-TB OLD. In fact, smoking has a known deleterious effect on the decline 

of lung function and is the main risk factor for the occurrence of chronic obstructive pulmonary disease(22). In a study 

conducted in a low-smoking Indian women population (smoking prevalence at 5% and 73.6% of participants 

cumulating less than 2.5 pack-years), smoking was associated with lower FEV1(23). 

In this study, the radiographic extension of sequelae of TB summarized in terms of the proportion of 

radiographic sequelae was associated to OLD. Few studies have investigated the association between the extent of 

initial radiographic lesions or radiographic sequelae and impaired lung function. Radovic et al. On a small sample size 

(n = 40 patients) showed that initial radiographic extension is associated with low FEV1 and post-tuberculous airflow 



The Papers of Medical Sciences. ISSN: 2663-7545                                                                         Post-tuberculosis obstructive lung disease 

 

 
 

P e f u r a - Y o n e  E W     A P H R E  O p e n  

 
Page 10 

obstruction(24). These radiological lesions occur because, PTB heals leaving pleuro-parenchymal sequelae of varying 

degrees due to its fibrogenic character(3–5). 

Obstructive post-tuberculous lung disease may be related to bronchial stenosis, diffuse bronchial inflammation, 

paracicatricial emphysema, or bronchiectasis(25). Progress has been made in understanding the inflammatory 

mechanisms that are likely responsible for tissue damage and impairment of lung function. Inflammatory mediators 

involved in cavity formation and airflow obstruction are tumor necrosis factor-α (TNF-α), interleukins 1β, 6, 8, 12, 

hypoxia inducible factor (HIF), nuclear factor (NF) , matrix metalloproteinases 1, 3, 8, 9,12 and interferon γ. The 

immune factors associated with fibrosis and restriction include transforming growth factor β (TGF-β), TNF-α, and 

interleukins-1β, 6, 8, 12 (25).  

Age, gender, and duration of disease before management do not appear as independent factors associated with 

OLD in this study, contrary to what Poh reported in 1975 and Lee et al. in Taiwan in 2011(13,26). This could be 

explained by the fact that our study population was relatively younger than that found in these studies, in particular that 

carried out by Lee et al. in Korea where the mean age of the population was 52 years.  

The model developed in this study was based on two predictors of post-TB OLD including proportion of lung 

sequelae and smoking. Calibration and discrimination were good.  Specifically, the negative predictive value at the 

threshold score is very high, virtually indicating that subjects with a score <19 will not have post-TB OLD.  However, 

due to the anticipated difference in post-TB OLD prevalence across settings, it is an expectation that the model may 

require some adjustment where appropriate in order to maintain optimal calibration properties. There are practical 

examples to support that this adjustment is easily achieved through simple intercept recalibration(27). By using 

bootstrap resampling for internal validation, we were able to use all participants with valid data for model development, 

therefore achieving a high number of outcomes per candidate variable tested. This developed score has a number of 

potential clinical applications including assessment and follow-up of patients with PTB, particularly in low-resources 

and highly endemic areas for tuberculosis.  

The main limitation of this study is related to the lack of data on respiratory function prior to the diagnosis of 

TB. Furthermore, subjects were recruited within one month of completion of TB treatment. Some studies have shown 

that the deterioration of lung function worsens over time (10,28) . We cannot analyze the decline in lung function over 

time due to both the cross-sectional nature of our study and the inclusion of subjects in the month following the end of 

treatment. 

 

CONCLUSION 

The prevalence of post-TB OLD in this study was 13.5%. Tobacco smoking and radiographic extension of sequelae 

emerged as predictors of post-TB OLD. We have developed a simple numerical score to predict post-TB OLD in high 

TB endemicity area based solely of these two predictors. The preliminary promising findings from this study require 

further confirmation through independent external validation studies. Confirmation of the usefulness of this score 

should help to stratify patients according to the risk of developing post-tuberculous obstructive lung disease in order to 

improve their management.  
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