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ABSTRACT 

BACKGROUND AND AIM: 

Lung function impairment after pulmonary tuberculosis (PTB) is a 

recognized phenomenon which adds to morbidity in these patients. However 

how the lung function changes over the course of illness is not studied.  So our 

study aimed at assessing the change in lung function from the time of diagnosis 

through the course of illness to treatment completion and also to identify the 

individuals with lung function impairment after achieving microbiological cure 

and the risk factors associated with it.  

METHODS:  

This is a prospective observational cohort study conducted in the 

department of pulmonary medicine in a tertiary care Centre. Our study 

participants were recruited from February 2018 to February 2019 and were 

followed up for a period of 6 months. 92 patients were recruited of which 84 

patients had pulmonary Tuberculosis and 8 patients had pleural tuberculosis. 

Spirometry was performed at baseline and complete pulmonary function test at 

the end of intensive phase and end of treatment.  Change in lung function over 

course of illness and persistent lung function impairment after treatment was 

analysed. Other parameters like smear conversion, radiological resolution, 

improvement in quality of life with lung function change was also assessed.  
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RESULTS: 

At baseline, 2nd month and 6th month, 7 patients (8.64%), 5 patients 

(8.06%) and 6 patients (8.57%) had obstructive ventilatory defect respectively. 

At the same time points 44(54.32%) patients, 33(53.22%) patients and 

31(44.28%) patients had restrictive ventilatory defect. So after treatment 

completion 37 (52.8%) patients had ventilatory defects of which 31(44.28%) 

patients had restrictive pattern and 6(8.57%) had and obstructive pattern. The 

mean improvement in FEV1 % from baseline to 6th month was 5.76±10.56 (p-

value <0.001), the mean improvement in FVC% was 5.88±11.78 (p-value 

<0.001) and TLC% was 4.31± 15.54(p-value 0.03) which were statistically 

significant. The mean improvement in DLCO% was 1.49±16.94 (p-value 0.49) 

which was not statistically significant. At 2nd month 33 patients were diagnosed 

to have restriction by FVC and 29 patients by TLC, indicating 4 were over 

diagnosed by FVC alone. At 6th month 31 patients were diagnosed to have 

restriction by FVC and 26 patients by TLC. Out of the 84 pulmonary TB 

patients 43 had cavity at the time of diagnosis and 11 had residual cavity while 

completing treatment. The Total chest x-ray score before starting treatment in 

those with lung function impairment and those who had normal lung function 

were 44 and 36 respectively ( p-value 0.02) and after completing treatment it 

was 15 and 11 (p-value 0.004). The mean total score in quality of life 

questionnaire reduced from 41.45 ± 16.92 before treatment to 13.34±7.65 after 

completing ATT. The difference in total SGRQ score who had normal lung 
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function and lung function impairment was statistically significant (p-value 

0.04). 

CONCLUSION: 

In our study we conclude that there is significant impairment in lung 

function in pulmonary TB patients which persist despite microbiological cure. 

The predominant defect is restriction (44%) and our study showed a lower 

incidence of obstructive defect (9%) in contrast to many others. Using FVC 

alone over diagnosed restriction in few patients, hence it is ideal to do TLC to 

identify true restriction. There is significant improvement in chest x-ray and 

quality of life with anti-tuberculous treatment which correlates with lung 

function. Our study results show the need for lung function testing in TB 

patients. Hence it is advisable to do spirometry atleast while completing 

treatment, for early identification of those with impaired lung function due to 

TB. 
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                                                        TITLE 

THE EFFECT OF APPROPRIATE ANTI TUBERCULOUS THERAPY ON 

RECOVERY OF PULMONARY AND PLEURAL TUBERCULOSIS AND 

THE IMPACT OF TUBERCULOSIS ON LUNG FUNCTION AND 

QUALITY OF LIFE IN NEWLY DIAGNOSED PATIENTS 

 

INTRODUCTION 

 

Tuberculosis is one of the leading causes of death globally and is the 

single most infectious disease with the highest mortality.  In 2017, TB caused 

an estimated 1.3 million deaths among HIV-negative people and there were an 

additional 300 000 deaths from TB among HIV-positive people. Also, global 

estimate is that 10.0 million people developed TB disease in 2017 of which 5.8 

million were men, 3.2 million were women, and 1.0 million were  children(1) . 

 

Figure 1: Incidence of TB in India 2017 (1) 
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Figure 2: Mortality of TB in India , 2017 (1) 

 

The incidence of TB is 204 per lakh population. The mortality because 

of TB excluding those with HIV has come down from 60 to 31 per lakh 

population over last decade as per WHO 2018 TB burden report. Mortality 

reduction can be attributed to early identification, awareness of drug resistance 

tuberculosis, better diagnostic modalities and treatment available. 

 

TB is an infectious disease caused by the bacillus Mycobacterium 

tuberculosis. It typically affects the lungs (pulmonary TB) but can also affect 

other sites (extrapulmonary TB). 

 

Currently, treatment is based on four drug regimen consisting of 

Rifampicin, Isoniazid, Pyrazinamide and Ethambutol for drug-sensitive TB and 

patient specific treatment for Multidrug-resistant tuberculosis. Treatment 

success rates are above 95% in drug-sensitive TB(2). 
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In patients infected with M. tuberculosis, whether treated or untreated, a 

variety of pulmonary and extra-pulmonary sequelae and complications can 

occur which can be parenchymal, airway involvement or pleural (3). Structural 

changes lead to obstructive, restrictive, or mixed patterns of impaired 

pulmonary function. Previous studies in patients with pulmonary tuberculosis 

(PTB) have demonstrated that 33.3-94.0% of such patients develop impairment 

in pulmonary function(4) .  

 

Pulmonary impairment after tuberculosis (PIAT) refers to chronic 

pulmonary function loss that occurs in persons who have achieved 

microbiologic cure after pulmonary tuberculosis. Patients usually have 

pulmonary function abnormalities after completing treatment for pulmonary 

tuberculosis. Patients who are treated for tuberculosis are not routinely 

evaluated for these permanent changes. During treatment of tuberculosis 

performing repeat x-ray is considered not essential as per guidelines. 

Evaluation after a cure is only done for symptomatic patients and on suspicion 

of re-occurrence. Symptoms of pulmonary impairment are not present in all 

patients. Symptoms of pulmonary impairment generally do not occur in 

patients with chronic lung disease until FEV1 has fallen to 50% of normal 

values (5).Incidence of obstructive and restrictive lung disease post 

tuberculosis is not a well-established phenomenon and has a varied prevalence 

according to different studies. 
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There are no prior Indian studies which look at the trend of lung 

function change during the course of illness. So our study was designed to 

capture the change in lung function through the course of illness by following 

lung function before initiating ATT and after completing treatment which will 

add valuable information to the existing knowledge. 
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                                  REVIEW OF LITERATURE 

 

Tuberculosis is caused by the bacteria Mycobacterium tuberculosis. It is 

one of the oldest diseases known to humans and studies suggest that it could 

have emerged as early as 70000  years before in Africa(6)  . It is one of the 

leading causes of mortality among infectious diseases. The disease burden of 

Tuberculosis is high among emerging countries. TB most commonly affects the 

lungs, followed by lymph nodes. Transmission usually takes place through the 

airborne spread of droplet nuclei produced by patients with infectious 

pulmonary TB.  

 

Mycobacteria belong to the family Mycobacteriaceae and the order 

Actinomycetales.   

 

M. tuberculosis complex comprises eight distinct subgroups, the most 

common of which is M. tuberculosis (7).It is a thin, rod-shaped, non-spore 

forming aerobic bacteria, which is not decolorized by acid alcohol, hence 

called as acid-fast bacilli. This characteristic is due to the high content of 

mycolic acids, long-chain cross-linked fatty acids, and other cell-wall lipids 

(8). 
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Risk factors for TB: 

 

1. Exposure related:  

 

a) Bacillary load and sputum status of index case: 

Epidemiological studies have shown that smear positive cases are more 

infectious than smear negative cases (9).  A sputum positive patient can infect 

approximately 10 individuals per year, and each smear positive case can lead to 

at least two new cases of TB, of whom at least one will be infectious (10).  

Espinal and colleagues, in their study of 803 household contacts of 174 index 

TB patients, studied the effect of HIV on the infectiousness of Mycobacterium 

tuberculosis. In the sub analysis, odds of TST positivity for contacts with an 

index case sputum smear grade 1–10 (bacilli per field)  was 1.98 and >10 

(bacilli per field) was 5.88 compared to 0 (bacilli per field), which clearly 

shows that being a contact  with a patient coughing up higher amount of bacilli  

was associated with a greater likelihood of having a positive TST (11) 

 

b) Proximity to infectious case:  

Close contacts of infectious TB cases including household contacts and 

caregivers/health care workers are at a higher risk of becoming infected with 

Mycobacterium tuberculosis and the development of primary active 

tuberculosis(12) . Morrison and colleagues performed a systematic review of 

41 studies to determine the yield of household contact investigation. 
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They concluded that bacteriologically confirmed and clinically 

diagnosed were found in 4.5% of contacts investigated. Latent tuberculosis 

infection was found in 51.4% of contacts investigated. Latent TB was 

diagnosed by Tuberculin skin testing and the test is limited in its interpretation 

because of false positive and false negative results(13). 

 

 

Figure 3: TB risk factors 26 

 

2.Factors related to the individual: 

 

a) Immunocompromised :  

Association of TB with HIV has higher mortality and morbidity. HIV 

infection is the most potent immunosuppressive risk factor for developing 

active TB(14).  HIV coinfection exacerbates the severity of existing TB  and 

also TB coinfection accelerates HIV replication (15).  
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b) Malnutrition: 

Micro and macro deficiency increases the risk of TB because of  

impaired immune response to the disease causing organism (16) (17). Also TB 

itself can lead to malnourishment because of decreasing appetite and cachexia 

(18). 

 

c) Diabetes: 

Diabetes has been shown to increase the risk of active TB. It is mainly 

postulated to be due to impaired immune mechanisms leading to an 

immunosuppressed state (19).  A reverse association where TB can cause 

glucose intolerance and worsen glycaemic control in subjects with diabetes has 

also been identified (20). Poor glycemic control is a significant challenge in 

treatment of TB. 

 

d) Young age: 

Children are at higher risk of contracting TB infection and disease. 

Studies show that disease transmission is as high as 80% on contact with 

smear-positive cases(21). The majority of the children less than 2 years of age 

get infected from the household source case, whereas, with children more than 

2 years of age, are infected in the community. 
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3. Socio economic and behavioral 

 

a) Smoking and Alcohol: 

Bates and colleagues, in a meta-analysis of 24 studies on the effects of 

smoking on TB, showed that the relative risk (RR = 2.3–2.7) was high among 

smokers in developing TB in comparison to nonsmokers. There was clear 

evidence that smoking  is a risk factor for TB infection and disease, with an 

additional risk of death in persons with active TB (22).  

 

Alcohol is also associated with an increased risk of TB disease. A 

systematic review of 3 cohorts and 18 case-control studies concluded that the 

risk of active tuberculosis is increased among people who drink more than 40 g 

alcohol per day and/or have an alcohol use disorder(23) . 

 

b) Poverty:  

TB burden is higher in countries with high poverty and low gradient of 

income(24). The low socio-economic group is associated with an increased risk 

of active TB. It is primarily due to a variety of factors including malnutrition, 

indoor air pollution, alcohol, exposed to crowded, less ventilated places and 

use of biomass fuels for cooking(25) (26). 
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Pathophysiology of TB: 

 

In primary TB,  when a person with an intact immune system, inhales 

the  Mycobacterium tuberculosis bacilli that happens through droplet infection, 

the macrophage encounters and kills the bacteria. When the immune system 

does not kill the bacteria, they signal the production of various Interleukins and 

pro-inflammatory cytokines. They proliferate within dendritic cells and 

alveolar macrophages at a rapid rate. This proliferation is mediated by pattern 

recognition receptors. In TB there is be a detectable cellular response after 

about 2 - 12 weeks after infection(27) . The primary TB is usually localized 

and is known as the Ghon’s focus, which forms a granuloma in the middle or 

lower lobe of lung. Ghon’s complex is Ghon’s focus with hilar or paratracheal 

adenopathy with pleural reaction. In most infected individuals, Ghon’s focus 

does not progress to diseases. This state is known as latent tuberculosis (28). 

 

In post-primary TB,   systemic immunity subverts to produce local 

susceptibility in the apex of the lung. It begins in the part of lung with the 

lowest ventilation, perfusion, and then causes abnormality in alveolar 

macrophages, block the exits and suppress inflammation to further isolate the 

area with post obstructive pneumonia. This provides a safe place for 

tuberculous bacilli to drive prolonged accumulation of host lipids and 

mycobacterial antigens in an otherwise immune person. After many months, 

the affected lung undergoes caseation necrosis with only a few bacilli. The 
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necrotic tissue can become fragmented to produce a cavity or hardens to 

develop the fibro-caseous disease (29).  

 

Figure 4  Natural History of TB(30). 

 

Drug-resistant tuberculosis: 

 

Drug-resistant TB is one of the biggest challenges to treatment of TB 

and ultimately to the elimination and eradication of TB 

 

Multi-Drug Resistant Tuberculosis (MDR-TB): 

 

MDR – TB is resistance to anti-tubercular medications which include at 

least the two standard anti-tubercular medications namely Isoniazid and 

Rifampicin. Only25% of MDR cases are due to acquired resistance, whereas 

the remaining 75% is due to due to direct infection by MDR bacilli (28). 
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Extensively Drug-Resistant Tuberculosis (XDR- TB): 

 

Mycobacterium which is resistant to at least four of the anti-tubercular 

drugs including resistance to Rifampicin and Isoniazid, and resistance to any of 

the two newer drugs which include the Fluoroquinolones (Levofloxacin or 

Moxifloxacin) and the second line injectable aminoglycosides like Amikacin, 

Capreomycin, and kanamycin (28). 

 

Diagnosis of TB: 

 

Diagnosis of Tuberculosis requires high suspicion when a patient 

presents with cough, fever and weight loss for more than 2 weeks duration. In a 

resource-limited settling above symptoms with chest x-ray showing upper lobe 

involvement is very likely to be TB, though this is not specific.  

 

Radiological studies: 

 

Chest Xray: 

A chest x-ray is one of the first investigations in a proven or suspected 

case of TB. Chest x-ray alone will over diagnose TB even in endemic areas. 

The findings are specific but can be atypical in coexisting conditions like HIV 

or childhood TB.  It should be remembered that X-ray is not specific for 

diagnosing TB (31).    In the old era mass miniature X-ray (MMR) was used as 
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an active case finding tool. However it was later concluded that MMR is not 

cost effective like sputum smear examination and it tends to over and 

misdiagnose patients. In Post-primary TB healing occurs with parenchymal 

scarring and nodules. It is important to determine whether these residual 

findings are indicative of active disease. Chest X-ray has limited value since it 

can only establish a lesion and lesion may or may not contain active bacilli(32).  

 

Ralph et all published a simple, validated method to score extent of 

chest xray involvement in sputum smear positive pulmonary TB patients. This 

scoring system correlates with baseline clinical and sputum smear severity at 

the time of diagnosis with response to treatment. The features in chest 

radiology that predicted the outcome were area of lung involvement and 

presence of cavitation. Percentage of lung involvement is 0 to 100%. If there is 

additional cavitation a score of 40 is given. In total with percentage of lung 

involvement and cavitation the total score ranges from 0 to 140. Other 

radiological features like size of cavity or mediastinal adenopathy did not 

correlate with the outcome.  

 

 While assessing outcome at 2 months, chest xray scores were 

statistically and clinically associated with severity of sputum smear at 

diagnosis (p<0.001), lung function, body mass index, quality of life and 

exercise tolerance  (p<0.02 for each) (33). 
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Computer Tomography (CT): 

 

Chest computer tomography is required in cases where a small lesion 

may have been overlooked by X-ray, equivocal cases and also where 

complications need to be evaluated(34).  But CT doesn't significantly alter the 

diagnosis or management as demonstration of bacilli is pivotal for diagnosis.  

O N Hatipoglu et all looked the features of active pulmonary TB in high 

resolution CT and identified that "tree-in-bud" appearance (n = 23),  

centrilobular lesions (n = 29), and macronodules 5-8 mm (n = 22) correlated 

with active TB. However, in post tuberculosis inactive patients, findings were 

distortion of bronchovascular structures (n = 32), bronchiectasis (n = 24), 

emphysema (n = 28) and fibrotic lesions (n = 34). So HRCT was able to 

differentiate active lesions from inactive ones(35) 

 

Im et all described sixteen different radiological signs on CT, which are  

tree in bud appearance, centrilobular nodules, poorly defined nodules, cavity, 

consolidation, bronchial wall thickening, mediastinal adenopathy, 

bronchiectasis, fibrotic bands, mosaic attenuation, increased attenuation, 

miliary pattern, emphysematous pattern and pleural effusion(36) .  

 

Indications to do CT are a) In suspected and diagnosed TB patients with 

negative sputum AFB/ CBNAAT with equivocal chest xray and clinical 
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profile, as part of complete assessment in patients suspected to have extra 

thoracic involvement. 

 

b) In diagnosed TB patients - to assess disease activity when there is 

persistent or worsening lesion on chest x-ray or when any other etiology is 

suspected to co exist. CT can be done when complications of TB are suspected 

or for evaluation of suspected post TB sequelae(30).  

 

Microbiological diagnosis: 

 

Samples: 

The samples that are usually used in the diagnosis of pulmonary TB are 

sputum, gastric lavage (in children), bronchoalveolar lavage and lung biopsy 

specimen. Samples that can be used for diagnosis of Pleural TB are pleural 

fluid or pleural tissue. 

 

AFB smear microscopy: 

In pulmonary TB, sputum smear is the most rapid and inexpensive 

diagnostic tool. Sputum examination is done by direct microscopy by either 

light microscope using Ziehl Neelson technique which demonstrates acid fast 

bacilli (AFB) or by LED Fluroscence  microsocpy . LED-based microscopy 

was introduced in 2009 by WHO. WHO recommended that laboratories where 

fluorescence microscopy is currently used should be  replaced by LED 
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microscopy, and in laboratories using Ziehl-Neelsen light microscopy,  LED 

microscopy to be phased in as an alternative(37). Sputum microscopy cannot 

distinguish viable from non-viable organisms. It cannot differentiate 

mycobacterial species. Sensitivity of AFB smear is  reduced in advanced HIV  

and  extra-pulmonary TB(38). Microscopy is present in all primary care centers 

and the inconvenience of 3 samples has been reduced to two by WHO in 

2007(39).Well trained technician and two good samples of sputum can detect 

up to 95% of smear-positive cases(40) .Though microscopy is relatively 

specific it has variable sensitivity and cannot identify the drug-resistant 

organisms.  

 

Same-day sputum smear microscopy is as accurate as standard smear 

microscopy. Meta-analysis by Davis et all showed that  standard 2 days 

examination of sputum AFB smear and same day 2 smear examination had 

same sensitivity (64% for standard microscopy vs 63% for same-day 

microscopy) and also similar specificity(41). The yield of AFB smear on 

pleural fluid is less than 10% (42). 
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Table 1 AFB smear load (43) 

 

Mycobacterial culture: 

 

Culture provides accurate diagnosis and valuable information on drug 

susceptibility and remains the gold standard. On Comparison with sputum 

smear microscopy which requires about 10,000 AFB’s per ml of sputum to be 

positive, sputum culture requires as less as 100 bacilli per ml. Thus sputum 

culture has a higher sensitivity than sputum microscopy.  

 

Sputum culture can identify mycobacterial species and drug resistance 

pattern(39). Different culture methods are Lowenstein Jensen medium which is 

egg based, Middlebrook 7H10 or 7H11 which is agar based and Middlebrook  

7H12 and other commercially available broths which are Liquid medium.  

No of bacilli 

observed 

Estimated concentration of 

bacill/ml sputum 

Probability of a 

positive result 

0 in 100 or more 

fields 

< 1000 <10% 

1-2 in 300 fields 5000 – 10,000 50% 

1-9 in 100 fields ^ 30,000 80% 

1-9 in 10 fields ^50,000 90% 

1-9 per field ^100,000 96.2% 

10 or more/field ^500,000 99.5% 
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Advantage of liquid medium is that it is less time consuming (usually 1 to 3 

weeks) compared to solid medium which is usually four to eight weeks. In 

2007 WHO introduced Liquid media for culture and DST and recommended 

that  as a step-wise approach liquid medium for culture and DST in middle-

income and low-income countries(37).  

 

In smear negative patients the yield of MGIT was 29.7% compared with 

LJ medium which was 22.8%. Of the 162 smear positive patients 151 (93.2%) 

were positive for MGIT, 144 (88.9%) were positive on LJ and 138 were 

positive on both. However contamination rates were higher for MGIT (16.7%) 

compared to LJ (9.3%). In terms of yield and  rapid results Mycobacterium 

Growth Indicator Tube (MGIT) is superior to  Löwenstein-Jensen (LJ) medium  

with however higher cost and more contamination rate  (44).  The diagnostic 

yield of conventional culture in pleural TB ranges between 12 to 70%(42).  

 

The appearance of MTB on egg-based media like LJ media is a general 

rough and dry appearing colony simulating breadcrumbs and is non-pigmented. 

On agar based media like middle brook medium, they appear to be flat, dry 

with rough and irregular edges.  
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Molecular methods: 

 

XPERT:  

 

It is a cartridge-based Nucleic Acid Amplification test and the cartridge 

is pre-loaded with all required reagents to run the test. It takes only two hours 

to confirm the diagnosis and also to give DST on rifampicin sensitivity by 

locating the rpo B gene. The Meta analysis by WHO showed pooled sensitivity 

for detection of pulmonary TB was 88% and the pooled specificity was 99%.  

When Xpert  is  used as additional test after  a smear  negative smear-

microscopy,  then the pooled sensitivity was noted to be 68% and the pooled 

specificity was 99% (45) .  The pooled sensitivity of  pleural fluid Xpert while  

comparing  to pleural fluid culture is  51.4%(46). 

 

Boeheme et al assessed the performance of sputum XPERT. In culture 

positive patients the sensitivity of XPERT for the diagnosis of TB who were 

AFB smear positive was 98.2% and those who were AFB smear negative was 

72.5%. The specificity was 99.2%.  (47). Sputum XPERT gives a rapid 

diagnosis of pulmonary TB and information on INH and rifamipicin resistance 

but it provides no help in choosing the antituberculous treatment.   

 

In March 2017  a next generation test was introduced which was called 

as GeneXpert Ultra/Ultra. Sensitivity of Ultra is higher than Xpert in general 
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and also in smear negative culture positive patients, children, HIV infected 

patients and in extrapulmonary TB. However the specificity was found to be 

low compared to Xpert(48).   

 

Line probe assay:  

 

 To decrease the mortality and morbidity and also to prevent emergence 

of new infections due to drug resistant TB, rapid diagnostic tests are needed. 

The turnaround time of conventional phenotypic solid assays are around eight 

to twelve weeks.  Resistance to isoniazid is due to mutations in katG 

predominately, followed by mutations in InhA active site and also in the 

promoter region of ahp C. Mutations in the rpo B region are found in about 

96% of rifampicin-resistant M. tuberculosis specimen (49).  Following multiple 

meta-analysis WHO recommended that commercial line probe assays can be 

used  as the initial test instead of phenotypic culture-based DST in smear 

positive patients.  However it is not  recommended to replace conventional 

culture which is still required to diagnose resistance to other ATT drugs(48).   

 

Pulmonary impairment after tuberculosis: 

 

Patients with pulmonary TB develop structural changes in lung which 

can result in alterations in lung function during illness and after obtaining 

microbiological cure. Changes can be pleural, parenchyma scarring or 
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bronchial stenosis. The lung function impairment can persist even after 

attaining microbiological cure following treatment (50). According to various 

Studies it varies between a range of 32-80%(51). TB patients are not routinely 

screened to identify these changes. Impairment can present as obstructive 

ventilatory defect which can be reversible or irreversible, restrictive or mixed 

ventilator defect. Obstructive airway defect is related to inability to exhale air 

completely which could be due to narrowing of airways which is induced by 

inflammation. Whereas restrictive defect which is inability to inhale air 

completely which could be due to extensive fibrosis of lung parenchyma. 

Majority of the studies has identified obstructive defects as the predominant 

defect. A metanalysis by Allwood et all proved a significant  association with 

Odds ratio of 1.37 -2.94  between pulmonary TB  and chronic airflow 

obstruction (52).  

 

Figure 5 Mechanisms of pulmonary function impairment in Tuberculosis(53) 
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Obstructive ventilatory defect in tuberculosis: 

 

Post TB obstructive ventilatory defect can be reversible as in asthma or 

irreversible as in chronic obstructive pulmonary disease. GOLD 2019 defines 

airflow limitation as post bronchodilator FEV1/FVC less than 0.7 (52). 

 

TB and asthma: 

 

Mechanism proposed for asthma like changes, post TB is 

immunological. The T helper lymphocyte(Th1) subgroup plays the major role 

in development of TB and the Th2 subgroup of lymphocytes in bronchial 

asthma.  After treatment with antituberculous drugs Th1 levels decreases. A 

subset of these patients develops airway obstruction by Th2 lymphocytes 

which manifests as asthma on aggravation(54). Hypothesis states that Th1 and 

Th2 levels are not elevated together. So asthma and active TB do not attain the 

maximum activity simultaneously.  
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                 Figure 6 Role of Th1 and Th2 in asthma and tuberculosis(55) 

 

The study by Garg et al looked at association between TB and asthma. 

They included 69 patients with concomitant TB and asthma, of which 48  (69.6 

%)  patients developed asthma after TB and 21(30.4%) developed TB after 

asthma. 25 out of the 48 who developed asthma after TB did so within 5 years 

of antituberculous treatment and only 2 out of 48 had family history of 

asthma(56).  Another study which was done on 55 patients who were  

diagnosed to have pulmonary tuberculosis and completed the course of ATT 

with post TB asthma showed that 50% of them developed asthma within first 

one year and rest within 10 years. 25% of patients had family history of asthma 

(55). 
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TB and COPD: 

 

Different mechanisms proposed for the development of chronic 

obstructive pulmonary disease(COPD) after TB disease as characterized by 

irreversible obstructive ventilatory defect in PFT are structural damage of 

airways, cavitation, bulla formation, bronchiolar narrowing, extensive fibrosis,  

bronchiolitis obliterans (57) (54). Studies show an association of matrix-

metalloproteinase system (MMPs) in development of obstructive airway defect. 

Destruction of extra cellular matrix such as collagen and elastin by MMPs is 

essential for the formation of cavitation in TB and MMPs are likely to play a 

role in TB pathogenesis. Similarly in COPD degradation of Type 1 collagen 

and elastin by MMPs is considered to cause airway remodeling(58). 

Destruction caused by MMPs in TB and COPD and the remodeling of ECM 

plays and important role in development of COPD after TB disease. Other 

mechanism considered is latent intracellular mycobacterial infection leading to 

dysregulation of macrophages. It is proven that lung macrophages kill bacteria 

and their dysregulation has an important role in development of chronic airflow 

obstruction after TB. So it is considered that  latent mycobacteria in lung 

macrophages  leads to maintenance of inflammation leading to  airway 

remodelling (59) (60) (61) .  It appears that the susceptibility to develop active 

TB and COPD comprises a complex interaction between the genetic and 

environment components. The outcome relies on the net result of imbalance 

between proteases anti-protease imbalance, and  oxidative stress(62). 
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The PLATINO study which was a multicentre trial done in 5 centres in 

Latin America evaluated the association between airflow obstruction and 

Tuberculosis. Of the total 5571 subjects included 132(2.4%) had a past history 

of Tuberculosis. Among those with a past history of TB the prevalence of 

airflow obstruction was 30.7% while compared to those without past history of 

TB, 13.9%.  Also the association of TB was significant with FEV1 than FVC. 

PLATINO study concluded that there is association between history of 

Tuberculosis and airflow obstruction(63). 

 

BOLD study which is a multicentral trial on COPD patients had data on 

patients with history of TB. The adjusted odds ratio of participants with self-

reported history of TB with restrictive  pattern and obstructive pattern were 

2.13 and 2.51 respectively(61).  

 

  Case control study by Agarwal et al looked at the prevalence of TB-

associated COPD in patients presenting to OPD among  COPD patients.  Stable 

COPD patients and healthy controls were enrolled in equal number. There was 

past history of pulmonary tuberculosis in 24 out of 74 patients (32.4%). While 

comparing with controls the  odds of history of previous  pulmonary TB in 

COPD patients was noted to be 3.96 ( 95% confidence interval: 1.64–9.55 and  

P value of 0.002 ) while comparing to controls(64). 
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Yakar et al analysed 598 patients who were hospitalized for 

exacerbation of COPD and they were divided into two groups based on 

presence or absence of TB history.  Out of 598, 93 patients (15%) gave past 

history of TB. Those patients with history of TB were 4 years younger 

compared to the other group with P value of 0.002. Other findings noted in the 

group with past history of TB are earlier COPD diagnosis by 4 years, higher 

hospitalization rate and lower FEV1. And the study concluded that TB 

influences the natural history of COPD (65).  

 

 Another recent study which recruited 172  patients from CTRIUMPH 

study which is part of RePORT India Tb consortium detected airflow 

obstruction in 42(24%) patients and restrictive spirometric pattern in  89 (52%) 

patients(66). Study by Plit et all which included 76 TB patients showed that 

with anti tuberculous treatment there was improvement in lung function in 54% 

but there was residual airflow obstruction in 28% and restrictive defect in 

24%(67).  

 

The study by Akkara et all which included 264 patients who completed 

treatment for TB reported a high incidence of obstructive defect.  Obstructive 

airway disease was seen in 223 (86.8%) patients with 64(28.7%) having 

combined restrictive ventilatory defect.  This study showed a very high 

incidence of obstructive airway disease post TB compared to the other 

studies(51). 
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Restrictive ventilatory defect in tuberculosis: 

 

According to European Respiratory Society restrictive pattern in 

spirometry is defined as either an increase in FEV/FVC ratio and or  decrease 

in forced vital capacity (FVC)(68). Scarring leading to loss of lung parenchyma 

in TB during and post ATT leads to restrictive pattern in spirometry.  

 

Case control study done in 107 PTB patients and 210 Latent TB (LTBI) 

patients showed any abnormality in 59% of Tb patients and 20% of latent TB 

patients. Restrictive pattern was most common in both groups with 31% in TB 

group and 15% in LTBI group. Patients in TB group  were 5.4 times more 

likely to have abnormal lung function   than  LTBI group(69). 

 

Study by Plit et al howed that there was significant improvement in 

FEV1during treatment implying that successful therapy prevents restrictive 

defect more than obstructive ventilatory defect(67). Acccording to  Gupte et al 

study, diabetic patients  treated for Pulmonary TB, had lower FVC  and the 

Odds of developing restrictive ventilatory defect was higher (66). However 

such relation was not found in any other studies. 
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           Figure 7 Lung function impairment and immunological modulators (53) 

 

Diffusion lung capacity and TB: 

 

The effect of TB on Diffusion lung capacity for carbon monoxide is not 

well studied. In 159 TB patients who had either fibrocavernous, focal or 

infiltrative disease, DLCO and DLCO/VA with other parameters was analysed. 

In patients with fibrocavernous and disseminated TB half of them had decrease 

in DLCO and in those with focal disease only one fifth had decrease in DLCO.  

The important factor causing decrease in DLCO in patients with 

fibrocavernous and disseminated disease is reduction in effective alveolar 

volume which leads to reduction in respiratory surface of the lung. The main 
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cause of infiltrative tuberculosis was reduction in alveolocapillary membrane 

permeability (70). 

 

Kiryukhina at al  evaluated  the effect of COPD and smoking  on DLCO 

in TB patients and divided the patients into 3 groups as non-smokers, smokers 

without COPD and COPD.  DLCO was moderately decreased in non -smokers 

and smokers without COPD. Most significant decrease in DLCO was noted in 

patients with COPD and TB (71). There is not much evidence available for 

association between TB and DLCO. 

 

St George's Respiratory Questionnaire: 

 SGRQ questionnaire which principally has 50 items which was 

designed to measure health impairment in patients with asthma and COPD, 

which was later validated for use in bronchiectasis and post tuberculosis. It is 

in two parts. Part I (1-7 are Summed) produces the Symptoms score, and Part 

2(Questions 8-14) the Activity and Impacts scores. A Total score is also 

produced(72). 

 

SYMPTOMS COMPONENT: This consists of all the questions in Part 1and 

includes Questions 1-7 of single response.  

ACTIVITY COMPONENT: This is calculated from the summed weights for 

the positive responses to items in questions 9 and 12.  
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IMPACTS COMPONENT: This is calculated from Questions 8, 10, 11, 13, 

14 in Part 2 of the questionnaire and weights for all positive responses to items 

in Questions 10, 11, 13 are summed together with the responses to the single 

item that should have been checked in Questions 8 and 14. In the case of 

multiple responses to either of these items, the average weight for the item 

should be calculated. 

TOTAL SCORE: The Total score is calculated by summing the weights to all 

the positive responses in each component. 

 

The study by Pasipanodya et al on assessing quality of health in patients 

treated for pulmonary tuberculosis, SGRQ scoring has been used in diverse 

population microbiologically cured of tuberculosis. Over 15 months, 313 

subjects completed the SGRQ tool. The SGRQ was found to be valid and 

reliable in the study population. They concluded in their study that the SGRQ 

is a valid measure to distinguish different levels of impaired health in persons 

with a history of PTB and there are substantial health differences in these 

subjects and a similar comparison group. Patients with microbiologically cured 

PTB had a mean 13% lower SGRQ score than those with similar risk factors. 

So a supporting care with more aggressive treatment of LTBI is essential with 

other disease preventing strategies worldwide(73).  

 

         In Banu Rekha et al’s study the  long term status of sputum positive 

pulmonary TB patients successfully treated with short course chemotherapy 
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was assessed with pulmonary function tests (PFT) and St Georges respiratory 

questionnaire (SGRQ) was used to assess the (HRQoL) health related quality 

of life. Among the investigated, 58 (29%) had persistent respiratory symptoms; 

170(86%) had radiological sequelae but none had active disease. Abnormal 

PFT was observed in 96 (65%) with predominantly restrictive type of disease 

in 66(45%). The SGRQ scores for activity and impact were high implying 

impairment in HRQoL. The patients with a FEV1 % Pred. of <80% had high 

SGRQ scores implying poor quality of life though it did not attain statistical 

significance in this study.  The major limitation they had was the observations 

were not be confined to TB sequelae alone but also due to the aging and also 

other health related factors in those patients. So they concluded that their 

findings suggest that the scores of the treated PTB patients were high when 

compared to the general population. Similar to earlier SGRQ studies in PTB 

patients, the score for impact was lower than that of symptom and activity. The 

scores were less when compared to patients with other respiratory diseases like 

interstitial lung disease, COPD or bronchiectasis. These findings suggest that 

HRQoL among treated PTB patients was suboptimal when compared to the 

general population, but better when compared to other respiratory diseases(74). 

 

The study by Vijay Nair et al was done on 432 patients who were 

treated for PTB. Their health status was assessed with Chest radiographs which 

was analyzed and ranked according to Willcox into three degrees, pulmonary 

function test was done and Marathi version of St. George’s Respiratory 
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Questionnaire [SGRQ] was used to assess the quality of life. The predominant 

lung function abnormality was restrictive type of disease in 155 (35%) patients 

followed by mixed pattern in 90 (20.3%) and obstructive in 46 (10.4%) 

patients. St Georges Respiratory Questionnaire (SGRQ) scores were higher in 

the study subjects. The mean SGRQ scores for symptom, activity and impact 

were 22.44, 33.02 and 19.44 respectively. They concluded that patients who 

have suffered from pulmonary tuberculosis have poor quality of life scores. 

Health related quality of life scores (SGRQ) had good correlation with chest x-

ray findings and spirometric analysis. So they have advised that all patients 

post pulmonary tuberculosis should undergo pulmonary rehabilitation for better 

quality of life(75). 

 

The study by Chushkin Mchushkin et al, the aim of which was to assess 

the usefulness St. George's Respiratory Questionnaire (SGRQ) for predicting 

low lung function in patients after treatment of pulmonary tuberculosis, so 

investigated on 226 patients older than 40 years who were cured for pulmonary 

tuberculosis (145 males and 81 females). Quality of Life was studied by SGRQ 

and pulmonary function was studied by spirometry. Receiver Operating 

Characteristic (ROC) curve analysis was used for assessment of sensitivity and 

specificity. Total SGRQ of 29% may be the best cut-off in low pulmonary 

function detection. Higher Total SGRQ score was associated with higher 

probability of low pulmonary function(76). 
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Preventive methods can be employed to  prevent patients developing 

lung function impairment due to TB. Primary prevention is by preventing TB 

infection. Secondary prevention is by preventing patients with latent TB 

developing active TB. Tertiary prevention is by proper treatment for TB 

patients which will reduce residual lung damage(50). 

 

In prior studies which looked at lung function impairment in TB 

patients, spirometry was done after treatment completion and most of them 

showed a higher rate of obstructive ventilatory defect. But our study aimed at 

finding the change in lung function through the course of illness by following 

lung function before initiating ATT and after completing treatment which will 

add valuable information to the existing knowledge. 
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MATERIAL AND METHODS 

 

Aim and objectives: 

Aim: 

 

                    To study the Impact of Pulmonary and Pleural Tuberculosis on 

Pulmonary function and Quality of Life(QOL) in newly diagnosed patients and 

effect of appropriate Anti tuberculosis treatment on their recovery. 

 

Objectives: 

 

Primary Objective: 

  To assess the change in pulmonary function in pulmonary and pleural 

tuberculosis (TB) patients on anti-tuberculosis therapy (ATT) from the time of 

diagnosis to treatment completion. 

 

Secondary Objectives: 

• To assess the risk factors associated with improvement or persistence 

and worsening of pulmonary function impairment in TB patients on 

ATT 

• To estimate the percentage of patients developing persistent pulmonary 

function impairment at treatment completion with microbiological cure. 
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• To correlate time to smear/culture conversion with pulmonary function 

impairment 

• To correlate lung function impairment with initial and residual 

radiological impairment 

• To assess change in quality of life with treatment by SGRQ 

questionnaire and correlate with lung function. 

 

Study design:  

Prospective Cohort study  

 

Study Setting:  

• Outpatient department and Inpatient department of Pulmonary Medicine 

and DOTS clinic, Christian Medical college, Vellore, a tertiary care 

hospital in Tamilnadu, South India.  

• Recruitment was done from February 2018 to February 2019. 

• Institutional review board and ethical clearance obtained. IRB   min 

no:11153. 

 

Participants:  

 

Inclusion Criteria: 

Newly diagnosed Sputum smear AFB positive or Sputum XPERT positive  
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Newly diagnosed Pleural TB – Histo-pathology /Tissue smear/AFB/Culture 

positive  

Age : >18 years 

Exclusion criteria: 

Age <18 years  

Pregnancy  

Active hemoptysis  

Underlying lung pathology (ILD, COPD, asthma)  

MDR and XDR TB  

Uncontrolled hypertension  

Bleeding disorders  

Psychiatric illness  

Patients not able to perform spirometry (chest or abdominal pain/stress in 

continence)  

Recent surgery/MI (I month)/pneumothorax  

Non adherence to treatment 

Not willing to give consent 

 

Method: 

 

It is a prospective, observational cohort study in which all consecutive 

newly diagnosed pulmonary and pleural tuberculosis patients were screened 

and those who were eligible according to study protocol were included. 
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Pulmonary tuberculosis was diagnosed based on clinico-radiological and 

microbiological evidence (Xpert or AFB smear) or histopathology from lung 

biopsy specimen. Pleural Tuberculosis was diagnosed based on either Pleural 

fluid analysis( Xpert or AFB smear ) or Histopathology consistent with TB. 

Basic demographic details, comorbidities and details of symptomatology were 

obtained from the patients using CRF. Patients were followed up at 2nd month 

after completion of intensive phase and 6th month at the time of treatment 

completion. 

 

Sputum AFB smear was categorized into None, scanty, +1, +2,+3  . 

Xpert TB PCR of the sputum was categorized into Very low, low, moderate 

and heavy categories based on our Microbiology lab reports. Sputum culture 

done by either MGIT or LJ culture was classified as growth present or no 

growth and the sensitivity pattern was analysed. If any resistance pattern was 

noted in the culture during follow up, those patients were excluded from the 

study.  

 

Anemia was diagnosed and severity was classified based on WHO 

guidelines. In women, normal is 12g/dl or more, Mild anemia is 11-11.9g/dl, 

Moderate anemia is 8-10.9g/dl and severe anemia as less than 8g/dl. In men, 

normal is 13 g/dl or more, Mild anemia is 11-12.9 g/dl, Moderate anemia is 8-

10.9 g/dl and Severe anaemia is< 8 g/dl (77) . Diabetes was diagnosed based on 

HbA1c cut off by American Diabetes Association as normal when less than 
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5.7, Pre-diabetic between 5.7 – 6.4% and diabetic when more than > 6.5% 

(ref)(78). Body mass index (BMI) was classified based on International 

association for study of obestity, the  Asia perspective (79). Underweight less 

than 18.5kg/m2, Normal between 18.5-22.4 kg/m2 , Overweight between 22.4 

to 24.9 and Obesity more than 25 kg/m2. 

 

Chest xray Scoring:  

 

Scoring system used was adapted from Ralph et all in 2010  for use by the 

RePORT consortium Investigators(33) (80). The scoring is as follows:  

• Percentage of lung involved was given a score of 0-100%  

• If cavitation was present a score of 40 was added 

• Total score ranges from 0 to 140. 

Patient’s chest x-ray score at baseline was compared with 2nd month and end of 

treatment for improvement. Radiological resolution was compared with lung 

function. 
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CHEST X-RAY FORM 

 

Participant ID: - - Visit Date: - -

 

 

Site ID:  

 

Visit Type: Baseline     Month 2 End of TX  

CHEST X-

RAY 

Not done, participant pregnant     Not done, 

other reason 

 

Date of Chest X-Ray:          - -  

 

 

Chest X-Ray Findings:  

  Right Left 

Lung 

Opacity 

(Shadows) 

Upper Zone 

(Apex to 

anterior end 

of 2nd rib) 

1 Cavitation 

2 Opacity 

(shadows other      

than cavitation) 

3 No opacity (no 

shadows) 

1 Cavitation 

2 Opacity 

(shadows other      

than cavitation) 

3 No opacity (no 

shadows) 

D D M O N Y Y Y Y 

D  D M O  N Y Y Y Y 
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Mid Zone  

(2nd to 4th rib) 

1 Cavitation 

2 Opacity 

(shadows other      

than cavitation) 

3 No opacity (no 

shadows) 

1 Cavitation 

2 Opacity 

(shadows other      

than cavitation) 

3 No opacity (no 

shadows) 

Lower Zone 

(Anterior end 

of 4th rib to 

diaphragm) 

1 Cavitation 

2 Opacity 

(shadows other      

than cavitation) 

3 No opacity (no 

shadows) 

1 Cavitation 

2 Opacity 

(shadows other      

than cavitation) 

3 No opacity (no 

shadows) 

Mediastinal 

Adenopathy 

 Present 

Absent 

Present 

Absent 

Pleural 

Effusion 

 Present 

Absent 

Present 

Absent 

            Table 2 Chest Xray Form 

3.Chest X-Ray Score 

3a. Percentage of lung affected:   % 

3b. Is cavitation present?     Yes, 40 points  No, 0 

points 

3c. Score (3a + 3b)     points (range: 0 – 140 

points) 
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Pulmonary function test: 

 

After including the patients in this study  spirometry was performed in a 

negative pressure room with technician wearing N95 mask and other protective 

measures to prevent transmission. Only post bronchodilator values were 

obtained to reduce the risk of transmission. At 2nd month and end of treatment 

after confirming sputum smear conversion, complete PFT including 

spirometry, diffusion lung capacity for carbon monoxide and lung volumes was 

performed and standard methods were followed as per ATS guidelines for 

acceptability and reproducibility.  

 

Spirometry: 

 

Spirometry was done using the JAEGER MasterScreen PFT system, 

CareFusion Respiratory Care, USA and standard methods followed as per ATS 

guidelines for acceptability and reproducibility (81). Measured parameters 

include: Forced expiratory volume in one second (FEV1), Forced vital capacity 

(FVC), FEV1/FVC ratio, Maximum mid expiratory flow (MMEF), Peak 

expiratory flow rate (PEFR) 
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Lung volumes: 

 

Lung volumes was done by  closed circuit helium method  using the 

JAEGER Master Screen PFT system, Care Fusion Respiratory Care, USA and 

standard methods followed as per ATS guidelines for acceptability and 

reproducibility.  It was ensured that the volume and gas calibration was done. It 

uses a closed, rebreathing circuit in which measured volume of   9% of He and 

30 - 35% of O2 is filled in rebreathing bag and the initial concentration of 

helium was measured. Wearing nose clips the patient was asked to breathe 

normally and once the tidal volume regular sequence was attained the patient 

was connected to the helium air mixture at the end of normal exhalation. Then 

patient was asked to breathe out slowly and completely till the maximum to 

measure ERV and ask to continue to breathe normally till the equilibrium of 

helium concentration is attained between the lung and the system. 

 

DLCO: 

 

Diffusion capacity for carbon monoxide was done by single breath test  

using the JAEGER Master Screen PFT system, CareFusion Respiratory Care, 

USA and standard methods followed as per ATS guidelines for acceptability 

and reproducibility Volume calibration and  gas calibration was done. The 

patient was asked to breath normally and to breath out slowly and completely 

till the maximum(ERV). Then he/she was asked to inhale rapidly of 0.3% CO 
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and 10% He in air gas mixture to the maximum and hold the breath for 9 – 11 

sec and then to exhale smoothly till the alveolar sample is collected for 

analysis. 

 

Prediction Equations: 

The predicted values for FEV1 and FVC were calculated based on Indian 

prediction equations for different ethnicity and sex.  

 

South India: 

For South Indians equation by George D’souza et al. “Prediction equation for 

the Southern Indian population in 2016-17”, under the aegis of the Indian 

Council of Medical Research (ICMR) (unpublished) was used. 

 (H) height (A) age  weight   

 Forced Vital Capacity (Male)  = -5.218+0.061*H-0.021*A-0.006*W 

 Forced Vital Capacity (Female)=  (-0.343+0.014*H-0.005*A)2 

Forced Expiratory Volume in 1sec (Male)=-2.464+0.039*H-0.028*A  

Forced Expiratory Volume in 1sec(Female) = -2.454+0.034*H-0.018*A 

 

North India: 

“Prediction Equations for Spirometry in Adults from Northern India” by 

 S.K. Chhabra et al was used. 

 

Forced Vital Capacity (Male)  = -5.048-0.014×age+0.054×ht +0.006×wt 
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Forced Vital Capacity (Female)=  20.07-0.010×age-0.261×ht+0.000972×ht2 

Forced Expiratory Volume in 1sec (Male)= -3.682-0.024×age+0.046×ht 

Forced Expiratory Volume in 1sec(Female) = -2.267-0.019×age+0.033×ht 

 

East India: 

For eastern population and those from overseas ( Bangladesh) the equation used 

was “Reference equation for spirometry interpretation for Eastern India” by 

Dasgupta et al. 

 

Forced Vital Capacity (Male)  = –2.5370+ (–0.0211* age) + (0.0418*height)  

Forced Vital Capacity (Female)=  0.0972+ (–0.0186* age) + (0.0216* 

height) 

Forced Expiratory Volume in 1sec (Male)= –1.7649+ (–0.0218* age) + (0.0337* 

height) 

Forced Expiratory Volume in 1sec(Female) = 0.0381+ (–0.0197* age) + (0.0196* 

height) 

No patients belonged to western part of India in this study. 

 

 

Interpretation: 

 

Based on Indian Spirometry guidelines 2019 and Interpretive strategies of lung 

function test by ATS/ERS, pulmonary function test was interpreted (64) (82). Post 
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bronchodilator FEV1/FVC less than 70% was classified as obstruction and more 

than 70% as normal or restriction. The severity of obstruction and restriction was 

classified based on FEV1% as, Normal ≥ 80% , Mild - ≥70%-79%, Moderate- 

50%–69%, Severe  - <50(64). DLCO was classified as normal -  ≥ 80% , Mild - ≥ 

60% -79%, Moderate -40–59% , Severe <40% (82). TLC  was classified as  

Normal - ≥  80 %, Mild - 65 -79 %, Moderate – 50 -64% , Severe - < 50% ( usual 

practice). 

 

 

Figure 8  Interpretation of spirometry (64) 
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St George’s Respiratory Questionnaire: 

 

         SGRQ questionnaire in native language was administered to the patients and 

were asked to fill at baseline and follow up visits. They were seated comfortably 

and any doubt regarding the question was clarified. Questions were under 3 

domains, symptom, activity and impact. The answers provided the patient was 

entered in SGRQ calculator and a total score was generated. Individual domain 

and total score change was assessed from baseline to treatment completion and 

also compared with lung function. 
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Detailed diagrammatic Algorithm of the study

    

Table 3 Study protocol 

 

 

PULMONARY TB

DIAGNOSIS BY SIGNS AND 
SYMPTOMS, CHESTXRAY AND 

SPUTUM ANALYSIS

BASLEINE - SPIROMETRY/  SGRQ 
QUESTIONNAIRE

2ND MONTH - CHEST XRAY, 
SPUTUM,COMPLETE PFT AND 

SGRQ QUESTIONNAIRE 

6TH MONTH - CHEST XRAY, 
SPUTUM,COMPLETE PFT AND 

SGRQ QUESTIONNAIRE 

PLEURAL TB

DIAGNOSIS BY SIGNS AND 
SYMPTOMS, CHEST 
XRAY,PLEURAL FLUID ANALYSIS 
AND OR PLEURAL BIOPSY

BASLEINE - COMPLETE PFT/ 
SGRQ    QUESTIONNAIRE

2ND MONTH - CHEST XRAY, 
COMPLETE PFT AND SGRQ 
QUESTIONNAIRE 

6TH MONTH - CHEST XRAY, 
COMPLETE PFT AND SGRQ 
QUESTIONNAIRE 
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Sample size calculation 

 

Sample size calculated based on the study – pulmonary tuberculosis, impaired 

lung function, disability and quality of life in a high – burden setting  

 

 Power Paired proportions .39 .25, corr(.5) 

 Estimated sample size for a two-sample paired-proportions test Large-sample 

McNemar's test Ho: p+1 = p1+ versus Ha: p+1 != p1+  

Study parameters:  

alpha = 0.0500 

 power = 0.8000  

delta = -0.1400 (difference) p1+ = 0.3900 ( FEV1 at diagnosis) p+1 = 0.2500 

(FEV1 at treatment completion)  

corr = 0.5000  

Estimated sample size : N = 92  

Software used: stata 13.0  

 

Quantitative variables:  

FEV1, FVC, FEV1/FVC, TLC and DLCO. SGRQ questionnaire under three 

domains symptoms, activity and impact.    
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Statistical methods: 

 

Data entry was done using EpiData. Statistical analysis was done using 

STATA/IC 15.0 software. Descriptive statistics was reported with Mean±SD 

for normally distributed variables and Median (IQR) for skewed variables and 

Frequency and percentage was reported for categorical variables. 

 

Data entry and statistical analysis: 

 

All data were entered into the clinical proforma and subsequently 

entered into EpiData software. Uni-variate analysis for the continuous variables 

was reported using Mean±SD with Independent t-test (for two unpaired 

groups) and one-way anova (3 or more unmatched groups), for normally 

distributed variables and reported Median (IQR) with Mann-Whitney test (for 

two unpaired groups) and Kruskal-wallis test (3 or more unmatched groups) for 

skewed variables (i.e., not normally distributed variables). Frequency and 

percentage was reported for categorical variables along with chi-square p-value 

to check the association between the categorical variables. Comparison 

between the pre and post (two paired groups) analysis was done using paired t-

test. P-value < 0.05 was considered to be statistically significant.  
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RESULTS 

 

In this prospective cohort study all consecutive patients who were 

diagnosed as pulmonary TB and pleural TB were screened during the study 

period in pulmonary medicine OPD, Isolation ward and DOTS clinic. A total 

of 153 patients were screened to obtain the sample size of 101 and after further 

exlusion 92 patients provided informed consent to be included of which 84 

were pulmonary TB and 8 were pleural TB..  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9 Strobe diagram 

Inclusion & Exclusion  

Criteria was applied 

8 patients had INH 

monoresistance  

1patient died 

 153 patients were screened 

 

92 patients were 

included in the study 

84 Pulmonary TB 8 Pleural TB 

101 patients were included 
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Baseline Characteristics: 

 

Since there were only a small number of pleural TB patients they were 

excluded from analysis and shown separately. In our study we had 

predominance of patients in the middle age group i.e. 30-50years, with a mean 

age of 41years. Male were around 65%in our study. The mean BMI was 

19Kg/m2 but many of our patients were under weight. Most of our patients 

were non-smokers. Current smokers were 21% with mean pack years of 12.6. 
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.  

Table 4 Demographic details of pulmonary TB patients 

 

 

 

VARIABLES 

(N=84) 

                                                 TOTAL 

                                                   n(%) 

                                               Mean±SD 

AGE  

               <30 

                   30-50 

              >50 

 MEAN AGE 

 

                                             23(27.38) 

                                             43(51.19) 

                                             18(21.43) 

                                             40.62+13.78 

SEX 

                  MALE 

                  FEMALE 

 

                                             57(67.86) 

                                             27(32.14) 

ETHNICITY(N=84) 

              SOUTH INDIA 

              NORTH INDIA 

              EAST INDIA 

             WEST INDIA 

             OVERSEAS 

 

                                             47 (55.95) 

                                             2(2.38) 

                                            30(35.71) 

                                             0 

                                            5(5.95) 

HEIGHT (cm)                                             163.81±9.48 

WEIGHT (kg)                                             51.11 ±10.67 

BMI (kg/m2 )                                            19.08± 3.54 

SMOKING 

                 NEVER 

                 CURRENT 

                 FORMER 

 

                                           57(66.67) 

                                           17(20.99) 

                                          10(12.35) 

PACK YEARS                                         12.62±11.16 
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Figure 10   Ethnicity of Pulmonary TB patients 

The majority of patients were from Southern part of India (56%) from 

Tamil Nadu followed by Andhra Pradesh. Then 36% of patients were from 

Eastern part of India predominantly from West Bengal. There were around 6% 

overseas patients from Bangladesh. 

 

 

Figure 11 Distribution of BMI among pulmonary TB patients 

SOUTH INDIA
56%

NORTH INDIA
2%

EAST INDIA
36%

WEST INDIA
0%

OVERSEAS
6%

ETHNICITY

46%

38%

6%
10%

BMI 

UNDERWEIGHT NORMAL OVER WEIGHT OBESE
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The average BMI of the pulmonary TB patients was 19.08 (range 15.54-

22.62). Classification of BMI showed that 46% patients were underweight  and 

38% were normal. There were 6% and 10% who were overweight and obese 

respectively. 

 

Baseline symptomatology: 

As per our patient profile data the distribution of symptoms varied for 

different patients. But Cough was the predominant symptom in most of the 

patients followed by loss of appetite and loss of weight. 

 

 

Figure 12 Symptoms at presentation 
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Microbiology: 

 

The analysis of sputum smear showed 54 (64.29%) were  smear positive 

and 30(35.71%) were smear negative. Xpert was positive in 74(88.10%), 

negative in 10 (11.90%) and there was no indeterminate results. Sputum culture 

by either LJ or MGIT grew Mycobacteria tuberculosis in 66(82.50%) of 

patients. Culture did not grow MTB in 14(17.50%) of patients.  

 

 

            

Table 5 Microbiology status at baseline 

 

The sputum smear status was scanty, 1+, 2+, 3+ in 14(25.93%), 

13(24.07%), 13(24.07%) and 14(25.93%) patients respectively. 

 

 

VARIABLES 

N = 84 

 

                                         TOTAL 

                                           n(%) 

                                       

AFB SMEAR  

 

              POSITIVE 

            NEGATIVE 

 

 

                                    54 (64.29) 

                                    30( 35.71 

XPERT 

              POSITIVE 

            NEGATIVE 

 

                                    74 (88.10) 

                                    10(11.90) 

LJ/MGITCULTURE 

                POSITIVE 

              NEGATIVE 

                   

                                     66 (82.50)   

                                     14(17.50) 
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Figure 13 Severity of sputum AFB smear 

 

 

Figure 14   Severity of sputum Xpert 

Analysis of sputum Xpert results and dividing into very low, low, 

moderate and heavy showed 12(16.22%) , 28(37.84%), 26(35.14%) and 

8(10.81%) in each category respectively. Prevalence of low category was 

highest followed by moderate category.  

16%

38%

35%

11%

SEVERITY OF CBNAAT POSITIVITY

VERY LOW LOW MODERATE HEAVY
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SYMPTOM 2ND MONTH 

(N=70)(%) 

6TH MONTH 

(N=72) (%) 

COUGH IMPROVED 67 (95.71) 70(97.22) 

WEIGHT GAIN 66(94.29) 68(94.44) 

SPUTUMAFB 

POSITIVE 

10(14.29) 2(2.78) 

 

Table 6   Follow up at end of 2nd month and 6th month 

   

As mentioned in table no 6, among those who followed up, cough 

improved in 95% of patients at end of intensive phase and 97% of patients at 

the end of treatment. Significant weight gain was present in 94% of patients at 

follow up. Sputum AFB smear was positive in 10(14.29%) and 2(2.78%) at the 

end of intensive phase and treatment completion respectively. 

 

Risk factors: 

 

The pulmonary TB patients were analyzed for risk factors for lung 

function impairment. Females had higher chance of developing abnormality 

which was statistically significant. Others factors like age, BMI, smoking, 

anaemia, diabetes, duration of cough before TB diagnosis, severity of sputum 

AFB smear / Xpert, culture growth were not statistically significant. 
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Table 7 Risk factors for impaired lung function 

 

 

RISK FACTOR LUNG FUNCTION 

IMPAIRMENT 

P VALUE 

Age 

             <30 years 

             >30 years 

 

14(27.45) 

37(72.55) 

 

 

0.939 

Sex 

            Male 

            Female 

 

29(56.86) 

22(43.14) 

 

 

0.006 

BMI 

           Low 

          Normal 

          Obesity 

 

24(47.06) 

21(41.18) 

6(11.76) 

 

 

 

0.390 

Smoking  

          Never  

          Ever 

 

35(68.63) 

16(31.37) 

 

 

0.625 

Anaemia  18(60.0) 0.546 

Diabetes  14(48.28) 0.750 

Cough 

         < 1month 

         >1month 

 

7(24.14) 

22(75.86 

 

 

0.932 

 

AFP positive 

        <1+ 

        >2+ 

 

18(50.0) 

18(50.0) 

 

 

1.000 

 

Xpert 

        Low  

        Moderate  

        Heavy  

 

 

19(70.37) 

7(25.93) 

1(3.70) 

 

 

 

 

0.118 

 

Culture positive 

 

38(77.55) 

 

0.085 
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Radiology: 

 

Chest x-ray scoring was based on Percentage of lung affected, presence 

or absence of cavitation and the total score. Number of patients followed up 

was 84, 69 and 71 at baseline, 2nd month and 6th month respectively.  

 

 

Figure 15 Cavity in chest x-ray at baseline and followup 

 

At the time of diagnosis 43(51.9%) had cavitation in chest x-ray which 

reduced to 18(26.09%) at end of intensive phase and 11(15.49%) at the end of 

treatment completion. 
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Figure 16     Percentage of lung affected at baseline and followup 

 

The average percentage of lung affected at baseline was 21.79 which reduced 

to 14.26 and 5.89 at end of 2nd month and 6th month respectively. 

 

 

Figure 17 Total chest xray score at baseline and followup 
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The total chest xray score which includes cavitation and percentage of 

lung affected showed a mean score of 44.11 at baseline which reduced to 25.28 

and 13.03 at 2nd month and 6th month respectively showing significant 

improvement with treatment.  

 

 

Figure 18   Total chest x-ray score in normal vs lung function impairment at 

baseline and follow-up 

 

On comparing the total chest x-ray score of patients with either 

restrictive or obstructive ventilatory defect and patients with normal lung 

function showed statistically significant difference as plotted in bar diagram 

(fig 18) between both groups. 
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Spirometry: 

 

Spirometry parameters at baseline and 2nd month and 6 th month were 

analysed and the trend was observed. The number of patients at baseline, 2nd 

month and 6th month were 81, 63 and 70 respectively. The average FEV1 at 

baseline was 1.98 which increased to 2.09 and 2.15 at 2nd and 6th months 

respectively. The average FVC at baseline was 2.33 at baseline which 

increased to 2.55 and 2.61 at 2nd and 6th month respectively. The trend of 

increase in spirometry parameters is plotted in the line diagram below. 

 

     

Figure 19 Change in FEV1%, FVC% and FEV1/FVC% at baseline and follw-

up 
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Figure 20  Trends of absolute value of FEV1 and  FVC 

 

Table 8 Spirometry parameters at baseline and follow-up 

 

 

 

1.5

1.7

1.9

2.1

2.3

2.5

2.7

BASELINE 2ND MONTH 6TH MONTH

TREND OF ABSOLUTE FEV1 AND FVC

 FEV1

 FVC

VARIABLE  

(POST BD) 

    BASELINE (81) 

     mean ±SD 

 2NDMONTH(63) 

mean±SD 

 

6THMONTH(70)                     

mean±SD 

                        

 FEV1   1.98 ±0.77 2.09±0.70 2.15±0.71 

 FEV1%   72.35±19.60 76.90±15.98 79.63±15.43 

 FVC   2.33±0.83 2.55±0.76 2.61±0.77 

 FVC %   67.83±17.60 74.34±13.56 77.13±13.89 

FEV1/FVC  84.68±10.36 77.39±22.46 80.09±16.88 

FEV1/FVC% 104.89±12.93 99.01±11.15 98.16±11.48 
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Diagnosis of Lung function Impairment: 

 

Based on spirometry, patients were classified as normal, obstructive 

ventilatory defect, restrictive ventilatory defect or any abnormality 

(obstruction+ restriction). Number of patients analyzed was 81, 63 and 70 at 

baseline, 2nd month and 6th month respectively. Obstruction was found to be 

about 8 to 9% during all three visits. Restriction at baseline was 54% which 

reduced to 44% at end of treatment completion. Either obstruction or restriction 

was found in 62% at the time of diagnosis and 52% at the end of treatment. 

 

 

 

Table 9 Interpretation of Spirometry 

 

FOLLOWUP 

OBSTRUCTION 

n(%) 

RESTRICTION 

n(%) 

ANY 

ABNORMALITY 

n(%) 

 

NORMAL 

n(%) 

BASELINE(n=81) 7(8.6) 44(54.32) 51(62.96) 30(37.04) 

2NDMONTH(n=6) 5(8.06) 33(53.22) 38(61.29) 24(38.7) 

6TH MONTH(n=70) 6(8.57) 31(44.28) 37(52.8) 33(47.1) 
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Figure 21 Prevalence of lung function impairment 

 

Severity of Lung function abnormality: 

 

At baseline out of 44 patients who had restriction, 15 were mild, 22 

were moderate and 7 were severe. At 2nd month followup at the time of 

completion of intensive phase of ATT out of 33 who had restriction 18 were 

mild, 13 was moderate and 2 were severe showing decrease in severity. At 6th 

month while completing treatment out of 31 who had restriction16 had mild, 14 

had moderate and 1 had severe disease. 
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Figure 22 Trend of severity of restrictive pathology at baseline and followup 

 

At baseline out of 7 patients who had obstruction, 3 were moderate and 

4 were severe. At 2nd month followup at the time of completion of intensive 

phase out of 5 who had obstruction  3 was moderate and 2 were severe. At 6th 

month while completing treatment out of 6 who had obstruction, 3 had 

moderate and severe disease each. 

 

Figure 23 Trend of Severity of obstructive pathology at baseline and followup 
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VARIABLE BASELINE 

TO 2ND 

MONTH 

N=60 

P VALUE BASELINE 

TO 6th  

MONTH 

N=67 

P VALUE 

FVC 0.19±0.75 0.002 0.265±0.394 <0.001 

FVC% 5.88±11.78 0.003 8.31±12.84 <0.001 

FEV1 0.07±0.26 0.02 0.144±0.258 <0.001 

FEV1% 3.36±10.36 0.014 5.76±10.56 <0.001 

FEV1/FVC 2.38±8.65 0.03 5.08±15.64   0.009 

FEV1/FVC% 6.65±10.83 0.001 7.51±12.78 <0.001 

 

Table 10 Improvement in lung function 

 

Static lung function:  

 

At 2nd month and 6th month after smear conversion diffusion lung capacity for 

carbon monoxide (DLCOc) and total lung capacity  (TLC) were measured. The 

mean absolute DLCOc value at 2nd month followup was 7.15 which increased 

to 7.22 at treatment completion. The mean absolute TLC was 3.77 at 2nd month 

which increased to 4.46 at treatment completion.  

 

 

 



84 
 

 

Table 11 Static pulmonary function test 

 

 

Figure 24 Trend of change in DLCOc and TLC (pre/pred) during followup 
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DLCOc(pre/pred) 85.99 87.49
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2ND MONTH 

   N=67 

  mean±SD 

6TH MONTH 

    N=71 

   mean±SD 

 

DLCOc 

 

7.15±2.40                         

 

7.22±2.45 

 

DLCOc(pre/pred) 

 

85.99±28.83 

 

87.49±3.57 

 

TLC                                 

  

 3.77±0.94                                       

   

4.46±4.87 

 

TLC(pre/pred) 

 

 

74.16±13.76 

 

 

78.48±14.36 
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Figure 25 Trend of change in absolute DLCOc and TLC during followup 

 

The fig no 25 and table no 12 indicates the change in static lung 

function from 2nd month to 6th month. The line plot shows significant upward 

trend in TLC, however the DLCOc does not show significant change. 

 

VARIABLE CHANGE FROM  

2ND TO 6TH MONTH 

      N=71 

P VALUE 

DLCOc 0.078±0.70 0.38 

DLCOc( pre/pred) 1.49±16.94 0.49 

TLC 0.76±5.07 0.23 

TLC ( pre/pred) 4.31±15.54 0.03 

 

Table 12 Change in DLCOc and TLC during followup 

 

2ND MONTH 6TH MONTH

DLCOc 7.15 7.22

TLC 3.77 4.46
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The average change in DLCOc (pre/pred ) from 2nd month to 6th month 

was 1.49 which was not statistically significant. But the change in TLC 

(pre/pred) is 4.31with a P value of 0.03 which is statistically significant. This 

table shows that there is significant improvement in lung capacity with 

treatment.  

 

 RESTRICTION  

BY FVC 

RESTRICTION 

BY TLC 

DIFFERENCE 

2ND MONTH   33 29 4 

6TH MONTH   31 26 5 

Table 13 Restriction by FVC and TLC 

 

Those who were diagnosed to have restriction based on FVC were 

subjected to TLC to identify true restriction. In the 2nd month and 6th month 4 

and 5 patients respectively were over diagnosed to have restriction based on 

FVC alone.  
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SGRQ Quality of life score: 

 

 The analysis of data on quality of life at baseline, end of intensive phase 

and end of treatment showed significant improvement with ATT. The symptom 

domain had the highest score followed by activity domain. Impact domain was 

the least affected. The average total score at baseline was 41 which decreased 

to 22 at 2nd month and 13 at end of treatment.  However even after completing 

treatment there was still residual impairment in quality of life score in all 3 

domains. 

 

Table 14 SGRQ score at baseline and followup 

INDICATORS VISITS MEAN 

SYMPTOMS BASELINE 49.65+14.48 

2ND MONTH  28.86+10.74 

6TH MONTH  18.09+8.97 

ACTIVITY BASELINE  38.37+23.82 

2ND MONTH  21.17+18.18 

6TH MONTH  12.94+11.29 

IMPACT BASELINE  37.80+17.77 

2ND MONTH  19.48+12.68 

6TH MONTH  10.42+7.54 

TOTAL SCORE BASELINE(N=84) 41.45+16.92 

2ND MONTH(N=67) 22.74+12.25 

6TH MONTH (N=71) 13.34+7.65 
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Figure 26 Change in SGRQ score from baseline to treatment completion 

 

Quality of life and lung function impairment: 

 

On comparing the total SGRQ score in patients with normal lung 

function and any lung function impairment (obstruction+ restriction) there was 

statistical significance at baseline, 2nd month and 6th month with p value of 

0.02, 0.01 and 0.004 respectively. 
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Figure 27 SGRQ score in normal vs lung function impairment at baseline and 

followup 

 

.Pleural TB: 

 

As the sample size of pleural TB patients was low they were not 

included in analysis. The pleural fluid analysis showed lymphocytic effusion in 

7 patients which was exudative in all 8 patients. One patient was diagnosed 

based on pleural fluid Xpert positivity and culture was also positive at 2 

months. Remaining 7 patients had negative pleural fluid Xpert and ADA was 

inconclusive and underwent pleural biopsy. Pleural biopsy tissue was Xpert 

positive in 3 out of 7 patients and culture grew in 5 out of 7 patients. Biopsy of 

these 7 patients showed granulomatous inflammation. 
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Table 15 Microbiology in pleural TB patients 

 

 

 

 

 

 

 

 

 

 

 

PLEURAL TB n(%) 

 

PLEURAL FLUID ANALYSIS(n=8) 

     EXUDATIVE EFFUSION 

     LYMPHOCYTIC 

     NEUTOPHILC 

     CBNAAT POSITIVE 

     MGIT/CULTURE GROWTH 

     

 

 

 

8(100) 

7(87.5) 

1(12.5) 

1(12.5) 

1(12.5) 

 

PLEURAL BIOPSY (n=7) 

    XPERT POSITIVITY 

    MGIT/LJ CULTURE GROWTH 

                                              GROWN 

                                              NO GROWTH 

   BIOPSY  

                       GRANULOMATOUS 

INFLAMMATION 

 

3(42.8) 

 

5(71.42) 

2(28.50) 

 

7(100) 
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Table 16 Lung function in pleural TB patients 

 

All 8 patients had restrictive ventilatory defect of which 2 of them 

normalized at the end of treatment and remaining 6 of them continued to have 

persistent restriction. As shown in table 16 there was significant improvement 

in FVC following treatment. 

VARIABLE  

(POST BD) 

    BASELINE (8) 

     mean ±SD 

 2ND MONTH(8) 

mean±SD 

 

6TH MONTH(8)                     

mean±SD 

                            

 FEV1   1.88±.49 2.19±0.53 2.27±0.55 

 FEV1%   63.05±9.34 74.54±16.08 76.67±15.69 

 FVC   2.14±0.64 2.48±0.61 2.61±0.57 

 FVC %   59.23±10.83 69.72±14.86 73.11±12.63 

FEV1/FVC  89.99±4.76 88.93±6.60 87.53±7.62 

FEV1/FVC% 103.42±7.31 102.49±8.39 100.80±9.26 

DLCOc       - 90.8±14.96 91.05±4.27 

TOTAL LUNG 

CAPACITY 

      - 73.68±14.88 75.26±12.87 
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Table 17 Lung function impairment in pleural TB patients 

 

 

 

 

                                   

 

 

 

 

 OBSTRUCTION 

    n(%) 

RESTRICTION 

n(%) 

NORMAL 

n(%) 

BASELINE       0 8(100)     0 

2ND 

MONTH 

      0 6(75)     2 (25) 

6TH 

MONTH 

      0 6(75)     2 (25) 
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DISCUSSION: 

 

As per our knowledge this study is first of its kind to observe the change 

in lung function through the course of TB disease. Lung function test was done 

at the start of treatment and end of intensive phase after smear conversion and 

at the end of continuation phase and the trend of lung function change was 

observed. We observed the individuals developing persistent lung function 

impairment at treatment completion in spite of microbiological cure.  

 

In most of the available literature spirometry is performed after 

completing treatment or after smear conversion. Very little data is available on 

the lung function before initiating treatment for TB and the trend of lung 

function change with treatment. Many studies reported a higher incidence of 

airway obstruction than restriction (51). Association between COPD and TB 

was proven by many studies like BOLD, PLATINO (61) (63) . Some studies 

have reported restrictive ventilator defect to be the predominant defect (75) 

(74).  

 

As mentioned in the strobe diagram, the patients satisfying the inclusion 

criteria were included to reach a final required sample size. Sample size was 

calculated based on a similar study, the details of which are mentioned under 

Methodology. 
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Most of our patients belonged to the middle age group (30 to 50). Meta-

analysis by Horton et al and many other studies quote male predominance in 

middle and lower socioeconomic countries , however the reason is unclear (83) 

(84). In our study population also majority were male. Low BMI is a known 

risk factor for the development of TB and our study also had more individuals 

who were underweight according to Asia Pacific WHO classification of BMI 

(17) (79).    

 

The diagnostic yield of sputum Xpert was about 90% and sputum MTB 

culture was about 85% which is comparable to the WHO report (45). Risk 

factors which can be associated with the development of lung function 

impairment in TB were assessed. Only female sex correlated with higher 

probability of development of lung function impairment (p value – 0.006), 

which can be explained by the physiologically lower lung function in females. 

Other risk factors like malnutrition, anaemia, diabetes, severity of sputum AFB 

smear or Xpert did not show significant probability of developing impaired 

lung function. 

 

Chest x-ray interpretation was done based on RePORT consortium 

protocol. There was significant proportion of the individuals with cavitary lung 

lesions at the time of diagnosis (51%) which significantly reduced but  

persisted after treatment in about 15% of individuals. Cavitation is considered 

to be one of the causes for the development of airflow obstruction (53). 
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However we did not identify any relation between cavitation and development 

of airflow obstruction which could be because of lower incidence of 

obstruction in our study. The total chest-xray score correlated with lung 

function the presence of lung function defect (p value – 0.004). 

 

Spirometry done at baseline before initiating therapy identified 51(63%) 

patients to have lung function defect and 30(37%) to be normal. On classifying 

the lung function impairment restrictive ventilatory defect was noted in in 44 

patients (54%) and 7 patients (9%) had airflow obstruction. According to 

literature both restrictive and obstructive defects occur in varying degrees.  

Akkara et al  reported about 86% prevalence of obstructive defect in patients 

treated for TB(51). Nair et al, Rekha et al and Gupte et al reported predominant 

restrictive defect (75) (74) (66). The trend of FEV1, FVC and FEV1/FVC 

during the course of illness showed that predominant improvement happens 

between treatment initiation and 2 months, which corresponds to the known 

fact that most of the radiological and microbiological improvement happens by  

2 months. The change in the same parameters from baseline to 2nd month and 

baseline to treatment completion shows statistically significant improvement. 

 

After sputum smear conversion at the end of 2 months and end of 

treatment static lung function was performed. There was statistically significant 

improvement in total lung capacity with a p value of 0.03. Diffusion lung 

capacity for carbon monoxide showed mild improvement which was not 
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statistically significant. However it is not known if the improvement in DLCO 

happens during initial 2 months since it could not be measured at baseline due 

to risk of TB transmission. DLCO is decreased in TB patients due to decrease 

in area available for ventilation (53) (85). However there is not much evidence 

of effect of TB on DLCO and the trend of change in DLCO. 

 

SGRQ questionnaire has been validated for measurement of health 

related quality of life assessment  in Tuberculosis patients by Pasipanodya et al 

(73). They found a mean difference of 13.5 in total score between post TB 

patients and those with Latent TB. According to the different studies in a 

normal individual the symptom, activity, impact and total score is about 12, 9,2 

and 6 respectively. In our study at the time of treatment completion the mean 

symptom, activity and total score were 18.09, 12.94, 10.42 and 13.34 

respectively. Those with lung function impairment showed a higher total score 

compared to normal lung function which was statistically significant (p value -

0.04). Similar to other studies our study also showed lower impact score 

compared to symptom and activity score (75) (74) (86). It is evident that 

despite microbiological cure the quality of life is affected post treatment which 

could result in continued morbidity. Due to technical difficulties pleural TB 

patient sample size was low hence not analyzed separately. 
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Limitation: 

 

There were few limitations in this study. As fixed cut of values rather 

than lower limit of normal was used to classify ventilatory defects and hence 

there is a possibility of measurement bias. As our hospital is a tertiary center, 

study participants were form all over the country and overseas which made 

follow-up visits difficult which could have led to transfer bias. However it was 

considered that those who were lost to followup and those retained in the study 

are fundamentally same. While compared to other similar studies the incidence 

of obstructive lung disease was significantly low in our study. Although the 

sample size was calculated based on a similar study that was done, the sample 

size of 92 appears to be seemingly small to and may need to higher number to 

obtain statistically sound results. Pleural TB patients could not perform 

spirometry at baseline visits due to technical difficulties.  Hence further studies 

are needed to assess the lung function in pleural TB patients. 

 

Conclusion: 

 

In our study we conclude that there is significant impairment in lung 

function in pulmonary TB patients which persist despite microbiological cure. 

There is improvement in spirometry parameters like FEV1, FVC and 

FEV1/FVC with treatment which is statistically significant. Significant 

improvement happens in the initial two months. The predominant defect is 
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restriction at the time of diagnosis (54%) and after completing treatment 

(44%). Unlike the popular hypothesis our study showed lower incidence of 

obstructive defect (9%). DLCO was reduced but did not show statistically 

significant improvement with treatment. However DLCO improvement was 

assessed only from 2nd month to treatment completion so there is no data on 

change in the first 2 months. Total lung capacity increased from 2nd month to 

end of treatment which was statistically significant. Using FVC alone over 

diagnosed restriction in few patients, hence its ideal to do TLC to identify true 

restriction.  Total chest x-ray score showed improving trend with treatment 

which was statistically significant while comparing with lung function. Quality 

of life assessed by SGRQ score also showed significant improvement with 

treatment in symptom, activity, impact and total score. There was statistically 

significant association between total score and lung function impairment. This 

is the first study which has looked at the trend of lung function change during 

the course of illness. Further studies with larger sample size are required to 

confirm the trend of lung function and the prevalence of different ventilatory 

disorders in pulmonary TB patients. In view of higher incidence of lung 

function impairment despite microbiological cure serial lung function 

monitoring is needed in patients who are both symptomatic and asymptomatic 

for early diagnosis and to reduce morbidity and mortality. 
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Future direction: 

 

The change in lung function during the course of TB disease is not well 

understood. Understanding the natural trend in change of lung function in TB 

patients with treatment will help in early diagnosis and treatment of those who 

will develop residual impairment. Biomarker studies could attempt to predict 

those who undergo lung damage. Further studies are needed to confirm the 

findings of this study. Further studies should followup patients beyond to see if 

lung function continued to improve. Lung function assessment should be 

considered as a part of national TB program at least at the end of treatment to 

document residual lung damage and predict future morbidity and mortality. 
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Annexure 2: consent forms  

Format for Informed Consent Form for Subjects 

INFORMED CONSENT FORM TO PARTICIPATE IN A RESEARCH 

STUDY  

Study Title: THE EFFECT OF APPROPRIATE ATT ON RECOVERY OF 

PULMONARY AND PLEURAL TUBERCULOSIS AND THE IMPACT OF 

TUBERCULOSIS ON LUNG FUNCTION AND QUALITY OF LIFE IN 

NEWLY DIAGNOSED PATIENTS  

Study Number: ____________  

Subject’s Initials: __________ 

Subject’s Name:_________________________________________ Date of 

Birth / Age: ___________________________  

(i) I confirm that I have read and understood the information sheet dated 

____________ for the above study and have had the opportunity to ask 

questions. 

(ii) I understand that my participation in the study is voluntary and that I am 

free to withdraw at any time, without giving any reason, without my medical 

care or legal rights being affected.  

(iii) I understand that the lead investigator , the Ethics Committee and the 

regulatory authorities  

will not need my permission to look at my health records both in respect of the 

current study and any  

further research that may be conducted in relation to it, even if I withdraw from 

the trial. I agree to this  

access. However, I understand that my identity will not be revealed in any 

information released to third parties or published. 

 

(iv) I agree not to restrict the use of any data or results that arise from this study 

provided such a use is only for scientific purpose(s). 

(v) I agree to take part in the above study.  

Signature (or Thumb impression) of the Subject/Legally Acceptable  
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Date: _____/_____/______  

Signatory’s Name: _________________________________ Signature:  

 

or  

Representative: _________________ 

Date: _____/_____/______ 

Signatory’s Name: _________________________________  

Signature of the Investigator: ________________________ Date: 

_____/_____/______ 

Study Investigator’s Name: _________________________  

Signature or thumb impression of the Witness: 

___________________________ Date: _____/_____/_______ 

Name & Address of the Witness: ______________________________  
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ANNEXURE 3: Patient Information Sheet  

THE EFFECT OF APPROPRIATE ATT ON RECOVERY OF 

PULMONARY AND PLEURAL TUBERCULOSIS AND THE IMPACT OF 

TUBERCULOSIS ON LUNG FUNCTION AND QUALITY OF LIFE IN 

NEWLY DIAGNOSED PATIENTS  

1.What is the study about?  

Tuberculosis is one of the most common causes for long term morbidity . 

Tuberculosis is caused by a bacteria, Mycobacterium tuberculosis. In both 

treated and untreated patients long term complications following TB infection 

is seen. So in this study we are going to evaluate how tuberculosis affects your 

lung function and quality of life . We do this by doing lung function test and 

filling up a questionnaire . This will be done at three occasions , before starting 

treatment, at 2nd month and at treatment completion. By doing the tests in 

three different time period during your treatment course we will be able to 

assess your baseline lung function and improvement or worsening with 

treatment.  

2.What will you have to do?  

You will have have to fill the quality of life questionnaire and perform 

Pulmonary function test at 3 occasions in addition to your routine tests.  

3.Are there any risks for you if you take part in the study? 

 

No,there are no risks if you take part in this study. 

 

4.Do you have to pay? 
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Pulmonary function test will be performed free of cost and you will have to pay 

for your routine evaluation.  

5.What are the benefits to you if you take part in the study?  

There will not be any direct benefit to the study participants  

6.Can you decide not to participate?  

Your participation in this study is entirely voluntary and you are also free to 

withdraw from this study any time you wish. If you do so, this will not affect 

your usual treatment at this hospital in any way. Your doctor will still take care 

of you and you will not lose any benefits to which you are entitled.  

7.Will your personal details be kept confidential?  

The results of this study may be published in a medical journal, but you will 

not be identified by name in any publication or presentation of results. 

However, your medical notes may be reviewed by people associated with the 

study, without your additional permission, should you decide to participate in 

this study.  

If you have any further questions, please contact 

Dr.Dhivya Roy , Department of Pulmonary Medicine 

Email Id: dhivyaroy77@yahoo.com, Contact no - 7010367136  
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Annexure 4: Data abstraction sheet  

QUESTIONNAIRE  
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CHEST X-RAY FORM 

 

Participant ID: - - Visit Date: -

-  
D D M O N Y Y Y Y 

 

Site ID:  

 

Visit Type: Baseline     Month 2 End of TX  

CHEST X-RAY Not done, participant pregnant     Not done, other 
reason 

 

1. Date of Chest X-Ray:  - -  
D  D M O  N Y  Y Y Y 

 
2. Chest X-Ray Findings:  

  Right Left 

Lung 

Opacity 

(Shadows) 

Upper Zone 

(Apex to 

anterior end of 

2nd rib) 

1 Cavitation 

2 Opacity (shadows 

other      than 

cavitation) 

3 No opacity (no 

shadows) 

1 Cavitation 

2 Opacity (shadows 

other      than 

cavitation) 

3 No opacity (no 

shadows) 

Mid Zone  

(2nd to 4th rib) 

1 Cavitation 

2 Opacity (shadows 

other      than 

cavitation) 

3 No opacity (no 

shadows) 

1 Cavitation 

2 Opacity (shadows 

other      than 

cavitation) 

3 No opacity (no 

shadows) 
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Lower Zone 

(Anterior end 

of 4th rib to 

diaphragm) 

1 Cavitation 

2 Opacity (shadows 

other      than 

cavitation) 

3 No opacity (no 

shadows) 

1 Cavitation 

2 Opacity (shadows 

other      than 

cavitation) 

3 No opacity (no 

shadows) 

Mediastinal 

Adenopathy 

 
Present 

Absent 

Present 

Absent 

Pleural 

Effusion 

 
Present 

Absent 

Present 

Absent 

 
3.    Chest X-Ray Score 

3a. Percentage of lung affected:   % 

3b. Is cavitation present?     Yes, 40 points  No, 0 

points 

3c. Score (3a + 3b)     points (range: 0 – 

140 points) 
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ANNEXURE 5: THESIS DATA 
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