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Abstract 

Background: Tuberculosis is a chronic lung disease that has remained a public health menace worldwide, especially in 

low and middle-income countries. It is a salient risk factor for long-term respiratory disease due to enduring lung 

damage. Post-tuberculosis lung disease is a major but unidentified chronic respiratory disease in countries with high 

tuberculosis disease such as Nigeria. 

Objectives: The study was done to assess the spirometric indices of post pulmonary tuberculosis patients at the Federal 

Teaching Hospital, Owerri . 

Methods: This was a hospital-based cross-sectional analytical study at the pulmonology out patient clinics of the 

Federal Teaching Hospital, Owerri, Imo State. Two hundred consenting participants consisting of 100 post-tuberculosis 

lung disease patients (aged 18 years and above)  and 100 age-, sex- and height-matched apparently healthy controls had 

spirometry. The patients were contacted through phone calls from their phone contacts in the registers (including that of 

their relatives) and were invited to visit the clinic for follow up and participate in the research. On arrival, a written 

informed consent was extracted before inclusion from the participants and controls. A structured questionnaire 

developed for this study was administered to all patients to obtain data regarding sociodemographics. Spirometry was 

conducted using spirolab III. Data were entered first on Microsoft excel sheet and analysed using SPSS version 25. 

Results: Two hundred participants consisting of 100 post-tuberculosis lung disease patients (aged 18 years and above)  

and 100 age-, sex- and height-matched apparently healthy controls, mean age for the case group was 48±15.2 years and 

46.7±13.9 controls (18-90 years) were studied. The male to female ratios were 1:1.22 and 1:1.27 for cases and controls 

respectively. Respiratory lung function impairment occurred in 71% of cases and 12% of the control. The odds of lung 

function impairment were 18.0 (95% CI: 8.55 to 37.7, p<0.001) times higher in post-tuberculosis patients than controls. 

The pattern comprised – Obstruction 29%, Restrictive 28%, and Mixed 14%. These patterns were significant in cases 

compared to controls (X2=73.10, p<0.001). 

Conclusion: The prevalence of spirometric impairment was high in the post-tuberculosis patients, obstructive pattern 

was the most common abnormality followed by restrictive and mixed patterns. These findings help support the need for 

early follow up of tuberculosis patients after treatment, and spirometric assessments. 
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INTRODUCTION 

Tuberculosis is an identified global health challenge.1 It 

is a major cause of death in many countries.2 Nigeria is 

one of the 14 high-burden countries for TB 

(Tuberculosis), TB/HIV (Tuberculosis/Human acquired 

Immunodeficiency virus) and MDRTB (Multi drug 

resistant tuberculosis) and was the first in Africa and 6th 

among the 30 high-TB burden countries, which 

collectively contribute to 87% of estimated TB cases 

globally.3,4,5 

The World Health Organization Global tuberculosis 

report 2022, reported an estimated 1.4 million deaths 

among HIV negative people and an additional 187000 

deaths among HIV positive people making a combined 

total of 1.6 million.3,6 About six million people are 

noted to die every year due to HIV/AIDS, TB and 

malaria, of which, nearly 2 million deaths are due to 

tuberculosis.3,8,50,51 

Tuberculosis is usually evident as  pulmonary disease 

which is responsible for about 80% of cases of TB.4,19 

The resultant effect of pulmonary tuberculosis is the 

destruction of lung parenchyma caused by exaggeration 

of proteases and an abberant regulation of protease 

control manifest in mycobacterium infections.5,7,57 

There are diversified forms of lung involvement in 

pulmonary tuberculosis. It can present as  parenchymal 

lesions which include tuberculoma, thin-walled 

cavities, cicatrisation, aspergilloma, end-stage lung 

destruction and bronchogenic carcinoma; airway 

lesions which include bronchiectasis, tracheobronchial 

stenosis and broncholithiasis;5,41,42 vascular lesions 

which include pulmonary or bronchial arteritis and 

thrombosis, bronchial artery dilatation and Rasmussen 

aneurysm; mediastinal lesions  which include lymph 

node calcification and extranodal extension, 

oesophagomediastinal or oesophagobrachial fistula, 

constrictive pericarditis, fibrosing mediastinitis; pleural 

lesions which include rib tuberculosis and tuberculous 

spondylitis.5,6,43,49 Bronchiectasis and fungal diseases 

with subsequent haemoptysis are severe, potentially life 

threatening complications after successful 

treatment.8,23,24 These bequeath to endless morbidity 

and mortality as well as considerable  strain of medical 

cost.9,78,79 

In spite of satisfactory treatment and clinical response, 

a good majority of patients are left with residual 

pulmonary sequelae.10,11,53,55 

A substantial number of  pulmonary TB survivors have 

some form of persistent lung function defects despite 

bacteriological cure which impacts on their subjective 

well-being, reduce economic productivity as well as 

cause greater use of healthcare facilities.12,45,47 Post-

tuberculosis lung disease is identified by abnormal 

spirometry and recurrent symptoms that are often 

mistakenly treated as recurrent TB infection with some 

patients experiencing significant adverse effects from 

unnecessary TB treatment due to drug toxicity.13,14,16 

There have been scarcity of data on impaired 

pulmonary function in pulmonary tuberculosis 

survivors, post-tuberculosis lung dysfunction often 

goes unrecognised despite its relative high prevalence 

and its association with reduced quality of life.5,17,19 

Pulmonary function tests are important in respiratory 

medicine. They are used to diagnose airway 

obstruction, assess the severity and prognosis, detect 

early lung disease and monitor for normal lung growth 

and lung function decline.21,25,26 

Spirometry is the most common pulmonary function 

test that measures the maximal volume of air that an 

individual can inspire and expire with maximal 

effort.22,28,29 The primary signal in spirometry is either 

volume or flow as a function of time. Spirometry is 

essential in the evaluation of general respiratory 

health.30,31 It is broadly used in the assessment of lung 

function to provide objective information used in the 

diagnosis of lung disease and monitoring lung health 

and enables measurement of the effect of the disease on 

lung function, assesses airway responsiveness, 

monitors disease course and determining a prognosis 

for pulmonary conditions.33,34,36,37 It is a beneficial tool 

that provides important information to clinicians which 

is used together with other physiological findings, 

symptoms and history to reach a diagnosis.49 

Studies of pulmonary function in post-tuberculosis lung 

disease patients have shown varying patterns and 

severity of impairment.35,38,39 Pulmonary function 

studies can range from normal to severe impairment 

and can show restrictive, obstructive, or mixed 

patterns.28,29,30 Those who survive pulmonary TB can 

come down with post treatment sequelae in the lung 

that may contribute to increased disability and 

mortality  

 

METHODS  

Study design: This was a hospital based cross sectional 

comparative study conducted over a  seven-month 

period among post pulmonary tuberculosis patients 

attending Federal Teaching Hospital, Owerri, Imo state, 

south Eastern Nigeria. The study recruited about 100  

patients aged more than 18 years who had completed 

treatment for TB and certified cured at the time of 

treatment completion down to 2 years previously and 

100 age-, height- and sex-matched apparently healthy 

adults comprising individuals within the locale, and 

patients relatives. 

Study instrument and administration: 

Information regarding sociodemographics and 

comorbidities were obtained using an interviewer based 

questionnaire developed for this study (see 

supplementary file). Spirometry was carried out on the 

participants by the researcher who had undergone 

training in spirometry using a desk top spirometer 

(MIR Spirolab III version 3.4 ROME ITALY) in an 

open area with adequate ventilation. Calibration of the 

spirometer was carried out daily according to ATS/ERS 

recommendation before the first patient of the day, 
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after every 4 hours, after a temperature change of 2oC 

and after every 8th to 10th  person using a certified 3 

litre calibration syringe, the syringe handle was pulled 

out completely and about 3 litre volume pushed into the 

spirometer at the correct flow, the calibration check 

was repeated at least three different times at different 

flows to ensure the results were within calibration limit.  

The participants’ data (name, height, weight) were 

uploaded into the machine and the reference equation 

chosen. The researcher and assistant wearing face 

masks and shield carefully explained the procedure to 

the participants including the forced inspiratory and 

expiratory manoeuvres; with the participants seated 

comfortably upright with both feet on the floor with 

legs uncrossed after it was ensured they were off 

vigorous exercise, eating and smoking in the preceding 

one hour (to avoid acute bronchoconstriction from 

smoke inhalation); consumption of toxicants in the 

preceding 8 hours (to avoid problems with coordination 

and comprehension) and clothed in a loose clothing 

that will not restrict full chest and abdominal 

movement, the participants  were urged to inhale 

maximally to total lung capacity and after nose clips 

were applied, to momentarily hold their breath while a 

tight seal was formed around the disposable mouth 

piece after which the participants were encouraged to 

blow out air as forcibly and as fast as possible until 

their lungs were empty. The participants were given 

verbal encouragements such as ‘you are doing well’, 

‘good’, ‘good’, ‘continue’, ‘one more time’ etc 

particularly towards the end of each manoeuvre to 

achieve the best possible effort. The test was repeated 

with a rest interval of about 2 minutes in between 

manoeuvres until three identical efforts were recorded 

though not exceeding 8 trials. The researcher also 

ensured that there were no leaks, no cough, no glottis 

closure and obstruction of the mouthpiece, no 

additional breath taken during the manoeuvre, that they 

kept going until a plateau is seen, no leaning forward 

during the test and vigorous effort ensured right from 

the start of the manoeuvre and continuing until no air 

can be expelled. Acceptability and repeatability of trials 

were determined using ATS/ERS 2019 guideline.25 The 

disposable mouth piece was used only once and 

discarded thereafter. 

 

Obstructive ventilatory defect was defined as forced 

expiratory volume in one second divided by forced 

vital capacity less than lower limit of normal with 

forced vital capacity greater than lower limit of normal. 

Restrictive ventilatory defect was defined as forced 

expiratory volume in one second divided by forced 

vital capacity greater than lower limit of normal with 

forced vital capacity less than lower limit of normal. 

Mixed ventilatory defect was defined as forced 

expiratory volume in one second divided by forced 

vital capacity less than lower limit of normal with 

forced vital capacity less than lower limit of normal. 

Severity of Obstructive, Restrictive and Mixed 

ventilatory defects were determined using FEV1 z-score 

as follows93 

 

For obstructive ventilatory defects. 

• Mild: FEV1/FVC < LLN and FEV1 z-score ≥-2 

• Moderate: FEV1/FVC < LLN and FEV1 z-score 

between –2.5 and -2 

• Moderately severe: FEV1/FVC < LLN and FEV1 z-

score between -3 and -2.5 

• Severe: FEV1/FVC < LLN and FEV1 z-score between 

-4 and -3 

• Very severe: FEV1/FVC < LLN and FEV1 z-score 

less than -4 

 

For restrictive ventilatory defects. 

• Mild: FEV1/FVC > LLN and FEV1 z-score ≥-2 

• Moderate: FEV1/FVC > LLN and FEV1 z-score 

between -2.5 and -2 

• Moderately severe: FEV1/FVC > LLN and FEV1 z-

score between -3 and -2.5 

• Severe: FEV1/FVC > LLN and FEV1 z-score between 

-4 and -3 

• Very severe: FEV1/FVC > LLN and FEV1 z-score 

less than -4 

Lung function impairment was defined as the presence 

of at least one of these three abnormalities based on the 

2012 Global Lung Initiative reference equations for 

‘others’ category as the equations for blacks was 

largely derived from AfroAmericans.21 

 

Data analysis: 

Data obtained were entered into Microsoft Excel 

spreadsheet, assessed for correctness, coded, and 

subsequently analysed using the IBM Statistical 

Product and Services (IBM SPSS Statistics) version 25 

software (Armonk, NY: IBM Corp). Frequency tables 

and charts were generated from the results as 

descriptive statistics. The continuous variables were 

subjected to the Shapiro-Wilk test of normality to 

determine whether they were normally distributed or 

skewed. Continuous variables such as age, oxygen 

saturation, FEV1, FVC etc were presented as mean ± 

standard deviations (SD) where normally distributed, or 

medians (interquartile range [IQR]), where skewed. 

Categorical variables (such as gender, pattern of lung 

function impairment etc) were expressed as 

percentages. The independent Student t-test was used 

to compare continuous data. 

A p value of < 0.05 was considered significant. 

 

RESULTS: 

The base line data of the participants studied includes 

the gender distribution, age parameters, anthropometric 

indices (body mass index). The study participants 

comprised 100 participants in the case and control 

group The post-TB group consisted of 54 (54%) 

females and 46 (46%) males and the control group 

consisted of 56 (56%) females and 44 (44%) males, 

with a M:F ratio of 1:1.22 for the cases and 1:1.27 for 

the controls (X2=0.08, p=0.776). There was no 

statistically significant difference in the mean age of 

the post-TB patients and the control group (48.0 ± 15.2 

years vs 46.7 ± 13.9 years, t=0.660; p=0.510). The 
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modal age group was 45 – 54 years for both the post-

TB patients (31%) and the control group (28%).  

 

The two groups were comparable in their marital status 

(X2=3.81, p=0.432), with married people constituting 

most of the study population both among the post-TB 

patients (47%) and the control group (49%). The case 

group had a significantly lower level of education, with 

16 (16%) individuals in the case group compared to 56 

(56%) controls having attained a tertiary education ( 2 

(df) = 39.54 (3), p<0.001) as shown in Table 1. 

 

Table 1: Distribution of sociodemographic characteristics of study participants 

 Cases  

n = 100, (%) 

Control 

n = 100, (%) 

Chi-square 

 (p-value) 

Gender  

Female 54 (54.0) 56 (56.0) 
0.08 (0.776) 

Male 46 (46.0) 44 (44.0) 

Mean age ± SD (years) 48.0 ±15.2 46.7 ± 13.9 0.660 (0.510) t 

Age groups (in years) 

<25 8 (8.0) 6 (6.0) 

1.97 (0.894) 

25 – 34 11 (11.0) 14 (14.0) 

35 – 44  18 (18.0) 24 (24.0) 

45 – 54 31 (31.0) 28 (28.0) 

55 – 64 18 (18.0) 15 (15.0) 

≥65 14 (14.0) 13 (13.0) 

Education    

No formal education 9 (9.0) 0 (0) 

39.54 (<0.001) 
Primary 39 (39.0) 25 (25.0) 

Secondary 36 (36.0) 19 (19.0) 

Tertiary 16 (16.0) 56 (56.0) 

Marital status    

Single 24 (24.0) 25 (25.0) 

3.81 (0.432) 

Married 47 (47.0) 49 (49.0) 

Divorced 5 (5.0) 1 (1.0) 

Separated 1 (1.0) 0 (0) 

Widowed 23 (23.0) 25 (25.0) 

Smoking 8 (8.0) 2 (2.0) 3.79 (0.052) 

Alcohol 16 (16.0) 0 (0) 17.39 (<0.001) 

Comorbidities 

Diabetes 1 (1.0) 1 (1.0) 0 (1.000) 

Hypertension 5 (5.0) 1 (1.0) 2.75 (0.097) 

HIV 19 (19.0) 6 (6.0) 7.73 (0.005) 
t independent Student-t test 

 

The post-TB cases had similar heights to their controls. 

However, the participants in the control group had a 

statistically significantly higher body mass indices 

(25.5 ± 4.7kg/m2 vs 22.3 ± 4.1 kg/m2, p<0.001) than 

those in the post-TB group (t -4.14, p<0.001). Obesity 

was similarly more prevalent in the controls than in the 

post-TB cases (15 (15%) vs 4 (4%); 2=19.82, 

p<0.001) as summarised in Table 2. 

 

Table 2. Distribution of anthropometry and other clinical indices in study participants 

 Cases  

n = 100 

mean ± SD 

Control 

n = 100 

mean ± SD 

Student t 

 (p-value) 

Mean weight ± SD (kg)   62.1 ± 10.9 69.3 ± 13.6 -4.14 (<0.001) 

Mean Height ± SD (meters) 1.67 ± 0.10 1.65 ± 0.08 1.82 (0.07) 

BMI (kg/m2) 22.3 ± 4.1 25.5 ± 4.7 -5.03 (<0.001) 

BMI categories 

Underweight 18 (18.0) 3 (3.0) 

19.82 (<0.001) ¶ 
Normal 57 (57.0) 50 (50.0) 

Obesity 4 (4.0) 15 (15.0) 

Overweight 21 (21.0) 32 (32.0) 



Spirometric Assessment Of Post Tuberculosis Lung Disease Patients Attending Federal Teaching Hospital, Owerri, Imo 

State, South Eastern Nigeria 

 

347                               Afr. J. Biomed. Res. Vol. 28, No.4s (October) 2025               Odinaka Cv et al. 

Systolic blood pressure (mmHg) 121.5 ± 14.8 123.1 ± 10.6 -0.90 (0.368) 

Diastolic blood pressure (mmHg) 74.3 ± 8.4 72.4 ± 4.9 1.88 (0.062) 

Pulse rate (bpm) 82.0 ± 12.2 78.9 ± 10.3 1.95 (0.053) 

Respiratory rate (cpm) 20.7 ± 1.8 20.3 ± 1.4 1.82 (0.07) 

Oxygen saturation (%) 97.4 ± 1.6 97.9 ± 1.4 -2.65 (0.009) 
¶ Chi-square test 

 

The mean  FEV1 among the post-TB cases was 1.93 ± 

0.73L (median z-score  -2.06) comparatively lower to 

that of the control group with mean FEV1 of  2.40 ± 

0.64L (median z-score -0.7) and the difference was 

statistically significant (t  -4.79, p<0.001). Similarly, 

the mean FVC among the post-TB cases was 2.72 ± 

0.87L (median z-score -2.27) which was lower 

compared to the control group with mean FVC of 3.12 

± 0.88L (median z-score -0.31) and the difference was 

statistically significant (t  -3.22, p=0.001). Also the 

mean FEV1/FVC of 69 ± 12.4 among the post-TB cases 

(t -5.62, p<0.001), mean FEF25-75 of 1.57 ± 0.83 (t  -

4.67, p<0.001) and mean PEFR of 4.66 ± 1.92 (t -5.34, 

p<0.001) were statistically significantly lower in the 

post-TB cases compared to the control group as shown 

in table 3 

 

Table 3. Lung function indices of study participants with their z-scores 

 Cases 

n = 100 

mean ± SD 

Control 

n = 100 

mean ± SD 

Student t 

 (p-value) 

FEV1 (litres) 1.93 ± 0.73 2.40 ± 0.64 -4.79 (<0.001) 

FEV1 z-score -2.06 (-2.80 – -0.55) † -0.71 (-0.96 – -0.27) † 2769 (<0.001) ‡ 

FVC (litres) 2.72 ± 0.87 3.12 ± 0.88 -3.22 (0.001) 

FVC z-score -2.27 (-2.30 – -0.24) † -0.31 (-0.84 – -0.26) † 3417 (<0.001) ‡ 

FEV1/FVC (%) 69.5 ± 12.4 77.7 ± 7.9 -5.62 (<0.001) 

FEV1/FVC z-score -1.38 (-2.33 – -0.94) † -1.34 (-1.38 – -1.21) † 4137 (0.035) ‡ 

FEF25-75 (l/sec) 1.57 ± 0.83 2.09 ± 0.75 -4.67 (<0.001) 

PEFR (l/sec) 4.66±1.92 6.16±2.04 -5.34 (<0.001) 
† median (interquartile ranges), ‡ Mann-Whitney U test 

 

The prevalence of lung function impairment was 71% 

among the post-TB cases compared to 12% in the 

controls ; this was statistically significant as the odds of 

lung function impairment were 18.0 (95% CI: 8.55 to 

37.7, p<0.001) times higher in the post-tuberculosis 

patients than in their controls as shown in figures 1, 2 

and 3 respectively. 

 

 
Figure 1. Prevalence of abnormal spirometry among cases 
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Figure 2. Prevalence of abnormal spirometry among controls 

 

 
Figure 3. Abnormal lung function in study participants 

 

Obstructive ventilatory pattern was the commonest 

ventilatory pattern seen in 29 (29%) post-TB patients, 

followed by the restrictive 28 (28%), and then mixed 

14 (14%) compared with obstructive 8(8%), restrictive 

3(3%) and mixed 1(1%) in the control group; the 

difference was statistically significant (X2=73.10, 

p<0.001), as summarised in tables 4 and 5 below 

 

Table 4. Lung function indices of study participants with their z-scores 

 Cases 

n = 100 

mean ± SD 

Control 

n = 100 

mean ± SD 

Student t 

 (p-value) 

FEV1 (litres) 1.93 ± 0.73 2.40 ± 0.64 -4.79 (<0.001) 

FEV1 z-score -2.06 (-2.80 – -0.55) † -0.71 (-0.96 – -0.27) † 2769 (<0.001) ‡ 

FVC (litres) 2.72 ± 0.87 3.12 ± 0.88 -3.22 (0.001) 

FVC z-score -2.27 (-2.30 – -0.24) † -0.31 (-0.84 – -0.26) † 3417 (<0.001) ‡ 
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FEV1/FVC (%) 69.5 ± 12.4 77.7 ± 7.9 -5.62 (<0.001) 

FEV1/FVC z-score -1.38 (-2.33 – -0.94) † -1.34 (-1.38 – -1.21) † 4137 (0.035) ‡ 

FEF25-75 (l/sec) 1.57 ± 0.83 2.09 ± 0.75 -4.67 (<0.001) 

PEFR (l/sec) 4.66±1.92 6.16±2.04 -5.34 (<0.001) 
† median (interquartile ranges), ‡ Mann-Whitney U test 

 

Table 5. Distribution of lung function patterns in study participants 

Lung Function Pattern Cases (n, %) Control (n, %) Chi-square 

(p-value) 

Normal 29 (29.0) 88 (88.0) 

73.10 (<0.001) 
Obstructive 29 (29.0) 8 (8.0) 

Restrictive 28 (28.0) 3 (3.0) 

Mixed 14 (14.0) 1 (1.0) 

Total 100 (100.0) 100 (100.0)  

 

Majority of the post-TB cases with obstructive 20 

(69%) and restrictive 17 (60.7%) spirometric patterns 

had moderate severity with a mean FEV1 z-scores of -

2.22 ± 0.34 and -2.41 ± 0.4 respectively, followed by 

those with mild severity noted 9 (31%) and 5 (17.9%) 

of those with obstructive and restrictive patterns, 

respectively. The least frequency was observed with 

very severe restrictive pattern in 2 (7.1%) post-TB 

cases as depicted in tables 6 and 7. 

 

Table 6. Distribution of lung function impairment by severity in study participants 

Severity of 

functional 

impairment 

CASES CONTROLS 

Obstructive 

n=29 

mean ± SD 

Restrictive 

n=28 

mean ± SD 

Mixed 

n=14 

mean ± SD 

Obstructive 

n=8 

median ± SD 

Restrictive 

n=3 

mean ± SD 

Mixed 

n=1 

mean±SD 

Mild -0.72 (-1.41 

– 0.23) ¶ 
-1.71 ± 0.45 - 

-0.87 (-0.94 – -

0.74) ¶ 
- - 

Moderate -2.22 ± 

0.34 
-2.41 ± 0.4 -2.31 ± 0.12 -2.23 ± 0.13 -2.1± 0.25 - 

Severe - -3.65 ± 0.31 -3.48 ± 0.23 - - -3.4 

Very severe - -4.35 ± 0.21 - - - - 
¶ Median (interquartile range – IQR) 

 

Severity of 

functional 

impairment 

CASES 
Total 

(n, 

%) 

CONTROLS 

Total 

(n, %) 
Obstructive 

(n, %) 

Restrictive 

(n, %) 

Mixe

d 

(n, %) 

Obstructive 

(n, %) 

Restrictiv

e (n, %) 

Mixed  

(n, %) 

  

Table 7 Distribution of severity of lung function patterns by FEV1 z-scores 

Severity of 

functional 

impairment 

CASES CONTROLS 

Obstructive 

n=29 

mean ± SD 

Restrictive 

n=28 

mean ± SD 

Mixed 

n=14 

mean ± SD 

Obstructive 

n=8 

median ± SD 

Restrictive 

n=3 

mean ± SD 

Mixed 

n=1 

mean±SD 

Mild -0.72 (-1.41 – 

0.23) ¶ 
-1.71 ± 0.45 - 

-0.87 (-0.94 

– -0.74) ¶ 
- - 

Moderate -2.22 ± 0.34 -2.41 ± 0.4 -2.31 ± 0.12 -2.23 ± 0.13 -2.1± 0.25 - 

Severe - -3.65 ± 0.31 -3.48 ± 0.23 - - -3.4 

Very severe - -4.35 ± 0.21 - - - - 
¶ Median (interquartile range – IQR) 

 

DISCUSSION 

Pulmonary tuberculosis is a communicable disease that 

is a major cause of ill health and one  

of the leading causes of death worldwide.2,14,80,81 The 

burden of post-tuberculosis lung disease seems to be on 

the rise resulting in debilitation among survivors. The 

post-tuberculosis condition is poorly defined with 

respect to chronic respiratory impairment in TB 

survivors. 

This study was a cross sectional comparative study that 

evaluated the prevalence and patterns of spirometric 

abnormality post-treatment TB patients in comparison 

to apparently healthy controls who were matched for 

age, sex and height. 
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This study showed a higher percentage of females 

(54%) compared to males (46%) similar to the findings 

by Ozoh et al21 and Halal et al14. This observation could 

be attributable to women having better health care 

seeking behaviour than men even though tuberculosis 

is said to generally affect more males than 

females.74,76,77 A smaller proportion of the post-TB 

patients 16 (16%) had tertiary education compared to 

the control where 56 (56%) had a tertiary education and 

this was statistically significant across the two groups, 

higher educational status could have contributed to 

higher socio-economic and better health status which 

could minimise the risk of contracting 

tuberculosis.66,67,68 Tuberculosis has been linked with 

environmental risk factors that go hand in hand with 

poverty, indoor air pollution, tobacco smoke, 

malnutrition, overcrowded living conditions and low 

educational status.70,72,73 Other studies had corroborated 

a similar association between tuberculosis and low 

educational status.94–96 This study also showed a 

statistically significant difference in the mean weight 

between the cases and the controls as evidenced by 

lower body mass index in the cases when compared 

with the control group and may suggest that adequate 

nutrition may enhance the body’s immune system and 

provide a better defensive mechanism against 

tuberculosis.75,97 A similar observation was noted by 

Aaron et al where he observed a correlation between 

BMI and tuberculosis.98 Association between 

malnutrition and tuberculosis is well established, 

malnutrition adversely affects both innate and adaptive 

immunity of individuals making them susceptible to a 

variety of infections such as tuberculosis.90,91,99 

Tuberculosis contribute to malnutrition through various 

mechanisms which include cytokine activation, 

abnormal protein metabolism, loss of lean tissue and 

body reserves which could present as fever, anorexia, 

sweating and weight loss.93,101,103  

This study showed that the prevalence of lung function 

impairment was statistically significantly higher in 

post-TB patients than those of the controls. The overall 

prevalence of lung function impairment in post-TB 

patients in the study population was 71% in the cases 

which is comparable to 72% reported in Ilorin,92 74% 

reported in Tanzania,30 76% reported in Egypt20 and 

68.2% reported in Mozambique.13 The different 

prevalence rates could be as a result of different 

geographical locations, possible effects of topography 

and ambient temperatures as the present study was 

carried out in Owerri, South Eastern Nigeria which is 

located in a valley with higher ambient temperature and 

could give rise to lower values of FEV1 and FVC than 

obtained in areas of lower ambient temperatures.104 A  

study on post-TB patients in Lagos reported higher 

prevalence rate of 88.7%.21 The higher prevalent rate in 

the later study could be as a result high population 

density, overcrowding and high level of pollution in the 

study area. However, other studies have reported lower 

rates such as 48% in the Breede Valley district of South 

Africa,82 45% in Cotonou Benin,102 34.4% in Malawi;88 

The lower prevalence rate could be because younger 

participants (≥15 years) with a median age of 35 years 

was recruited in the later study contrary to this study 

that recruited older participants (≥18 years) with a 

mean age of 48 years as lung function has been known 

to decline with age. The local ecology of mycobacterial 

genotypes/strains could account for geographic 

variation in TB disease. In West Africa, M. 

tuberculosis strains co-circulate with M. Africanum and 

both pathogens cause pulmonary disease in 

humans;63,64,65 almost half of all TB cases in West 

African countries eg Nigeria are caused by infection 

with a member of the mycobacteria tuberculosis 

complex, M. Africanum and could contribute to higher 

prevalence rates in the affected areas,83,89 however, the 

concept of mycobacterial genotyping is beyond the 

scope of this work. Some prospective cohort studies 

have reported declining prevalence rates across varying 

weeks of TB treatment.84,85 A prospective cohort study 

of 69 patients in Mozambique reported the prevalence 

of lung impairment at 8, 26, and 52 weeks after 

treatment completion to be 78%, 68.9% and 64.5% 

respectively.13 This finding is contrary to Chung et al 

who reported lower spirometry values 18 months post-

treatment; however their study included patients who 

were treated for non-tuberculous mycobacteria.105 

Hnizdo et al similarly reported decreased lung volume 

6 months after treatment with stabilization of the 

changes between 7-12 months despite the fact that their 

sample was composed of coal miners and included 

more than one episode of PTB,86 where as a 

longitudinal study by Allwood et al  reported that lung 

volumes improved and CT fibrosis score decreased, but 

features of chronic airflow obstruction and gas trapping 

emerged after PTB treatment.106 The discrepancies in 

the various reported prevalence rates may be 

attributable to the duration from tuberculosis infection 

to commencement of treatment and the severity of lung 

damage. It can also be due to differences in the 

geographical region, value cut off and reference 

equations used as a Russian study used FEV1 below 

60% as a cut-off for abnormality, use of fixed reference 

equations may over predict abnormality especially in 

older people. Countries with high TB burden like 

Tanzania, Egypt and Malawi reported higher 

prevalence than was reported in areas of low TB 

burden.22,27 

Immune mediators and pathways that promote caseous 

necrosis and pulmonary cavitation can give rise to 

airway obstruction during tuberculosis disease and later 

progress to fibrosis.58-62 

This study found the obstructive ventilatory pattern as 

the predominant abnormality, similar to reports by 

Patil,32 Fiogbe,102 Manji30 and Allwood et al35 which 

demonstrated obstructive pattern as the predominant 

impairment in around 42%, 32.8%, 42% and 38% of 

the study population respectively as well as an 

Egyptian study that reported obstruction in 31.98%.20 

There is however a great difference in the proportion of 

obstructive lung disease between this study and the 

Ilorin study which reported 5.8%.92 The extent of lung 

affectation as well as the predominant mechanism of 

lung involvement at the time of spirometric assessment 

may explain the observed differences in the 
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predominant ventilatory patterns reported in different 

studies. Majority of the patients with obstructive 

spirometric patterns in this study had moderate severity 

followed by those with mild obstruction in contrast to a 

Nigerian study that reported most of the study 

population having very severe ventilatory 

impairment.21  Some other studies have found 

restrictive ventilatory defect to be the main spirometry 

abnormality.87,92 Restriction in patients with 

tuberculosis may be explained by structural changes in 

the lungs as a result of aberrant lung tissue repair such 

as bronchovascular distortion, fibrotic bands and 

pleural thickening. There is also reduced ability to 

inhale fully as a result of extensive fibrosis and 

stiffening of the lung parenchyma. This study reported 

restriction in 28% of the study population lower than 

36.1%  reported by Mbatchou et al in Cameroun87 and 

42.2% reported in Ilorin, Southwestern Nigeria.92 There 

could be significant overlap of obstructive and 

restrictive impairment mechanisms in those with 

tuberculosis with some researchers suggesting that 

immune mediators and pathways that drive caseous 

necrosis and pulmonary cavitation which can lead to 

airflow obstruction during the disease and may also set 

up for later fibrosis. This study reported mixed 

ventilatory pattern as the least spirometric abnormality 

occurring in 14% of the study population. A previous 

study in Nigeria reported mixed pattern as the 

predominant  spirometric impairment in 30% of the 

study population.21 There was a significant reduction in 

the mean lung volumes of post-TB patients compared 

to the controls.  These findings are similar to a 

Tanzanian study that reported significant reduction in 

mean lung volumes of post-TB patients.30 The lower 

lung volumes post-tuberculosis treatment may occur 

due to destruction of lung parenchyma leading to 

reduction in lung volumes. Studies by Chuskin,29 

Taylor107 and Ojuawo et al92 have corroborated the 

findings in this study.   

The limitations to this study is that Chest x-rays and 

Chest CT scan that could characterize the extent of lung 

damage were not done, as this research was self-

funded. These investigations are expensive in resource 

poor countries like Nigeria. Also, Participants’ baseline 

lung function before commencement of treatment for 

tuberculosis was not done as it could have helped to 

further strengthen the causal relationship between TB 

and post-TB sequelae. This was a cross-sectional rather 

than a longitudinal study. 

 

CONCLUSION 

The prevalence of Spirometric abnormality was high in 

post-TB patients and respiratory function impairment 

after tuberculosis as one of the chronic lung diseases 

appears underestimated. Lung function patterns 

occurring in Post-Tuberculosis clients include 

Obstructive, Restrictive and Mixed, but could be 

normal. Post-Tuberculosis Chronic Respiratory Disease 

is prevalent among post-treatment/cured Tuberculosis 

clients.  

RECOMMENDATIONS 

Based on the findings in this study, the following are 

recommended 

1) A routine follow up evaluation of lung function of 

patients after treatment for tuberculosis to detect those 

with a residual respiratory impairment who might 

benefit from respiratory clinic follow up such as Chest 

Physiotherapy and Rehabilitation. 

2) Prospective and longitudinal follow-up studies are 

advised to understand further, the disease trajectory 

over time. 

3) Increased community advocacy, sensitization and 

awareness programs with emphasis on timely hospital 

presentation and early commencement of anti-

tuberculosis medications. 
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deficiency syndrome 

CD:                                            Cluster designation                                                    

COPD:                                       Chronic obstructive 

pulmonary disease 

DNA:                                        Deoxyribonucleic acid 

ERS:                                          European Respiratory 

society 

FEV1:                                        Forced expiratory 

volume in one second 

FVC:                                         Forced vital capacity 

FIVC:                                        Forced inspiratory vital 

capacity 

FEF:                                          Forced expiratory flow 

GDP:                                         Gross Domestic Product 

HIV:                                          Human 

Immunodeficiency virus 

IFN:                                           Interferon 

IQR:                                         Interquartile range 

IGRA:                                      Interferon gamma 

release assay 

IL:                                            Interleukin 

mRNA:                                     messenger RNA 

MIR:                                        Medical International 

Research 

MMP:                                      Matrix metalloproteinase 

PTB:                                      Pulmonary Tuberculosis 

TGFB:                                   Transforming growth 

factor beta 

 

Declarations 

Ethics approval and consent to participate 

This study was carried out in compliance with the 

Declaration of Helsinki. Ethical approval and consent 

to participate: Approval from the Ethics and Research 

Committee of the Federal  Teaching Hospital, Owerri 

(FMC/OW/HREC/VOL.11/78) was sought and 

obtained before the commencement of the study,. 

Informed consent was obtained from all the 

participants. On arrival, a written informed consent was 

extracted before inclusion. Written, informed consent 

was obtained from each participant prior to recruitment 



Spirometric Assessment Of Post Tuberculosis Lung Disease Patients Attending Federal Teaching Hospital, Owerri, Imo 

State, South Eastern Nigeria 

 

352                               Afr. J. Biomed. Res. Vol. 28, No.4s (October) 2025               Odinaka Cv et al. 

into the study and participants were at liberty to 

withdraw from the study at any stage without 

consequences. 

Consent for publication: not applicable as no 

identifying images or personal details of participants 

are presented 

Availability of data and materials: Data are available 

from the author upon request. 

Competing interests: the authors declare no competing 

interests 

Funding: The study was funded by the researcher. 

Authors’Contributions 

 CV envisioned the study, collated data, interpreted 

results, and wrote the manuscript.  

 CC assisted with study attainment, revision and 

supervision of the manuscript, GC supervised the 

manuscript, COU analysed and generated data, CF 

assisted with data collation. 

Acknowledgement: We are grateful to everyone who 

provided help towards the completion of our article 

 

Authors’ information: 

Authors and Affiliations 

Department of Internal Medicine 

Federal Teaching Hospital, Owerri, Imo State, Nigeria 

Odinaka CV, Mbata GC, Eke COU 

Department of Internal Medicine, College of Medical 

and Health Sciences 

University of Nigeria Teaching Hospital, Ituku-Ozalla, 

Enugu State, Nigeria 

Onyedum CC, Udeh CF 

 

Clinical trial number: not applicable  

 

REFERENCES 

1.  Allwood BW, Byrne A, Meghji J, Rachow A, Van 

Der Zalm MM, Schoch OD. Post-Tuberculosis 

Lung Disease: Clinical Review of an Under-

Recognised Global Challenge. Respiration. 

2021;100(1):751–763.  

2.  Mpagama SG, Msaji KS, Kaswaga O, Zurba LJ, 

Mbelele PM, Allwood BW, et al. The burden and 

determinants of post-TB lung disease. 

International Journal of Tuberculosis and Lung 

Disease. 2021;25(6):846–853.  

3.  Annabel baddeley, saskia den boon, annemieke 

brands, anna Dean, Dennis Falzon, inés García 

baena, Nebiat Gebreselassie, Medea Gegia, avi-

nash Kanchar, alexei Korobitsyn, Marek lalli, 

cecily Miller, ernesto Montoro, carl-Michael 

Nathanson, peter Nguhiu, l YW and TY. WHO 

Global TB report. 2022. 1–68 .  

4.  Glaziou P1, Arinaminpathy N2, Dodd P.J.3, Dean 

A1 FK, 1. Methods used by WHO to estimate the 

global burden of TB disease. 2023;20(3):1–59.  

5.  Onyedum CC, Alobu I, Ukwaja KN. Prevalence 

of drug-resistant tuberculosis in Nigeria : A 

systematic review and meta- analysis. PLoS One. 

2017;12(7):1–17.  

6.  Chakaya J, Khan M, Ntoumi F, Aklillu E, Razia 

F, Mwaba P, et al. Global Tuberculosis Report 

2020 – Reflections on the Global TB burden ,. 

International Journal of Infectious Disease. 

2021;(12):1–22.  

7.  Alsayed SSR, Gunosewoyo H. Tuberculosis : 

Pathogenesis, Current Treatment Regimens and 

New Drug Targets. International Journal of 

Molecular Science. 2023;24(3):1–23.  

8.  Goletti D, Pisapia R, Fusco FM, Aiello A, Crevel 

R Van. Epidemiology , pathogenesis , clinical 

presentation and management of TB in patients 

with HIV and diabetes. International Journal of 

Tuberculosis and  Lung Disease. 2023;27(4):284–

290.  

9.  Ravimohan S, Kornfeld H, Weissman D, Bisson 

GP. Tuberculosis and lung damage : from 

epidemiology to pathophysiology. European 

Respiratory Review. 2018;27(10):1–20.  

10.  Hsu D, Irfan M, Jabeen K, Iqbal N, Hasan R, 

Migliori GB, et al. Post tuberculosis treatment 

infectious complications. International Journal of 

Infectious Disease. 2020;92(2):41–45.  

11.  Allwood BW, Bateman ED. A Systematic Review 

of the Association between Pulmonary 

Tuberculosis and the Development of Chronic 

Airflow Obstruction in Adults. Respiration. 

2013;86(5):76–85.  

12.  Lamrani YA, Alami B. PULMONARY 

TUBERCULOSIS SEQUELAE : SPECTRUM 

OF RADIOLOGIC. J Med Surg Res. 

2018;2(6):144–151.  

13.  Khosa C, Bhatt N, Massango I, Azam K, Saathoff 

E, Bakuli A, et al. Development of chronic lung 

impairment in Mozambican TB patients and 

associated risks. BMC Pulmonary Medicine. 

2020;20:1–11.  

14.  Hallal PC, Muin A, Lopez M V, Valdivia G, 

Talamo C, Pertuze J. Tuberculosis and airflow 

obstruction: evidence from the PLATINO study in 

Latin America ˜. European Respiratory Journal. 

2007;30(6):1180–1185.  

15.  Nuwagira E, Baluku JB, Meya DB, Philpotts LL, 

Siedner MJ, Bajunirwe F, et al. Burden , clinical 

features and outcomes of post- ­ tuberculosis lung 

disease in sub- ­ Saharan Africa : a protocol for a 

systematic review and meta- ­ analysis. BMJ 

Open. 2022;12(8):10–13.  

16.  Meghji J, Lesosky M, Joekes E, Banda P, Rylance 

J, Gordon S, et al. Patient outcomes associated 

with post-tuberculosis lung damage in Malawi: A 

prospective cohort study. Thorax. 

2020;75(3):269–278.  

17.  Ojuawo OB, Fawibe AE, Desalu OO, Ojuawo 

AB, Aladesanmi AO. Spirometric Abnormalities 

Following Treatment for Pulmonary Tuberculosis 

in Ilorin, Nigeria. Nigeria Postgraduate Medical 

Journal . 2020;27(8):163–170.  

18.  Kampen SC Van, Wanner A, Edwards M, Harries 

AD, Kirenga BJ, Chakaya J, et al. International 

research and guidelines on post-tuberculosis 

chronic lung disorders : a systematic scoping 

review. BMJ Global Health. 2018;(5):1–8.  

19.  Sharma D, Sarkar D. Pathophysiology of 

Tuberculosis : An Update Review 



Spirometric Assessment Of Post Tuberculosis Lung Disease Patients Attending Federal Teaching Hospital, Owerri, Imo 

State, South Eastern Nigeria 

 

353                               Afr. J. Biomed. Res. Vol. 28, No.4s (October) 2025               Odinaka Cv et al. 

Pathophysiology of Tuberculosis :  PharmaTutor. 

2018;6(2):15–21.  

20.  Abdelaleem NA, Ahmed MK, Mohamed MN, 

Bayoumi HA. Lung health after tuberculosis : 

clinical and functional assessment in post-

pulmonary tuberculosis Egyptian patients. The 

Egyptian Journal of Bronchology. 2022;16(23):1–

6.  

21.  Ozoh OB, Bs MB, Ojo OO, Bs MB, Dania MG, 

Bs MB, et al. Impact of post-tuberculosis lung 

disease on health-related quality of life in patients 

from two tertiary hospitals in Lagos , Nigeria. 

African Journal of Thoracic Critical Care 

Medicine. 2021;27(2):46–52.  

22.  Janson C, Marks G, Buist S, Gnatiuc L, Gislason 

T, Mcburnie MA, et al. findings from the BOLD 

study. European Respiratory Journal. 

2013;42(5):1472–1483.  

23.  Maguire GP, Health W, Ardian MF, Sriwijaya U, 

Kenangalem E, Handojo T. Pulmonary 

tuberculosis, impaired lung function, disability 

and quality of life in a high-burden setting. 

International Journal of Tuberculosis and Lung 

Disease. 2009;13(12):1500–1506.  

24.  Pandey A, Agrawal R, Agarwal R, Kumar A, 

Gupta U, Sharma D. Assessment of Symptomatic 

Post Tuberculosis Patients by Spirometry and 

Chest X Ray.  International Journal of 

Contemporary Medical Research. 2020;7(1):1–6.  

25.  Graham BL, Steenbruggen I, Miller MR, 

Barjaktarevic IZ, Cooper BG, Hall GL, et al. 

AMERICAN THORACIC SOCIETY 

Standardization of Spirometry 2019 Update An 

Official American Thoracic Society and European 

Respiratory Society Technical Statement. 

American Journal of Respiratory and Critical Care 

Medicine. 2019;200(8):1–19.  

26.  Miller MR, Hankinson J, Brusasco V, Burgos F, 

Casaburi R, Coates A, et al. Standardisation of 

spirometry. European Respiratory Journal. 

2005;26(2):319–338.  

27.  Gupta S, Gupta AK, Basarwadia PK.  Clinical and 

Pulmonary Function Evaluation in Post-

Pulmonary Tuberculosis Patients. JIACM. 

2022;23(1):29–35.  

28.  Manji M, Shayo G, Mamuya S, Mpembeni R, 

Jusabani A, Mugusi F. Lung functions among 

patients with pulmonary tuberculosis in Dar es 

Salaam – a cross-sectional study. BMC 

Pulmonary Medicine. 2016;16:1–9.  

29.  Chushkin MI, Ots ON. Impaired pulmonary 

function after treatment for tuberculosis: the end 

of the disease ? J Bras Pneumol. 2017;43(1):38–

43.  

30.  Manji M, Shayo G, Mamuya S, Mpembeni R, 

Jusabani A, Mugusi F. Lung functions among 

patients with pulmonary tuberculosis in Dar es 

Salaam - A cross-sectional study. BMC 

Pulmonary Medicine. 2016;16(1):1–10.  

31.  A P Tarigan1, P Pandia1, P Eyanoer, D Tina1, R 

Pratama1, A Fresia1, Tamara1 3, , and Silvanna1. 

Obstructive lung disease as a complication in post 

pulmonary TB. Earth Environmental Science. 

2018;125:1–5.  

32.  Shital Patil, Rajesh Patil1 AJ. Pulmonary 

Functions’ Assessment in Post‑tuberculosis Cases 

by Spirometry: Obstructive Pattern is 

Predominant and Needs Cautious Evaluation in all 

Treated Cases Irrespective of Symptoms. 

International Journal of  Mycobacteriology. 

2018;7(2):128–133.  

33.  Brian W. Allwood a Anthony Byrne b Jamilah 

Meghji c Andrea Rachow d  e MM van der Zf 

ODS. Post-Tuberculosis Lung Disease : Clinical 

Review of an Under-Recognised Global 

Challenge. Thematic Review Series. 

2021;100(1):751–763.  

34.  Kwaghe AV, Umeokonkwo CD, Aworh MK. 

Evaluation of the national tuberculosis 

surveillance and response systems, 2018 to 2019: 

National tuberculosis, leprosy and buruli ulcer 

control programme, Abuja, Nigeria. Pan African 

Medical Journal. 2020;35(2):1–11.  

35.  Allwood BW, Stolbrink M, Baines N, Louw E, 

Wademan DT, Nel S, et al. Persistent chronic 

respiratory symptoms despite TB cure is poorly 

correlated with lung function Descriptive data. 

International Journal of Tuberculosis Lung 

Disease. 2021;25(4):262–270.  

36.  Nightingale R, Chinoko B, Lesosky M, Rylance 

SJ, Mnesa B, Peter N, et al. Respiratory symptoms 

and lung function in patients treated for 

pulmonary tuberculosis in Malawi : a prospective 

cohort study. Thorax. 2022;77(12):1131–1139.  

37.  Menzies NA, Quaife M, Allwood BW, Byrne AL, 

Coussens AK, Harries AD, et al. Lifetime burden 

of disease due to incident tuberculosis : a global 

reappraisal including post-tuberculosis sequelae. 

Lancet Global Health. 2021;9(12):1679–1687.  

38.  Chakaya J, Khan M, Ntoumi F, Aklillu E, Fatima 

R, Mwaba P, et al. – Reflections on the Global TB 

burden, treatment and prevention efforts. 

International Journal of Infectious Disease. 

2021;20(2):4–9.  

39.  Eliane Viana Mancuzo, Netto EM, Sulmonett N, 

Viana V de S, Croda J, Kritski AL, et al. 

Spirometry results after treatment for pulmonary 

tuberculosis : comparison between patients with 

and without previous lung disease : a multicenter 

study. J Bras Pneumol. 2020;46(2):1–9.  

40.  Byrne AL, Marais BJ, Mitnick CD, Lecca L, 

Marks GB. International Journal of Infectious 

Diseases Tuberculosis and chronic respiratory 

disease : a systematic review. International 

Journal of Infectious Disease. 2015;32(12):138–

146.  

41.  Rock D. Tuberculosis: A global emergency Work. 

1997. 8: 93–105.  

42.  Ãnnabel TMD. The history of tuberculosis. 

Elsevier. 2006;100(8):1862–1870.  

43.  Prabhu R, Singh V. The History of Tuberculosis : 

Past, Present, and Future. Adv Microbiol. 

2019;9(12):931–942.  

44.  Barberis I, Bragazzi NL, Galluzzo L, Martini M. 



Spirometric Assessment Of Post Tuberculosis Lung Disease Patients Attending Federal Teaching Hospital, Owerri, Imo 

State, South Eastern Nigeria 

 

354                               Afr. J. Biomed. Res. Vol. 28, No.4s (October) 2025               Odinaka Cv et al. 

The history of tuberculosis : from the first 

historical records to the isolation of Koch’s 

bacillus. J PREV MED HYG 2017; 2017;58(2):9–

12.  

45.  Sreeramareddy CT, Panduru K V, Menten J, Ende 

J Van Den. Time delays in diagnosis of 

pulmonary tuberculosis : a systematic review of 

literature. BMC Infectious Disease. 2009;10(9):1–

10.  

46.  Rubbel ION. Tuberculosis Information. 

1993;(1):1-3  

47.  Sudre P, Ten Dam G, Kochi A. Tuberculosis: A 

global overview of the situation today. Bull World 

Health Organ. 1992;70(2):149–159.  

48.  Zuroweste. WHO operational handbook on 

tuberculosis. 2020. 1–140.  

49.  Adepoju P. Nigeria’s widening tuberculosis gap. 

Lancet Infectious Disease. 2020;20(1):29.  

50.  Annabel baddeley, saskia den boon, anna Dean, 

Hannah Monica Dias, Dennis Falzon, Kath-erine 

Floyd, inés García baena, Nebiat Gebreselassie, 

philippe Glaziou, Marek lalli, irwin law, peter 

Nguhiu, lana syed HT and TY. WHO GLOBAL 

REPORT 2022.  1–2.  

51.  Annabel Baddeley, Marie-Christine Bartens, 

Saskia den Boon, Hannah Monica Dias, Den- nis 

Falzon, Katherine Floyd, Inés Garcia Baena, 

Nebiat Gebreselassie, Philippe Glaziou, Marek 

Lalli, Irwin Law, Peter Nguhiu, Nobuyuki 

Nishikiori, Cicilia Gita Parwati, C OTA and HT. 

Global tuberculosis report 2021. 1–57   

52.  Annabel Baddeley, Saskia den Boon, Anna Dean, 

Monica Dias DF, Katherine Floyd, Inés Garcia 

Baena, Nebiat Gebreselassie, Philippe Glaziou, 

Marek Lalli, Irwin Law, Peter Nguhiu, Lana Syed, 

Hazim Timimi TY. Global TB Report. 2022. 1-

47.  

53.  Okonkwo UK, Agbo MC, Ezeonu IM. 

PREVALENCE OF TUBERCULOSIS , DRUG-

RESISTANT TUBERCULOSIS AND HIV/ TB 

CO-INFECTION IN ENUGU , NIGERIA. 

2021;(4):1-5  

54.  Affusim CC, Kesieme E, Abah VO. The Pattern 

of Presentation and Prevalence of Tuberculosis in 

HIV-Seropositive Patients Seen at Benin City, 

Nigeria. ISRN Pulmonol. 2012;(9):1–6.  

55.  Dim CC, Dim NR. Trends of tuberculosis 

prevalence and treatment outcome in an under-

resourced setting : The case of. Nigerian Medical 

Journal. 2013;54(6):392–396.  

56.  Babajide T, Nwadike VU, Ojo DA, Onasanya 

OA, Ojide KC KI. PREVALENCE OF 

TUBERCULOSIS AMONGST PATIENTS 

ATTENDING TWO SECONDARY 

HOSPITALS IN ABEOKUTA OGUN STATE. 

AFRICAN J Clin Exp Microbiol. 

2014;15(3):144–150.  

57.  U.M. Ene-Obong. 2019 ANNUAL TB REPORT 

NATIONAL TUBERCULOSIS AND. 2019. 1–

43.  

58.  Kavya S, Joy P, Gangadharan V. A study to assess 

the clinico-radiological and spirometric profile of 

post tuberculosis patients in a tertiary care centre. 

Int J Res Pharm Sci. 2020;11(10):1350–1356.  

59.  Alexander KA, Laver PN, Michel AL, Williams 

M, Helden PD Van, Warren RM. Mycobacterium 

tuberculosis Complex Pathogen. Emerg Infect 

Dis. 2010;16(8):1–4.  

60.  Thapa J, Nakajima C, Maharjan B. Molecular 

characterization of Mycobacterium orygis isolates 

from wild animals of Nepal. Japanese J Vet Res 

2015;63(3):151–158.  

61.  Agyeman AA, Ofori-asenso R. Tuberculosis — an 

overview. 2017;(1)1-6  

62.  Smith I. Mycobacterium tuberculosis 

Pathogenesis and Molecular Determinants of 

Virulence. TB Center, Public Heal Res Institute, 

Int Cent Public Heal. 2003;16(3):463–496.  

63.  Rodriguez-Takeuchi SY, Renjifo ME, Medina FJ. 

Extrapulmonary tuberculosis: Pathophysiology 

and imaging findings. Radiographics. 

2019;39(7):2023–2037.  

64.  Obunjec C. Transmission and Pathogenesis of 

Tuberculosis. 2:19–44.  

65.  Long R, Divangahi M, Schwartzman K. Chapter 

2 : Transmission and pathogenesis of tuberculosis. 

Can J Respir Crit Care, Sleep Med. 2022;6(1):22–

32.  

66.  Liu CH, Liu H, Ge B. Innate immunity in 

tuberculosis : host defense vs pathogen evasion. 

Cell Mol Immunol. 2017;14(12):963–975.  

67.  Mezouar S, Mege J. Tumor Necrosis Factor-

Alpha Antagonist Interferes With the Formation 

of Granulomatous Multinucleated Giant Cells : 

New Insights Into Mycobacterium tuberculosis 

Infection. J Front Immunol. 2019;10(8):1–14.  

68.  Harris J, Keane J. How tumour necrosis factor 

blockers interfere with tuberculosis immunity. 

Front Microbiol. 2010;161(1):1–9.  

69.  Ong CWM, Fox K, Ettorre A, Elkington PT, 

Friedland JS. Hypoxia increases neutrophil- 

driven matrix destruction after exposure to 

Mycobacterium tuberculosis. Sci Rep. 

2018;8(7):1–11.  

70.  Maphasa RE, Meyer M, Dube A. The 

Macrophage Response to Mycobacterium 

tuberculosis and Opportunities for Autophagy 

Inducing Nanomedicines for Tuberculosis 

Therapy. Cell Infect Microbiol. 2021;10(2):1–22.  

71.  Pasipanodya JG, Mcnabb SJN, Hilsenrath P, Bae 

S, Lykens K, Vecino E, et al. Pulmonary 

impairment after tuberculosis and its contribution 

to TB burden. BMC Public Health. 2010;10:1–10.  

72.  Salgame P. MMPs in tuberculosis : granuloma 

creators and tissue destroyers. J Clin Invest. 

2011;121(5):9–11.  

73.  Stek C, Allwood B, Walker NF, Wilkinson RJ, 

Lynen L, Meintjes G, et al. The Immune 

Mechanisms of Lung Parenchymal Damage in 

Tuberculosis and the Role of Host-Directed 

Therapy. Front Microbiology. 2018;9(10):1–16.  

74.  Kayongo A, Nyiro B, Siddharthan T, Kirenga B, 

Checkley W, Joloba ML, et al. Mechanisms of 

lung damage in tuberculosis : implications for 



Spirometric Assessment Of Post Tuberculosis Lung Disease Patients Attending Federal Teaching Hospital, Owerri, Imo 

State, South Eastern Nigeria 

 

355                               Afr. J. Biomed. Res. Vol. 28, No.4s (October) 2025               Odinaka Cv et al. 

chronic obstructive pulmonary disease. Front Cell 

Infect Microbiol. 2023;114(6):1–17.  

75.  Elkington PT, Friedland JS. Matrix 

metalloproteinases in tuberculosis. European 

Respiratory Journal ; 2011;38(2):456–464.  

76.  Difazio RM, Mattila JT, Klein EC, Cirrincione 

LR, Howard M, Wong EA, et al. Active 

transforming growth factor-β is associated with 

phenotypic changes in granulomas after drug 

treatment in pulmonary tuberculosis. DARU, J 

Pharm Sci. 2016;24(1):1–11.  

77.  Edward J. Overview of Tuberculosis. 2012. 1–19   

78.  G C Mbata IDE. Management of haemoptysis 

after cure of pulmonary tuberculosis Case Report. 

African J Respir Med. 2013;8(2):22–24.  

79.  Cou E, Eo N, Gc M, Ac A, Pc O. Spinal 

Tuberculosis Presentations Among Adults : 

Findings from A Federal Tertiary Health Facility 

in South-East Nigeria . West J Med Biomed Sci. 

2023;4(1):33–37.  

80.  Mbata GC, Ofondu E, Ajuonuma B, Asodike VC, 

Chukwumam D. Case Report Tuberculosis of the 

spine ( Pott’s disease ) presenting as hemiparesis 

Case Report. African Journal of Respiratory 

Medicine. 2012;8(1):13–15.  

81.  Seaworth BJ., Armitige LY., Griffith DE., Wilson 

JW. EP. The Spectrum of Tuberculosis from 

Infection to Disease. Vol. 3, Heartland National 

TB Center and Mayo Clinic,. 2020. 1–74.  

82.  Hanekom KJDEIHPS. Post-tuberculosis health-

related quality of life, lung function and exercise 

capacity in a cured pulmonary tuberculosis 

population in the Breede Valley District , South 

Africa. South African J Physiother. 2019;75(1):1–

8.  

83.  Mkoko P, Naidoo S, Mbanga LC, Nomvete F, 

Muloiwa R, Dlamini S. Chronic lung disease and 

a history of tuberculosis (Post-tuberculosis lung 

disease): Clinical features and in-hospital 

outcomes in a resource-limited setting with a high 

HIV burden. South African Medical Journal. 

2019.109: 169–173.  

84.  Meghji J, Lesosky M, Joekes E, Banda P, Rylance 

J, Gordon S, et al. Patient outcomes associated 

with post-tuberculosis lung damage in Malawi : a 

prospective cohort study. Thorax Epub. 

2020;0(2):1–10.  

85.  Allwood BW, Zalm MM Van Der, Amaral AFS, 

Byrne A, Datta S, Egere U. Post-tuberculosis lung 

health : perspectives from the First International 

Symposium. International Journal of Tuberculosis 

and Lung Disease. 2020;24(8):820–828.  

86.  Hnizdo E, Singh T, Churchyard G. Chronic 

pulmonary function impairment caused by initial 

and recurrent pulmonary tuberculosis following 

treatment. Thorax. 2000;55(1):32–38.  

87.  Hugo B, Ngahane M, Nouyep J, Nganda M, 

Mapoure Y, Wandji A, et al. Post-tuberculous 

lung function impairment in a tuberculosis 

reference clinic in Cameroon. Respir Med. 

2016;114(3):67–71.  

88.  Meghji J, Lesosky M, Joekes E, Banda P, Rylance 

J, Gordon S, et al. Patient outcomes associated 

with post-tuberculosis lung damage in Malawi : a 

prospective cohort study. Thorax. 

2020;75(1):269–278.  

89.  Amaral AFS, Coton S, Kato B, Tan WC, 

Studnicka M, Janson C, et al. Tuberculosis 

associates with both airflow obstruction and low 

lung function : BOLD results. European 

Respiratory Journal 2015; 2015;46(6):1104–1112.  

90.  Patil S, Patil R, Jadhav A. Pulmonary Functions’ 

Assessment in Post-tuberculosis Cases by 

Spirometry : Obstructive Pattern is Predominant 

and Needs Cautious Evaluation in all Treated 

Cases Irrespective of Symptoms. International 

Journal of  Mycobacteriology. 2018;7(6):128–

133.  

91.  Bajpai J, Kant S, Verma A, Bajaj DK. Clinical 

,Radiological, and Lung Function Characteristics 

of Post-tuberculosis Bronchiectasis : An 

Experience From a Tertiary Care Center in India. 

Clinical Radiology . 2023;15(2):1–12.  

92.  Ojuawo OB, Fawibe AE, Desalu OO, Ojuawo 

AB, Aladesanmi AO. Spirometric Abnormalities 

Following Treatment for Pulmonary Tuberculosis 

in Ilorin , Nigeria. Nigeria Postgraduate Medical 

Journal. 2020;27(7):163–170.  

93.  Cooper BG, Stocks J, Hall GL, Culver B, 

Steenbruggen I, Carter KW, et al. The global lung 

function initiative (GLI) network: Bringing the 

world’s respiratory reference values together. 

Breathe. 2017;13(3):56–64.  

94.  Olson NA, Davidow AL, Winston CA, Chen MP, 

Gazmararian JA, Katz DJ. A national study of 

socioeconomic status and tuberculosis rates by 

country of birth, United States, 1996-2005. BMC 

Public Health. 2012;12(1):1–7.  

95.  Nidoi J, Muttamba W, Walusimbi S, Imoko JF, 

Lochoro P, Ictho J, et al. Impact of socio-

economic factors on Tuberculosis treatment 

outcomes in north-eastern Uganda: a mixed 

methods study. BMC Public Health. 

2021;21(1):1–16.  

96.  Imam F, Sharma M, Obaid Al-Harbi N, Rashid 

Khan M, Qamar W, Iqbal M, et al. The possible 

impact of socioeconomic, income, and 

educational status on adverse effects of drug and 

their therapeutic episodes in patients targeted with 

a combination of tuberculosis interventions. Saudi 

Journal of Biological Science. 2021;28(4):2041–8.  

97.  Cho SH, Lee H, Kwon H, Shin DW, Joh HK, Han 

K, et al. Association of underweight status with 

the risk of tuberculosis: a nationwide population-

based cohort study. Sci Rep. 2022;12(1):1–8.  

98.  Casha AR, Scarci M. The link between 

tuberculosis and body mass index. Journal of 

Thoracic Disease. 2017;9(3):301–303.  

99.  Talhar SS, Waghmare PJ, Ambulkar PS, 

Waghmane JE, Pal AK NP. Assessment of 

oxidative stress biomarkers and body mass index 

in pulmonary tuberculosis patients: A case control 

study. Nigerian Medical Journal. 2021;62(3):122–

126.  



Spirometric Assessment Of Post Tuberculosis Lung Disease Patients Attending Federal Teaching Hospital, Owerri, Imo 

State, South Eastern Nigeria 

 

356                               Afr. J. Biomed. Res. Vol. 28, No.4s (October) 2025               Odinaka Cv et al. 

100.  Olutobi Babatope Ojuawo, Ademola Emmanuel 

Fawibe, Olufemi Olumuyiwa Desalu ABO, 

Aladesanmi AO, Christopher Muyiwa Opeyemi, 

Mosunmoluwa Obafemi Adio AKS. Spirometric 

Abnormalities Following Treatment for 

Pulmonary Tuberculosis in Ilorin, Nigeria. 

Nigeria Postgraduate Medical Journal. 

2020;27(3):163–170.  

101.  Pandey A, Agrawal R, Agarwal R, Kumar A, 

Gupta U, Sharma D. Section : Assessment of 

Symptomatic Post Tuberculosis Patients by 

Spirometry and Chest X Ray. International 

Journal of Contemporary Medical Research. 

2020;7(1):1–6.  

102.  Arnauld F, Agodokpessi G, Affolabi D, Zannou 

M. Prevalence of lung function impairment in 

cured pulmonary tuberculosis Prevalence of lung 

function impairment in cured pulmonary 

tuberculosis patients in Cotonou , Benin. 

International Journal of  Tuberculosis and Lung 

Disease ·. 2019;23(2):196–202.  

103.  Patussi F, Sacchi C, Souza V De, Martins E, 

Spindola S, Croda J. Original article Chronic 

symptoms and pulmonary dysfunction in post-

tuberculosis Brazilian patients. Brazilian Journal 

of Infectious Disease. 2015;19(5):492–497.  

104.  Collaco JM, Appel LJ, McGready J, Cutting GR. 

The relationship of lung function with ambient 

temperature. PLoS One. 2018;13(1):1–11.  

105.  Chung K, Chen IJ, Lee IIC, Wu IIIH, Wang IVJ, 

Lee IVL, et al. Trends and predictors of changes 

in pulmonary function after treatment for 

pulmonary tuberculosis. Clinics. 2011;66(4):549–

556.  

106.  Allwood BW, Maasdorp E, Kim GJ, Cooper CB, 

Goldin J, Van Zyl-Smit RN, et al. Transition from 

restrictive to obstructive lung function impairment 

during treatment and follow-up of active 

tuberculosis. Int J COPD. 2020;15:1039–1047.  

107.  Taylor J, Bastos L, Lachapelle-chisholm S, Mayo 

NE, Johnston J, Menzies D. Articles Residual 

respiratory disability after successful treatment of 

pulmonary tuberculosis : a systematic review and 

meta-analysis. eClinicalMedicine. 2023;59(5):1–

15.  


