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Introduction

Chronic obstructive pulmonary disease (COPD) is 
characterized by airflow limitation which is not fully 
reversible. Cigarette smoking is the most commonly encountered 
risk factor for COPD. It is not the only factor, however, and 
there is consistent evidence from epidemiologic studies that 
nonsmokers may develop chronic airflow limitation. Thus, 
the current understanding of risk factors for COPD is in 
many respects incomplete (1).

A history of tuberculosis has been found to be associated 
with airflow obstruction in adults older than 40 years (2,3). 

Tuberculosis can cause chronic lung function impairment 
and is associated with a mean excess loss in FEV1 and FVC. 
Lung function loss was greater among those with more 
severe or later clinical presentation of tuberculosis (4,5). 
In Korea, the new active pulmonary tuberculosis rate per 
100,000 was 59.3 in 2009. This rate increased with the age 
of the patients (6).

A nationwide COPD prevalence survey in Korea in 
conjunction with the second South Korean National Health 
and Nutrition Examination Survey (Korean NHANES II)  
was conducted from 2001 to 2002. Using Global Initiative 
for Chronic Obstructive Lung Disease (GOLD) criterion 
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(ERS) published a new statement on spirometry (9). The 
acceptability and repeatability criteria of the spirometry 
in this study were adopted from the 2005 ATS/ERS 
recommendations. We analyzed the data of subjects older 
than 40 years with at least three acceptable spirometry 
performances and available chest X-ray films. 

Airway obstruction is defined by the GOLD criteria as 
FEV1/FVC of less than 70%. The severity of obstruction 
was also classified according to GOLD criteria.

The radiologic findings were evaluated by two qualified 
radiologists and categorized as Table 1. The ‘TB scar 
positive’ case was defined if their chest radiography showed 
any parenchymal changes by tuberculosis listed in Table 1, 
irrespective of tuberculosis activity.

Analysis

All data are expressed as means and standard deviations or 
frequencies. We compared the mean spirometry values and 
the frequency of airflow obstruction according to the status 
of “TB scar”. We used student t-test and chi-square test for 
statistical analysis. The logistic regression models for the 
association between the presence of “TB scar” and airflow 
obstruction were also used. P value less than 0.05 was 
considered statistically significant. 

Results

Study populations

A total of 1,384 subjects (male 629, female 755) were 
included for the analysis. The median age of the study 
population was 51 years. Table 2 describes the demographic 
characteristics of the study population. Radiologic change 
by tuberculosis was found in 167 (12.1%) subjects. Most of 
them showed mild changes. None of them showed active 
lesion of tuberculosis (Table 3).

Spirometry results

The mean value of FEV1, FVC and FEV1/FVC of total 
subjects were 2.87±0.71 (L), 3.68±0.89 (L) and 0.78±0.73, 
respectively. The percentages of predicted value in FEV1 
and FVC were (95.7±14.2)% and (97.3±12.5)%. Table 4 
shows the spirometry results of total subjects according to 
the radiologic changes. Subjects with radiologic changes by 
tuberculosis showed significantly lower levels of percentage 
of predicted value for FEV1 and FVC (Table 5).

Table 1 Radiologic findings used in this study

Normal

Emphysema 

Pulmonary tuberculosis, mild, inactive

Pulmonary tuberculosis, moderate, inactive

Pulmonary tuberculosis, severe, inactive

Pulmonary tuberculosis, mild, activity undetermined

Pulmonary tuberculosis, moderate, activity undetermined

Pulmonary tuberculosis, severe, activity undetermined

Pulmonary tuberculosis, mild, active

Pulmonary tuberculosis, moderate, active

Pulmonary tuberculosis, severe, active

Pleural effusion

Pleural thickening

Others*

*, including lung mass, solitary pulmonary nodule, bronchiectasis, 

mediastinal abnormality, diffuse interstitial infiltration, atelectasis, 

etc.

for defining airflow obstruction, 17.2% of Korean adults 
over the age of 45 years had COPD (7). In Korean 
NHANES II, chest X-ray films were taken in specially 
equipped mobile examination cars at the time of spirometry.

The aim of this study was to evaluate the association 
between the radiologic changes by tuberculosis and airflow 
obstruction in a population based sample.

Materials and methods

This study was performed as part of a nationwide COPD 
prevalence survey. It was conducted in conjunction with 
the second South Korean National Health and Nutrition 
Examination Survey (Korean NHANES II) from October 
15, 2001, to January 20, 2002. Spirometry was performed 
by specially trained technicians who conformed to the 1994 
American Thoracic Society (ATS) recommendations (8). 
A more detailed description of the nationwide COPD 
survey methodology and spirometric procedures has been 
previously published (7). The study protocol was approved 
by the ethics committee of Hallym University Sacred Heart 
Hospital, Anyang, Korea.

Study subjects

In 2005, ATS and the European Respiratory Society 
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Table 2 Demographic characteristics of study population

Male  

(N=629)

Female 

(N=755)

Total 

(N=1,384)

Age group (years), N (%)

40-49 294 (46.7) 330 (43.7) 624 (45.1)

50-59 185 (29.4) 229 (30.3) 414 (29.9)

60-69 117 (18.6) 156 (20.7) 273 (19.7)

≥70 33 (5.2) 40 (5.3) 73 (5.3)

Smoking amount (pack-year), N (%)

0-10 93 (14.8) 18 (2.4) 111 (8.0)

10-20 120 (19.1) 7 (0.9) 127 (9.2)

≥20 269 (42.8) 8 (1.1) 277 (20.0)

Airflow obstruction, N (%) 

Present* 107 (17.0) 42 (5.6) 149 (10.8)

Absent 522 (83.0) 713 (94.4) 1,235 (89.2)

TB scar, N (%)

Present† 107 (17.0) 60 (7.9) 167 (12.1)

Absent 522 (83.0) 695 (92.1) 1,217 (87.9)

*, defined as observed FEV1/FVC <0.7; †, presence of any 

parenchymal change by tuberculosis listed in Table 1.

Table 3 Frequency of radiologic changes by tuberculosis

Type of radiology change N (%)

Pulmonary tuberculosis, mild, inactive 154 (92.2)

Pulmonary tuberculosis, moderate, inactive 1 (0.6)

Pulmonary tuberculosis, severe, inactive 1 (0.6)

Pulmonary tuberculosis, mild, activity undetermined 9 (5.4)

Pulmonary tuberculosis, moderate, activity undetermined 0 (0)

Pulmonary tuberculosis, severe, activity undetermined 2 (1.2)

Pulmonary tuberculosis, mild, active 0 (0)

Pulmonary tuberculosis, moderate, active 0 (0)

Pulmonary tuberculosis, severe, active 0 (0)

Total 167 [100]

Prevalence of airflow obstruction 

Among the 1,384 subjects, 149 (10.8%) showed airflow 
obstruction on spirometry. The presence of airflow 
obstruction was more frequent in subjects with radiologic 
change of tuberculosis. Among 167 subjects with radiologic 
changes by tuberculosis, 44 (26.3%) subjects showed airflow 
obstruction. Only 8.6 % of subjects without radiologic 
changes showed airflow obstruction. The difference of 
prevalence of airflow obstruction was statistically significant 
(P<0.001, chi-square test) (Table 6). The unadjusted odds 
ratio (OR) for airflow obstruction according to the presence 
of radiologic changes by tuberculosis was 3.8 (95% CI: 
2.54-5.64). After adjustment for smoking status, the OR was 
3.12 (95% CI: 2.01-4.67).

The distribution of airflow obstruction severity, 
according to the GOLD spirometry classification, was 
also evaluated. More subjects were classified into a more 
severe stage when they showed radiologic changes by 
tuberculosis. 11.3% of the subjects with radiologic changes 
were classified into GOLD 3 or 4, but only 4.8% of subjects 
without radiologic changes were in GOLD 3 or 4 (Figure 1).

Discussion

Pulmonary tuberculosis is associated with chronic airflow 
obstruction at diagnosis, during treatment, and several years 
after treatment ended (10). Tuberculosis can cause chronic 
lung function impairment in gold miners which increases 
incrementally with the number of episodes of tuberculosis, 
affecting approximately 18% of subjects with one episode, 
27% of subjects with two episodes, and 35% of subjects 
with three episodes of tuberculosis (4). Prevalence of airflow 
obstruction varied from 28% to 68% (11,12) of patient 
with pulmonary tuberculosis. A history of tuberculosis was 
also revealed to be associated with airflow obstruction in a 
large population-based study (2,3). However, little is known 
about the effect of radiologic changes by tuberculosis on 

Table 4 Spirometry results of total subjects by the radiologic change

TB scar (+) (N=167) TB scar (–) (N=1,217) P

FEV1  (L) 2.77±0.78 2.88±0.70 0.064

FEV1 (% of predicted value) 90.02±17.05 96.51±13.53 <0.001

FVC (L) 3.75±0.95 3.66±0.88 0.236

FVC (% of predicted value) 95.01±14.10 97.65±12.24 0.022

FEV1/FVC 73.81±10.21 78.90±6.70 <0.001

TB, tuberculosis; FEV1, forced expiratory volume in one second; FVC, forced vital capacity.
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airflow obstruction. We think that this is the first study that 
evaluated the association between the radiologic changes 
by tuberculosis and airflow obstruction in the general 
population.

In this population-based study, 12.1% of the study 
subjects showed radiologic changes by tuberculosis. Most 
of them showed mild change. Among the subjects with 
radiologic changes by tuberculosis, 26.3% of them had 
airflow obstruction. This figure was much higher than 
that of subjects without radiologic changes and statistically 
significant. The smoking-adjusted odds ratio for airflow 
obstruction according to the presence of radiologic changes 
by tuberculosis was over 3.12, which was statistically 
significant. Also, subjects with radiologic changes were 

categorized into more severe stages in GOLD spirometry 
classification. These findings suggest that tuberculosis can 
be not only a risk factor but also a prognostic factor for 
COPD.

Extensive lesions by tuberculosis  may produce 
restrictive changes but obstructive alterations were also 
identified (13,14). Patients with more extensive disease 
at presentation had lower FEV1 at follow-up (11). The 
degree of airflow obstruction was correlated with the extent 
of disease assessed by radiography (11), despite of the 
radiologic improvement after six months of antimicrobial 
chemotherapy (12). However, as shown in Table 3, almost 
all (97.6%) of radiologic changes by tuberculosis detected 
in this study were minimal, so the possibility of airflow 
obstruction caused by extensive lesion can be ruled out. 
There might be another mechanism for airflow obstruction 
such as chronic airway inflammation rather than airway 
fibrosis especially in the case of minimal radiologic changes 
by tuberculosis.

We also found that subjects with radiologic changes by 
tuberculosis also showed lower percentages of predicted 
values in FEV1 and FVC than subjects without radiologic 
changes irrespective of the presence of airflow obstruction 
(Tables 4,5). This confirms the previous finding by Ross et al. 
that pulmonary tuberculosis is associated with excess loss of 
lung function (5).

The present findings are relevant for public health. 
COPD is projected to be the third leading cause of death 
by 2020. Unfortunately, current pharmacological treatment 
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Table 5 Spirometry results of the subjects with airflow obstruction by the radiologic change

TB scar (+) (N=44) TB scar (–) (N=105) P

FEV1  (L) 2.25±0.73 2.48±0.75 0.083

FEV1 (% of predicted value) 74.36±18.03 82.60±16.59 0.008

FVC (L) 3.69±0.97 3.84±1.06 0.401

FVC (% of predicted value) 91.71±14.51 97.60±15.86 0.036

FEV1/FVC 60.57±9.04 64.27±6.10 0.015

TB, tuberculosis; FEV1, forced expiratory volume in one second; FVC, forced vital capacity.

Table 6 Presence of airflow obstruction according to radiologic change

TB scar (+) [%] TB scar (–) [%] Total [%]

Airflow obstruction (+) 44 [26.3] 105 [8.6] 149 [10.8]

Airflow obstruction (–) 123 [73.7] 1,112 [91.4] 1,235 [89.2]

Total 167 [100] 1,217 [100] 1,384 [100]

P<0.001, chi-square test. TB, tuberculosis.

Figure 1 Distribution of GOLD spirometry classification according 
to radiologic change. GOLD, Global Initiative for Chronic 
Obstructive Lung Disease.
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does not reduce the mortality rate or modify the natural 
disease course, so, prevention is an important strategy for 
managing COPD. COPD can be prevented in three levels. 
Primary preventions could be achieved by modification or 
reduction of the disease’s main causal factor (e.g., cigarette 
smoking). Secondary prevention could focus on screening 
or early detection of COPD. Tertiary prevention might 
include management of identified COPD patients to 
augment health status, reduce or slow disease progression 
or diminish exacerbations and other adverse outcomes (15). 
Several issues relate to early diagnosis in terms of cost and 
benefits of identification of groups with increasing risk and 
severity. The current findings suggest that subjects with 
radiologic change by tuberculosis could be candidate for 
screening COPD. Therefore, early diagnosis of COPD 
might be possible cost-effectively.

This study has some limitations. The spirometric 
definitions of COPD generally required a post-bronchodilator 
measurement (1,16), the spirometry examination in this 
nationwide survey did not include a test of reversibility of 
obstruction. While some subset of the study population had 
a probability of having pure asthma, we believe the presence 
of airflow obstruction using pre-bronchodilator FEV1/FVC 
is reasonable as a criterion of airflow obstruction after the 
age of 40 years in this large epidemiologic survey. As the 
current views of reversibility misclassify large segments of 
the population (17,18), the degree of reversibility of airflow 
limitation is no longer recommended for differential diagnosis 
with asthma (1). Safety issue was another consideration 
in this large epidemiologic survey. Fatal or near-fatal 
paradoxical bronchospasms after administration of a 
bronchodilator are described elsewhere (19). FEV1 and 
other respiratory indices obtained without bronchodilation 
are good markers of overall health (20).

In conclusion, a presence of radiologic change even mild, 
by tuberculosis was associated with airflow obstruction. 
The present findings would reduce the burden of airflow 
obstruction by the contribution of early detection of airflow 
obstruction. 
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