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Introduction: Smoking has been reported as one of tuberculosis (TB) risk factor. The association 
between smoking and TB has been proven in multiple studies, but little known about the 
association between smoking degree and sputum smear positive. 
Methods: An analytic observational study using cross-sectional design. Data of patients with 
pulmonary TB conducted at DOTS (Directly Observed Treatment Short course)/MDR (Multi 
Drug Resistance) outpatient and inpatient ward in Dr Soetomo General Hospital Surabaya from 
January to October 2018. The degree of smoking was measured using Brinkman Index (BI). The 
odds ratio (OR) and 95% confidence intervals (CI) were also estimated.
Results: There were 94 patients with pulmonary TB, 56 non-smoker and 38 smoker. Light smoking 
(P = 0,120, OR = 0.200, 95% CI: 0.022-1.823), moderate smoking (P=0.377, OR = 1.667, 95% 
CI: 0.533-5.209), heavy smoking (P=0.076, OR= 0.333, 95% CI: 0.96-1.160). Moderate smoking 
compared to heavy smoking as a control (P=0.33, OR = 5.000, 95% CI=1.096-22.820). 
Conclusion: There’s no significant correlation between smoking habits and sputum smear 
positive, but the present study evidenced the patients with smoking habits had greater chance to 
get sputum smear positive than non-smokers. Patient with moderate smoking compared to heavy 
smoking had greater chance to get sputum smear positive.

Introduction
Tuberculosis (TB) is an infectious disease caused by 
Mycobacterium tuberculosis (M. tuberculosis). Based on 
the WHO report in 2016 there were 10.4 million TB cases 
worldwide and 90% of the cases were adults and 62% 
were men. Indonesia is one of the 6 largest contributors 
to TB in the world.1 WHO estimated that the number 
of TB patients in Indonesia is around 5.8% of the total 
number of TB patients in the world.2 Based on the risk 
factors, pulmonary TB has exogenous and endogenous 
risk factors. Exogenous risk factors are risk factors that 
play an important role in accentuating the progression 
from exposure to infection while endogenous factors 
lead in progression from infection to active TB disease. 
Exogenous factors are mainly regulated of TB infection 
combined with intrinsic integration of the infectiousness 
of the source case, contact with TB patient, and another 
risk factor including smoking, alcohol, and indoor air 
pollution.3 Transmission of pulmonary TB comes from 

person to person through the air. M. tuberculosis carried 
in airborne particles, called droplet nuclei, with a 
diameter of 1- 5 microns. The infectious droplet nuclei 
are produced when TB patients are talking, coughing, 
sneezing, screaming, or singing. Depending on the 
environment, these small particles can survive in the air 
for several hours.4,5

Smoking has significant association with increased 
risk of pulmonary TB depends on the number of cigarettes 
consumed every day.6 Chronic and intermittent exposure 
to cigarette smoke causes morphological changes 
in the epithelium throughout the respiratory tract.16 
Moreover, continuous exposure to cigarette smoke can 
cause various changes in immunity, leading to increase 
in inflammation. The cigarette component will be 
deposited in the lung and activate many inflammatory 
factors causing damage to the lung structure.7  A cross-
sectional study conducted by Altet-Gomez et al 2005 
found that smokers were more likely to develop M. 
tuberculosis because smokers had more cavity lesions 
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and were more likely to get smear positive.8 
The association between smoking and TB has been 

proven in multiple studies,3,6,8,10,17,18 but association 
between smoking degree and sputum smear positive 
has not yet received sufficient attention and it has 
never been done in other countries including Indonesia. 
Therefore, this recent study aimed to determine the 
association between smoking habit and sputum smear 
positive in one of top referral hospitals in Surabaya, 
Indonesia.

Methods
This was analytic observational study performed using 
cross-sectional design. The study was conducted at DOTS 
(Directly Observed Treatment Shortcourse)/MDR (Multi 
Drug Resistance) outpatient clinic and inpatient room, 
Dr. Soetomo General Academic Hospital Surabaya from 
January to October, 2018. The populations of the study 
were all patients with pulmonary TB who were smoker 
and non-smoker.

The data of pulmonary TB have been completely 
written in medical record of each patient conducted by the 
expert doctor through structured interview and medical 
examination according to the guidelines pulmonary TB 
in Indonesia such as, taking medical history, physical 
examination, test for M. tuberculosis (tuberculin test), 
chest x-ray and bacteriologic examination of clinical 
specimens. The AFB was evaluated using the quickest 
and easiest procedure acid-fast staining technique called 
Ziehl-Neelsen (ZN). The smear of M. Tuberculosis was 
stained using carbol fuchsin combined with phenol. 
Following the carbol fuchsin, the stain was heated to 
enable the dye to penetrate the waxy mycobacterial cell 
wall. Then, acid alcohol will decolorize the stain and 
promalachite green as the closure stain. The smear was 
examined microscopically using the 100x oil immersion 
objective.

The data of smoker and non-smoker were obtained 
through structured questionnaire for smoking. Subjects 
who currently smoked cigarette got further questions 
regarding history of cigarette smoking, duration of 
smoking, number of cigarettes smoked per day and 
what age they started smoking. According to Indonesian 
Society of Respirology, smoking habits classified into 
three subgroups based on the value of Brinkman Index 
(BI) by multiplied the number of cigarettes smoked per 
day and the number of years of smoking. Light smoking 
(BI: 0-199), moderate smoking (BI: 200-600) and heavy 
smoking (BI: >600). We classified subjects who didn’t 
have smoking history as non-smoker.9

Inclusion criteria in this study were subjects that 
agreed to participate in the study, patients with a new case 
of pulmonary TB were smokers (case group) and non-
smokers (as a control group. The exclusion criteria in this 
study were patients with pulmonary TB that was not a 
new case (relapse, loss to follow up, and treatment failure) 
and subjects who refused to participate in the study. There 
were a total of 109 patients, 94 were included and 15 were 
excluded . The sample size of each group was 94 (38 were 
smokers, 56 non-smokers). Among 38 smokers, 6 were 
light smokers, 16 were moderate smoker and 16 were 
heavy smokers. The sampling technique in this research is 

conducted by using total sampling of the data. This study 
obtained data from questionnaire with live interview and 
medical records of patients with pulmonary TB.

The data obtained in this study will be analyzed 
using OR (Odds Ratio) to count retrospectively, then 
continue analyzed by SPSS v25 2018 to determine the 
risk estimates.

Results
Table 1. The general characteristics of the patients

Characteristics Smoker 
n=38

Non smoker
n=56

Age (years)
≤20 2 (5,26%) 8 (14,29%)
21-30 2 (5,26%) 2 (3,57%)
31-40 6 (15,79%) 9 (16,07%)
41-50 11(28,95%) 10 (17,86%)
51-60 10 (26,32%) 13 (23,21%)
61-70 5 (13,16%) 9 (16,07%)
71-80 1 (2,63%) 3 (5,36%)
81-90 1 (2,63%) 2 (3,57%)
Gender
Male 37 (97,37%) 25 (44,64%)
Female 1 (2,63%) 31 (55,36%)
Education
With no Education 3 (7,89%) 2 (3,57%)
Elementary School 9 (23,68%) 11 (19,64%)
Junior High School 6 (15,79%) 6 (10,71%)
Senior High School 14 (36,86%) 27 (48,22%)
Bachelor 1 (2,63%) 6 (10,71%)
Diploma 3 2 (5,26%) 1 (1,79%)
Diploma 1 1 (2,63%) 0 (0%)
Unknown 2 (5,26%) 3 (5,36%)
Occupation
Government employ-
ees 2 (5,26%) 3 (5,36%)

Private sector worker 19 (50%) 16 (28,57%)
House wife 0 (0%) 20 (35,70%)
Driver 6 (15,79%) 1 (1,79%)
Student/College Student‎ 1 (2,63%) 4 (7,14%)
Unemployment 2 (5,26%) 3 (5,36%)
Retired 3 (7,89%) 5 (8,93%)
Teacher 1 (2,63%) 1 (1,79%)
Entrepreneur 4 (10,54%) 3 (5,36%)

Table 2. Distribution of smoking degree patient with 
pulmonary TB based on Brinkman Index

Smoking Degree n (%)
Light 6 15,80%
Moderate 16 42,10%
Heavy 16 42,10%
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The general characteristic of subjects 
The general characteristic of patients are summarized in 
table 1. Among the 94 TB patients, 62 (66.0%) were males. 
There were 38 (40.4%) patients who had smoking habits 
and 37 (97.37%) were men. 10 (26.32%) out of 23 patients 
were 51-60 years old and had smoking habits. Based on 
statistic calculation from 94 samples, the mean age of the 
respondents was 47.34±17.22 years. Based on education, 
the higher number of patients were graduated from senior 
high school and 14 (36.86%) out of 41 patients had smoking 
habits. 19 (50%) out of 35 patients were private sector 
worker and had smoking habits. 35.70% of patients are 
housewives and had no smoking habits.

The distribution of smoking degree patients
The distribution of smoking degree patients based on BI are 
summarized in table 2. Light smoking 6 (15.80%), moderate 
smoking 16 (42.10%), heavy smoking 16 (42.10%). 

The association between smoking degree and sputum 
smear positive
According to table 3, there’s no significant correlation 
between light smoking (P=0.120), moderate smoking 
(P=1.677) and heavy smoking (P=0.333) with sputum smear 
positive since the P value are (P>0,05), but light smokers 
(OR=0.200, 95% CI=0.022-1.823) had 0.200 times more 
chance to get a positive smear than non-smokers. Moderate 
smokers (OR=1.667, 95% CI=0,533-5.209) had 1.677 
times more chance to get a positive smear compared to non-
smokers. Heavy smokers (OR=0.333, 95% CI=0.96-1.160) 
had 0.333 times more chance to get pulmonary TB with 
smear positive than non-smokers. 

The association between moderate smoking (heavy 
smoking as control) and sputum smear positive
Due to the previous results, we obtained moderate smoking 
had greater chance to get smear positive than heavy 
smoking, so as comparison we re-analyse the association 
between moderate smoking (heavy smoking as a control 
group) and sputum smear positive, as we can see in table 4, 
the result showed there’s no correlation between moderate 
smoking (P =0.33) and sputum smear positive (P>0.05), but 
moderate smoking (OR=5.000, 95% CI=1.096-22.820) had 
5 times greater chance of incident sputum smear positive 
than heavy smokers. 

Discussion
Elderly people are more prone to infectious diseases 
including TB. This condition is associated with the 
loss or delay in regeneration of specific CD4+ T cell 
mediated immunity antigens which are very important 
in controlling infection. Failures to control infection 
makes M. tuberculosis spreads to other organs easily. 
This condition is caused by changes in thymus atrophy 
so that T-cell production is reduced.10 In our study, 
we found that the most pulmonary TB patients in this 
study were adults within the age range of 51-60 years. 

The prevalence of TB in the world is significantly 
higher among men than women, in this result we found 
the same study conducted by Horton et al (2016). This 
might happened because the number of smoking habits 
is higher in men and it leads to changes in structural 
pulmonary and make men more prone to get TB than 
women, who are less likely to have smoking habit.11 

Based on our research, we found a higher number of 
pulmonary TB patients were graduated from high school 
with a total of 41 people (43.6%), just a few people 
who graduated from university. Level of education 
patients and TB cases in the world are related, because 
the higher the education, the easier it is for patients 
to absorb information and knowledge about certain 
diseases to lead a healthy life and overcome health 
problems.12 

Occupation could correlate with pulmonary TB. 
Occupation which required someone to socialize with 
other people or work in an indoor environment has 
greater risk of exposure to M. tuberculosis transmission. 
Whereas farmers and fishermen who work in outdoors 
have a lower risk of being exposed to TB bacteria.12   
That might answer why the most job who got pulmonary 
TB is private sector worker who might work in indoor 
environment. However, our findings shows some of 
pulmonary TB patients were housewives (21.3%). 
Since the housewives was the second most higher 
number occupation in our sample and they were all 
women and most of them were hadn’t smoking habits. 
To know more better we need more information about 
the condition of respondence house, the smoking habits 
between patient householder. They might be got smear 
positive and became susceptible because they became 
a passive smokers.13 The high amount in housewives 

Table 3. The association between smoking degree and sputum smear positive

Smoking Degree
AFB P OR 95% CI

P OR 95% CI
(+) (%) (-) (%)

Light smoking 1 16,67% 5 83,33% 0,120 0.200 0.022-1.823
Moderate smoking 10 62,5% 6 37,5% 0,377 1,677 0,533-5,209
Heavy smoking 4 25% 12 75% 0,076 0,333 0,96-1,160

Table 4. The association between moderate smoking (heavy smoking as a control) and sputum smear positive

Smoking Degree
AFB

P OR 95% CI
(+) (%) (-) (%)

Moderate smoking 10 62,5% 6 37,5% 0,33 5.000 1,096-22,820

Heavy smoking 4 25% 12 75%
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functional inaction to recognize the antigens. This 
suggesting people with heavy smoking habits have a 
higher chance of smear positive than non-smokers, 
because exposure of smoking cigarettes chronically 
could inhibit antibody cell formation and the body 
becomes more susceptible to the bacteria and other 
pathogen because of chaotic condition in immunity 
system.18

According to studies performed by Arcavi and 
Benowitz (2004), the number of CD4+ and CD8+ 
cells in light to moderate smokers were significantly 
increased, meanwhile in heavy smokers, CD4+ was 
decreased and  CD8+ was  increased. When the CD4+ 
is decreased, it indicated of low immune system and 
make it more susceptible to the infection. Other variant 
condition that could be found in heavy smokers were 
the low CD4+, high CD8+, or both were low that 
indicates of low immune system and make it more 
susceptible to infection too. The higher number of 
CD8+ could be related to neoplasia occurrence.16 In 
addition, Matsumoto et al. (2012) found that most 
patient who had smoking habits had cavitary lesions 
and a high degree of sputum smear positive, which 
may lead to poorer treatment outcomes, and may also 
expose more surrounding people to infection.19

This study has several limitations. First, we did not 
have data regarding smoking habits between patient 
householder, because several studies have reported 
the underlying mechanisms of the impact of passive 
smoking on pulmonary TB. Second, we found that 
moderate smoking had greater chance of incident 
sputum smear positive compared to heavy smoking. 
This condition might be caused by the sample size of 
our study may not have been sufficient due limited 
time we had.  

Conclusion
There was no significant correlation between smoking 
degree and sputum smear positive, however, patient 
with pulmonary TB and having smoking habits had 
greater chance to get sputum smear positive than non-
smokers which may lead to poorer treatment outcomes, 
and may also expose more surrounding people to 
infection.
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might be related too with unhealthy house condition 
such as the lack of sun exposure, lighting of the house, 
occupancy density, the ventilation, indoor air quality, 
and humidity. Those are some requirements of healthy 
house which has been explained in the regulation of 
the minister of health of the republic Indonesia number 
829/Menkes/SK/VII/1999 regarding of healthy house 
requirements.14

We found that there was no significant correlation 
between smoking habits and sputum smear positive but 
patient with smoking habits had greater chance to get 
sputum smear positive than non-smokers. Aside from 
that, we discovered unusual condition that moderate 
smoking had greater chance to get smear positive than 
heavy smoking. 

Smoking habits highly contribute to functional 
changes, immunities, important structural changes in 
the respiratory epithelium. Chronic and intermittent 
exposure to cigarette smoker tend to be more vulnerable 
than non-smokers because of a structural change along 
the respiratory epithelium and decreasing viability of 
cell. In higher level of cell damage, regeneration of 
respiratory cell are hampered, inducing apoptosis of 
respiratory hair cells. Apoptosis effects itself depend 
on cigarettes exposure, low exposure of cigarettes 
concentration can cause hyperplasia to occur, higher 
concentrations lead to metaplasia and loss of cilia with 
keratinization and submucosal thickening.15

There’s a difference between alveolar macrophages 
in patients with smoking habit and patients who have 
stopped smoking. When patient with current smoking 
habit and patients who have stopped smoking are 
infected with M. tuberculosis, their macrophages don’t 
significantly secrete TNF-α, IFN-γ and IL-1β compared 
to macrophages of non-smokers. Although smokers 
produce many macrophages, the component of the 
macrophages itself are not enough to kill the pathogen 
compared to macrophages in non-smokers that are 
much more healthier and could eradicate the pathogen 
from the body.16 The study by Qiu et al in 2017 said 
that smokers stimulate macrophages to produce more 
IL-8 which causes excessive inflammation rather than 
macrophage function itself  against the pathogen.17  
This might explain that current smokers and patients 
who have stopped smoking are more at chance in 
getting smear positive than non-smokers because the 
alveolar macrophages function does not work properly.

Kalra et al. (2002) conducted an experimental 
study of chronic exposure to cigarette smoke. The 
experimental animals were given exposure to nicotine 
with dose of cigarettes similar to humans around two 
packs a day for 3-4 weeks. They found the exposure 
to cigarette smoke can affect the responsiveness of T 
cells, decrease proliferation of T cells and antibody 
responses. However, the mechanism of cigarette smoke 
towards T cell function is still unclear. The exposure 
to cigarette smoke could damage the antigen mediated 
signalling in T cells. Inositol-1,4,5-Triposhpat was 
sensitive to Ca2+ and it could reduce the ability of  
Ca2+ production in the body. Meanwhile the Ca2+ 
functions as ligation between T cell receptors and 
antigens. So, the T cell becomes anergy and it showed 
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