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Abstract 
Background: Previous case-control studies and a small number of cohort 
studies in high-risk populations have found an association between smoking 
and tuberculosis, but limited studies are available in the general population 
that predicts association of smoking and TB. Objectives: To investigate the 
association between smoking and tuberculosis in a cohort of a general popu-
lation. Methods: Four districts of Punjab province (Lahore, Rawalpindi, Fai-
salabad and Islamabad) were randomly selected. In routine, household con-
tact investigation is practiced by the National TB Control Programme. For 
two years from July 2013-June 2015, all people who were living within 50 me-
tres from the household of smear positive TB patients were screened for tu-
berculosis. Those found presumptive TB were investigated through smear 
microscopy and those found smear negative; the Xpert MTB/RIF test was 
done. All the diagnosed TB patients were referred to nearest basic health unit 
for further treatment and care. Results: A total of 783,043 contacts were 
screened for tuberculosis, of whom 19,815 (2.53%) were smokers. Smoking 
was common among men, in diabetic & teenage, elderly age population and 
in household contact of smear positive TB patients. Smoking was associated 
with an increased risk of tuberculosis (odds ratio [OR], 2.43; 95% confidence 
interval, 2.27 - 2.60) in household contact of smear positive TB patients. The 
association was stronger among those greater than 45 years of age (OR, 11.09) 
than those between 25 - 44 years of age (OR, 5.83) and diabetic persons (OR, 
2.0). Conclusions: Smoking was associated with a twofold increased risk of 
active tuberculosis in a cohort of general population. 
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1. Introduction 

According to World Health Organization (WHO), tuberculosis (TB) is among 
the top ten causes of mortality worldwide and ranks second after cardiovascular 
disease in most of high-burden countries [1]. Despite the improvement in case 
detection and treatment, the global incidence of TB remains stagnant over last 
decade. Preventive measures that address determinants of TB in addition to cur-
ative interventions could be more effective in order to reach the goal of END TB 
strategy by 2035 as compared to curative interventions. An important step of 
END TB strategy is to better understand the effects of modifiable risk factors and 
comorbidities on TB, including smoking that could ultimately increase the oc-
currence of TB. TB patients who smoke have an increased risk of treatment fail-
ure, delayed sputum conversion, relapse, and mortality [2] [3] [4]. Major poten-
tial confounders include sex, age, residing in a crowded home, income level, ma-
rital status, education level, use of alcohol and employment status [5] [6].  

According to WHO, over 1.1 billion people smoked tobacco in 2015 and 
nearly 80% of them live in low- or middle-income countries [7]. TB and tobacco 
is responsible for almost over 20% of TB-related deaths, which could exceed to 
40 million TB deaths by 2050 [8]. Several systematic reviews and meta-analysis 
of observational studies suggested a positive association of smoking with TB ac-
quisition and negative treatment outcomes that may affect rates of TB morbidity 
and mortality [9] [10] [11] [12]. However, evidence of impact of smoking on TB 
transmission is insufficient with limitation of retrospective case-control or 
cross-sectional study design, and cohort studies are limited to high-risk popula-
tion that are not generalizable, and their results might be biased. There is dearth 
of studies on general population with large sample size. In light of existing evi-
dence and knowledge gap, the current study is based on a long term follow-up of 
TB patients and investigation of their household and community living within 
50 meter radius of these patients that are representative of the general popula-
tion in urban areas of Punjab, Pakistan. The study aims to explore the associa-
tion between smoking and TB in general population living in slum areas of Pa-
kistan. 

2. Methods 

This study involved a retrospective record review of a cohort of community 
contacts living within the 50-meter radius of index TB cases through intensified 
case finding project [13]. This study was done in slums from July 2013-June 
2015 and four districts (Lahore, Rawalpindi, Faisalabad and Islamabad) were 
randomly selected from province Punjab, Pakistan. In which contact investiga-
tion beyond household was conducted and all people staying within a radius of 
50 meters from the household of smear positive TB patients were screened for 
tuberculosis using a short symptom-screening questionnaire. The questionnaire 
(using mobile phones enabled with geographic information system (GIS) tech-
nology) assessed current TB treatment status, presence of cough more than two 
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weeks, blood streak sputum, fever, unexplained weight loss, contact with a TB 
patient, self-reported smoking status (cigarette smoker? Yes/No) and diabetes 
status. Smokers were defined as participants who reported that they were current 
cigarette smokers. Algorithm of the project is given in Figure 1. Any person 
with productive cough for more than two weeks was defined as “presumptive TB 
patient”. Those with presumptive TB were investigated using smear microscopy 
and the Xpert MTB/RIF test was performed on smear negative patients. All the 
diagnosed TB patients were linked to TB treatment and care. Child presumptive 
TB patients were referred to nearest basic medical unit for investigations.  

The analysis was done in STATA version 12 (StataCorp., College Station, TX, 
USA). The presence of an association between smoking and TB was explored 
using multivariate logistic regression model, using self-reported smoking status 
and other covariate as the exposures to determine the independent predictors of 
TB & smoking, assess for confounding and statistical interaction. P-value < 
0.005 was considered as significance. 

3. Result 

A total of 783,043 contacts were screened for tuberculosis symptoms, of whom 
19,815 (2.53%) were smokers. Table 1 shows the characteristics of smokers and 
non-smokers. There were significant variation in characteristics of smokers and 
non-smokers when disaggregated by sex, age, diabetic status and TB contact. 
Cigarette smoking consumption were common among men, in diabetic & tee-
nage, elderly age population and in household contact of index TB patients. Ta-
ble 2 shows the independent association of smoking status and other covariates 
with TB. Smoking diabetes, being male and being household contact of Index TB 
case are independently associated with TB. Smoking was associated with an in-
creased risk of tuberculosis (odds ratio [OR], 2.43; 95% confidence interval, 2.27 
- 2.60) in household contact of smear positive TB patients. The association was 
stronger among those greater than 45 years of age (OR, 11.09) than those be-
tween 25 - 44 years of age (OR, 5.83) and diabetic persons (OR, 2.0). 

4. Discussion 

The prevalence of smokers in adult general population in Pakistan is 19.1% [14]. 
In this study, we found a threefold increase in the risk of TB in current smokers 
compared with never smokers, which was significantly less than the previous 
study. A review of the literature suggests a positive association between current 
smoking and TB [5] [11] [15]. The observed magnitude of association ranged 
from 1.73 to 2.68. The results from our study are consistent with the positive as-
sociation found in other studies. Our study reveals that the association between 
smoking and TB might differ by age, with a higher OR for those greater than 45 
years of age. Other studies on the associations between smoking and TB and 
other diseases e.g. diabetic [16], have reported decreasing relative risks by age. 
The differential association by age observed in our study that smoking may be a 
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stronger risk factor in the elderly results from reactivation of remote infection. 
Whereas, in contrast to our study finding, in a cohort study in Hong Kong, 
smokers had a nearly threefold increased risk of TB, but among the elderly OR 
was 0.78 [17]. 
 

 
Figure 1. Flow chart to explain the flow of patients [11]. V screen: Verbal screening, HH: 
Household, CC: Community contact, SS +: sputum smear positive, SS −: Sputum smear 
negative, CXR: chest X-ray, MTB +: Mycobacterium tuberculosis detected, MTB −: 
Mycobacterium tuberculosis not detected, Rif +: resistance to rifampin, Rif −: No 
resistance to rifampin, FLD: First line drug, SLD: Second line drug, DST: Drug 
susceptible test. 
 
Table 1. Baseline characteristics of active smokers and not smokers. 

Characteristics Active Smokers Non Smokers P-Value 

Age (yrs) 
• ≤14 
• 15 - 24 
• 25 - 44 
• ≥45 

 
649 (0.24) 
1500 (0.84) 
8742 (4.09) 
8862 (7.57) 

 
272,958 (99.76) 
176,158 (99.16) 
204,830 (95.91) 
108,136 (92.43) 

 
0.001< 

Gender 
• Male 
• Female 

 
18,026 (4.19) 
1789 (0.51) 

 
411,830 (95.81) 
351,228 (99.49) 

 
0.001< 

Diabetic 
• Yes 
• No 

 
2096 (28.99) 
17,719 (2.28) 

 
5135 (71.01) 
757,921 (97.72) 

 
0.001< 

TB Contacts 
• Household 
• Community 

 
3014 (3.38) 
16,801 (2.42) 

 
86,180 (96.62) 
676,878 (97.58) 

 
0.001< 

Total 19,815 (2.53) 763,058 (97.47)  
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Table 2. Association of smoking status and other covariates with tuberculosis. 

Characteristics Odds Ratio Confidence Interval 

Age 
• ≤14 (Reference) 
• 15 - 24 
• 25 - 44 
• ≥45 

 
 
6.81 
5.83 
11.09 

 
 
(5.9 - 7.7) 
(5.1 - 6.6) 
(9.8 - 12.6) 

Gender (Female as reference) 
• Male 

 
1.10 

 
1.04 - 1.17 

Smokers 2.72 2.4 - 3.0 

Diabetic 2.01 1.7 - 2.3 

TB Contacts (community as reference) 
• Household 

 
2.43 

 
2.27 - 2.60 

All the covariates were controlled for in the same model. 

 
The prevalence and notification rates of TB in Pakistan are higher among men 

[18]. In our study population, proportion of smokers among men was substan-
tially higher than women. This suggests that smoking may be the underlying 
cause of the sex difference in TB. Whereas, the study results shows that index 
household and smoking are the main risk factors for developing TB. It is advisa-
ble to ask smoking status at initial screening phase of index household then close 
community phase in routine setting as a part of national strategy so that reliable 
estimates of smoking prevalence among TB patients can be available at national 
level.  

A major strength of this study is the follow up of large scale general popula-
tion and unlike previous cohort, studies that were only targeted the high-risk 
populations, this study was conducted in a general community with larger sam-
ple size and has greater generalizability. Moreover, the National TB control pro-
gram was leading the implementation of project and this is the first study in 
general population in Pakistan with active case finding technique that provides 
evidence on the positive association between smoking and TB. The primary ob-
jective of the study was not to assess the association of smoking and TB so it is 
difficult to ensure the accuracy and completeness of data related to smoking. 
Moreover, only history of TB was taken, duration and intake of smoking were 
not recorded. Based on our study finding, it is recommended to record smoking 
status at initial screening phase in routine practice and an integrated approach 
can be proposed for smoking cessation in TB care as part of TB control [19]. 
This analysis is never done as part of NTP project to assess the association TB 
and smoking. The findings will help the program to invest on designing cost ef-
fective intervention and behavior support for TB patients to quit smoking while 
initiating TB treatment. Further large scale research studies/survey are proposed 
to determine the exact prevalence of smoking among TB patients.  

5. Conclusions 

Smoking was associated with a two-fold increased risk of active tuberculosis and 
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there is need for targeted smoking cessation strategies for elderly smokers and 
diabetic among TB patients. 

Behavior support for TB patients to quit smoking should be encouraged in 
routine settings by National TB Control Program. 
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