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Abstract: 

Background: Tobacco smoking and pulmonary tuberculosis combined is two preventable public 

health concerns. They put the annual global death rates from these two diseases at over six 

million. There is tangible evidence from studies conducted on more than forty thousand patients 

regarding nicotine therapy for tobacco smokers enhances likelihood of success when compared 

to support without nicotine replacement. This study determines the effectiveness of nicotine 

replacement therapy among tuberculosis patients. 

Methods: This protocol study determines the effectiveness of tobacco smoking cessation rates 

among pulmonary tuberculosis patients on nicotine replacement treatment. The secondary 

objectives are to determine the relationship between smoking cessation and tuberculosis 

treatment outcome and the determinants of smoking cessation. This CONSORT 2010 checklist-

based, placebo controlled, block- randomized, double-arm, single blind trial will be 

experimented between March 2019 and August 2022 in Mangaluru, India, with a sample size of 

300 in both the arms. The intervention group will be prescribed with nicotine polacrilex chewing 

gums along with brief advice and the control group with brief advice and sugar-free chewing 

gum as a placebo for three months in a tapered dose with 3 months of follow-up. The binary 

outcome of reported status of smoking the participants will be confirmed by urine cotinine 

qualitative test at the start and end of the trial apart from monthly carbon monoxide monitoring 

and Fagerstorm scoring. Ethical clearance is obtained from Nitte University. 

Discussion: The collected information will be summarized by using frequencies and percentages 

for qualitative data, mean and standard deviation for quantitative data. To compare the outcome 

measures, quantitative, before and after intervention, paired-t test will be used. If the study has 

missing data more than 10% of the total sample size as expected during sample size calculation, 

Pattern-Mixture Model within a mixed-effects logistic regression model for longitudinal 

dichotomous data will be used. The significance of this study is to gather further evidence 

nicotine replacement therapy as an appropriate technology in primary care settings and further 

upwards by conducting the trial in actual healthcare settings.  
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Trial registration: The trial is registered prospectively with the Clinical Trials Registry of India 

vide CTRI/2018/11/016457 dated 28/11/2018. 

 

Introduction:    

Tobacco smoking and pulmonary tuberculosis (TB) are major public health problems in the 

developing world posing as a considerable threat with annual global deaths exceeding six million 

[1]. Incredibly, tuberculosis and smoking are co-prevalent in low- and middle-income countries 

that synergistically cause higher morbidity and mortality [2]. It is less recognized that there is an 

association between tobacco smoking and natural history of pulmonary tuberculosis and poor TB 

treatment outcomes [3]. Prevalence of tobacco smoking among pulmonary tuberculosis patients 

is greater in comparison with non-tuberculosis individuals. Tobacco smoking increases the risk 

of latent tuberculosis by 1.9 times and active tuberculosis by 2 times and case-fatality rate by 2.6 

times when adjusted for socio-economic status [4]. Smoking patients with active TB presented 

increased cavitary lesions (Odds ratio OR: 1.88; 95%CI:1.02–3.46;p<0.05). Also, latent TB 

infection was favored in smoking contacts, being a risk factor associated with infection (OR: 

11.57; 95% CI: 5.97–22.41; p<0.05) [5]. 

It is documented that tobacco smoking conquers cell-mediated and humoral immunity that 

eventually causes TB infection and worsens treatment outcomes. Nevertheless, most 

immunological abnormalities induced by tobacco smoking reverse in less than six weeks after 

tobacco cessation. Thus, it is imperative that smoking cessation be amalgamated as a standard 

therapy along with anti-tubercular treatment for tobacco users especially smokers [6]. 

There is tangible evidence from studies conducted on more than forty thousand patients 

regarding nicotine therapy for tobacco smokers enhances likelihood of success when compared 

to support without nicotine replacement [7].Nicotine Replacement Therapy (NRT) has been 

effective in promoting abstinence rates even at short term abstinence for two weeks (OR = 2.02, 

95% CI= 1.11–3.69) which reduced at the end of treatment (OR= 0.79, 95% CI= 0.57- 2.65) 

however with significant abstinence seen in high compliant participants [8]. Systematic reviews 

support this evidence that NRT is effective when compared to placebo or no intervention 

(OR=1.77; 95% (CI), 1.63 to 1.91) [9]. To address this research question, a two-armed, non-

inferiority, placebo-controlled randomized trial is designed. The study gathers further evidence 

to portray the effectiveness of brief advice with nicotine replacement therapy for smoking 

cessation in real-life low-middle income country settings. The study contemplates dropout rates 

and their alternative statistical analyses based on missing data expected out of the trial and this 

protocol paper also comes in handy for future researchers intending to design a protocol for 

similar studies. This study aims to determine the effectiveness of brief advice aided nicotine 

replacement therapy on smoking cessation among pulmonary tuberculosis patients registered for 

anti-tubercular treatment in Dakshina Kannada District of Karnataka State, India. 
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Methods: 

A. Trial Design: This randomized, placebo-controlled, two-armed, single-blinded trial is 

designed based on CONSORT 2010 Guidelines [11]. The study began in January 2019 as part 

of the principal investigator‟s PhD thesis under the aegis of Nitte (deemed to be University), 

Mangaluru, India, in partnership with National Health Mission, Dakshina Kannada District, 

Government of Karnataka.The primary objective of the study is to determine the effectiveness 

of nicotine replacement therapy on smoking cessation among the pulmonary tuberculosis 

patients. The most apt study design for fulfilling this objective would be to conduct a 

randomized controlled trial. The nicotine replacement therapy was considered as the 

intervention because this study is being conducted on the target population of pulmonary 

tuberculosis patients undergoing anti-tubercular treatment for duration of six months. This 

intervention time can be simultaneously utilized for nicotine replacement therapy (NRT) that 

aims to reduce motivation to smoke and the physiological and psychomotor withdrawal 

symptoms often experienced during an attempt to stop smoking, and therefore increase the 

likelihood of remaining abstinent [12]. The study design is a randomized, placebo-controlled 

parallel superiority trial with 1:1 allocation ratio. This superiority trial intends to gather further 

evidence that nicotine replacement therapy with brief advice is more efficient than brief advice 

alone which is now currently practiced in the Revised National Tuberculosis Control Program 

(RNTCP) renamed as National Tuberculosis Elimination Program (NTEP). Hence brief advice 

is coupled with a placebo in the form of a mint- flavored sugar-free chewing gum for the 

control group.  The study period is between January 2019 and August 2020. Pediatric TB, 

mono or Multi-Drug Resistant TB patients, participants not willing to quit smoking following 

brief advice, participants not willing to participate in the study, smokeless tobacco users, 

patients contraindicated for NRT: (recent history of myocardial infarction, angina; pregnancy & 

lactation) will be excluded from the trial before recruitment. Participants who quit smoking 

within 4 weeks of the trial would be excluded from the trial since it may be a confounder for 

smoking cessation due to NRT. This is because when duration of NRT use was considered, it 

was found that persons who used NRT for less than four weeks were less likely to quit 

according to Zhang et.al [13].  

 

B. Study Setting: 

The study is conducted at the Tobacco Cessation Centre, Wenlock Hospital, Mangaluru, 

India. Wenlock Hospital is the tertiary level Government-owned District level hospital with 

more than 700 beds that also has an exclusive tobacco cessation centre that provides services 

to 200 to 250 patients on a monthly basis with free nicotine replacement therapy and 

counseling services. Patients and/or visitors of this hospital who are known tobacco users 

will be advised to take services at the tobacco cessation centre to quit tobacco. A full-time 

psychologist provides the counseling services and a qualified medical practitioner prescribes 

nicotine replacement therapy. However, until date, tuberculosis patients were neither referred 

to the centre nor were assessed for tobacco use by either history-taking or diagnostic tests. 

Through this study, enrolment of pulmonary tuberculosis patients for a brief advice was 

arranged with an objective to recruit the smokers for the study. The estimated completion 

date of the study is August 2021. Follow-up of the participants will be done at the nearest 

Primary Health Centre/Taluk Hospital for the participants on a monthly basis.  
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C. Participants:  

The smoking cessation trial aims to recruit 150 participants in each arm. The participants will be 

selected based on the eligibility and exclusion criteria. All eligible participants registered under 

Nikshay TB portal who walk in for treatment or diagnosis that have not completed more than one 

month of Directly Observed Therapy Short Course (DOTS) will be registered for the study. 

Participants will be recruited based on the eligibility criteria of microbiologically confirmed or 

clinically diagnosed pulmonary TB cases with a history of smoking tobacco in the past one year.  

The participant information sheet will be given and explained to the participant by the 

investigator about the risks and benefits of participating in the trial.  

D. Intervention and Control arm: 

Intervention for the experimental Group will be NRT containing 2 mg nicotine chewing gums for 

3 months with tapering dosage pattern along with monthly brief advice (5 A's). The control 

Group will be given non nicotine chewing gums (placebo) for 3 months with tapering dosage 

pattern along with monthly brief advice (5 A's). The 5As (Ask, Advise, Assess, Assist, Arrange) 

summarize all the activities that a primary care provider can do to help a tobacco user within 3−5 

minutes in a primary care setting. This model can guide through the right process to talk to 

patients who are ready to quit about tobacco use and deliver advice [14]. Carbon monoxide (CO) 

monitor will be used toassess the exhaled CO level of the study participants. The cutoff point 

will be six parts per million or less for nonsmokers and more than six parts per million for 

smokers [15]. Urine cotinine test will be done to assess the smoking status of the participants 

during baseline and end-line of the study. These two clinical risk endpoints were chosen for their 

evidence to demonstrate the smoking status and their favorable change upon smoking cessation 

within a timeframe feasible for the study duration [16]. Participants who were not eligible for the 

study were referred to the tobacco cessation center at the District hospital for routine 

intervention. Two research assistants with prior work experience in tuberculosis control program 

are recruited and trained to provide brief advice to the study participants and prescription of the 

intervention to both the arms. The participants were informed to visit the primary health center 

on a monthly basis to administer the intervention. After three months of intervention, another 

three months was allocated for follow-up that involved only brief advice. Participants who 

continue the use of NRT/placebo after 3 months of intervention will be counseled for 

discontinuation within one month of follow-up. Further use of NRT/placebo will be classified as 

“prolonged use”. 

E. Primary Outcomes: 

The primary clinical outcome will be the binary smoking abstinence or non-abstinence assessed 

at 3 months after intervention and 3 months after follow-up. Non-abstinence will be defined as 

self-reported seven or more consecutive days of smoking since the end of intervention or 

smoking over the two consecutive weeks prior to the assessment or positive urine cotinine test at 

the end of three months of follow-up.  

F. Secondary outcomes:  

Secondary outcomes of interest at the final followup will includenumber of quit attempts since 

enrollment, the number of smoked cigarettes/bidis per day (for those who were not able to quit), 

duration of use of intervention. The final outcomes will be smoking excess, smoking reduction, 
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continued use and relapse from the baseline information.  

 

G. Sample size:  

In a study conducted to find the efficacy of smoking cessation at tuberculosis clinics in Tshwane, 

South Africa, self-reported 6-month sustained abstinence was 21.5% for the intervention group 

and 9.3% for the control group with a level of significance of 5%, power of 80% in the two-sided 

test [17]. This result was considered to calculate the sample size for the current study. As a 

result, the sample size therefore in each arm is 136. By considering a loss to follow up of 10% in 

each arm, the sample size is 149.6 rounded off to 150 per arm.  

 

H. Randomization, blinding, and allocation concealment:  

 

When planning a randomized clinical trial, careful caution must be executed in selection of 

participants for various arms of the study. Selection and accidental bias may occur when 

participants are not assigned to study groups with equal probability [12]. Hence, block 

Randomization was done to obtain the two groups using a computer-generated table. Each block 

contains four participants in a unique sequence of experimental arm and control arm of 82 

blocks. In the experimental group study participants will be given nicotine replacement therapy 

and brief advice; and in the control group brief advice as per National Framework for joint TB-

Tobacco collaborative activities and non-nicotine chewing gums (placebo) will be provided. The 

trial will be single-blinded wherein the participant will not be aware of the group that they 

belong to. Concealment will be ensured ineach participant's group allocation by a sealed 

envelope with the identity number labeled on the envelope. The packaging of the chewing gums 

for both the groups will be made using plain and sterile drug container boxes. 

 

I. Tool development:  

A semi-structured questionnaire was developed to capture information about the participants‟ 

socio-demographic factors, smoking history, current smoking status, tobacco dependence score, 

diagnosis of tuberculosis, follow-up of treatment, and stage of transtheoretical model during each 

visit on a monthly basis. The participants will be assessed for carbon monoxide levels, body 

weight in kg and urine cotinine test during the start and end of the follow-up. This questionnaire 

was tested among 10 participants of the TB Sanatorium of Dakshina Kannada District located in 

Moodushedde of Mangaluru City.  

 

J. Statistical Analysis: 

The collected information will be summarized by using frequency and percentage for qualitative 

data, mean and standard Deviation for quantitative data. To compare the outcome measures, 

quantitative before and after intervention, paired-t test will be used. If data is not following 

normal distribution, Wilcoxan Signed Rank test will be used. To compare qualitative outcomes, 

Chi-square test or Fischer exact test will be used.To compare the difference in outcome measures 

between two intervention groups, independent sample„t‟ test will be used.If data is not following 
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normal distribution, Mann Whitney test will be used. To determine the association between the 

binary tuberculosis outcomes and binary cessation outcome, odds ratio will be applied. The P 

value less than 0.05 will be considered as statistically significant. 

 

Results: 

The collected information will be summarized by using frequencies and percentages for 

qualitative data, mean and standard deviation for quantitative data. To compare the outcome 

measures, quantitative, before and after intervention, paired-t test will be used. If data is not 

following normal distribution, Wilcoxan Signed Rank test will be used. To compare qualitative 

outcomes, Chi-square test or Fischer exact test will be used. To compare the difference in 

outcome measures between two intervention groups, independent sample„t‟ test will be used. If 

data is not following normal distribution, Mann Whitney test will be used. „p‟ value less than 

0.05 will be considered as statistically significant [18]. The study shall adopt the “Intention to 

Treat Analysis” mechanism. If the study has missing data more than 10% of the total sample size 

as expected during sample size calculation, Pattern-Mixture Model within a mixed-effects 

logistic regression model for longitudinal dichotomous data will be used. Because of the 

dichotomous outcome, logistic regression version of the mixed-effects model is applicable. The 

pattern-mixture effects for drug, time, data pattern and their interactions will be interpreted. 

Pattern mixture sensitivity analysis using SAS/STAT, missing data analysis will be done using R 

software, and survival analysis will be used to analyze the variation in smoking relapse over time 

related to the socio-demographics, smoking history, and treatment-related variables. 

 

Discussion: 

Tuberculosis, an infectious disease caused by Mycobacterium Tuberculosis is a major public 

health problem in different parts of India. The disease primarily affects lungs and causes 

pulmonary tuberculosis [19] [20]. It is the second greatest killer due to a single infection agent 

worldwide, about one-third of the world, population is believed to have latent TB [21]. 

Tuberculosis is one of the world‟s oldest diseases dating back to 4000 years ago recognized by 

Indian civilizations [22]. This randomized trial purports to study the effectiveness of nicotine 

replacement therapy on smoking cessation of pulmonary tuberculosis patients. The significance 

of this study is to gather further evidence about the use of nicotine replacement therapy as an 

appropriate technology that can be used in primary care settings and further upwards by 

conducting the trial in actual healthcare settings.  Two national health programs namely National 

Tuberculosis Elimination Program and National Tobacco Control Program are operational in 

India vertically with minimal interrelationship. However, there is a goldmine of opportunity for 

the integration of these two programs given the fact that the duration of treatment for both the 

diseases has a prolonged duration and requires supervision by healthcare workers apart from 

family members. The most effective method for smoking cessation is nicotine replacement 

therapy which has wider acceptance among the general population. Hence this trial incorporated 

a study design of Randomized Controlled Trial (RCT) to prove the effectiveness of nicotine 

replacement therapy with brief advice over brief advice alone. To rationalize the intervention and 

control arm, latter has been added with a placebo chewing gum to match with nicotine chewing 

gum in the intervention arm. The intervention is for three months followed by another three 

months of follow up. This binary outcome study will bifurcate the participants into abstinent and 
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non-abstinent persons at the end of the follow up. Secondary outcomes such as smoking 

reduction, smoking excess, relapse will be assessed in terms of smoking factors. Treatment status 

and tuberculosis outcomes will be assessed for additional evidence and correlation with the 

primary outcomes. This study also gathers evidence about the TB treatment outcome and its 

relationship with smoking cessation status. This study is purported to be one among the very few 

similar studies conducted in India that incorporates urine cotinine test as the standard biomarker 

to determine the cessation outcome. Furthermore, the study will be conducted in the Government 

health facilities by recruiting participants from these setups so as to blend the study findings with 

translational research. The limitations of the study are the standard treatment regimen for all the 

participants irrespective of the possible variance in the bioavailability of the nicotine replacement 

drug. Customized dosage and extension of the treatment duration will not be considered in the 

study. Single blinding is adopted in the study owing to limited financial and human resources. 

 

Conclusions: 

This study focuses on determining the effectiveness of nicotine replacement therapy on smoking 

cessation of pulmonary tuberculosis patients undergoing DOTS treatment. The study results shall 

add scientific evidence to the available literature about the nicotine replacement therapy being an 

effective intervention that brief advice alone. The study protocol through publication in leading 

journals assists future researchers in this area of interest to adopt certain or most of the aspects of 

the study protocol relevant to their methodology and research setup.  

 

List of abbreviations:  

[CO: Carbon Monoxide 

CI: Confidence Interval 

DOTS: Directly Observed Therapy Short Course 

NRT: Nicotine Replacement Therapy 

NTEP: National Tuberculosis Elimination Program 

OR: Odds Ratio 

P: probability 

RCT: Randomized Controlled Trial 

RNTCP: Revised National Tuberculosis Control Program 

TB: Tuberculosis 
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