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		Predictors of long-term smoking abstinence 


Dear Editor,
Smoking increases the risk of TB incidence and mortality.1 Among TB patients, smoking is associated with poor treatment outcomes.2 Conversely, quitting smoking improves TB outcomes.3 Therefore, identifying predictors of smoking cessation among TB patients can inform cessation strategies for this population that is highly susceptible to tobacco-related harm. In the general smoker population, predictors of cessation include smoking characteristics, such as nicotine dependence.4 Additionally, receipt of behavioral support is causally associated with long-term smoking abstinence.5 However, among TB patients, the literature on predictors of smoking cessation is limited, and on long-term abstinence, is non-existent. Prior studies among TB patients suggest an association between behavioral support and smoking cessation at 6-months;6,7 whether this association persists at 12-months is unknown. This is particularly important for TB patients, as most complete their TB treatment at month-6 and may revert to tobacco use, once fully recovered. Likewise, identifying other predictors of long-term abstinence can support cessation efforts in TB patients. We examined associations between behavioral support, smoking characteristics, and long-term (i.e. 12-month) continuous abstinence among smokers with TB. 
We conducted a secondary analysis of data from a double-blind, randomized controlled trial (RCT) of cytisine for smoking cessation among TB patients recruited from health centers in Pakistan and Bangladesh.8,9 TB staff were also trained to deliver brief behavioral support (two 10-minute sessions), but not all participants received it. Participants included adults who were diagnosed with pulmonary TB within the past month, smoked daily, and were willing to quit tobacco use. Participants were excluded if they had TB complications, were using other pharmacotherapies for tobacco dependence, or had contraindications to cytisine. This analysis included participants with complete data on baseline predictors (n=2,442). Our primary outcome was 12-month continuous abstinence, defined as not using cigarettes, bidis, hookah or smokeless tobacco more than 5 times since the quit date. Self-reported abstinence was biochemically-verified using exhaled carbon monoxide (CO) (abstinent=<10 ppm). For baseline smokeless tobacco users, CO confirmed abstinence was verified using a urinary cotinine test (abstinent=urine dipstick level <3 or a negative urine cotinine test). Participants missing smoking status at follow-up were considered smokers. Primary predictors included receipt of behavioral support (yes/no) and the following smoking characteristics: poly-tobacco use (i.e. use of more than one type of tobacco product), years smoked, frequency of tobacco use/day, past quit attempt (yes/no), strength of urges to smoke (SUTS),10 and household smoking rules (allowed/not allowed). Socio-demographics included age, sex, socio-economic status (SES) (high/low), and unemployment status (yes/no). Other covariates included treatment group (cytisine/placebo) and clinical TB score (range=0-8).11 
We examined descriptive characteristics of the sample and conducted univariate and multivariable logistic regression. The multivariable model was estimated using a backwards selection procedure, with a p-value of 0.2 as the threshold for elimination. We decided a priori to include age, SES, SUTS, treatment group, and behavioral support in the multivariable model, due to their association with smoking behavior. We omitted sex, as the sample was predominantly male (99%). All regression models used a clustered sandwich estimator to account for clustering of observations within health centers. Analyses were conducted using Stata version 14; a p-value of 0.05 was considered statistically significant. This study received ethical approval from the University of York’s research governance committee and the national bioethics committees in Bangladesh and Pakistan. All participants provided written informed consent prior to enrolling in the RCT. 
At baseline, mean age of participants was 42.4 years; 59.3% were low SES and 20.2% were unemployed; 1223 (50.1%) received cytisine. On average, participants had smoked for 23.3 years and were using tobacco 11.8 times/day; 13.0% were poly-tobacco users (cigarettes=93.0%, bidis=10.6%, hookah=3.8%, e-cigarettes=0.1%, smokeless tobacco=6.8%). At 12-months, 709 participants (29.0%) achieved continuous abstinence. In multivariable analysis (Table), receipt of behavioral support (aOR=1.96, 95% CI=1.36 to 2.81, p<0.0001), mono-tobacco use (vs poly-use; aOR=2.27, 95% CI=1.47 to 3.57, p<0.0001), less frequent tobacco use (aOR=1.04, 95% CI=1.02 to 1.06, p=0.001), and lower nicotine dependence (i.e. lower SUTS score; aOR=1.11, 95% CI=1.05 to 1.19, p=0.001) were associated with higher odds of 12-month continuous abstinence.
Most TB patients are cured after receiving 6-months of treatment and among those who smoke, many quit during this period. However, little is known about whether they remain abstinent in the long-term, and if so, what factors predict long-term abstinence. Previous studies among TB patients have shown that behavioral support is associated with smoking cessation at 6-months.6,7 Our findings show that this association is long-term, which further strengthens the evidence-base for integrating behavioral support into TB care. Behavioral support is a cost-effective approach especially relevant to low-resource settings where pharmacotherapy is unavailable.12 A previous study of smokers with suspected TB found that less frequent tobacco use predicts successful smoking cessation at 6-months.6 Our finding shows that less frequent tobacco use also predicts long-term continuous abstinence among TB patients. Tobacco use frequency could potentially be addressed by promoting smoking reduction to quit, which is as effective as abrupt quitting.13 We also found that poly-tobacco users were less likely to quit. Poly-tobacco use and more frequent tobacco use could be markers of high nicotine dependence, which was associated with lower odds of abstinence in our analysis. Supplementing behavioral support with pharmacotherapy could help highly nicotine dependent smokers quit by reducing withdrawal symptoms. Although findings from the main trial did not support the effectiveness of cytisine,9 other pharmacotherapies, such as nicotine replacement therapy and varenicline, which are effective in the general population,14 merit further investigation among TB patients. 
This study had limitations. While we used data from a RCT, our analysis was based on a non-randomized cohort, and findings cannot be equated as empirical evidence inferring causality. The participants were predominantly males who were willing to quit tobacco use. Therefore, findings may not be generalizable to all TB patients. Although smoking status was biochemically verified, exhaled carbon monoxide has a short half-life, which could result in misclassification of smoking abstinence. Even so, biochemically verified abstinence is more rigorous than self-report. Additionally, biochemical verification took into account smokeless tobacco use. We also defined abstinence based on use of multiple tobacco products and not just cigarettes, resulting in a more rigorous definition of abstinence. Given the overwhelming evidence for behavioral support, it is unlikely that future RCTs would compare the effectiveness of behavioral support with usual care in achieving short or long-term smoking abstinence. In this scenario, our study although based on a non-randomized sample, provides valuable evidence for the potential role of behavioral support in achieving long-term abstinence among TB patients. As one of the first studies to assess predictors of 12-month continuous abstinence among TB patients, findings can inform tobacco cessation strategies that may support long-term abstinence among TB patients.  
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TABLES

Table. Unadjusted and adjusted odds ratios of predictors of continuous smoking abstinence at 
12-month follow up among trial participants 
	Variable
	Unadjusted OR (95% CI)
	p-value
	Adjusted OR (95% CI)
	p-value

	Primary predictors
	
	
	
	

	Received behavioral support
	1.90 (1.21, 3.01)
	0.006
	1.96 (1.36, 2.81)
	<0.0001

	Smoking characteristics

	Mono-tobacco use (vs poly-use)
	2.27 (1.43, 3.57)
	0.001
	2.27 (1.47, 3.57)
	<0.0001

	Years smoked
	0.99 (0.98, 1.00)
	0.072
	
	

	Less frequent use (per day)
	1.05 (1.02, 1.08) 
	<0.0001
	1.04 (1.02, 1.06)
	0.001

	Past quit attempt
	0.92 (0.65, 1.29)
	0.621
	
	

	Lower SUTS score
	1.16 (1.08, 1.25) 
	<0.0001
	1.11 (1.05, 1.19)
	0.001

	Smoking not allowed at home (vs allowed)
	1.79 (0.91, 3.45)
	0.093
	
	

	Socio-demographics
	
	
	
	

	Age
	0.99 (0.98, 1.00)
	0.176
	1.00 (0.99, 1.01)
	0.597

	High SES (vs low SES)
	0.97 (0.72, 1.28)
	0.807
	0.93 (0.73, 1.20)
	0.594

	Employed (vs unemployed)
	1.03 (0.78, 1.37)
	0.806
	
	

	Other covariates

	Received cytisine
	1.17 (0.97, 1.42)
	0.106
	1.19 (0.97, 1.45)
	0.101

	Clinical TB score
	0.97 (0.91, 1.03)
	0.313
	
	


Notes. SUTS=strength of urges to smoke; SES=socioeconomic status. Blank cell indicates that variable was 
not included in the multivariable model. 

