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Background: Cigarette smoking is thought to be a major driver of the global 

tuberculosis epidemic. However, limited evidence exists to support a causal 

relationship between smoking and Mycobacterium tuberculosis (Mtb) infection. 

Cigarette smoking and Mtb infection are highly prevalent among persons who inject 

drugs, and smoking cessation interventions might help reduce tuberculosis risk in this 

population. 

Objectives: This dissertation research sought to expand the current knowledge of the 

relationship between cigarette smoking and Mtb infection and to describe patterns of 

cigarette smoking and quit attempts among persons who inject drugs. 

Methods: Data from longitudinal studies of persons who inject drugs in Tijuana, 

Mexico, were used to conduct the following studies: 1) a longitudinal analysis of the 

association between self-reported number of cigarettes smoked per day and incident 

Mtb infection; 2) a cross-sectional study to describe the association between salivary 

cotinine levels and Mtb infection; and 3) a cross-sectional study to describe cigarette 

smoking patterns and quit attempts that lasted ≥1 day during the past six months. 

QuantiFERON-TB Gold In-Tube (QFT) was used to determine Mtb infection. 

Results: For Study 1, Poisson regression analysis of 129 participants who were QFT 

negative at baseline found no evidence of an association between self-reported 

number of cigarettes smoked per day and QFT conversion after controlling for age, 

gender, education, and alcohol. For 208 participants in Study 2, using multivariable log-

binomial regression models adjusted for sex and education, cotinine levels were not 

associated with QFT positivity when included as smoking categories, but were 



 

 

 

xvi 

independently associated with QFT positivity when included as an ordinal variable 

(prevalence ratio = 1.09 per +1 cotinine level; 95% confidence interval = 1.01 – 1.17). 

Study 3 found that 124 (20.6%) of the 601 current cigarette smokers had made a 

recent quit attempt. 

Conclusion: A dose-response relationship was observed between smoking intensity 

and Mtb infection when cigarette smoke exposure was measured using salivary 

cotinine but not when using self-report. One out of five participants reported recently 

making attempts to quit smoking. Cigarette smoking cessation interventions should be 

implemented for persons who inject drugs and other populations at high risk for 

tuberculosis.
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CHAPTER 1: INTRODUCTION 

OVERVIEW 

 Cigarette smoking is thought to be a major driver of tuberculosis (TB) morbidity 

and mortality, and smoking prevention interventions might contribute significantly to TB 

prevention efforts.1,2 However, significant gaps in knowledge exist regarding the 

smoking-TB relationship. In particular, while strong evidence exists demonstrating a 

causal relationship between smoking and active TB disease, limited evidence exists 

regarding the effect of cigarette smoking on the risk for Mycobacterium tuberculosis 

infection.3 Major limitations of previous research include the lack of longitudinal studies 

investigating the relationship between smoking and M. tuberculosis infection and the 

limited number of studies that have used biochemical assays for cigarette smoke 

exposure.3  

Effective global health response against TB might also require prioritizing 

interventions among populations who are at high risk for TB, such as persons who 

inject drugs.2,4 Studies have shown high prevalence risk factors for TB among persons 

who inject drugs, including malnutrition, inadequate housing, and HIV-infection.4 

Cigarette smoking is also high prevalent in this population and, therefore, smoking 

cessation interventions might contribute to reducing the risk for TB among persons who 

inject drugs.5.  

The overall goal of this dissertation research was to address the gaps in current 

knowledge by describing the association between smoking and M. tuberculosis 

infection among persons who inject drugs in Tijuana, Mexico (Chapters 2 and 3). 

Therefore, the dissertation research also explored the potential for implementing 
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effective smoking cessation interventions among persons who inject drugs by 

describing their cigarette smoking patterns and recent attempts to quit cigarettes 

(Chapter 4). 

 

BACKGROUND 

The global burden of cigarette smoking and tuberculosis 

 Tuberculosis (TB) remains a major public health threat responsible for 8.7 

million new cases and 1.4 million deaths globally in 2011.6 While traditional biomedical 

approaches to TB care and prevention have prevented up to 20 million TB-related 

deaths, it has achieved only a slow decline in global TB incidence.6 Therefore, 

increased attention has been given to social risk factors that are thought to fuel TB.2  

Addressing these social risk factors might be needed to accelerate the decline of TB 

incidence and hasten the progress towards global TB elimination.2 Cigarette smoking is 

an important social risk factor for TB that may be responsible for an estimated 16% of 

TB incidence in the 22 high TB burden countries.2 Furthermore, a recent mathematical 

modeling study has shown that intensified scale-up of evidence-based smoking 

prevention measures might prevent 27 million TB-related deaths by 2050.1 Given these 

findings, integrated programs for preventing TB and smoking have been recommended 

by the World Health Organization and the Union Against Tuberculosis and Long 

Disease.7 However, significant gaps in current knowledge exist regarding the smoking-

TB relationship that limit the ability to develop evidence-based interventions. 
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Cigarette smoking and the risk of M. tuberculosis infection 

 In their seminal systematic review, Slama et al. evaluated the quality and 

consistency of existing research on the effect of smoking on each stage of the TB 

disease spectrum: infection, active disease, relapse, and mortality.3 They found 

evidence that cigarette smoking increases the risk for active TB disease and TB 

relapse (Figure 1.1).3 However, Slama et al. concluded that there is limited evidence to 

support a causal relationship between smoking and M. tuberculosis infection, largely 

because no longitudinal cohort studies have been conducted that demonstrate this 

relationship.3 Most cross-sectional and case-control studies examining the relationship 

between smoking and TB infection have found a positive association (combined odds 

ratio [OR]=1.8).8-14 For example, a cross-sectional survey in South Africa found that 

current and former smokers were more likely to be tuberculin skin test (TST) positive 

compared to never smokers (OR=1.99).9 The primary limitation of cross-sectional and 

case-control study designs is their inability to determine temporality. For example, in 

high TB burden settings, a high proportion of study participants might have been 

infected with M. tuberculosis infection as a young child prior to the age of smoking 

initiation. Therefore, previous studies can identify correlates of lifetime history of M. 

tuberculosis based on TST results, but cannot draw inference on the risk of incident M. 

tuberculosis infection due to smoking. In Chapter 2 of this dissertation, the effect of 

smoking on incident M. tuberculosis infection is explored using data from a longitudinal 

cohort study of persons who inject drugs in Tijuana, Mexico. 

 Another major limitation of previous studies on the relationship between 

smoking and M. tuberculosis infection is that most studies used self-report to ascertain 
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cigarette smoking status.8-14 Self-reported smoking status is susceptible to social 

acceptability bias and recall bias. Furthermore, self-reported measures might not be 

able to capture factors that affect the level of cigarette smoke exposure in the 

respiratory tract, such as the depth of smoking inhalation. Therefore, biochemical tests 

such as salivary cotinine have been recommended for more precise ascertainment of 

cigarette smoking status in epidemiological studies.15-17 Cotinine is a metabolite of 

nicotine and a commonly-used analyte for determining cigarette smoke exposure. 

Chapter 3 summarizes a cross-sectional study of the association between salivary 

cotinine assay results and M. tuberculosis infection determined by an interferon-γ 

release assay, which has been shown to have greater specificity than the TST for M. 

tuberculosis infection.18  

  

TB and tobacco dependence among persons who inject drugs 

 Reducing the global burden of TB might also require focusing on high-risk 

populations such as persons who inject drugs. Persons who inject drugs are at 

increased risk for M. tuberculosis infection and disease for a number of reasons, 

including high prevalence of HIV disease which dramatically increases the probability 

of developing active TB.19 In addition, opiates, cocaine, and methamphetamines have 

been shown to impair the immune system which might directly increase susceptibility to 

TB disease.4 Persons who inject drugs are also likely to be affected by other social risk 

factors for TB, including malnutrition, incarceration, homelessness, and other 

substance use.4 Furthermore, social patterns of drug use has been linked to high rates 

of TB exposure and transmission.20,21 For these reasons, the World Health 

Organization (WHO), the Joint UN Program on HIV/AIDS, and the UN Office of Drugs 
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and Crime have recommended instituting TB and HIV control measures in drug 

treatment programs.22 With an estimated 15.9 million persons who inject drugs 

worldwide and increasing in number in many parts of the world, there is an urgent need 

to develop effective interventions to prevent TB in this highly vulnerable population.23 

 Smoking is highly prevalent among persons who inject drugs, and treating 

tobacco dependence as part of drug treatment programs might help reduce the use of 

other substances.24,25 The American Society of Addiction Medicine recommends that, 

“addiction treatment services should address nicotine addiction on a par with other 

chemical dependencies.”26 Given the increased risk for HIV and TB among persons 

who inject drugs, and the potential for smoking to exacerbate the illness and spread of 

TB, helping persons who inject drugs quit cigarette smoking might contribute 

significantly to reducing TB transmission. However, additional research is needed to 

understand patterns of tobacco dependence in this population and to assess their 

readiness to quit. A previous study of persons who inject drugs found that 62% of 

cigarette smokers reported intention to quit cigarette smoking within six months, which 

is consistent with high levels of interest in quitting cigarette smoking found among other 

substance users.5,27 However, a limitation to the findings of that study is that prior quit 

attempts, an important predictor for cigarette smoking abstinence, was not 

measured.28-30 Furthermore, no study has examined smoking cessation patterns and 

readiness to quit cigarette smoking among persons who inject drugs in low and middle-

income countries. The study reported in Chapter 4 sought to address this gap in 

knowledge by describing cigarette smoking behavior and quit attempts among persons 

who inject drugs in Tijuana, Mexico. 
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Study setting 

 The dissertation research was conducted in Tijuana, Mexico, a city located near 

the U.S.-Mexico border. Tijuana is also part of a major drug trafficking route and a key 

entry point for drugs into the United States from Mexico.31 In recent years, there has 

been a spillover effect, and drug use has escalated steadily within Tijuana.31 The 

Tijuana-U.S. border also has the highest number of daily border crossings in the 

world.31 Therefore, any increase in infectious disease risk in Tijuana has significant 

implications for emerging infections in the United States.31,32 Furthermore, as part of a 

new drug reform law enacted in October 2010, Mexican states now receive funding to 

expand drug treatment services to persons who inject drugs.33 Thus, findings from this 

dissertation could help inform the development of tobacco dependence treatment for 

integration into Mexico’s expanding drug dependence treatment programs.  

 

Conceptual framework 

 Studies reported in Chapters 2 and 3 were conceptualized based on the social 

determinants model of TB proposed by Hargreaves et al.34 According to this model, 

multiple levels of social determinants exist for every stage of the TB disease spectrum: 

exposure, infection, active disease, and mortality. Cigarette smoking might be a 

proximal social risk factor for M. tuberculosis infection by causing harm to the immune 

system (Figure 1.2).35-37 For example, smoking has been associated with decreased 

expression of antimicrobial peptides in the airway epithelium, which are important for 

initial host defense against pulmonary infection.35 Furthermore, exposure to cigarette 

smoke might impair the ability of alveolar macrophages to clear the M. tuberculosis 

bacilli before infection occurs. Under this model, increased exposure to cigarette 
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smoke in the lungs would result in increased acute susceptibility to M. tuberculosis 

infection. Smoking also disrupts the mucociliary mechanism by which foreign 

substances are removed from the respiratory tract.36,37 Hence, the intensity of current 

cigarette consumption may affect the probability of M. tuberculosis infection at any 

given time. The effects of current smoking, smoking intensity, and history of smoking 

on M. tuberculosis infection are explored in Chapters 2 and 3. 

 The study design for the manuscript reprinted in Chapter 4 draws from the 

Stages of Change model of behavior change, which broadly posits that smokers are at 

various stages along a continuum of readiness to quit. Understanding the distribution of 

smokers along the continuum among a population of smokers can help determine the 

likelihood of implementing successful smoking cessation interventions and help identify 

the types of interventions that might be most appropriate.28 An important indicator of an 

advanced stage in the quitting continuum is recent quit attempts. Smokers who have 

recently attempted to quit can be supported to prevent relapse during their next quit 

attempt. Smokers who are not attempting to quit should be counseled to move along 

the quitting continuum such that they start taking action to change their smoking 

behavior. Cigarette smoking behavior and recent quit attempts among persons who 

inject drugs in Tijuana, Mexico are described in Chapter 4. 
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Global health implications 

Chapters 2 and 3 sought to improve the understanding of the relationship 

between smoking and M. tuberculosis infection in order to inform the prioritization of 

limited resources for integrated smoking cessation and prevention interventions 

towards populations that will most benefit from reduction of TB risk. Chapter 3 

describes cigarette smoking patterns and quit attempts, which are critical baseline data 

for informing the development of smoking cessation interventions, among persons who 

inject men who are at high risk for TB. Given that tobacco use is responsible for 16% to 

31% of the global incidence of TB, findings from this dissertation research have 

significant implications for global health.2,38  
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Figure 1.1. The effect of smoking on the risk of tuberculosis outcomes. 
Based on a systematic review by Slama et al.3; OR=Odds Ratio; *OR estimate based on cross-
sectional and case-control studies only and using self-report for smoking behavior.  

 

 

 

 

Figure 1.2. Conceptual framework for social determinants of Mycobacterium tuberculosis 
infection. 
Adapted from Hargreaves et al.37 
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CHAPTER 2: CIGARETTE SMOKING INTENSITY AND INTERFERON GAMMA 

RELEASE ASSAY CONVERSION AMONG PERSONS WHO INJECT DRUGS: A 

COHORT STUDY 

 
 

ABSTRACT 

 We analyzed data from a longitudinal cohort study of persons who inject drugs 

(PWID) in Tijuana, Mexico to explore whether cigarette smoking increases the risk of 

interferon gamma release assay (IGRA) conversion. PWID were recruited using 

respondent driven sampling (RDS). QuantiFERON-TB Gold In-Tube (QFT) assay 

conversion was defined as interferon-gamma concentrations <0.35 IU/ml at baseline 

and ≥0.7 IU/ml at 18 months. We used multivariable Poisson regression adjusted for 

RDS weights to estimate risk ratios (RRs). Of 129 eligible participants, 125 (96.9%) 

smoked at least one cigarette during follow-up with a median of 11 cigarettes smoked 

daily, and 52 (40.3%) had QFT conversion. In bivariate analysis, QFT conversion was 

not associated with the number of cigarettes smoked daily (p=0.716). Controlling for 

age, gender, education, and alcohol use, the RRs of QFT conversion for smoking 6-10, 

11-15, and ≥16 cigarettes daily compared to smoking 0-5 cigarettes daily were 0.9 

(95% confidence interval [CI], 0.5-1.6), 0.5 (95% CI, 0.3-1.2), and 0.7 (95% CI, 0.3-

1.6), respectively. Although this study did not find an association between self-reported 

smoking intensity and QFT conversion, it was not powered sufficiently to negate such 

an association. Larger longitudinal studies are needed to fully explore this relationship.
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INTRODUCTION 

 Evidence has accumulated over the years that demonstrates a causal 

relationship between tobacco use and increased tuberculosis (TB) morbidity and 

mortality.1-6 However, the strength of evidence for this relationship varies by TB 

outcome3 For example, while high quality longitudinal cohort studies provide strong 

evidence that tobacco use increases the risk of TB disease, the evidence for the 

relationship between tobacco use and the risk of Mycobacterium tuberculosis infection 

is relatively weak3,7,8 Previous studies exploring this relationship utilized cross-sectional 

or case-control methodologies to determine the association between “ever” or “current” 

smoking and lifetime infection with M. tuberculosis as determined by a single tuberculin 

skin test (TST) result9-14 Therefore, these studies were not able to assess the 

temporality between tobacco use and M. tuberculosis infection. For example, a 

participant infected with M. tuberculosis as a child who subsequently began smoking 

years later would contribute to the positive association between smoking and TST 

positivity.  

 An improved understanding of the relationship between cigarette smoking and 

M. tuberculosis infection would help inform the implementation of tobacco control 

efforts as part of global TB interventions. However, due to the low incidence of M. 

tuberculosis infection in most populations, conducting longitudinal cohort studies to 

strengthen the evidence regarding this relationship would necessitate the enrollment 

and long-term follow-up of a large number of participants. Furthermore, while interferon 

gamma release assays (IGRAs) have been shown to have higher specificity than TSTs 

for the diagnosis of latent TB infection (LTBI), no study has explored the effect of 

tobacco use on serial IGRA test results.15,16 
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 The objective of the present study was to investigate the association between 

level of cigarette smoking and IGRA conversion among persons who inject drugs 

(PWID) in Tijuana, Mexico, a population at high risk for M. tuberculosis infection. 

Previous studies using this cohort showed a high baseline LTBI prevalence of 67% and 

an 18-month IGRA conversion rate of 28.7% to 51.9%, depending on the definition of 

conversion used.17,18 We hypothesized that higher levels of cigarette smoking in this 

population would be associated with increased risk for IGRA conversion in a dose-

response relationship.  

 

MATERIALS AND METHODS 

Study design and population 

 We analyzed data from a longitudinal cohort study of PWID in Tijuana, Mexico 

that sought to determine risk factors for incident HIV, TB, and syphilis.19 Study 

recruitment and data collection methods have been described in detail previously.19 

Briefly, eligible study participants were ages 18 years or older, had injected illicit drugs 

within the previous month, and had no plans to move from Tijuana during the follow-up 

period. Participants were recruited through respondent-driven sampling (RDS), which 

relies on recruiting participants through referrals from previously enrolled 

participants.20,21 RDS allows for the derivation of population-representative estimates of 

prevalence and risk factors by adjusting for the information collected on the 

participants’ social networks during analysis.20,21 Enrolled participants made study visits 

at baseline and at 6, 12, and 18 months. To increase retention, community outreach 

workers actively contacted participants to remind them of their follow-up appointments. 

Participants were also provided with $10 at baseline and $5 at follow-up visits as 
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compensation for their time and travel expenses. Only participants who tested IGRA 

negative at baseline and who had IGRA results available at 18 months were included 

in the present analysis. Institutional Review Boards at University of California, San 

Diego and the Tijuana General Hospital reviewed and approved the study protocol, and 

informed consent was obtained from all participants. 

 

Measures 

 An in-depth questionnaire was administered via person-to-person interview at 

each visit. The questionnaire contained items on demographic characteristics and 

substance use behavior, including injection and non-injection use of illicit drugs, alcohol 

consumption, and cigarette smoking. Cigarette smoking was ascertained by first 

asking, “Have you smoked cigarettes in the past 6 months?” Participants who 

responded “Yes” were asked, “In the past 6 months, how many cigarettes did you 

usually smoke per day?” Based on preliminary analysis, we anticipated a high 

prevalence of cigarette smoking in this population and, consequently, insufficient 

number of non-smokers for categorization. Therefore, we used the average number of 

cigarettes smoked daily during the 18-month study period as the exposure of interest. 

This exposure was stratified into quartiles (0-5, 6-10, 11-15, and ≥16 cigarettes) for the 

primary analysis. 

 IGRA conversion at 18 months was ascertained using QuantiFERON-TB Gold 

In-Tube ([QFT] Cellestis; Victoria, Australia). For this test, whole blood samples were 

collected in three separate tubes: a Nil Control tube, TB Antigen tube, and a Mitogen 

Control tube. The tubes were incubated at 37°C for 16 to 24 hours and centrifuged. 

The interferon-gamma (IFN-γ) released in the Nil Control tube was then measured 

using enzyme-linked immunosorbent assay (ELISA) and subtracted from that found in 
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the TB Antigen Tube. QFT was administered at baseline for all participants. However, 

because of an unexpected delay in procuring the supplies necessary for specimen 

collection and testing, only a subset of the participants who were QFT negative using 

the manufacturer recommended cutoff of <0.35 IU/ml at baseline were retested at 18 

months. For the primary analysis, we used a previously published conservative 

definition of QFT conversion (i.e., baseline IFN-γ <0.35 IU/ml and IFN-γ ≥0.70 IU/ml at 

follow-up), which reduces false positive conversions that could potentially arise due to 

within-subject variability observed in serial QFT tests.22 In a secondary sensitivity 

analysis, we used the cutoff of 0.35 IU/ml at 18 months to define conversion.  

 

Statistical analysis 

 The Pearson’s χ2 test was used for comparisons involving categorical variables, 

and the Wilcoxon rank-sum and the Kruskal-Wallis tests were used for continuous 

variables. We considered statistical tests to be significant at α of 0.05. We constructed 

Poisson regression models with robust variance estimation, via generalized estimating 

equation (GEE), to determine risk ratios (RRs) for QFT conversion for participants in 

each smoking exposure quartile compared to those in the first quartile.23,24 The models 

were weighted by inverse probability weights derived using the RDS Analytical Tool.25 

The GEE algorithm also accounted for clustering by recruiter assuming an 

exchangeable correlation structure. 

 The base model included covariates representing established risk factors for M. 

tuberculosis infection, including age, gender, education, and alcohol use, regardless of 

their association with QFT conversion in our study population. We also evaluated the 

effect of drug use behavior using the “change-in-estimate” approach; drug use 
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variables were added to the base model only if their inclusion changed the RRs 

between smoking and QFT by >10%.26 Drug use variables evaluated included 

frequency and duration of heroin, methamphetamine, cocaine and marijuana use, 

including smoking of these substances. To account for the possible loss of statistical 

power due to over-fitting the final model with covariates, we also constructed a reduced 

model that included the stratified smoking exposure variable and only the covariates 

that were statistically significant predictors of QFT conversion. For the final model, we 

calculated tolerance and condition index statistics to assess multi-collinearity, and 

Pearson residuals, Cook’s distance, and leverage statistics to identify outlier 

observations.27 SAS 9.3 (Cary, North Carolina) was used for all analyses. 

  

RESULTS 

 Of the 1056 participants enrolled during April 2006 – April 2007, 341 had 

negative QFT (IFN-γ < 0.35 IU/ml) at baseline. Of these, 129 (37.8%) who had QFT 

results available at 18 months were included in the analysis. Among included 

participants, the median age was 38 (interquartile range [IQR] = 32 - 43), 107 (82.9%) 

were male, and 99 (76.7%) had obtained middle school education or less (Table 2.1). 

Nearly all of the included participants (96.9%) reported smoking at least one cigarette 

during the follow-up period. On average, participants included in the analysis smoked 

fewer cigarettes per day compared to the 212 participants who were excluded due to 

missing QFT results at 18 months (median of 10.5 [IQR = 6 – 15] vs. 12.5 [IQR = 7 – 

19] cigarettes per day, respectively; P = 0.023). None of the other characteristics 

differed between included and excluded participants (Table 2.1). At 18 months, 52 

(40.3%) participants met the primary QFT conversion definition.  
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 Across quartiles of self-reported daily cigarettes smoked, the median IFN-γ 

concentrations were 0.61, 0.56, 0.19, and 0.315 IU/ml, respectively (Figure 2.1), and 

the proportion of participants with QFT conversion was 43.4%, 44.4%, 40.5%, 30.8%, 

respectively (Table 2.2). There was no association between IFN-γ distribution or QFT 

conversion across quartile levels of daily cigarettes smoked (P = 0.523 and P = 0.716, 

respectively). In the bivariate model adjusted for RDS weights, which included only the 

smoking quartiles as the independent variable, the RRs for QFT conversion for each 

quartile of daily number of cigarettes smoked compared to the lowest exposure quartile 

were 0.75 (95% confidence interval [CI] 0.37-1.55), 0.53 (95%CI 0.23-1.20), and 0.59 

(95% CI 0.24-1.43), respectively (Table 2.3).  

 In multivariable analysis adjusted for RDS, inclusion of drug use variables to the 

base model did not change the association between cigarette smoking quartiles and 

QFT conversion. Therefore, the final model consisted of daily cigarette smoking 

quartiles, age, gender, education, and alcohol use as independent variables (Table 

2.3). The adjusted RRs for QFT conversion for each quartile of daily number of 

cigarettes smoked compared to the lowest exposure quartile were 0.86 (95% CI 0.46-

1.63), 0.54 (95%CI 0.25-1.17), and 0.74 (95% CI 0.33-1.64), respectively (Table 2.3; 

Figure 2.2). There was no statistically significant difference in the risk of QFT 

conversion at any of the quartiles of daily cigarettes smoked compared with that of the 

lowest exposure quartile. Furthermore, age, gender, education, and alcohol use were 

not statistically significant predictors of QFT conversion. In the reduced model that 

included the smoking variables and educational attainment only, having attained less 

than high school education compared with higher education was found to increase the 

risk of QFT conversion (RR=2.83; 95% CI 1.08-7.42). As with the full model, higher 
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levels of daily cigarette smoking exposure quartiles were not associated with QFT 

conversion risk in this model (Table 2.3).  

 All tolerance estimates were greater than 0.10, and the highest condition index 

was 11.8 in the final model, indicating that multi-collinearity did not affect our findings. 

We found five potential outliers based on residual and influence statistics, but removing 

these had no effect on our findings. Additionally, using a cutoff of 0.35 IU/ml instead of 

0.70 IU/ml at 18 months to define conversion and fitting the final model with daily 

number of cigarettes smoked as a continuous variable did not alter our findings. In 

post-hoc power analysis, assuming 43.3% QFT conversion risk that we found among 

participants in the lowest cigarette smoking quartile, our sample size of 129 provided 

28.1%, 55.6%, and 82.6% power to detect a RR of 1.4, 1.6, and 1.8, respectively, for 

QFT conversion among participants in the highest exposure quartile. 

 

DISCUSSION 

 In our analysis of longitudinal cohort data from PWID in Tijuana, we were not 

able to detect a dose-response relationship between the number of cigarettes smoked 

per day and QFT conversion. Previous studies evaluating dose-response relationships 

between cigarette smoking and M. tuberculosis infection have shown mixed results for 

this putative association. A study of population survey data in South Africa found no 

evidence of a dose-response relationship between pack-years and TST positivity.9 

Likewise, a study of people with silicosis in Hong Kong found no relationship between 

the number of cigarettes smoked per day or cigarette pack-years and TST positivity.10 

In contrast, a study of prisoners in Pakistan found that TST prevalence increased with 

number of cigarettes smoked per day.11 However, these previous studies employed 
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cross-sectional or case-control study designs, which limit their ability to evaluate 

temporality between cigarette smoking exposures and M. tuberculosis infection.   

 Cigarette smoking has been hypothesized to increase the risk of M. 

tuberculosis infection by adversely affecting the innate immune system of the host 

and/or causing structural damage to the respiratory tract.28 First, exposure to cigarette 

smoke might impair the ability of alveolar macrophages to clear the M. tuberculosis 

bacilli before T cells are primed for adaptive immunity. Under this model, increased 

exposure to cigarette smoke in the lungs would result in increased acute susceptibility 

to M. tuberculosis infection. We were unable to generate evidence to support this 

model in our study. Smoking also impairs the mucociliary clearance of pathogens and 

causes other changes to the respiratory tract that could increase the risk for M. 

tuberculosis infection over time.28-30 Because we did not collect information regarding 

lifetime history of smoking, we were not able to evaluate the long-term effect of 

cigarette smoking on M. tuberculosis infection.   

 Our findings should be interpreted with consideration of the following limitations. 

First, we were not able to compare QFT conversion risk between smokers and non-

smokers because nearly all of our study participants reported smoking during the study 

follow-up period. If even low levels of cigarette smoking increase IGRA conversion 

substantially, there might have been minimal increased risk for higher frequency 

smokers, and our study might not have had sufficient power to detect a dose-response 

relationship. While we had adequate sample size to detect a RR of 1.8 or greater for 

QFT conversion between participants in the lowest and highest smoking exposure 

quartiles, the study was under-powered to conclude that there is no association 

between smoking and QFT conversion. We were also unable to control for history of 

exposure to persons with TB disease, which is a necessary causal factor for incident 
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M. tuberculosis infection. The inclusion of participants who were not exposed to 

persons with TB disease in our analysis could have biased our results towards the null. 

However, controlling for a proxy variable (“Have you ever known someone who had 

TB?”) did not alter our findings (data not shown). Future longitudinal studies should 

investigate the risk of cigarette smoking on M. tuberculosis infection among study 

participants recruited from persons with known history of exposure to someone with TB 

disease. 

 It is also possible that our study participants were already at high risk for M. 

tuberculosis infection due to other risk factors, which might have overshadowed an 

incremental increase in risk due to cigarette smoking. In addition, as with TSTs, QFT 

assays have significant within-subject variability such that conversions and reversions 

often occur around the 0.35 IU/mL cutoff during serial testing even among persons who 

are at low risk for M. tuberculosis infection 31,32. While we used a conservative definition 

of QFT conversion to minimize misclassification in our analysis, the conversions 

observed in our study might not represent incident M. tuberculosis infection. 

Furthermore, since the recommended QFT cutoff of 0.35 IU/ml was derived to 

maximize specificity for M. tuberculosis infection, the use of this cutoff as an inclusion 

criterion could have resulted in the inclusion of some participants who were already 

infected with M. tuberculosis at baseline. However, restricting the analysis to only those 

participants with baseline QFT of <0.20 did not alter our findings (data not shown). 

Participants included in our study smoked fewer cigarettes than the participants who 

were excluded due to unavailable QFT results at 18 months. Therefore, our findings 

might not be generalizable to all PWID at risk for M. tuberculosis infection. Smoking 

levels were ascertained by self-report, which might have insufficient precision to 

evaluate a dose-response relationship. Lastly, we did not collect information regarding 
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secondhand smoke exposure, which has been shown to be associated with M. 

tuberculosis infection among children.33 

 

CONCLUSIONS 

 The present study is the first longitudinal cohort study to explore the 

relationship between cigarette smoking intensity and M. tuberculosis infection, and the 

first to use IGRA conversion as the outcome. Given our findings and the limitations of 

previous research on this topic, additional research is needed to determine whether 

there is a causal relationship between smoking and M. tuberculosis infection. For 

example, a recent mathematical modeling study concluded that intensified tobacco 

control efforts could prevent 27 million TB-related deaths by 2050.34 However, the 

authors of that study assumed a RR of 2.0 for the effect of smoking on M. tuberculosis 

infection in their model to arrive at this conclusion. Stronger evidence from larger 

longitudinal studies is needed to justify such assumptions. Ideally, such a study would 

be conducted among persons at high risk for M. tuberculosis infection, such as those 

with household exposure to persons with TB disease, and consist of sufficient numbers 

of smokers and non-smokers. While the evidence of a causal relationship between 

smoking and M. tuberculosis infection is weak, substantial evidence exists that 

implicates smoking as an independent risk factor for the development of TB disease.1-8  

Therefore, integration of tobacco and TB control interventions remains a high priority 

for global health.1 
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Table 2.1. Demographic and behavioral characteristics of participants with negative QFT 
results (IFN-γ < 0.35 IU/ml) at baseline, included vs. not included in the analysis; Tijuana, 
Mexico, 2006-2008. 

Characteristic  

Included 
N=129 
n (%) 

Not Included 
N=212 
n (%) P value*

     
Gender Male 107 (82.9) 178 (84.0) 0.806 
 Female 22 (17.1) 34 (16.0)  
     
Age, median (IQR)  38 (32 – 43) 37 (30 – 42) 0.247 
     
Education Up to primary 39 (30.2) 76 (35.8) 0.389 
 Primary to middle 60 (46.5) 83 (39.2)  
 High school and higher 30 (23.3) 53 (25.0)  
     
Unstable housing No 113 (87.6) 178 (84.0) 0.357 
 Yes 16 (12.4) 34 (16.0)  
     
History of 
incarceration 

No 78 (60.5) 124 (58.5) 0.719 

 Yes 51 (39.5) 88 (41.5)  
     
HIV infection No 123 (95.3) 197 (92.9) 0.366 
 Yes 6 (4.7) 15 (7.1)  
     
Alcohol None 76 (58.9) 134 (63.2) 0.154 
 Less than twice per week 31 (24.0) 57 (26.9)  
 Twice per week or more 22 (17.1) 21 (9.9)  
     
Smoked cigarette 
during study periods 
(18 months) 

No 4 (3.1) 7 (3.3) 0.919 

 Yes 125 (96.9) 205 (96.7)  
     
Number of cigarettes 
smoked daily, 
median (IQR) 

 10.5 (6 – 15) 12.5 (7 - 19) 0.023 

     
Number of cigarettes 
smoked daily 
(quartiles) 

0-5 30 (23.3) 41 (19.3) 0.058 

 6-10 36 (27.9) 50 (23.6)  
 11-15 37 (28.7) 49 (23.1)  
 16+ 26 (20.2) 72 (34.0)  
     
QFT conversion at 
18 mos (IFN-γ ≥ 0.70 
IU/ml) 

No 77 (59.7) -  

 Yes 52 (40.3) -  
*P values for the difference between included versus excluded participants were generated 
using the Pearson’s χ2 test for categorical variables and the Wilcoxon rank-sum for continuous 
variables. IFN-γ = interferon-gamma; QFT= QuantiFERON-TB Gold In-Tube; IQR=interquartile 
range. 
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Table 2.3. QFT conversion (IFN-γ ≥ 0.70 IU/ml) at 18 months by quartiles of number of 
cigarettes smoked among persons who inject drugs in Tijuana, Mexico, 2006-2008. 

Number of  cigarettes  smoked 
daily (quartiles) QFT conversion P value 
    
0-5 13/30 (43.3) 0.716 
6-10 16/36 (44.4)  
11-15 15/37 (40.5)  
16+ 8/26 (30.8)  
   

 
*P value for the difference in QFT conversion at 18 months across quartiles was generated 
using the Pearson’s χ2 test. 
IFN-γ = interferon-gamma; QFT= QuantiFERON-TB Gold In-Tube. 
 
 
 
 
 
 
 
 
Table 2.3. Adjusted risk ratios for QFT conversion (IFN-γ ≥ 0.70 IU/ml) at 18 months 
based on multivariable Poisson regression models with robust variance; Tijuana, 
Mexico, 2006-2008. 

  Risk Ratio (95% Confidence Interval) 
Variable  Bivariate Model Reduced Model Final Model 
     
Number of  
cigarettes  
smoked daily 
(quartiles) 

0-5 1.00 1.00 1.00 

 6-10 0.75 (0.37-1.55) 1.04 (0.53-2.04) 0.86 (0.46-1.63) 
 11-15 0.53 (0.23-1.20) 0.73 (0.36-1.51) 0.54 (0.25-1.17) 
 ≥16 0.59 (0.24-1.43) 0.79 (0.34-1.83) 0.74 (0.33-1.64) 
     
Education High school or 

higher 
 1.00 1.00 

 Less than high 
school 

 2.83 (1.08-7.42) 2.60 (0.96-7.03) 

     
Age +10 years   1.25 (0.80-1.94) 
     
Gender Male   1.00 
 Female   0.81 (0.34-1.93) 
     
Alcohol use <2x per week   1.00 
 ≥2x per week   1.04 (0.52-2.08) 
     

IFN-γ = interferon-gamma; QFT= QuantiFERON-TB Gold In-Tube.  
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Figure 2.1. Median IFN-γ and interquartile range at 18 months by quartiles of number of 
cigarettes smoked.  
IFN-γ > 10 IU/mL were set to 10 IU/mL due to imprecision at high concentration levels. The 
dotted line represents the 0.70 IU/ml cutoff which was used to define QFT conversion. IFN-γ = 
interferon-gamma. QFT= QuantiFERON-TB Gold In-Tube. 
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Figure 2.2. Adjusted risk ratios for QFT conversion (IFN-γ ≥ 0.70 IU/ml) at 18 months. 
Based on the final multivariable Poisson regression model with robust variance which included 
the following covariates: quartiles of the number of cigarettes smoked daily, education, age, 
gender, and alcohol use. IFN-γ = interferon-gamma. QFT= QuantiFERON-TB Gold In-Tube. 
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CHAPTER 3: DOSE-RESPONSE RELATIONSHIP BETWEEN SALIVARY COTININE 

LEVELS AND INTERFERON GAMMA RELEASE ASSAY POSITIVITY AMONG 

PERSONS WHO INJECT DRUGS IN TIJUANA, MEXICO 

 

ABSTRACT 

SETTING: Tijuana, Mexico. 

OBJECTIVE: To describe the association between salivary cotinine levels and 

interferon-γ release assay results. 

DESIGN: We conducted a cross-sectional study among persons who inject drugs. 

Salivary cotinine levels were measured using NicAlert, a semi-quantitative dipstick 

assay. QuantiFERON TB Gold In-tube (QFT) was used to determine M. tuberculosis 

(Mtb) infection.  

RESULTS: Among 208 participants, the prevalence of QFT positivity for NicAlert 

cotinine categories 0 (nonsmoking), 1 (secondhand smoke exposure or low-level 

smoking), and 2-6 (regular smoking) were 41.2%, 54.5%, and 66.3%, respectively 

(Ptrend = 0.027). We found increasing trends in QFT positivity (Ptrend = 0.012) and 

interferon-γ concentrations (Spearman’s r=0.186; P = 0.007) across cotinine levels 0 to 

6. In multivariable log-binomial regression models adjusted for sex and education, 

cotinine levels were not associated with QFT positivity when included as smoking 

categories (1 and 2-6 vs. 0), but were independently associated with QFT positivity 

when included as an ordinal variable (prevalence ratio = 1.09 per +1 cotinine level; 

95% confidence interval = 1.01 – 1.17). 
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CONCLUSION: Our findings suggest that a dose-response relationship exists between 

tobacco smoke exposure and the risk for Mtb infection. Longitudinal studies that use 

biochemical measures for smoking status are needed to confirm our findings. 

INTRODUCTION 

 Cigarette smoking is a major driver of the global tuberculosis (TB) epidemic and 

has been shown to increase the risk for active TB disease.1-4 Smoking also impairs 

immune functions in the pulmonary system, which might increase the risk for 

Mycobacterium tuberculosis (Mtb) infection among exposed TB contacts.5-7 Despite the 

biological plausibility of a causal relationship between smoking and Mtb infection, a 

2007 systematic review found limited epidemiological evidence to conclude that 

cigarette smoking increases the risk of Mtb infection.4  

 A major limitation of previous research is that few studies employed 

biochemical measures of smoking status, such as cotinine assays, to evaluate the 

relationship between cigarette smoking and Mtb infection.8-10 Cotinine is a metabolite of 

nicotine and a commonly used biomarker for cigarette smoke exposure.11 For 

epidemiological studies with smoking as a risk factor for Mtb infection, cotinine assays 

are preferable to self-reported measures of smoking status, which are susceptible to 

misclassification due to social desirability bias and recall bias.12,13 Furthermore, 

variations in smoking behavior that could affect the level of exposure to cigarette 

smoke to the respiratory system, such as the depth of cigarette smoke inhalation, are 

difficult to capture via self-report.12 Hence, biochemical tests such as cotinine assays 

are likely to provide a more sensitive measure of physiological exposure to tobacco 

smoke in order to determine whether smoking increases the risk for Mtb infection. In 

addition, few studies on this topic have used interferon-gamma (IFN-γ) release assays 
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(IGRAs) to determine Mtb infection.14-18 IGRAs have been shown to have higher 

diagnostic specificity compared to the tuberculin skin test for determining Mtb infection, 

particularly in populations that use Bacillus Calmette–Guérin vaccine.19  

 The World Health Organization and the Union Against Tuberculosis and Lung 

Disease have jointly released recommendations for integrated efforts to combat the 

dual threat of smoking and TB.20 However, improved understanding of the relationship 

between smoking and TB is needed to guide the development of specific interventions. 

The objective of the present study is to describe the association between salivary 

cotinine levels and Mtb infection determined by an IGRA. We hypothesized that 

salivary cotinine levels consistent with smoking would be associated with increased 

prevalence of Mtb infection compared to salivary cotinine levels indicating non-

smoking.  

 

STUDY POPULATION AND METHODS 

Study population 

 We conducted a cross-sectional study among persons enrolled in Proyecto El 

Cuete, a longitudinal cohort study of HIV risk behavior among persons who inject drugs 

in Tijuana, Mexico.21 Study participants were recruited through word-of-mouth and 

community-based outreach. Eligible participants were ≥18 year-old Tijuana residents 

who had injected drugs during the month prior to study enrollment. Study interviewers 

administered a detailed questionnaire that included questions on demographics and 

cigarette smoking at baseline and every six months for 30 months. Interviews were 

conducted in English or Spanish, depending on the participant’s preference. Study 
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participants were also administered a rapid HIV antibody test (Advanced Quality Rapid 

Anti-HIV 1&2 Test; In Tec Products, Inc; Xiamen, China) at each visit. A subset of 252 

participants presenting for their 12 month visit was consecutively enrolled to participate 

in the present study of smoking and Mtb infection. We obtained written informed 

consent from all participants and offered an additional US$5 for participation in this 

sub-study. The study protocol and instruments were approved by the University of 

California San Diego Human Research Protection Program and the Tijuana General 

Hospital Ethics Committee. 

 

Measures 

 Self-reported smoking status was obtained by asking, “Have you smoked a 

cigarette during the previous six months?” Participants were also asked about the 

number of cigarettes smoked per day and the age at smoking initiation. 

 We used NicAlert (Nymox Pharmaceutical Corporation; Hasbrouck Heights, 

NJ), a rapid semi-quantitative dipstick assay, to measure salivary cotinine levels 

according to manufacturer’s instructions. Salivary NicAlert has been shown to have a 

sensitivity of 95%-99% and specificity of 93%-96% for determining smoking status. 22,23 

NicAlert uses immunochromatographic strips containing gold particles coated with 

monoclonal antibodies to measure cotinine concentrations.22,23 We placed eight drops 

of participant’s saliva on the NicAlert strip, waited 20 minutes, and recorded the 

cotinine concentration level indicated by the location of a red line that appeared on the 

strip. NicAlert cotinine levels range from 0 to 6, with higher values corresponding to 

higher cotinine concentrations (Figure 3.1). Given that the standard salivary cotinine 

concentration cutoff for determining smoking status is 15 ng/ml, a NicAlert cotinine 
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level of 0 (cotinine concentration <10 ng/ml), 1 (cotinine concentration 10-30 ng/ml), 

and 2-6 (cotinine concentration >30 ng/ml) indicate nonsmoking, secondhand smoke 

exposure or low-level smoking, and regular smoking, respectively.11  

 We used QuantiFERON TB Gold In-tube ([QFT] Cellestis; Victoria, Australia) 

IGRA to determine Mtb infection.19 Following manufacturer’s instructions, we collected 

whole blood from each participant in three 1ml tubes coated with mitogen (positive 

control), nil (negative control) and TB antigens. The tubes were incubated for 16 to 24 

hours, centrifuged, and refrigerated. Samples were tested in batches using enzyme-

linked immunosorbent assay to measure IFN-γ concentrations released in each tube. 

Mtb-specific IFN-γ concentrations were derived by subtracting IFN-γ concentrations 

measured in the TB antigen tube from that measured in the nil tube. IFN-γ 

concentrations >10 IU/ml were set as 10 IU/ml to account for the high level of 

imprecision in the >10 IU/ml range. IFN-γ concentrations above the cutoff of 0.35 

IU/mL were considered positive for QFT.  

 

Statistical analysis 

 We used the Pearson’s χ2 test or Fisher’s exact test to compare the distribution 

of categorical variables and the Kruskal-Wallis test for continuous variables between 

cotinine categories and to determine their associations with QFT status. We assessed 

agreement between self-reported smoking and cotinine levels dichotomized at cutoffs 

of 1 and 2 by calculating Cohen’s κ. The Cochran-Armitage test was used to evaluate 

trends in the prevalence of QFT positivity across ordinal variables and to determine 

whether a dose-response relationship exists between cotinine levels (0 to 6) and QFT 

positivity. Cotinine levels 5 and 6 were combined in dose-response analysis due to the 
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small number of participants with cotinine level 6 (n = 4). The Spearman’s correlation 

coefficient was calculated to describe the correlation between IFN-γ concentrations 

and cotinine levels.  

 Log-binomial models were constructed to determine correlates of QFT positivity 

and to derive prevalence ratios (PRs).24,25 Cotinine levels were included in separate 

models as a categorical variable (cotinine levels 2-6 and 1 vs. cotinine levels 0) and an 

ordinal variable (cotinine levels 0 to 6). We also evaluated demographic and smoking-

related variables in bivariate log-binomial models to identify correlates of QFT 

positivity. Factors associated with QFT positivity with P < 0.10 in bivariate models were 

included with cotinine level variables in the final multivariable log-binomial models. All 

statistical tests were two-sided with P < 0.05 considered as statistically significant. SAS 

9.3 (Cary, North Carolina) was used for all analyses. 

 

RESULTS 

 Of the 252 enrolled participants, we excluded participants with invalid NicAlert 

results (n = 19), QFT specimen collection or handling error (n = 24), and indeterminate 

QFT result (n = 1) from the analysis. Of the 208 (82.5%) participants included in this 

analysis, 17 (8%), 22 (11%), and 169 (81%) had NicAlert cotinine levels 0, 1, and 2-6, 

respectively (Figure 3.1). Participants were more likely to be male (61.5%); median age 

was 38 years (interquartile range [IQR], 32 - 45 years); 68 (32.7%) attained primary 

school or lower level of education; 30 (14%) reported having unstable housing; and 

106 (51%) reported an average monthly income of less than 2500 pesos (USD $200) 

(Table 3.1). Four (1.9%) participants tested positive for HIV. No statistically significant 
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differences were observed in demographic characteristics between participants with 

cotinine levels 0, 1, and 2-6. 

 Overall, 193 (92.8%) participants reported smoking cigarettes during the 

previous six months (Table 3.1). Participants smoked a median of 10 cigarettes per 

day, and had smoked for a median of 24 years. The prevalence of self-reported 

cigarette smoking during the previous six months for participants with cotinine levels 0, 

1, and 2-6 were 70.6%, 59.1%, and 99.4%, respectively (P < 0.001). Of the 15 

participants who reported no cigarette-smoking during the previous six months, 14 

(93.3%) had cotinine levels 0 or 1 and one (6.7%) participant had a cotinine level of 6.  

Among participants who reported smoking cigarettes during the past six months, 168 

(87.1%) had cotinine levels between 2 and 6. Higher levels of agreement between 

NicAlert scores and self-reported smoking was observed when using a cotinine level 

cutoff of 2 (κ = 0.463) compared to a cutoff of 1 (κ = 0.256). Participants with cotinine 

levels 0 or 1 reported smoking fewer cigarettes per day compared to participants with 

cotinine levels 2-6 (medians of 4 and 2 vs. 10, respectively; P < 0.001). 

 The prevalence of QFT positivity was 63.0% and higher among male 

participants compared to female participants (69.5% vs. 52.5%; P = 0.013) (Table 3.2). 

No other demographic or self-reported smoking-related factors were found to be 

associated with QFT positivity. The prevalence of QFT positivity for cotinine level 

categories 0, 1, and 2-6 were 41.2%, 54.5%, and 66.3%, respectively (Ptrend = 0.027). 

We also found an increasing trend in QFT positivity across cotinine levels 0 to 5/6 

(from 41.2% to 66.7%; Ptrend = 0.012) (Figure 3.2). The median IFN-γ concentration was 

1.6 IU/ml (IQR, 0.1 – 10.0 IU/ml) and increased across cotinine levels 0 to 5/6 (from 

0.28 IU/ml to 4.47 IU/ml; Spearman’s r=0.186; P = 0.007) (Figure 3.3).  
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 In bivariate log-binomial analysis, sex and education level were found to be 

associated with QFT positivity with P < 0.10. In the bivariate model with cotinine levels 

included as a categorical variable, the prevalence of QFT positivity was higher for 

participants with cotinine levels 2-6 (PR = 1.61; 95% confidence interval [CI] = 0.90 – 

2.87) or 1 (PR = 1.32; 95% CI = 0.67 – 2.63) compared to that among participants with 

cotinine level 0, but these differences did not reach statistical significance (Table 3.3). 

The final multivariable model contained sex, education level, and cotinine 

levelcategories, but none of the variables were found to be independently associated 

with QFT positivity. 

 In bivariate log-binomial analysis with cotinine levels included as an ordinal 

variable, cotinine levels were associated with increasing prevalence of QFT positivity 

(PR = 1.08 per increase of 1 cotinine level; 95% CI = 1.01 – 1.16) (Table 3.3). The final 

model included cotinine levels, sex, and education level, but only the ordinal cotinine 

level variable was independently associated with QFT positivity (PR = 1.09 for increase 

of 1 cotinine level; 95% CI = 1.01 – 1.17) (Table 3.3).  

 

DISCUSSION 

 We found evidence of a dose-response relationship between salivary cotinine 

levels (0 to 6) and QFT positivity and a positive correlation between salivary cotinine 

and IFN-γ concentrations. However, we found insufficient evidence of an association 

between salivary cotinine levels indicative of cigarette smoking status (NicAlert cotinine 

levels 1 and 2-6 vs. 0) and QFT positivity. These findings suggest that the risk for Mtb 

infection increases incrementally with increasing exposure to cigarette smoke and that 

no natural cutoff for exposure level exists. In addition, as with previous studies 
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conducted in this setting, we found a high overall prevalence of QFT positivity 

(63.0%).18,26,27 

 We are aware of only one other study exploring the association between 

biochemical measures of smoking status and IGRA results. That study found no 

evidence of an association between serum cotinine results and IGRA positivity, and the 

paper does not report whether a dose-response analysis was performed.9 The study 

population consisted of patients seeking care for respiratory symptoms consistent with 

TB, and the prevalence of IGRA positivity for the 108 patients without TB disease was 

uniformly high for smokers and nonsmokers (~80%).9 Therefore, that study might have 

been insufficiently powered to detect a difference in IGRA positivity between smokers 

and nonsmokers in such a high TB prevalent setting. 

 Previous studies examining the association between self-reported smoking and 

IFN-γ release assay results have reported mixed results.14-18 Notably, two recent 

studies reported a negative association between cigarette smoking and IGRA 

positivity.16,17 The authors of these studies speculated that impaired T cell response 

due to smoking might have compromised the performance of the IFN-γ release assay. 

However, since these studies were conducted among persons with HIV-infection or 

active TB disease, their findings might only apply to persons who are already immune-

compromised. Our findings among a community sample of mostly HIV-uninfected 

participants suggest that cigarette smoking does not impair T cell function to the extent 

that IFN-γ release assay results are negatively affected among immune-competent 

persons. Additional research is needed to determine the reasons for these apparently 

contradictory findings. 
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 We found relatively low agreement between salivary cotinine levels and self-

reported smoking. This might be due in part to the differences in reference periods; our 

cigarette smoking questions asked about smoking behavior during the previous six 

months while salivary cotinine corresponds to smoking that occurred within the past 

seven days. Contrary to previous studies, a NicAlert cutoff of 2 resulted in higher level 

of agreement with self-reported smoking compared to a cutoff of 1.22,23 This could be 

due to the higher level of secondhand smoke exposure among our study population. 

Participants in our study consisted primarily of low-income persons who often live and 

congregate in over-crowded, poorly-ventilated housing. Furthermore, given the high 

prevalence of smoking in this population, secondhand exposure in social settings is 

likely to be common for nonsmokers. Thus, nonsmokers in our study might have had 

elevated salivary cotinine levels, resulting in a higher cutoff needed for optimal 

discrimination of smokers and non-smokers. However, we did not ask participants 

regarding secondhand smoke exposure and, therefore, were unable to further explore 

this possible explanation. Salivary cotinine levels were a stronger predictor for QFT 

positivity compared to self-reported smoking and smoking intensity (number of 

cigarettes smoked daily). The relatively low precision of self-reported measures for 

smoking might have contributed to the mixed findings among previous studies of dose-

response relationship between self-reported smoking intensity and the risk of Mtb 

infection.18,28-30  

 Our study is subject to the following limitations. First, the lack of association 

observed between QFT positivity and cotinine levels may be due to the small sample 

size of participants with NicAlert results 0 (n = 17) and 1 (n = 22). In addition, while we 

attempted to control for potential confounders, residual confounding might be 
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responsible the apparent dose-response relationship observed in our study. For 

example, we did not collect information on alcohol use which is an established risk 

factor for TB. Finally, salivary cotinine results are indicative of current cigarette smoke 

exposure whereas QFT results correspond to lifetime history of infection. Given the 

cross-sectional study design employed in the study, we were not able to assess the 

cigarette smoking status of the participants at the time of their risk for Mtb infection.  

Longitudinal studies should be conducted among a larger sample of persons at high 

risk for Mtb infection to provide more robust evidence for the relationship between 

cigarette smoking and Mtb infection.  

 High quality longitudinal studies provide strong evidence that smoking 

increases the risk for active TB disease.4,31,32 Findings from our study suggest that 

cigarette smoke exposure might also increase the risk for Mtb infection. However, 

given that no longitudinal studies have demonstrated this association, the evidence for 

a causal relationship between cigarette smoking and Mtb infection remains weak. 

Future studies should employ a longitudinal cohort study design and use biochemical 

measures for smoking status. Despite this gap in knowledge, sufficient evidence exists 

to support the integration of smoking and TB prevention activities, and such integrated 

efforts are urgently needed to accelerate the progress towards achieving global 

elimination of TB.1,33 
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Table 3.1. Demographic and behavioral characteristics among persons who inject drugs; 
Tijuana, Mexico, 2012-2013. 

 Cotinine Level (Equivalent Concentration) 

Characteristic  

All 
Participants

N=208 
n (%) 

0 (0-10 
ng/mL) 
N=17 
n (%) 

1 (10-30 
ng/mL) 
N=22 
n (%) 

2-6 (>30 
ng/mL) 
N=169 
n (%) 

P-
value 

Sex      0.307a 
 Male 128 (61.5) 8 (47.1) 12 (54.5) 108 (63.9)  
 Female 80 (38.5) 9 (52.9) 10 (45.5) 61 (36.1)  
       
Age Median 

(IQR) 
38 (32 - 45) 35 (31 - 44) 42 (33 - 47) 38 (31 - 45) 0.462c 

       
Education 
level 

     0.100a 

 Up to 
Primary 
School 

68 (32.7) 7 (41.2) 6 (27.3) 55 (32.5)  

 Secondary 
School 

91 (43.8) 8 (47.1) 6 (27.3) 77 (45.6)  

 Prep 
School or 
higher 

49 (23.6) 2 (11.8) 10 (45.5) 37 (21.9)  

       
Unstable 
housingd 

     1.000b 

 No 178 (85.6) 15 (88.2) 19 (86.4) 144 (85.2)  
 Yes 30 (14.4) 2 (11.8) 3 (13.6) 25 (14.8)  
       
Average 
monthly 
income 
(Mexican 
pesos) 

     0.720b 

 <1500 79 (38.0) 6 (35.3) 8 (36.4) 65 (38.5)  
 1500-2499 27 (13.0) 2 (11.8) 4 (18.2) 21 (12.4)  
 2500-3499 38 (18.3) 1 (5.9) 4 (18.2) 33 (19.5)  
 ≥3500 64 (30.8) 8 (47.1) 6 (27.3) 50 (29.6)  
       
HIV infection 
status 

     1.000b 

 Negative 204 (98.1) 17 (100) 22 (100) 165 (97.6)  
 Positive 4 (1.9) 0 (0) 0 (0) 4 (2.4)  
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Table 3.1. Demographic and behavioral characteristics among persons who inject drugs; 
Tijuana, Mexico, 2012-2013 (Continued). 

 Cotinine Level (Equivalent Concentration) 

Characteristic  

All 
Participants

N=208 
n (%) 

0 (0-10 
ng/mL) 
N=17 
n (%) 

1 (10-30 
ng/mL) 
N=22 
n (%) 

2-6 (>30 
ng/mL) 
N=169 
n (%) 

P-
value 

Self-reported 
cigarette 
smoking, past 
6 months 

     <0.001
b 

 No 15 (7.2) 5 (29.4) 9 (40.9) 1 (0.6)  
 Yes 193 (92.8) 12 (70.6) 13 (59.1) 168 (99.4)  
       
Number of 
cigarettes 
smoked per 
day, past six 
monthse 

Median 
(IQR) 

10.0 (4.5 - 
15.0) 

4.0 (0.0 - 
10.0) 

2.0 (0.0 - 
10.0) 

10.0 (5.0 - 
20.0) 

<0.001
c 

       
Years of 
cigarette 
smokingf 

Median 
(IQR) 

24.0 (15.0 - 
30.0) 

15.0 (3.0 - 
25.0) 

19.0 (0.0 - 
32.0) 

24.0 (16.0 - 
30.0) 

0.074c 

 
aPearson's χ2 test 
bFisher's exact test 
cKruskal-Wallis test 
dParticipants were categorized as having unstable housing if they had slept in a car, 
abandoned building, shelter, or on the street during the past six months. 
eParticipants who did not smoke during the past six months were included as having 
smoked 0 cigarettes per day. 
fParticipants who had never smoked were included as having smoked for 0 years. 
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Table 3.2. Bivariate analysis of factors associated with QFT positivity among persons 
who inject drugs; Tijuana, Mexico, 2012-2013. 

Characteristic  N 
QFT positive 

n (%) P-value 
All Participants  208 131 (63.0)  
     
Sex    0.013a 
 Male 128 89 (69.5)  
 Female 80 42 (52.5)  
     
Age    0.929c 
 <30 36 22 (61.1)  
 30-39 82 52 (63.4)  
 40-49 67 43 (64.2)  
 ≥50 23 14 (60.9)  
     
Education level    0.109c 
 Up to Primary School 68 46 (67.6)  
 Secondary School 91 60 (65.9)  
 Prep School or higher 49 25 (51.0)  
     
Unstable housingd    0.389a 
 No 178 110 (61.8)  
 Yes 30 21 (70.0)  
     
Average monthly income    0.658c 
 <1500 79 49 (62.0)  
 1500-2499 27 14 (51.9)  
 2500-3499 38 28 (73.7)  
 ≥3500 64 40 (62.5)  
     
Self-reported cigarette 
smoking, past 6 months 

   0.788b 

 No 15 9 (60.0)  
 Yes 193 122 (63.2)  
     
Number of cigarettes smoked 
per day 

   0.428c 

 <6 68 44 (64.7)  
 6-9 25 17 (68.0)  
 10-19 65 41 (63.1)  
 ≥20 50 29 (58.0)  
     
Years of cigarette smoking    0.232c 
 0 - 9 33 16 (48.5)  
 10 - 19 48 32 (66.7)  
 20 - 29 68 45 (66.2)  
 ≥30 59 38 (64.4)  
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Table 3.2. Bivariate analysis of factors associated with QFT positivity among persons 
who inject drugs; Tijuana, Mexico, 2012-2013 (Continued). 

Characteristic  N 
QFT positive 

n (%) P-value 
NicAlert categories (cotinine 
equivalent) 

   0.027c 

 0 (0-10 ng/ml) 17 7 (41.2)  
 1 (10-30 ng/ml) 22 12 (54.5)  
 2-6 (>30 ng/ml) 169 112 (66.3)  
 

Note: QFT = QuantiFERON TB Gold In-tube 

a Pearson's χ2 test 
b Fisher's exact test 
c Cochran-Armitage test for trend 
d Participants were categorized as having unstable housing if they had slept in a 
car, abandoned building, shelter, or on the street during the past six months. 
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Table 3. Factors associated with QFT positivity in log-binomial regression models among 
persons who inject drug users; Tijuana, Mexico, 2012-2013. 

 

 Categorical Models Dose-Response Models 

Variable  
Bivariate 

PR (95% CI) 
Final 

PR (95% CI) 
Bivariate 

PR (95% CI) 

Final 
PR (95% 

CI) 
Salivary 
cotinine 
level 
(Categorical) 

0 1.00 1.00   

 1 1.32 (0.67, 
2.63) 

1.39 (0.71, 
2.73) 

  

 2-6 1.61 (0.90, 
2.87) 

1.57 (0.88, 
2.81) 

  

Salivary 
cotinine 
level 
(Ordinal) 

+1   1.08 (1.01, 
1.16) 

1.09 (1.01, 
1.17) 

Sex Female  1.00  1.00 
 Male  1.21 (0.95, 

1.54) 
 1.25 (0.99, 

1.57) 
Education Up to 

primary 
school 

 1.00  1.00 

 Secondary 
school 

 0.97 (0.78, 
1.20) 

 0.99 (0.81, 
1.21) 

 Prep school 
or higher 

 0.77 (0.56, 
1.06) 

 0.78 (0.57, 
1.07) 

 
Note: PR = Prevalence ratio; QFT = QuantiFERON TB Gold In-tube 
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Figure 3.1. Distribution of cotinine level among persons who inject drug users; Tijuana, 
Mexico, 2012-2013. 
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Figure 3.2. QFT positivity by cotinine level among persons who inject drug users; 
Tijuana, Mexico, 2012-2013.  
The grey bar represents the prevalence of QFT positivity at each cotinine level. The dotted line 
represents predicted prevalence of QFT positivity based on the bivariate log-binomial model. 
Note: QFT = QuantiFERON TB Gold In-tube. 
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Figure 3.3. Median interferon-gamma concentrations by cotinine levels among persons 
who inject drug users; Tijuana, Mexico, 2012-2013.  
The circle represents the median IFN-γ concentration and the vertical line represents the 
interquartile range. 
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CHAPTER 4: CIGARETTE SMOKING AND QUIT ATTEMPTS AMONG INJECTION 

DRUG USERS IN TIJUANA, MEXICO 

 
 

ABSTRACT 

Introduction: Injection drug use and cigarette smoking are major global health 

concerns. Limited data exist regarding cigarette smoking behavior and quit attempts 

among injection drug users (IDUs) in low and middle-income countries to inform the 

development of cigarette smoking interventions. We conducted a cross-sectional study 

to describe cigarette smoking behavior and quit attempts among IDUs in Tijuana, 

Mexico. 

Methods: IDUs were recruited through community outreach and administered in-person 

interviews. Multivariable Poisson regression models were constructed to determine 

prevalence ratios (PRs) for quit attempts.  

Results: Of 670 participants interviewed, 601 (89.7%) were current smokers. Of these, 

median number of cigarettes smoked daily was 10; 190 (31.6%) contemplated quitting 

smoking in the next six months; 132 (22.0%) had previously quit for ≥1 year; and 124 

(20.6%) had made a recent quit attempt (lasting ≥1 day during the previous six 

months). In multivariable analysis, recent quit attempts were positively associated with 

average monthly income (≥$270 USD vs. <$115 USD; PR=2.30; 95% CI=1.57-3.36), 

smoking marijuana (PR=1.38; 95% CI=1.01-2.90), and smoking heroin (PR=1.85; 95% 

CI=1.23-2.78); and negatively associated with number of cigarettes smoked daily 

(PR=0.96; 95% CI=0.94-0.98).  
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Conclusions: One out of five IDUs attempted to quit cigarette smoking during the 

previous six months. Additional research is needed to determine psychosocial factors 

associated with quit attempts and maintenance among IDUs to inform the design of 

effective smoking cessation interventions tailored for this population.  

 

INTRODUCTION 

 Injection drug use is a major global health concern that may be increasing in 

low- and middle-income countries (based on the World Bank’s classification which 

uses gross national income per capita; http://data.worldbank.org/about/country-

classifications).1 Injection drug users (IDUs) are often affected by multiple social and 

structural risk factors, such as homelessness, incarceration, inadequate education, and 

unemployment, that increase their susceptibility to high risk behaviors, including 

cigarette smoking.2,3 As with injection drug use, tobacco use is a major public health 

concern for low- and middle-income countries.4,5 While evidence-based tobacco control 

interventions have been effective in reducing cigarette smoking prevalence in high-

income countries, most low- and middle-income countries have yet to adequately 

implement such interventions.5 Smoking cessation treatment, a key component of the 

global tobacco  control measures recommended by the World Health Organization, has 

been particularly underutilized in low- and middle-income countries.5 There is an urgent 

need to expand effective smoking cessation programs in low- and middle-income 

countries, particularly for vulnerable populations such as IDUs. 

 Previous studies have found an extremely high cigarette smoking prevalence 

(90% or higher) among IDUs and a positive correlation between patterns of cigarette 

smoking and drug use.6-9 Craving for nicotine might increase craving for drugs, 



58 

 

 

 

particularly for cocaine.9-11 Despite this, drug users who smoke cigarettes consistently 

report high levels of interest in quitting smoking.12 Previous studies have also found 

high rates of cigarette smoking quit attempts among methadone maintenance 

patients.13,14 However, studies investigating cigarette smoking behavior among IDUs 

have primarily been conducted in urban areas of the United States.6-8,15 Little is known 

about cigarette smoking patterns and attempts to quit smoking among IDUs in low- and 

middle-income countries. 

 Given the growing evidence of the need for smoking cessation treatment 

among substance users, the American Society of Addiction Medicine and the U.S. 

Public Health Service have recommended the integration of smoking cessation 

treatment into substance use treatment programs.16,17 Despite these recommendations, 

a 2006-2008 national survey of drug and alcohol treatment centers in the United States 

found that only 17.6% had incorporated a formal smoking cessation treatment 

program.18 This proportion is likely to be much lower in low- and middle-income 

countries, where resources for services to drug users are extremely scarce, leaving 

IDUs and other drug users with limited access to smoking cessation treatment. 

 In 2010, Mexico enacted a drug reform law that emphasizes treatment instead 

of incarceration for persons cited for drug possession.19,20 Under this law, persons who 

are apprehended with sub-threshold amounts of cocaine, heroin, methamphetamine, 

and marijuana are encouraged to seek drug treatment. Those who are cited for drug 

possession three times are required to enroll in a drug treatment program or go to jail. 

As a part of this law, the Mexican Ministry of Health began expanding public drug 

treatment programs, including those for methadone maintenance treatment.19 This 

expansion might be an opportunity to increase access to cigarette smoking cessation 
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treatment for IDUs and other drug users by incorporating cigarette smoking cessation 

treatment within drug treatment programs. However, in order to inform the integration 

of cessation services, additional research is needed regarding patterns of cigarette 

smoking among IDUs and other drug users in Mexico. 

 The objective of this study is to describe cigarette smoking behavior and 

attempts to quit cigarette smoking among IDUs in Tijuana, Baja California, Mexico. The 

study design was informed by adapting the Stages of Change Theory, which broadly 

posits that cigarette smokers are at various stages along a continuum for quitting and, 

consequently, some are more likely to quit smoking than others at any given time.21 

Quit attempts represent an advanced stage in the quitting continuum, and smokers 

who are actively attempting to quit could benefit from interventions to help them 

maintain smoking abstinence during their quit attempts. Cigarette smokers who are not 

making quit attempts should be provided with interventions to help them progress in 

the quitting continuum and to take action regarding their smoking behavior. An 

improved understanding of cigarette smoking patterns and quit attempts among IDUs 

in low- and middle-income countries will help inform the development of smoking 

cessation interventions tailored for this population. 

 

METHODS 

Study population 

 We conducted a cross-sectional study using baseline data from Proyecto El 

Cuete IV, a longitudinal cohort study that seeks to determine the impact of the 2010 

Mexican drug reform law on drug use behavior and other HIV risk factors among IDUs 
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in Tijuana, Baja California, Mexico.22 Mexico is a middle-income country, and Tijuana, 

located near the U.S.-Mexico border, is an entry point for drug trafficking into the 

United States.23 IDUs are among Tijuana’s most disadvantaged groups with poor living 

conditions and limited access to healthcare and other social services.24  

 IDUs were recruited through community-based outreach conducted by 

experienced outreach workers. Eligible participants were Tijuana residents, ≥18 years 

old, with no plans to relocate from Tijuana for 30 months, who had injected drugs 

during the previous month, and who did not have more than two strikes for drug 

possession under the 2010 Mexican drug reform law. Participants received $20 USD 

for the baseline visit. Study recruitment began in March 2011. For this analysis, we 

included participants enrolled up to July 28, 2012 with complete information on 

smoking status. The study protocol was reviewed and approved by the University of 

California San Diego Human Research Protection Program and the Tijuana General 

Hospital Ethics Committee, and informed consent was obtained from all participants. 

  

Measures 

 Trained research interviewers administered a standardized questionnaire via 

computer-assisted personal interviewing (CAPI; NOVA Software, Maryland, USA) in 

Spanish or English, depending on the participant’s preference. All participants were 

screened for HIV using a rapid test (Advanced Quality Rapid Anti-HIV 1&2 Test; In Tec 

Products, Inc; Xiamen, China), and those with positive results were confirmed by 

Western blot assay and referred for further counseling and treatment. 

 Spanish and English versions of the smoking-related questions were adapted 

from the Hispanic Established Population for Epidemiologic Studies of the Elderly and 
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field-tested extensively in Tijuana to ensure accuracy and comprehension by study 

participants.25 Participants were categorized as current cigarette smoker if they 

reported “Yes” to both of the following questions: “Have you ever smoked at least 100 

cigarettes in your entire life?” and “Do you smoke cigarettes now?” Participants who 

answered “Yes” to the first question and “No” to the second question were categorized 

as former cigarette smokers, and those who answered “No” to the first question were 

categorized as never regular cigarette smokers. Current and former cigarette smokers 

were also asked “How old were you when you first started smoking cigarettes?”, and 

former smokers were asked “About how long has it been since you have smoked 

cigarettes?” to determine lifetime duration of cigarette smoking. Cigarette smoking 

intensity was determined based on the question, “How many cigarettes did you smoke 

when you last smoked?” and “How many cigarettes do you smoke?” for former and 

current cigarette smokers, respectively. 

 For current cigarette smokers, prior quit attempts were ascertained by asking 

“Have you ever stopped smoking cigarettes for a period of at least one year?”, “During 

the past 6 months, have you quit smoking intentionally for one day or longer?”, and 

“During the past 6 months, what was the longest time that you actually stayed off 

cigarettes?” Current cigarette smokers were also asked, “Are you contemplating 

quitting smoking in the next six months?” This item has been used to identify smokers 

who intend to quit in the near future as a component of stage categorization in the 

Stages of Change model.21 

 Questions regarding drug use were adapted from a previous study of HIV risk 

among IDUs in Tijuana.26 We asked participants about their use of marijuana, heroin, 

cocaine, and methamphetamine during the previous six months. For heroin, cocaine, 
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and methamphetamine, participants were also asked about their route of consumption, 

including smoking, inhaling, and injecting. Participants were categorized as having 

unstable housing if they reported having slept in a car, abandoned building, shelter, or 

on the street during the previous six months. Data for average monthly income during 

the previous year were categorized into quartiles: <1500, 1500-2499, 2500-3499, and 

≥3500 pesos. Participants’ source of income was categorized as legal job, sex work, or 

other source, which included informal jobs, illegal activity, and financial support from 

friends or relatives. 

 

Statistical analysis 

 Demographic and drug use characteristics were compared using the Cochran-

Armitage test for trend for ordinal variables and the χ2 test or the Fisher’s exact test for 

other categorical variables. Age and number of cigarettes smoked per day were not 

found to be normally distributed (Shapiro-Wilk test p<0.001). Therefore, we used 

nonparametric statistics (i.e. median, interquartile range, and the Wilcoxon rank sum 

test for comparisons) for these variables and for all other continuous variables for 

consistency. Multivariable Poisson regression models with robust variance were 

constructed for the following outcome: cigarette smoking quit attempt that lasted ≥1 

smoke-free days during the previous 6 months. Variables associated with this outcome 

in bivariate analysis with a p < 0.10 were evaluated for inclusion in the multivariable 

model manually in a forward stepwise manner. Only statistically significant variables 

with a p < 0.05 were retained in the final model. Prevalence ratios (PRs) and 95% 

confidence intervals (CIs) were calculated for variables included in the final model. We 

used SAS version 9.3 (Cary, North Carolina) for the statistical analyses. 
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RESULTS 

Study population 

 Of the 670 study participants who had complete information for smoking status, 

601 (89.7%) were current cigarette smokers, 14 (2.1%) were former cigarette smokers, 

and 55 (8.2%) reported never being a regular cigarette smoker. Overall, the median 

age was 37 years, 438 (65.4%) were male, 259 (39%) had attained primary school or 

lower level of education, 107 (16.0%) reported unstable housing during the past six 

months, and 206 (30.9%) earned an average of less than 1500 pesos (USD $115) per 

month during the previous year (Table 4.1). Twenty-six (3.9%) participants tested 

positive for HIV infection (Table 4.1). Drug use behaviors most frequently reported by 

participants were injecting heroin (95.2%), smoking methamphetamine (40.1%), 

smoking marijuana (31.0%), and injecting methamphetamine (27.8%) (Table 4.1).  

 

Current cigarette smoking 

 Compared to those who were not current cigarette smokers (former and never 

regular smokers combined), current cigarette smokers were older (median age of 38 

years vs. 35 years; p = 0.03), more likely to be male (67.1% vs. 50.7%; p = 0.01) and 

less likely to report having a legal job (12.9% vs. 18.8%) or sex work (16.6% vs. 

27.5%) as the primary sources of income (p = 0.02) (Table 4.1). We found no 

association between drug use behaviors and current cigarette smoking status (Table 

4.1).  
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Smoking-related characteristics among current cigarette smokers 

 Current cigarette smokers initiated smoking at a median age of 14 years, and 

smoked for a median of 23 years and a median of 12 pack-years (Table 4.2). Among 

current smokers, the median number of cigarettes smoked per day was 10, 190 

(31.6%) reported contemplating quitting smoking in the next six months, 132 (22.0%) 

had previously quit smoking for one year or longer, and 124 (20.6%) had made a quit 

attempt that lasted ≥1 day (Table 4.2). 

 In bivariate analysis, quit attempt during the past 6 months that lasted ≥1 day 

was associated with increase in average monthly income (ptrend<0.001); fewer number 

of cigarettes smoked daily (ptrend <0.001); decrease in lifetime pack-years of cigarette 

smoking (ptrend <0.001); smoking marijuana (p<0.001), heroin (p<0.001), or 

methamphetamine (p=0.036); and inhaling heroin (p=0.001) (Table 4.3). These 

variables and inhaling cocaine (bivariate association with quit attempt, p=0.056) were 

further evaluated in Poisson regression models. In the final model, making a quit 

attempt during the past 6 months that lasted  ≥1 day was independently associated 

with average monthly income (≥ 3500 pesos [$270 USD] vs. < 1500 pesos [$120 USD]; 

PR=2.30; 95% CI=1.57-3.36), number of cigarettes smoked daily (PR=0.96; 95% 

CI=0.94-0.98), and having smoked marijuana (PR=1.38; 95% CI=1.01-1.90) and heroin 

(PR=1.85; 95% CI=1.23-2.78) during the past six months  (Table 4.4).  

 

DISCUSSION 

 To our knowledge, the present study is the first to describe cigarette smoking 

and attempts to quit cigarette smoking among IDUs in a middle-income country. The 

89.7% cigarette smoking prevalence that we found is consistent with previous studies 
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conducted among IDUs.6-8,15,27 The age of smoking initiation and median number of 

cigarettes smoked per day among our study population were similar to those found in 

one study among IDUs in Baltimore, Maryland, USA.7 Other studies of IDUs in the 

United States, however, have reported a much higher smoking intensity among IDUs 

with an average of 20 or more cigarettes smoked per day.8 The cigarette smoking 

prevalence in our study population of IDUs was over five-fold higher than the 15.9% 

prevalence reported in the general Mexican population.28 Current cigarette smokers in 

our study tended to be older, a higher proportion was male, and smoked about 10 

cigarettes per day, which is consistent with the pattern found in the general Mexican 

population.28  

 During the six months prior to the study interview, 20.6% of our study 

participants attempted to quit cigarette smoking that lasted for ≥1 day. In comparison, a 

population-representative survey of cigarette smokers in four Mexican cities conducted 

in 2008 found that 34% had made quit attempts during the previous year.29 While 

differences in the reference periods and definition of quit attempt (lasting for ≥1 day vs. 

any attempt) make direct comparison difficult, our findings suggest that a significant 

proportion of IDUs in Mexico are actively attempting to quit smoking and could benefit 

from professional support to maintain abstinence during future quit attempts. 

Furthermore, nearly one-third of our study participants reported contemplating quitting 

cigarette smoking in the next six months, which is a higher proportion than the 21.2% 

found in Thrasher et al.’s study among a population-representative sample of Mexican 

smokers.29 Additional research is needed to determine psychosocial factors associated 

with quit attempts and successful cessation in this population to guide the design of 

tailored interventions for various stages of the quitting continuum. 
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 While we were not able to find any previous studies examining cigarette 

smoking quit attempts among IDUs in low- or middle-income countries, a study 

conducted among methadone maintenance clinic attendees in New York found that 

50% of the study participants had made attempts to quit cigarette smoking in the 

previous year.14 Similarly, in a study among IDUs recruited from methadone 

maintenance clinic attendees and needle exchange programs in Providence, Rhode 

Island, 62% reported contemplating quitting cigarette smoking in the next six months6. 

The higher rates of cigarette smoking quit attempts and contemplating quitting found in 

these studies are likely to be because participants drawn from drug treatment and 

harm reduction programs are more inclined to seek behavior change, such as quitting 

cigarette smoking, than participants drawn from the community, as was done in our 

study.  

 The negative association between the number of cigarettes smoked per day 

and quit attempts that we found is consistent with studies conducted among the 

general population of smokers in China, Thailand, and Malaysia.30,31 Another study 

conducted in China did not find this association but found that the time to first cigarette, 

another measure of cigarette dependence, predicted quit attempts.32 A recent 

systematic review concluded that low levels of cigarette dependence are consistent 

predictors of cigarette smoking quit attempts and successful cessation.33 The relatively 

low levels of cigarette dependence found among our study participants (50% of the 

participants in our study populations smoked fewer than 10 cigarettes per day) 

suggests that smoking cessation interventions might be more effective in this 

population compared to programs serving IDUs with higher levels of cigarette 

dependence.8 
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   We did not find an association between drug use patterns and smoking 

prevalence, but found that smoking marijuana and heroin were independently 

associated with cigarette smoking quit attempts. A possible reason for our finding might 

be that smoking marijuana or heroin is a proxy for participants seeking to reduce harm 

by switching from injecting drugs to substance use behavior perceived to be less 

harmful than injecting drugs. Conceivably, such participants would be more likely to 

attempt to quit cigarette smoking. However, we did not find evidence that participants 

who smoke marijuana or heroin reduce injection frequency (data not shown). Additional 

research is needed to confirm the higher rate of cigarette smoking quit attempts among 

IDUs who smoke marijuana or heroin compared IDUs who do not smoke these 

substances and to explore reasons for this pattern. 

 Study participants in the highest income category were more likely to make 

cigarette smoking quit attempt compared to those in the lowest income category, which 

suggests that social and economic factors affect quitting behavior among IDUs. This 

finding is consistent with previous studies among IDUs that found that higher 

educational attainment was associated with lower levels of nicotine dependence.6 In 

addition, social disadvantage has consistently been shown to negatively affect smoking 

cessation in numerous settings worldwide. For example, lower levels of education, 

Black race, lower income, and higher levels of financial strain are consistent predictors 

for poorer smoking cessation outcomes in the United States.34-37 Given that IDUs are 

primarily marginalized individuals with numerous social risk factors, offering cigarette 

smoking cessation interventions in isolation without addressing the challenges posed 

by social disadvantage may not be effective.37 Integration of cigarette smoking 

cessation services along with treatment of other addictions in a comprehensive social 
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service program may be the most effective means of helping IDUs quit smoking. While 

smoking cessation interventions in drug treatment programs have had mixed results, a 

multifaceted approach has been successful in reducing the prevalence of cigarette 

smoking among drug and alcohol treatment participants in New York City.12,38,39 

Furthermore, policy and societal reform to protect the rights of IDUs and to reduce 

discrimination and social stigma against IDUs may help establish an environment in 

which IDUs can reduce risky behavior, including cigarette smoking.24 

 Mexico has ratified the Framework Convention on Tobacco Control, an 

international treaty to implement evidence-based tobacco control interventions.5 In 

recent years, Mexico successfully implemented pictorial warning label requirements for 

cigarette packaging and an increase in cigarettes tax, which might have contributed to 

reduction in population-level cigarette consumption.5,40 However, implementations of 

smoke-free policies and cessation support services have been relatively ineffective and 

weak.41,42 For example, a population-based survey of smokers conducted in 15 

countries, including five middle-income countries, found that Mexico rated among the 

worst in access to smoking cessation counseling from medical providers, and Mexican 

smokers had no access to telephone quitlines.42 While plans are in place to improve 

and expand Mexico’s tobacco control interventions, additional efforts may be needed to 

ensure that disadvantaged groups benefit from national tobacco control measures.  

 The expansion of drug treatment programs as part of recent Mexican drug 

policy reform might be an invaluable opportunity to improve access to cigarette 

smoking cessation treatment for IDUs and other drug users. However, previous studies 

in Mexico found widespread discrimination and violations of the rights of IDUs.2,43,44 For 

example, among female sex workers in Tijuana and Ciudad Juarez, Mexico who inject 
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drugs, nearly 50% reported having their syringes confiscated by the police despite 

syringe possession being legal.44 This study also found high rates of sexual abuse and 

extortion of female sex workers who inject drugs by the police.44 Given Mexico’s 

discriminatory environment in which the rule of law is often ignored for IDUs, the 

enactment of the new drug policy might not lead to actual increases in treatment 

services for drug users. Furthermore, a recent study found significant variability in the 

quality of drug treatment programs in northern Mexico.45 Integration of cigarette 

smoking cessation treatment might not be effective if the overall quality of existing drug 

treatment services is not significantly improved. While federal funding will be provided 

to accredited drug treatment centers, the extent to which the funding will sufficiently 

finance the expansion of treatment services is unclear. Significant out-of-pocket costs 

to those mandated for treatment or inadequate resources for treatment programs 

would adversely affect the quality of drug treatment services overall and any attempt to 

incorporate smoking cessation intervention.45  

 Our study findings are subject to the following limitations. First, we defined quit 

attempts as intentionally quitting smoking for ≥1 day, which has been found to exclude 

6%-17% of smokers who report any attempt to quit smoking.46 Therefore, our finding of 

20.6% prevalence of recent quit attempts is likely to be an underestimate of the 

proportion of participants who had recently attempted to quit cigarette smoking. In 

addition, given the cross-sectional study design, we cannot infer causality based on 

correlates of cigarette smoking and quit attempts. We conducted street outreach, 

targeted advertising and word-of-mouth to recruit study participants, which limits the 

generalizability of our findings to the broader IDU population in Tijuana or elsewhere. In 

particular, our sampling approach might have under-sampled isolated IDUs who are 
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not well connected to larger IDU social networks.  Furthermore, given that Tijuana is 

socially and economically affected by its location on the U.S.-Mexico border, our 

findings among IDUs in Tijuana might not represent that among IDUs in other parts of 

Mexico or other low- and middle-income countries. Additional studies are warranted to 

improve the understanding of cigarette smoking and quitting behavior among IDUs in 

low- and middle-income countries. 

 In this study, we provide critical baseline data to inform the incorporation of 

cigarette smoking cessation treatment into drug treatment programs that serve IDUs in 

Mexico. We found that over 20% of our participants had recently attempted to quit 

cigarette smoking, and the proportion of our participants who contemplated quitting 

cigarette smoking during the next six months was higher than that reported in the 

general population of smokers.29 Our findings suggest that integrated smoking 

cessation interventions can be effective in helping IDUs quit cigarette smoking in 

Tijuana. Additional research is needed to identify effective methods to help IDUs in 

low- and middle-income countries make cigarette smoking quit attempts and to 

maintain abstinence. Despite these uncertainties, cigarette smoking cessation 

treatment should be considered for integration into drug treatment programs as part of 

a broader effort to ensure that Mexico’s national tobacco control interventions reach 

IDUs and other vulnerable subgroups. 
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Table 4.1. Demographic and behavioral characteristics among injection drug users in 
Tijuana, Mexico, 2011-2012. 

 Current Cigarette Smoking 

Characteristic  
All Participants

n (%) 
No 

n (%) 
Yes 

n (%) p 
N  670 69 601  
      
Age Median (IQR) 37 (31 - 44) 35 (30 - 41) 38 (31 - 45) 0.03 
      
Gender Female 232 (34.6) 34 (49.3) 198 (32.9) 0.01 
 Male 438 (65.4) 35 (50.7) 403 (67.1)  
      
Education Up to Primary 

School 
259 (38.7) 24 (34.8) 235 (39.1) 0.49 

 Secondary 
School 

250 (37.3) 27 (39.1) 223 (37.1)  

 Prep School or 
higher 

161 (24.0) 18 (26.1) 143 (23.8)  

      
Unstable 
housing during 
past 6 months* 

No 563 (84.0) 56 (81.2) 507 (84.4) 0.49 

 Yes 107 (16.0) 13 (18.8) 94 (15.6)  
      
Average 
monthly 
income during 
past year 
(pesos) 

<1500 206 (30.9) 25 (36.8) 181 (30.3) 0.34 

 1500-2499 148 (22.2) 13 (19.1) 135 (22.6)  
 2500-3499 142 (21.3) 15 (22.1) 127 (21.2)  
 ≥3500 170 (25.5) 15 (22.1) 155 (25.9)  
      
Income source Legal job 90 (13.5) 13 (18.8) 77 (12.9) 0.02 
 Sex work 118 (17.7) 19 (27.5) 99 (16.6)  
 Other 459 (68.8) 37 (53.6) 422 (70.6)  
      
Years lived in 
Tijuana 

<5 68 (10.2) 4 (5.9) 64 (10.7) 0.94 

 5-14 157 (23.5) 20 (29.4) 137 (22.8)  
 15+ 443 (66.3) 44 (64.7) 399 (66.5)  
      
HIV infection No 643 (96.1) 66 (95.7) 577 (96.2) 0.74 
 Yes 26 (3.9) 3 (4.3) 23 (3.8)  
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Table 4.1. Demographic and behavioral characteristics among injection drug users in 
Tijuana, Mexico, 2011-2012 (Continued). 

 Current Cigarette Smoking 

Characteristic  
All Participants

n (%) 
No 

n (%) 
Yes 

n (%) p 
Drug use 
during past 6 
months** 

     

 Smoked 
marijuana 

208 (31.0) 16 (23.2) 192 (31.9) 0.14 

 Smoked heroin 44 (6.6) 6 (8.7) 38 (6.3) 0.45 
 Inhaled heroin 56 (8.4) 7 (10.1) 49 (8.2) 0.57 
 Injected heroin 638 (95.2) 66 (95.7) 572 (95.2) 0.86 
 Smoked cocaine 31 (4.6) 2 (2.9) 29 (4.8) 0.47 
 Inhaled cocaine 46 (6.9) 6 (8.7) 40 (6.7) 0.53 
 Injected cocaine 51 (7.6) 5 (7.2) 46 (7.7) 0.90 
 Smoked 

methamphetami
ne 

268 (40.1) 25 (36.2) 243 (40.5) 0.49 

 Inhaled 
methamphetami
ne 

70 (10.5) 7 (10.1) 63 (10.5) 0.92 

 Injected 
methamphetami
ne 

186 (27.8) 14 (20.6) 172 (28.6) 0.16 

 
*Unstable housing includes having slept in a car, abandoned building, shelter, or on the street. 
** Drug use categories are not mutually exclusive. 
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Table 4.2. Cigarette smoking behavior among current cigarette smokers, injection drug 
users in Tijuana, Mexico, 2011-2012. 

Characteristic 
N=601 
n (%) 

Age at smoking initiation, Median (IQR) 14 (12 - 16) 
  
Number of years smoked, Median (IQR) 23 (17 - 30) 
  
Pack-years, Median (IQR) 12 (6 - 21) 
  
Number of cigarettes smoked daily, Median (IQR) 10 (7 - 20) 
  
Contemplated quitting smoking in the next 6 months 190 (31.6) 
  
Ever quit smoking for 1 year or longer 132 (22.0) 
  
Cigarette smoking quit attempt that lasted ≥ 1 day, 
past 6 months 

124 (20.6) 
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Table 4.3. Correlates of attempts to quit cigarette smoking, injection drug users in 
Tijuana, Mexico, 2011-2012. 

   Cigarette smoking quit attempt*
Characteristic  Total n (%) p 
Age 18-25 41 12 (29.3) 0.496 
 26-30 96 18 (18.8)  
 31-40 242 38 (15.7)  
 41-50 165 45 (27.3)  
 >50 57 11 (19.3)  
     
Gender Female 198 45 (22.7) 0.374 
 Male 403 79 (19.6)  
     
Education Up to Primary School 235 46 (19.6) 0.466 
 Secondary School 223 45 (20.2)  
 Prep School or higher 143 33 (23.1)  
     
Unstable housing ** No 507 107 (21.1) 0.506 
 Yes 94 17 (18.1)  
     
Average monthly 
income during past 
year (pesos) 

<1500 181 29 (16.0) <0.001 

 1500-2499 135 13 (9.6)  
 2500-3499 127 22 (17.3)  
 ≥3500 155 60 (38.7)  
     
Income source Legal job 77 22 (28.6) 0.174 
 Sex work 99 21 (21.2)  
 Other 422 81 (19.2)  
     
Years lived in 
Tijuana 

<5 64 15 (23.4) 0.339 

 5-14 137 31 (22.6)  
 15+ 399 78 (19.5)  
     
HIV infection No 577 122 (21.1) 0.193 
 Yes 23 2 (8.7)  
     
Number of 
cigarettes smoked 
daily*** 

<6 119 38 (31.9) <0.001 

 6-10 218 43 (19.7)  
 11-20 201 38 (18.9)  
 >20 57 4 (7.0)  
     
Pack-years*** <6 130 42 (32.3) <0.001 
 6 - 11 155 30 (19.4)  
 12 - 17 104 19 (18.3)  
 ≥18 206 32 (15.5)  
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Table 4.3. Correlates of attempts to quit cigarette smoking, injection drug users in 
Tijuana, Mexico, 2011-2012 (Continued). 

   Cigarette smoking quit attempt*
Characteristic  Total n (%) p 

Illicit drug use during past 6 months 
     
Smoked marijuana Yes 192 58 (30.2) <0.001 
 No 409 66 (16.1)  
     
Smoked heroin Yes 38 17 (44.7) <0.001 
 No 562 107 (19.0)  
     
Inhaled heroin Yes 49 19 (38.8) 0.001 
 No 552 105 (19.0)  
     
Injected heroin Yes 572 117 (20.5) 0.633 
 No 29 7 (24.1)  
     
Smoked cocaine Yes 29 7 (24.1) 0.633 
 No 572 117 (20.5)  
     
Inhaled cocaine Yes 40 13 (32.5) 0.056 
 No 560 111 (19.8)  
     
Injected cocaine Yes 46 10 (21.7) 0.852 
 No 554 114 (20.6)  
     
Smoked 
methamphetamine 

Yes 243 60 (24.7) 0.036 

 No 357 63 (17.6)  
     
Inhaled 
methamphetamine 

Yes 63 17 (27.0) 0.183 

 No 535 106 (19.8)  
     
Injected 
methamphetamine 

Yes 172 36 (20.9) 0.909 

 No 429 88 (20.5)  
     

*Attempted to quit smoking that lasted ≥1 day during the 6 months prior to study interview. 
**Unstable housing includes having slept in a car, abandoned building, shelter, or on the street 
during the 6 months prior to study interview. 
***Missing for 6 participants. 

 

  



77 

 

 

 

Table 4.4. Multivariable Poisson regression analysis of factors associated with attempts 
to quit cigarette smoking among injection drug users in Tijuana, Mexico, 2011-2012. 

Variable 
Cigarette smoking quit attempt* 

PR (95% CI)** 
Average monthly income during 
past year (pesos) 

 

<1500 1.00 
1500-2499 0.62 (0.34, 1.14) 
2500-3499 1.09 (0.67, 1.80) 
≥3500 2.30 (1.57, 3.36) 

 
No. of cigarettes smoked daily  0.96 (0.94, 0.98) 

 
Smoked marijuana*** 1.38 (1.01, 1.90) 

 
Smoked heroin*** 1.85 (1.23, 2.78) 

Note: PR = prevalence ratio, CI = confidence interval. The final model was constructed after 
evaluating the following variables for statistical significance (p<0.05) in a forward stepwise 
manner: average monthly income; number of cigarettes smoked daily; lifetime pack-years of 
cigarette smoking; smoking marijuana, heroin, or methamphetamine; and inhaling heroin. 
*Attempted to quit smoking that lasted ≥1 day during the 6 months prior to study interview. 
**PRs and 95% CIs for each covariate were derived while adjusting for other factors included in 
the final model. 
***During the 6 months prior to study enrollment. 
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CHAPTER 5: DISCUSSION 

CIGARETTE SMOKING AND MYCOBACTERIUM TUBERCULOSIS INFECTION 

The need for integrated interventions 

 The development of effective integrated interventions to tackle the dual threat of 

smoking and TB requires a robust understanding of the epidemiology of smoking and 

TB. For example, given the strong evidence that smoking increases the risk for active 

TB disease among M. tuberculosis infected persons, integrated programs might 

prioritize the development of interventions for persons with latent M. tuberculosis 

infection (LTBI) who smoke cigarettes.1-3 Targeted interventions, including LTBI 

treatment and/or smoking cessation counseling, would ensure that limited resources 

are prioritized for persons at high risk for developing TB.4 While the evidence on the 

effect of cigarette smoking on TB disease treatment outcome is not as strong, 

integrated interventions could involve the incorporation of smoking cessation 

counseling as a part of TB treatment.5 However, limited evidence exists to support the 

development of smoking cessation interventions for persons at high risk for M. 

tuberculosis infection, such as household contacts of TB patients.6 Improved 

understanding of the relationship between cigarette smoking and M. tuberculosis 

infection could have a significant impact on the prioritization of resources for integrated 

intentions to tackle smoking and TB.  
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Causal relationship between smoking and M. tuberculosis infection? 

 In Chapters 2 and 3, results of epidemiological research that sought to expand 

the current knowledge of the effect of smoking on the risk for M. tuberculosis infection 

are presented. Chapter 3 reports findings from a cross-sectional study of salivary 

cotinine assay results and M. tuberculosis infection determined by QuantiFERON-TB 

Gold In-Tube ([QFT] Cellestis; Victoria, Australia), an IGRA. An elevated prevalence of 

QFT positivity was found for cotinine categories indicative of smoking vs. that for 

nonsmoking (NicAlert result 2-6 vs. 0), and the effect size was comparable to 

previously reported estimates (relative risk [RR] of 1.7).7 However, the increase in 

prevalence did not reach statistical significance (prevalence ratio [PR] = 1.61; 95% 

confidence interval [CI] = 0.90 – 2.87). Because this study enrolled few participants 

with cotinine level indicative of nonsmoking (NicAlert result 0; n=17), the statistical 

power to detect a PR of 1.7 was only 61%. Therefore, the lack of a statistically 

significant finding could be a Type II error. Alternatively, the true population effect size 

for this association might be lower than the previously reported estimate of 1.7. 

 In the absence of evidence from randomized-controlled trials, epidemiological 

evidence of a dose-response relationship suggest that a “biological gradient” exists 

and, therefore, strengthens the evidence for a causal relationship between an 

exposure and an outcome.8 The longitudinal study reported in Chapter 2 found no 

evidence of a dose-response relationship between self-reported cigarettes smoked per 

day and interferon-γ release assay (IGRA) conversion. In contrast, Chapter 3 presents 

evidence of a dose-response relationship between salivary cotinine levels and the risk 

for M. tuberculosis infection (Ptrend = 0.012). This dose-response relationship persisted 

after adjusting for sex and educational attainment using multivariable log-binomial 
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analysis. Taken together, these findings suggest that a dose-response relationship 

exists between smoking intensity and M. tuberculosis infection, but that self-report is an 

imprecise measure of smoking intensity (cigarettes smoked per day) and might have 

been responsible for the null finding.  

 The dose-response relationship reported in Chapter 3 adds to the evidence of a 

causal association between cigarette smoking and M. tuberculosis infection. However, 

given that no longitudinal studies have been conducted that demonstrates this 

relationship, the evidence that cigarette smoking increases the risk for M. tuberculosis 

infection remains weak. Longitudinal studies among a larger sample of persons at high 

risk for M. tuberculosis infection should be conducted to generate stronger evidence 

regarding this relationship. Until stronger evidence is generated, integrated 

interventions should be prioritized for persons who have LTBI or active TB disease. 

 

The effect of smoking on IGRA performance 

 Chapter 3 reports an association between salivary cotinine levels (indicative of 

current smoking intensity) and IGRA positivity (indicative of lifetime history of M. 

tuberculosis infection). However, no evidence of an association was found between 

history of smoking (years of smoking and pack-years) and IGRA positivity. Therefore, 

an alternate explanation of our findings might be that exposure to cigarette smoke 

leads to increased IGRA test results independently of M. tuberculosis infection status. 

A similar speculation of a “nonspecific boosting effect of current smoking on the 

[tuberculin skin test]” was posed by Leung et al. after observing an association 

between current smoking and tuberculin skin test (TST) positivity but not between 

pack-years and TST positivity.9 However, the biological basis for such a speculation is 
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unclear. Instead, given the adverse effect that smoking has on T cell function, a 

negative association between cigarette smoke exposure and IGRA/TST positivity might 

be expected.10-12 While two previous studies among persons with HIV-infection and 

active TB disease found a negative association between cigarette smoking and IGRA 

results, findings reported in Chapter 3 suggest that smoking does have a negative 

effect on IGRA performance among immune-competent persons.11,12 

 

SMOKING CESSATION INTERVENTION AMONG PERSONS WHO INJECT DRUGS 

 The high prevalence of cigarette smoking and LTBI among persons who inject 

drugs in Tijuana, Mexico suggests that the risk for active TB disease is very high in this 

population. Therefore, development of interventions to help persons who inject drugs 

quit smoking should be a high priority. Findings presented in Chapter 4 show that 20% 

of the persons who inject drugs made an attempt to quit cigarette smoking that lasted 

≥1 day during the past six months. Furthermore, study participants smoked a relatively 

few cigarettes per day (median of 10) and over 30% contemplated quitting smoking in 

the next six months. These findings do not appear to be significantly different than 

findings reported from surveys among the general population of smokers in Mexico. 

Therefore, a significant proportion of persons who inject drugs might benefit from 

effective smoking cessation interventions that emphasize prevention of relapse on their 

next quit attempt. Those who are not currently attempting to quit might benefit from 

interventions that foster motivation and self-efficacy so that they can make future quit 

attempts. Findings reported in Chapter 4 represent important baseline data for the 

development of integrated smoking cessation interventions in drug treatment centers in 

Tijuana and similar settings worldwide. 
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LIMITATIONS 

Generalizability 

 This dissertation research used data from study populations comprised entirely 

of persons who inject drugs. Therefore, findings regarding the association between 

cigarette smoking and M. tuberculosis infection might not be generalizable to other 

populations. For example, the lack of an association between cigarette smoking and M. 

tuberculosis infection reported in Chapter 2 might be in part because the study 

participants were already at elevated risk for TB due to multiple risk factors such that 

smoking added minimal additional risk. Furthermore, while Chapter 4 presents findings 

from the first study of cigarette smoking behavior and quit attempts among persons 

who inject drugs in a middle-income country, the findings may not be generalizable to 

similar populations in other low and middle-income countries.  

 

Statistical power 

 The findings reported in Chapter 2 were drawn from a relatively small sample 

size of 129 persons who inject drugs with very few nonsmokers included in the study 

population. Similarly, while the study reported in Chapter 3 had a larger sample size of 

252 participants, the study population consisted of only a small number of nonsmokers 

(n=17 for cotinine level 0). Therefore, both studies had relatively low power for 

detecting small effect sizes. Longitudinal studies with larger sample sizes of smokers 

and nonsmokers are needed to confirm our findings and to provide more precise 

estimates of the relationship between cigarette smoking and M. tuberculosis infection. 
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Measurement 

 The study presented in Chapter 2 involved secondary analysis of data from a 

longitudinal cohort study of HIV risk behavior among persons who inject drugs.13 

Therefore, limited data on cigarette smoking were collected. For example, no data on 

previous smoking history were collected. The study presented in Chapter 3 contained 

improved measures for cigarette smoking behavior, including the utilization of a 

salivary cotinine assay. However, for this study, insufficient resources were available to 

conduct serial QFT tests. Therefore, this study was only able to describe smoking as a 

correlate of QFT positivity instead of determining the effect of smoking on subsequent 

risk for M. tuberculosis infection. The smoking behavior reported in Chapter 4 included 

important items such as recent quit attempts. However, to limit the interview burden for 

the participants and the interviewers, other factors that have been shown to predict 

future cigarette smoking abstinence were not included. For example, the inclusion of 

measures for nicotine dependence such as the Fagerstrom Test for Nicotine 

Dependence would have strengthened our findings.14 

 

RECOMMENDATIONS AND FUTURE RESEARCH NEEDS 

Smoking and M. tuberculosis infection 

 Stronger evidence is needed to determine whether cigarette smoking increases 

the risk for M. tuberculosis infection. Epidemiological studies should utilize the 

longitudinal cohort design and employ biochemical measures of cigarette smoke 

exposure. In addition, future studies should be conducted among a sufficiently large 
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population of persons at high risk for M. tuberculosis infection to ensure that the study 

is adequately powered to detect small effect (e.g. RR of 1.4-1.6). For example, a 

longitudinal study could be conducted among household contacts of active TB cases 

who are not infected with M. tuberculosis at baseline to determine whether smoking 

and exposure to secondhand smoke increases the risk of M. tuberculosis infection.15 

While such a study would provide stronger evidence for a causal relationship, findings 

from a nonrandomized observational study design cannot rule out the possibility of 

residual confounding leading to the false conclusion that an association exists.8  

 Another approach would be to conduct a randomized intervention trial to 

determine whether smoking cessation interventions reduce the incidence of M. 

tuberculosis infection. For example, TB-affected households could be randomized into 

two groups: 1) the early intervention households would receive intense smoking 

cessation counseling and support for establishing a smoke-free household 

environment at baseline and 2) the delayed intervention households would receive this 

intervention at the end of the follow-up period (e.g. 12 months). A well-designed trial 

demonstrating reduced incidence of new M. tuberculosis infection in the early 

intervention households would provide experimental evidence of causality between 

smoking and the risk for M. tuberculosis infection8. 

 While studies described above are needed to improve the understanding of 

smoking and M. tuberculosis infection, sufficient evidence exists regarding the effect of 

smoking on TB disease and treatment outcome to warrant the implementation of 

integrated interventions.16 Interventions should be prioritized for persons with LTBI, 

including the routine screening of this population for exposure to cigarette smoke. 

Persons with LTBI who are current smokers should be offered smoking cessation 
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intervention, and those exposed to secondhand smoke should be provided with 

counseling regarding avoidance and implementation of household smoke-free policy.17 

Interventions for persons with TB disease should include instituting strict smoke-free 

policies at TB hospitals and clinics.18 TB patients who smoke should also be offered 

smoking cessation counseling during the course of their treatment.6 Given the high rate 

of smoking relapse among TB patients who temporarily quit during their illness, relapse 

prevention should be emphasized.19 These interventions require substantial change in 

the current TB care system and significant barriers to implementations exist.18 

However, given the substantial burden posed by smoking and TB, such interventions 

should be a global health priority. 

 

Integration of smoking cessation interventions in drug treatment centers 

 Findings presented in Chapter 3 suggest that smoking cessation interventions 

can be effective in helping persons who inject drugs in low and middle income 

countries to quit cigarette smoking. However, to my knowledge, no smoking cessation 

intervention trials have been conducted in this population. Intervention trials conducted 

among drug users in high-income countries found mixed results.20 Additional research 

is needed to improve the understanding of the environmental and psychosocial cues 

for smoking among persons who inject drugs so that more effective interventions can 

be developed. Operational research should also be conducted to identify the optimal 

mode of delivery, including who should provide the intervention, when and where it 

should be provided, and whether the use of smoking cessation aids such as nicotine 

replacement therapy should be included. Additionally, given the significant variations in 
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the quality of existing drug treatment programs, improving the overall quality of 

services to persons who inject drugs should be a high priority.21 

 

CONCLUSIONS 

 Findings from this dissertation research expand current knowledge of the 

relationship between cigarette smoking and M. tuberculosis infection and provide 

baseline data for the development of smoking cessation interventions for persons who 

inject drugs in low and middle-income countries. Given the significant global health 

threat posed by the epidemics of smoking and TB, additional research is needed to 

improve the understanding of the relationship between smoking and TB and to develop 

effective smoking cessation interventions for persons at high risk for TB, including 

persons who inject drugs. 
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