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Abstract

Breathing practices are often incorporated into treatments for tobacco dependence, but there is 

little direct research testing the efficacy of breathing practices. This study examined the effects of 

a mindfulness-based yogic breathing intervention (MB) versus active treatment (Cognitive 

Strategy; CS) and no-treatment (NT) control groups on craving, affect, withdrawal, and smoking 

behavior. Smokers (N = 60; 50% female; 83% African American) were randomized to receive 20 

minutes of MB, CS, or NT. Participants completed self-report measures before and after the 

manipulation and then took part in a 50-minute smoking choice procedure. Afterwards, 

participants were advised to use the techniques they learned and self-monitor smoking for 24 

hours. They received three reminder text messages and returned to the lab the following day. MB 

and CS were more effective than NT in decreasing craving to smoke and perceived nicotine 

withdrawal. MB, but not CS, was more effective than NT in reducing negative affect. MB reduced 

the risk of smoking by more than two-fold relative to both CS and NT during the smoking choice 

procedure. Participants in the MB condition smoked fewer cigarettes than those in the CS and NT 

conditions in the 24 hours following the manipulation. There were no differential effects of the 

manipulations on state mindfulness or positive affect. Mindful yogic breathing appears to be 

particularly effective in alleviating the acute negative effects of smoking abstinence and decreasing 

smoking behavior. Mindful breathing techniques are safe, simple, and cost-effective strategies that 

deserve additional research attention, especially among underserved populations of smokers.
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Cigarette smoking remains the leading cause of preventable death, disease, and disability in 

the United States (U.S. Department of Health and Human Services, 2014). Although a 

majority of adult smokers want to quit smoking and many try to do so, cessation rates 

remain low (Babb, Malarcher, Schauer, Asman, & Jamal, 2017). Aversive nicotine 

withdrawal symptoms, including craving, irritability, negative affect, and difficulty 

concentrating are prominent in the early stages of smoking abstinence (Hughes, 2007a,b; 

Welsch et al., 1999). A better understanding of effective strategies for actively coping with 

such aversive experiences is warranted, as individuals who use coping strategies during 

smoking cessation attempts have greater success (e.g., Fiore et al., 2008; Hall, Rugg, 

Tunstall, & Jones, 1984; O’Connell, Hosein, Schwartz, & Leibowitz, 2007).

Breathing practices may be particularly effective strategies for smoking cessation. Widely 

used and publicly available smoking cessation programs recommend “taking deep breaths” 

as a coping strategy during cessation (e.g., American Lung Association, 2009; Fiore et al., 

2008; Mayo Clinic, 2016; U.S. National Cancer Institute, 2013). Moreover, breathing is one 

of the most commonly reported useful coping strategies among smokers attempting 

abstinence, especially during the early stages of abstinence (O’Connell, Fears, Cook, 

Gerkovich, Zechmann, 1991). Paying attention to one’s breath or mindful breathing is also a 

core component of mindfulness-based approaches (e.g., Mindfulness Meditation, 

Mindfulness-Based Stress Reduction [MBSR], Kabat-Zinn, 1994), and yoga practices, 

which also may involve various controlled breathing exercises (Brown & Gerbarg, 2005, 

2009; Khanna and Greeson, 2013). The focus of mindful breathing is paying attention to the 

experience of breathing and gently bring attention back to the breath, irrespective of the 

breathing technique. This focus on breathing is a way of anchoring attention to present-

moment experiences (Kabat-Zinn, 1990; 1994).

While there has been little controlled research directly investigating breathing practices and 

smoking, there are various possible explanations for why breathing practices may decrease 

one’s desire to smoke and improve abstinence outcomes. Various types of mindfulness 

meditation, deep breathing, and yogic breathing practices (e.g., Ujjayi breathing) have been 

shown to reduce stress, anxiety, depression, and other negative emotional states (reviewed in 

Jerath, Crawford, Barnes & Harden, 2015), and negative emotional states appear to play a 

central role in tobacco withdrawal, smoking behavior, and cessation outcomes (Leventhal, 

Piper, Japuntich, Baker, & Cook, 2014; Baker, Piper, McCarthy, Majeskie, & Fiore, 2004; 

Kassel, Stroud, & Paronis, 2003). Such breathing practices have also been shown to reduce 

physiological arousal, increase parasympathetic activity, and increase GABA levels (i.e., a 

major inhibitory neurotransmitter), which may inhibit stress and negative emotions (Brown 

& Gerbarg, 2005, Busch et al., 2012; Jerath, Edry, Barnes, & Jerath, 2006; Jerath, Crawford, 

Barnes & Harden, 2015; Streeter et al., 2007). Furthermore, deep breathing may reduce 

smoking urge by mimicking actions associated with inhaling cigarette smoke, serving as a 

distracting activity (Shahab, Sarkar & West, 2013), or producing a relaxation response 

similar to smoking (Dai & Sharma, 2014). Mindful attention to breath is hypothesized to 

enhance self-regulation (a defining feature of addiction; Sayette and Griffin, 2011) via 

various mechanisms including greater attentional control and body awareness (Hölzel et al., 

2011; Malinowski, 2013). Mindfulness skills in general have been hypothesized to help 

smokers quit by learning to tolerate unpleasant withdrawal symptoms and learning to 
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observe but not react to smoking-related cues and feelings of stress or discomfort 

(Witkiewitz, Lustyk, & Bowen, 2013).

There has been a significant amount of research investigating mindfulness-based treatments 

for smoking and other addictions, which typically involve core practices of MBSR, 

including mindful breathing, as well as specific strategies for coping with cravings and high-

risk situations (e.g., urge surfing; Bowen, Chawla, & Marlatt, 2010). Mindfulness-based 

interventions have been shown to produce higher smoking abstinence rates than standard or 

sham treatments (e.g., Brewer et al., 2011; de Souza et al., 2015; Oikonomou, Arvanitis, & 

Sokolove, 2017; Ruscio, Muench, Brede, & Waters, 2016; but also see Maglione et al., 

2017) and quitline-delivered treatment (Davis et al., 2014), as well as higher rates of lapse 

recovery (Vidrine et al., 2016). Decreased cravings, stress, and negative affect (e.g., Davis, 

Manley, Goldberg, Smith, & Jorenby, 2014; de Souza et al., 2015; Ruscio et al., 2016; 

Spears et al., 2017), and reduced neural reactivity to stress and smoking-related cues after 

mindfulness training have also been documented (Janes et al., 2019; Kober, Brewer, Height, 

& Sinha, 2017). Prior studies have also tested the efficacy of specific mindfulness 

components (Serfaty, Gale, Beadman, Froeliger, & Kamboj, 2018). For example, 10 minutes 

of practicing the body scan (mindful attention to breath and other areas of the body) has 

been shown to reduce craving and withdrawal symptoms (Cropley, Ussher, & Charitou, 

2007; Ussher, Cropley, Playle, Mohidin, & West, 2009) and increase state mindfulness 

(Luberto and Mcleish, 2018) compared to no treatment control conditions. While these 

clinical and laboratory studies demonstrate the potential effectiveness of mindfulness-based 

treatments for smoking, the independent effects of mindful breathing (when not combined 

with other mindfulness practices like the body scan) on smoking behavior is unknown.

It has also been suggested that yoga may aid smoking cessation and some mindfulness-based 

treatments for smoking cessation have incorporated yoga practices. While there are various 

types of practices (e.g., Hatha, Bikrim), yoga generally encompasses breathing techniques, 

postures, strengthening exercises, mindfulness meditation, and sometimes spiritual 

teachings. Yoga and mindfulness share common elements including mindful awareness of 

experiences and emotions without reacting, as well as breath and body awareness (Khanna 

& Greeson, 2013). Controlled studies have demonstrated that, compared to no treatment, 

Hatha yoga decreases smoking cravings (Elibero, Janse Van Rensburg, & Drobes, 2011), 

and that Vinyasa yoga improves abstinence rates when added to cognitive behavior therapy 

for smoking cessation (Bock et al., 2012). While there have been other trials of yoga for 

smoking cessation reported in the literature (reviewed in Khanna & Greeson, 2013; Kuppili, 

Parmar, Gupta, & Balhara, 2018; Sarkar & Varshney, 2017), well controlled studies are 

lacking, and individual components including yogic breathing practices have not been 

examined with just one exception (Shahab et al., 2013).

Despite the common use of breathing strategies in a wide array of treatments for smoking 

cessation, just two prior studies have directly tested the effects of breathing practices among 

abstaining smokers. McClernon, West and Rose (2004) reported that controlled breathing 

exercises (5 deep breaths every 30 minutes for 4 hours) produced lower levels of craving and 

negative affect compared to no-treatment among overnight abstinent smokers. Shahab and 

colleagues (2013) found that a controlled yogic breathing exercise (10 minutes of 
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diaphragmatic breathing and alternate nostril breathing with the assistance of a trainer) 

produced greater reductions in smoking craving, but not other withdrawal symptoms, 

compared to a 10-minute video about yogic breathing. There were no differences in craving 

or withdrawal between the groups at the 24-hour follow-up; albeit, the authors noted low 

out-of-session adherence to the breathing instructions.

The present study investigated the effects of a yogic breathing technique (i.e., Ujjayi 

breathing or “ocean breath”) along with explicit mindful attention to breath instructions on 

indices of smoking motivation and actual smoking behavior in a controlled laboratory 

setting. This mindful breathing strategy was compared to a cognitive coping strategy 

(thinking about the long-term consequences of smoking; CS) and no treatment (NT) control. 

A cognitive strategy was chosen as an active control condition as cognitive coping strategies 

are associated with reduced craving and relapse among smokers (Bliss, Garvey, Heinold, & 

Hitchcock, 1989; Bliss Garvey, & Ward, 1999; Kober, Kross, Mischel, Hart, & Ochsner, 

2010; O’Connell et al. 2007; Shiffman, Paty, Gnys, Kassel, & Hickcox, 1996) and smokers 

report using cognitive strategies to overcome cravings (Glasgow, Klesges, Mizes, & 

Pechacek, 1985; O’Connell et al., 1991). Including an active control group in addition to a 

no-treatment control group allows for a more rigorous test of the effects of mindful yogic 

breathing. Smoking craving, withdrawal, and negative affect were assessed as these 

subjective outcomes have been reliably shown to predict smoking behavior and relapse (e.g., 

Kenford et al., 2002; Piasecki, Jorenby, Smith, Fiore, & Baker, 2003). State mindfulness was 

assessed as it has been shown to increase after mindfulness interventions (Luberto & 

Mcleish, 2018; Ruscio et al., 2016; Tanay & Bernstein, 2013). Smoking behavior was 

assessed using a 50-minute smoking versus money choice task followed by 24 hours of 

smoking self-monitoring outside of the laboratory.

It was hypothesized that compared to both CS and NT, MB would produce: a) greater 

reductions in smoking craving, withdrawal, and negative affect; b) greater increases in state 

mindfulness; c) lower risk of smoking during the choice task; and d) lower smoking rate 24 

hours post-manipulation.

Method

Participants

Smokers were recruited from the local Washington DC metro area using print and web-

based advertisements. Individuals were eligible to enroll based on the following: a) ages 18–

65; b) able to read and write in English and use a computer, c) smoke at least five cigarettes 

per day for at least the past year, and d) not currently seeking smoking cessation treatment. 

Individuals were excluded if they reported pregnancy, smoking-related health problems, 

and/or the use of smoking cessation pharmacotherapies. One hundred and thirteen 

individuals were screened by phone. Eighteen individuals were ineligible due to insufficient 

smoking rate or duration (n = 16), health problems (n = 1), or seeking treatment for smoking 

(n = 1), and 30 were not interested or not scheduled because they couldn’t be reached or had 

scheduling conflicts. Sixty-five individuals were scheduled and 62 attended the first session. 

One participant was ineligible upon arrival based on an elevated CO reading and one 

dropped out prior to randomization resulting in a final sample of 60 smokers (30 male and 
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30 female). Participants had a mean age of 40.38 (SD = 12.79) years and 12.7 years of 

education (SD = 2.48). Participants had a mean FTND score of 4.63 (SD = 1.97) and 

smoked 12.36 (SD = 6.96) cigarettes per day for the past 19.51 (SD = 12.00) years. Race 

was reported as follows: 83% African-American, 8% Caucasian, 3% Asian, and 6% other. 

Three percent identified as Hispanic. One-third of participants were employed, with 45% 

reporting an average annual income of $10,000 or less. Eighty-eight percent smoked 

menthol cigarettes. This study was approved by the Institutional Review Board.

Procedures

During phone screening participants were told that the purpose of the study was to examine 

“factors associated with smoking behavior” and would require two visits to the laboratory on 

two consecutive days. Interested and eligible participants were scheduled and instructed to 

abstain from smoking for 12 hours prior to the first session and bring their preferred brand of 

cigarettes.

Session 1.—The experimental session took place in a room that contained a desk, chairs, 

and desktop computer. Participants provided informed consent, reported the time of their last 

cigarette, and provided a breath sample to assess carbon monoxide (CO) to validate 12 hours 

of abstinence (cut-off <8ppm). Participants then completed baseline measures as shown in 

Table 1. Cigarette packs were collected and placed in view of participants for the remainder 

of the session. Based on random assignment, participants then received one of three 

experimental manipulations lasting approximately 20 minutes: 1) practicing the mindful 

breathing exercise (MB, n = 20), 2) thinking about the long-term consequences associated 

with regular smoking (CS, n = 20), or 3) waiting in the room without distractions (NT, n = 

20). Randomization was determined using a web-based randomization tool (i.e., Research 

Randomizer) and was stratified by gender.

In the MB condition, participants were instructed by the researcher to sit in a comfortable 

position and close their eyes. Participants were told, “In this technique we breathe 

consciously, paying attention to the flow of our breath throughout our body. We also sit 

consciously with our back straight, feet flat on the ground and hands resting flat on our 

knees or clasped in our lap. Our breaths are steady and controlled.” Participants were shown 

to take breaths through the nose and to contract the back of one’s throat to make an “ocean” 

sound. This is consistent with ujjayi breathing, which is a slow diaphragmatic breath that 

involves gentle contraction of the throat muscles to create resistance and has been associated 

with increased physical and mental calmness (Brown & Gerbarg, 2009; Cappo & Holmes, 

1984). Participants were instructed to first concentrate on the natural inhalations and 

exhalations of their breath. Then they were instructed through a series of progressive steps 

and then repetitions to inhale deeply through the nose, expand the belly and ribcage with air, 

and exhale through the nose. They were told to gently and nonjudgmentally bring their 

attention back to the breath whenever their mind wandered.

In the CS condition, participants were told, “We are aware that there are many long-term 

health consequences associated with smoking cigarettes. For example, we know that long-

term smoking increases the risk of cardiovascular disease, cancer, shortness of breath, 

Lotfalian et al. Page 5

Psychol Addict Behav. Author manuscript; available in PMC 2021 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



emphysema and so on. In this portion of the study, we would like to invite you to actively 

think about the longterm health consequences of smoking.” Participants were instructed to 

sit and breathe as they normally would. Then they were instructed to close their eyes and 

imagine the long-term health consequences of smoking. They were told to gently bring their 

attention back to the purpose of this activity whenever their mind wandered.

In both the MB and CS conditions, researchers spent 5 minutes instructing and practicing the 

exercises with the participants and then provided 15 minutes for participants to do the 

exercises. A Smartphone was programmed to make a soft gong-like sound every 30 seconds 

as a gentle reminder for participants to bring their attention back to the exercises.

In NT, participants were instructed to wait in the room for the researcher to come back and 

to refrain from using any distractors (e.g., cell phones).

Afterwards all participants completed post-manipulation measures of craving, affect, 

withdrawal, and state mindfulness. Participants then took part in a smoking-versus-money 

choice procedure based on a laboratory model of smoking lapse behavior (McKee, 

Krishnan-Sarin, Shi, Mase, & O’Malley, 2006; McKee, Weinberger, Shi, Tetrault, & 

Coppola, 2012). Participants were told that they could choose to smoke or earn $.50 for each 

five-minute period they chose to delay smoking. The participant’s pack of cigarettes, a 

lighter, and an ashtray were present. A timer sounded every 5 minutes, which alerted 

participants to make a choice between smoking a cigarette or earning $0.50 for 50 minutes. 

Participants in the MB and CS conditions were encouraged to use the practices that they 

learned during this period. The amount of time before smoking was initiated was recorded 

by the research assistant who observed through a one-way mirror.

Before leaving the laboratory, participants were encouraged to use the practices they learned 

for the next 24 hours but were not given any instructions to change their smoking. They were 

provided self-monitoring forms to record each time they smoked. To increase out-of-session 

compliance with the exercises, participants were informed that they would receive three text 

messages (two during the evening of the first day and one the following morning) as 

reminders to engage in the practices. The MB text messages stated: “This is a reminder to 

engage in the breathing exercises you practiced in the lab.” The CS text messages stated 

“This is a reminder to think about the long-term health consequences of smoking like you 

did in the lab.”

Session 2.—Fifty-seven participants returned to the laboratory 24 hours later (2 

participants in MB and 1 participant in CS dropped out prior to session 2). They were given 

a CO breath test, reported the time of their last cigarette, submitted self-monitoring forms, 

and completed measures of smoking craving, affect, and withdrawal. Afterwards they 

completed an experiment evaluation form and were paid ($50 plus up to an additional $5 

based on the smoking choice task) and debriefed about the purpose of the study.

Lotfalian et al. Page 6

Psychol Addict Behav. Author manuscript; available in PMC 2021 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Measures

Smoking Abstinence.—Smoking abstinence was biochemically confirmed based on a 

breath CO reading of < 8ppm using the Bedfont Micro III Smokerlyzer (Kent, UK) to 

capture expired carbon monoxide (CO) levels in parts per million (ppm).

Demographics and Smoking History Questionnaire.—This measure developed in 

our laboratory assesses demographic variables including age, gender, race, household 

income, and educational level. Smoking-related variables included the number of prior quit 

attempts, smoking rate, years smoked, and cigarette preferences. Participants were also 

asked to rate their intention to quit smoking from 0- “No thought of quitting” to 10- “Taking 

action to quit” (Contemplation Ladder; Biener & Abrams, 1991).

Fagerström Test of Nicotine Dependence (FTND, Heatherton, Kozlowski, 
Frecker, & Fagerström, 1991).—This widely used measure of nicotine dependence 

consists of six items (e.g., number of cigarettes per day; how soon after waking do you 

smoke) with the total score ranging from 0–10 (Cronbach’s alpha = .53).

Five-Facet Mindfulness Questionnaire (FFMQ).—This is a 39-item self-report 

measure of dispositional mindfulness (Baer, Smith, Hopkins, Krietemeyer, & Toney, 2006). 

Participants rate how often each item describes them from 1 (never or rarely true) to 5 (very 

often or always true). The FFMQ yields five subscales: 1) Observing (e.g., “I pay attention 

to sensations, such as the wind in my hair or the sun on my face”), 2) Describing (e.g., “I’m 

good at findings words to describe my feelings”), 3) Acting with Awareness (e.g., “I rush 

through activities without really being attentive to them [reverse-scored]), 4) Nonjudging 
(e.g., “I think some of my emotions are bad or inappropriate and I shouldn’t feel them” 

[reverse-scored]), and 5) Nonreactivity (e.g., “I perceive my feelings and emotions without 

having to react to them”). In this study Cronbach’s alpha for the subscales ranged from .76 

– .89.

State Mindfulness Scale (SMS; Tanay & Bernstein, 2013).—This is a 21-item self-

report measure of state mindfulness ranked on a 5-point Likert scale that load onto two 

factors: Mind (e.g., “I noticed pleasant and unpleasant thoughts;” “I was aware of what was 

going on in my mind”) and Body (e.g., “I noticed some pleasant and unpleasant physical 

sensations;” “I clearly physically felt what was going on in my body”), in addition to a 

higher-order state mindfulness total score (average Cronbach’s alpha = .95).

Urge Rating Scale (URS).—This three-item self-report measure assessed participants’ 

cravings, wants, and desires to smoke on a scale from 1 (none at all) to 10 (greatest ever 

experienced). These items have demonstrated adequate reliability and validity in assessing 

smoking craving (Kozlowski, Pillitteri, Sweeney, Whitfield & Graham, 1996). Internal 

consistency in the present study was high (Cronbach’s alpha = .95).

Positive and Negative Affect Schedule (PANAS; Watson, Clark, & Tellegen, 
1988).—This measure consists of 10 positive affect (e.g., enthusiastic, proud; average 
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Cronbach’s alpha = .95) and 10 negative affect (e.g., upset, distressed; average Cronbach’s 

alpha = .93) items rated on a scale from 1 (very slightly or not at all) to 5 (extremely).

Minnesota Tobacco Withdrawal Scale (MTWS; Hughes & Hatsukami, 1986).—
This measure consists of seven withdrawal symptoms consistent with the DSM-5: angry/

irritable/frustrated; anxious/nervous; depressed mood/sad; difficulty concentrating; restless; 

increased appetite/hungry and insomnia/sleep problems/awakening at night rated on a scale 

ranging from 0 (none) to 4 (severe). The first 6 items were combined for analyses. The scale 

had high internal consistency (average Cronbach’s alpha = .89).

Perceived Nicotine Withdrawal.—In this one-item subjective measure of nicotine 

withdrawal, participants were asked to respond to the question “How much are you 

experiencing nicotine withdrawal symptoms at this time?” rated on a scale from 0 (Not at 

all) to 10 (Greatest ever experienced).

Statistical Analyses

All analyses were conducted using SPSS version 24. A series of mixed repeated measures 

ANOVAs were conducted to test for treatment effects on craving, affect, withdrawal, and 

state mindfulness. Pre and post scores on the dependent measure were entered as the within-

subjects variable (i.e., time), and treatment condition (MB, CS, and NT) was entered as the 

between-subjects variable. A significant interaction of time and condition indicated a 

differential effect of the treatment on the dependent measure. Significant omnibus F tests 

were followed up with post-hoc comparisons. Cox proportional hazards models were run to 

examine differential effects of the treatment on smoking risk during the choice procedure. 

Self-reported smoking in the 24 hours between sessions 1 and 2 was analyzed using 

ANCOVA controlling for baseline smoking rate. An equal number of men and women were 

assigned to each of the conditions and preliminary analyses were conducted including 

gender as a between-subjects factor. There were no significant effects based on gender and 

thus this variable was collapsed for all analyses.

Results

Participant Characteristics

A series of one-way ANOVAs were run to test for possible baseline differences among 

participants in the three conditions. As shown in Table 1, there were no baseline differences 

on any of the demographic variables, smoking history variables, trait or state mindfulness, or 

dependent measures (all p’s > .10).

Treatment Effects on Self-Reported Measures

There was a significant time by condition interaction for smoking craving [F(2, 57) = 5.96, p 
= .004, ηp

2 = .173]. Post-hoc comparisons revealed that both MB [F(1, 38) = 12.51, p 
= .001, ηp

2 = .248] and CS [F(1, 38) = 6.85, p = .013, ηp
2 = .153] produced greater 

decreases in craving than NT (see Figure 1). There was also a significant time by condition 

interaction for negative affect [F(2, 57) = 3.75, p = .030, ηp
2 = .116]. As shown in Figure 2, 

post-hoc comparisons indicated that MB produced greater reductions in negative affect than 
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NT [F(1, 38) = 7.78, p = .008, ηp
2 = .170] but CS did not [F(1, 38) = 2.89, p =.098, ηp

2 

= .071]. There were also effects on the single-item perceived nicotine withdrawal question 

[F(2, 57) = 5.44, p = .007, ηp
2 = .160] with those in the MB group [F(1, 38) = 10.20, p 

= .003, ηp
2 = .212] and CS group [F(1, 38) = 7.91, p = .008, ηp

2 = .172] reporting greater 

decreases in withdrawal than the NT group. There were no time by condition interactions for 

positive affect or the MTWS. There were no differences between the MB and CS groups on 

any of the subjective measures. There were no differences among the treatments in changes 

in overall state mindfulness [F(2, 57) = 1.41, p =.251, ηp
2 =.047] or the mind [F(2, 57) 

= .742, p = .481, ηp
2 =.025] or body subscales ([F(2, 57) = 2.57, p = .085, ηp

2 = .083].

Treatment Effects on Smoking Behavior

Participants in the MB condition delayed smoking by an average of 34.10 minutes, 

compared to 18.50 minutes and 18.65 minutes for the CS and NT conditions respectively (or 

a median of 50 mins, 10 mins, and 5 mins). Sixty percent of participants in the MB 

condition abstained for the full 50 minutes compared to just 25% of participants in both CS 

and NT. Cox proportional hazards analysis revealed that MB resulted in a lower risk of 

smoking relative to both CS and NT. As shown in Figure 3 the estimated risk of smoking for 

NT was 2.89 times that for MB (1.17 to 7.13 with 95% confidence, Wald = 5.324, HR = 

2.89, p = 0.021). The risk of smoking for CS was estimated to be 2.59 times that for MB 

(1.050 to 6.390 with 95% confidence, Wald = 4.272, p = 0.039). There was no difference 

between NT and CS conditions.

Self-monitoring data revealed that the smoking rate in the 24 hours following the 

manipulation was lowest among individuals in MB. Those in the MB condition smoked 

significantly fewer cigarettes than those in the CS condition controlling for baseline smoking 

rate [M = 6.32 (SD = 5.0) vs 10.89 (SD = 6.29), F(1,34) = 7.52, p = .010, ηp
2 = .181]. There 

was no difference between MB and NT and CS and NT.

Discussion

This controlled laboratory study provides evidence for the value of a mindfulness-based 

yogic breathing strategy in reducing smoking craving, negative affect, and smoking 

behavior. Relative to NT, both MB and CS were associated with greater reductions in 

craving and perceived nicotine withdrawal among 12-hr abstinent smokers in the presence of 

smoking-related cues. However, only MB was superior in reducing negative affect relative to 

the no treatment control group. Additionally, those in the MB condition had more than a 

twofold reduction in risk of smoking during the laboratory choice procedure. Only 35% of 

participants in the MB condition chose to smoke during the choice procedure compared to 

75% in the CS and NT groups. Controlling for baseline smoking rate, participants in the MB 

condition also smoked fewer cigarettes in the 24 hours following the manipulation compared 

to those in the CS condition. There were no effects of the treatments on state mindfulness, 

positive affect, or specific withdrawal symptoms measured by the MTWQ.

Our findings are consistent with two previous laboratory studies that have shown beneficial 

effects of deep and yogic breathing in which craving (McClernon et al., 2004; Shahab et al., 

2013) and negative affect (McClernon et al., 2004) were reduced among smokers. The 
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present study adds to these prior findings by demonstrating the effectiveness of 20 minutes 

of yogic breathing with explicit mindfulness instructions in reducing self-reported craving 

and negative affect. Consistent with these prior studies there were no effects on other 

specific withdrawal symptoms (e.g., appetite, concentration, irritability). However, in the 

present study participants were also asked to rate how much they were experiencing 

“nicotine withdrawal” and these ratings decreased more in the MB and CS conditions 

compared to NT. A particular strength of the current study was the inclusion of both active 

and no treatment control conditions. Moreover, the present study is the first to show that MB 

was superior to the other conditions in decreasing actual smoking behavior as demonstrated 

by both the laboratory choice task and self-reported out-of-session smoking.

The breathing exercise tested in the present study was different than the two prior laboratory 

studies. In McClernon et al.’s (2004) study, participants were instructed to take 5 deep 

breaths (inhaling for 5 seconds, holding for 2 seconds, and exhaling for 5 seconds) in 30 

second intervals every 30 minutes for 4 hours. In Shahab et al.’s (2013) study, participants 

engaged in 10 minutes of yogic breathing involving a three-part breath and alternate nostril 

inhalation–exhalation. Neither of these studies explicitly used mindfulness instructions (i.e., 

focusing one’s attention on breathing and nonjudgmentally bringing attention back to the 

breath whenever the mind wanders). In the present study participants engaged in a 20-

minute mindfulness-based yogic ujjayi breathing exercise. As such this study tested a 

breathing technique that has elements of deep slow controlled diaphragmatic breathing and 

mindfulness of breath. While it may be that breathing practices of any sort are quite robust 

and may have distinct and overlapping mechanisms of effectiveness, future research could 

evaluate different types of breathing practices during smoking abstinence (e.g., parsing 

mindful breathing and controlled deep breathing) to isolate the active elements. Future 

research could also test the ideal dose and timing of breathing as well as the relative 

effectiveness of ad-lib versus scheduled breathing exercises. Additionally, future research 

could examine the underlying mechanisms by which various types of breathing are effective 

for reducing smoking cravings, negative affect, and smoking behavior.

Contrary to predictions, the mindful breathing practice in this study did not produce greater 

increases in state mindfulness relative to the other conditions. This is inconsistent with a 

laboratory study by Luberto and Mcleish (2018) who found that a 10-minute mindfulness 

exercise involving focusing on breath, body, sounds, and thoughts produced increased scores 

on the State Mindfulness Scale (SMS) relative to a no treatment control group. It is possible 

that the different interventions may account for different findings. It is also possible that the 

present study had less power due to the smaller sample size and the three-group design 

including an active control condition.

Additional limitations of the study should be noted. We recruited a sample of nontreatment 

seeking smokers and thus findings may not generalize to individuals seeking smoking 

cessation treatment. However, it should be noted that participants in the sample were long-

term smokers (mean = ~ 20 years) who appeared to have interest in quitting and reported a 

mean of about four prior serious quit attempts. Participants were encouraged to practice the 

strategies in their own environment for 24 hours and received text message reminders, but 

they were not given instructions to decrease smoking. Nevertheless, individuals in the MB 
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condition reported smoking fewer cigarettes. However, this finding is based on self-report, 

which could be prone to biases and inaccuracies. This study is also limited by a short follow-

up period and future studies could examine whether breathing strategies are effective over a 

longer timeframe. Also, we did not ask participants to self-report on how often they used the 

techniques in the 24 hours post-manipulation. Future studies could include a measure of how 

often individuals used the skills to determine adherence and if the rate of use predicts 

outcomes. Furthermore, future research could determine the treatment acceptability of 

breathing practices relative to other interventions.

Most of our participants were African American, and 45% of the sample reported that their 

average annual income was $10,000 or less. African American and low-income smokers 

often have greater difficulty quitting smoking and exhibit disproportionately higher rates of 

tobacco-related morbidity and mortality compared to Caucasians and those with higher 

income (U.S. National Cancer Institute, 2017). Mindfulness-based smoking cessation 

treatment shows promise in low-income (Davis, Goldberg et al., 2014; Davis, Manley et al., 

2014) and racially/ethnically diverse samples (Brewer et al., 2011; Vidrine et al., 2016), but 

these sociodemographic groups have traditionally been underrepresented in mindfulness 

research (Waldron, Hong, Moskowitz, & Burnett-Zeigler, 2018). The current results suggest 

that mindful yogic breathing may be useful for promoting smoking cessation in low-income 

and African American adults, and additional research is warranted with these underserved 

populations.

In conclusion, the current study suggests that a mindfulness-based yogic deep breathing 

technique may have promise for decreasing craving, negative affect and smoking behavior. 

More research is needed to examine the effectiveness of different breathing strategies and 

underlying mechanisms, the ideal dose and timing, and ways to promote adherence to the 

breathing practices outside of the laboratory or clinic. Breathing strategies are safe, simple, 

highly disseminable, and cost-effective treatment approaches that warrant more research 

attention.
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Figure 1. 
Baseline to post-intervention craving change
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Figure 2. 
Baseline to post-intervention negative affect change
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Figure 3: 
Latency to smoke during the smoking choice procedure
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Table 1

Baseline Sample Characteristics

MB (n = 20)
Mean (SD)

CS (n = 20)
Mean (SD)

NT (n = 20)
Mean (SD)

Age 39.55 (12.78) 40.65 (13.58) 40.95 (12.61)

Sex (% female) 50% 50% 50%

Race (% Black/African American) 80% 85% 85%

Years of Education 12.00 (2.20) 13.45 (2.52) 12.65 (2.60)

Income (% < $10,000) 60% 40% 35%

Cigarettes per day 12.25 (8.44) 12.70 (7.29) 11.83 (5.07)

Years of smoking 18.58 (10.21) 20.05 (13.84) 19.90 (12.25)

FTND 4.25 (2.00) 5.10 (2.20) 4.55 (1.70)

Prior serious quit attempts 5.30 (6.78) 2.82 (2.58) 3.41 (2.65)

Trait Mindfulness (FFMQ) 3.56 (.51) 3.33 (.34) 3.60 (.46)

State Mindfulness Total (SMS) 3.73 (.92) 3.83 (.60) 3.88 (.70)

Contemplation Ladder 6.40 (2.39) 5.70 (3.39) 6.15 (2.84)

Craving (URS) 6.73 (2.04) 7.01 (2.19) 6.06 (2.02)

Withdrawal (single-item) 5.50 (3.07) 5.55 (2.65) 4.10 (2.45)

Withdrawal (MTWQ) 1.34 (.84) 1.30 (1.02) 1.30 (.94)

Negative Affect (PANAS) 1.64 (.57) 1.60 (.56) 1.52 (.68)

Positive Affect (PANAS) 3.03 (.96) 2.57 (.80) 2.53 (1.08)

Note. There were no baseline differences among the groups on any of the variables. MB = Mindful Breathing, CS = Cognitive Strategy, NT = No 
Treatment, FTND = Fagerström Test for Nicotine Dependence, FFMQ = Five Facet Mindfulness Questionnaire, SMS = State Mindfulness 
Questionnaire, URS = Urge Rating Scale, MTWQ = Minnesota Tobacco Withdrawal Questionnaire, PANAS = Positive and Negative Affect 
Schedule
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