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ABSTRACT

Rationale: Breathing exercises have been proposed as a way of combating cigarette cravings,
potentially presenting a low-cost, easily scalable smoking cessation aid.

Objective: To evaluate the acute impact of breathing exercises based on yogic ‘pranayama’
on cravings in abstaining smokers.

Methods: Participants visited the laboratory on two occasions 24 hours apart and were asked
to abstain from smoking12 hours prior to the first visit until the end of the second visit.
Smokers (N=96) were randomly allocated to a yogic breathing exercise (YBG) or video
control (VCG) group. The former was instructed in breathing exercises, practised these for 10
minutes and asked to use these when experiencing cravings until the next visit. The latter was
shown a breathing exercise video for 10 minutes and asked to concentrate on their breathing.
Strength of urges to smoke, other craving measures and mood and physical symptoms
associated with cigarette withdrawal were assessed at the beginning and end of the first visit
and again at the second visit.

Results: At immediate follow-up, in the laboratory all craving measures were reduced in
YBG compared with VCG (strength of urges: F(1,96)=16.1,p<0.001; cigarette craving:
F(1,96)=11.3,p=0.001; desire to smoke: F(1,96)=6.6,p=0.012). There was no effect on mood
or physical symptoms. Adherence to the breathing exercise regimen in the following 24 hours
was low and at 24h follow-up there was no evidence of reduced cravings in YBG compared
with VCG.

Conclusions: Simple yogic-style breathing exercises can reduce cigarette craving acutely in
the laboratory. Further research is needed to determine how far this translates into field

settings.

Key words: yogic breathing, withdrawal symptoms, craving, smoking cessation intervention
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INTRODUCTION

Although much progress has been made in tobacco control to reduce the global burden of
tobacco use in the Western world, prevalence rates in many low and middle income countries
such as India have remained high or even continued to rise (Shafey et al. 2009). Owing to the
limited resources available in these countries to help smokers stop, there is an urgent need to
identify cost-effective and affordable forms of support that can be made available across the

whole population. One potential intervention component is brief training on yogic breathing.

Carrying out simple breathing exercises may acutely reduce cigarette craving through a
number of mechanisms. First, distraction and focusing attention on breathing as well as on
the physical sensation associated with inhalation and exhalation which partially mimics
cigarette smoking may reduce the severity or frequency of urges to smoke. Second, breathing
may help to relax smokers and thus counteract common withdrawal symptoms. For instance,
acute alterations in sympathovagal activity and blunted vagal reactivity are linked to
cessation (Ashare et al. 2012), and drugs inhibiting sympathetic activity have been shown to
decrease withdrawal symptoms (Sofuoglu et al. 2003). It has been hypothesized that
voluntary slow deep breathing functionally resets the autonomic nervous system through
stretch induced inhibitory signals and hyperpolarization currents in both neural and non-
neural tissue which synchronizes neural elements in the heart, lungs, limbic system and
cortex (Jerath et al. 2006). Insofar as slow breathing decreases sympathetic tone (Raupach et
al. 2008), this could be one way in which withdrawal symptoms may be alleviated. Third,
hyperactivity in the insula, normally associated with hypoxia and a need to breathe, has been
implicated in cigarette craving, reflecting the association of deep inhalation with smoking

(Kenny 2011;Schrand 2010). Lesions in this area appear to be associated with spontaneous
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quitting (Naqvi et al. 2007). Thus breathing exercises may reduce craving via actions in the

insular cortex.

There is a tradition in a number of cultures of using breathing exercises as a means of mind
and body control. What little research exists on breathing exercises has yielded promising
results. McClernon et al ( 2004) found that controlled deep breathing (taking a series of deep
breaths every 30 minutes) significantly reduced withdrawal symptoms, including craving for
cigarettes and negative affect (being tense, irritable), while resulting in the maintenance of
baseline arousal levels (being wide awake, able to concentrate). The use of body scanning, a
relaxation technique encompassing yoga that teaches mindfulness of one’s body and
breathing (Al-Chalabi et al. 2008), has also been investigated. In two studies, participants
followed an audio guide which instructed participants to focus on their breathing by
concentrating attention on the abdominal area which resulted in acute reductions in cravings

and tobacco withdrawal symptoms (Cropley et al. 2007;Ussher et al. 2009).

Indeed, yoga - a philosophical and cultural system of physical and mental practice that seeks
to achieve a very high level of control - has been suggested as complementary treatment for
smoking cessation (Bock et al. 2010). Kochupillai and colleagues ( 2005) investigated
Sudarshan Kriya and Pranayam, two yogic breathing exercises using rhythmic, cyclical or
slow and alternate fast inhalation and exhalation which are taught over a 6 day period and
involve mediation as well as chanting. They observed a positive impact of these yogic
breathing exercises on tobacco abstinence and found 12 month abstinence rates of the yoga

breathing exercises group to be similar to the pharmacological agent, bupropion.

Breathing exercises and craving Page 5



Although the above studies are suggestive of a benefit, the techniques that have been tested
tend to be rather involved (Kochupillai et al. 2005), did not focus on active breathing
exercises (Cropley et al. 2007;Ussher et al. 2009) and studies have been limited by
inadequate control conditions and short follow-up periods (McClernon et al. 2004). Thus
there is a need to establish with confidence whether simple yogic-style breathing exercises
could provide a useful aid to cessation. More specifically, it is important to assess whether
yogic breathing exercises reduce craving acutely as well as over longer periods as this is the
one withdrawal symptom that is most clearly linked to relapse (Hughes et al. 1994;Killen and
Fortmann 1997;Shiffman et al. 1997;West et al. 1989). It is also of interest to determine
whether yogic breathing exercises might reduce other withdrawal symptoms such as
depressed mood, increased appetite and difficulty concentrating (Hughes 1992;Hughes and
Hatsukami 1986;West et al. 1987). There is not as strong a rationale for such a reduction and
so such analyses would be considered speculative and exploratory. In addition, there is a need
to establish whether yogic breathing exercises are considered an acceptable tool by potential

users of this technique.

This paper therefore set out to answer the following research question: 1) Do simple yogic-
style breathing exercises have an acute effect in reducing cigarette craving in abstaining
smokers? The following secondary research questions were also considered: 2) Does
practising such exercises over 24 hours lead to a reduction in cigarette craving over this
period?, 3) Do these exercise reduce withdrawal symptoms measured by the Mood and
Physical Symptoms Scale (MPSS) either acutely or during 24 hours abstinence?, and 4) How

acceptable do smokers find practising these exercises?
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METHODS

Study design and procedure

This experimental study had two stages. Following 12 hours’ carbon-monoxide (CO) verified
abstinence (cut-off <10 ppm), participants visited the laboratory to provide consent and
complete a baseline questionnaire. Participants were then individually computer randomised
to one of two conditions: 1) practising yogic breathing exercises for 10 minutes with the help
of a trainer (yogic breathing group, YBG) or 2) watching a video about yogic breathing for
10 minutes (video control group, VCG). In YBG, one researcher trained in yogic breathing
instructed all participants in two beginner-level breathing exercises (see Table 1) that were
chosen due to their simplicity and ease of implementation, allowing them to be practised
relatively inconspicuously by comparison with other techniques. These rhythmic breathing
exercises are based on yogic “pranayama” recommended by Yoga Guru Swami Ramdev
(Ramdev 2010) for use by the general population. After being instructed, participants
practised these exercises for five minutes each and where necessary were given further
instructions. In order to control for contact time and expectancy effects, participants in VCG
were told that this was a qualitative study of yogic breathing and asked to watch a video of
these exercises and to provide their views on yogic breathing. Participants in VCG were not

encouraged to practise these exercises.

(Table 1 about here)

Immediately after the intervention, all participants completed a follow-up questionnaire.

Participants in the YBG were instructed to continue using the yogic breathing exercises to the

extent that they felt it was comfortable and feasible to do so whenever they experienced

cigarette cravings and those in the VCG were simply asked to concentrate on their breathing
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when they experience cravings between laboratory visits. All participants were asked to
remain abstinent until the next visit, 24 hours later. At the beginning of the second visit,
abstinence was CO-verified (cut-off <10 ppm) and participants then completed a 24h follow-
up questionnaire and were reimbursed £40 for their time. This study received ethical approval

from the UCL ethics committee (Ref 3051/001).

Participants

Smokers were recruited through advertisements in local newspapers. Participants had to be
adult (18+), regular smokers for at least a year (5+ cigarettes/day); be in good health and not
pregnant or current users of NRT products. Participants who were not abstinent according to
the CO reading at baseline or follow-up were excluded and replaced (N=3). Overall, 96
participants (48 per group) were included in the study. Power analysis indicated that this
sample was sufficient to detect medium-to-large effects in primary and secondary analyses
(f=0.20 — 0.30) with a power of 80% at a standard Type I error rate (¢=0.05), using a repeated
measures design (Faul et al. 2007). Table 2 provides an overview of participant

characteristics.

Measures

At baseline, standard demographic (age, gender, education, ethnicity) and smoking
characteristics (cigarette consumption, nicotine dependence using the Fagerstrom Test for
Cigarette Dependence (FTCD, Fagerstrom 2012) length of time of smoking, recent quit

attempts) were assessed.

The main craving measure ‘strength of urges to smoke’ (either ‘now’ or ‘today’) was

assessed by means of a valid and reliable single-item six-point rating scale ranging from ‘no
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urges’ to ‘extremely strong urges’ (Fidler et al. 2011;West and Ussher 2010). Additional
measures of craving and withdrawal symptoms were derived from reliable and valid rating
scales, the Mood and Physical Symptoms Scale, MPSS (West et al. 2006;West and Hajek
2004) and the Shiffman-Jarvik scale (Shiffman and Jarvik 1976), which have been previously
used in this form (McEwen et al. 2008;Shahab et al. 2011). Specifically, ‘time spent with
urges to smoke today’ was scored on a 6-point rating scale (ranging from ‘not at all’ to ‘all
the time’), ‘craving for a cigarette now’ on a four-point ratings scale (ranging from ‘not at all’
to ‘extremely’) and ‘desire for a cigarette now’ on a ten-point rating scale (ranging from ‘not
at all’ to ‘extremely’). Other withdrawal symptoms were determined with five single-item
five-point ratings of depressed mood, irritability, restlessness, hunger and poor concentration

(ranging from ‘not at all’ to ‘extremely’).

Craving experienced ‘today’ and ‘now’ and other withdrawal symptoms were assessed at
baseline and 24 hour follow-up and craving experienced ‘now’ and withdrawal symptoms at
immediate follow-up. In addition, at immediate follow-up all participants were asked whether
they thought that yogic breathing exercises could be helpful for smokers wanting to stop on a
single item five-point scale ranging from ‘definitely not’ to ‘definitely’. At 24 hour follow-
up, all participants were asked whether they had used the yogic breathing exercises, and if so
how often, in order to determine adherence in the YBG and check for confounding in VCG.
Depending on their group allocation, participants also rated the usefulness of the yogic
breathing exercises or concentrating on breathing on a five-point scale ranging from ‘not at

all’ to ‘extremely’.
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The primary outcome measure was change in ‘strength of urges now’ from baseline to
immediately after the yogic breathing exercise and change in ‘strength of urges today’ from

baseline to 24 hour follow-up.

Analysis

Data analysis was carried out in SPSS 16. Baseline group differences were assessed by
independent t-tests and X?-test for continuous and categorical variables, respectively. Given
the mixed design of this study, within subjects and between group differences were tested
with general linear mixed models (e.g. West 2009). Group allocation and time of assessment
were specified as fixed factors in the model and effects tested using the maximum likelihood
technique. Statistical significance was set at a standard level (0¢=0.05) and adjusted in post-

hoc analysis for multiple comparison using the Sidak correction.
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RESULTS

The sample was relatively young, well-educated and ethnically diverse (Table 2). The
average FTCD score indicated low cigarette dependence; craving and withdrawal symptoms
were moderate at baseline following 12 hours of CO-verified abstinence. Characteristics were

equally balanced across groups.

(Table 2 about here)

Immediately following the intervention there was a significant reduction in all craving
measures in the yogic breathing group compared with the control group (Figure 1). A
significant group by time interaction for the primary outcome measure indicated that the
reduction in ‘strength of urges to smoke now’ was significantly greater in YBG than VCG at
immediate follow-up (F(1,96)=16.1, p<0.001). This was also the case for the two other
craving measures ‘craving a cigarette now’ (F(1,96)=16.1, p<0.001) and ‘desire to smoke
now’ (F(1,96)=6.6, p=0.012). There was no effect of yogic breathing as compared with the
video control for withdrawal symptoms; both groups showed reductions in these symptoms

(Table 3).

(Fig.1 about here)

At 24 h follow, there were no significant group by time interactions for any of the craving or

withdrawal symptom measures with the exception of ‘feeling hungry’ (Table 3). Participants

in YBG reported marginally greater reductions in feeling hungry than those in VCG

(F(1,96)=4.5, p=0.04).
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(Table 3 about here)

Fidelity to the treatment protocol at follow up was low; only a third (35.4%, 95%CI 21.9-
48.9) in YBG had practised yogic breathing ‘often’ or ‘very often’. On average, YBG
participants had used the exercises 7.7 times (95%CI 3.1-12.4) outside the laboratory but
frequency of practise was not associated with the time spent with urges to smoke over the last
24 hours (R=0.16, p=0.277). Surprisingly, 37.5% (95%CI 23.8-51.2) of participants in VCG
also reported having practised yogic breathing at least once since the last visit. While 10.4%
(95%CI1 3.5-22.7) in VCG reported having practised yogic breathing ‘often’ or ‘very often’,
this was significantly lower than in YBG (X?(1)=8.5, p=0.004). Restricting the sample in a
post-hoc analysis to those in the YBG who had practised yogic breathing ‘often’ or ‘very
often’ and those who had not practised it in VCG resulted in a significant group by time
interaction for ‘craving a cigarette now’(F(1,46)=4.0, p=0.048), this was reduced in YBG

compared with VCG at 24h follow-up.

(Fig.2 about here)

Immediately after watching or practising yogic breathing exercises, the majority of
participants thought that yogic breathing was ‘probably’ or ‘definitely’ helpful for smokers
wanting to stop smoking (70.8%, 95%CI 61.7-79.9) and that they would ‘probably’ or
‘definitely’ use it in a future quit attempt (72.9%, 95%CI 64.0-81.8). There were no
differences by group (Figure 2). At 24 hour follow up, a higher proportion of participants in
YBG rated yogic breathing exercises to have been ‘very much’ or ‘extremely’ useful (47.9%,
95%CI 33.8-62.0) than participants in the VCG group appraised concentrating on breathing

to be (18.8%, 95%Cl 7.7-29.8; X%(1)=9.2, p=0.002).
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DISCUSSION

Yogic breathing exercise reduced cravings acutely among abstaining smokers. The effect was
not observed with other withdrawal symptoms. Instruction to practise these breathing
exercises for 24 hours did not result in a detectable reduction in craving during the period, but

adherence to the instruction was low.

The present study confirms the results of previous studies of either generic (Cropley et al.
2007;McClernon et al. 2004;Ussher et al. 2009) or complex yogic (Kochupillai et al. 2005)
breathing exercises finding that simple yogic breathing exercises can acutely reduce cigarette
cravings It extends previous findings to show that this effect may not easily translate outside
the laboratory. Moreover, the fact that yogic breathing exercises affected measures of
cravings but not other withdrawal symptoms suggests a specific effect of this type of exercise

rather than a generalised distraction or expectancy effect.

The failure to detect an effect of the breathing exercises during 24 hours of abstinence may
have been due to low adherence as suggested by the finding that there was a significant
reduction in cravings at follow-up only among those who had practised exercises. As the
current sample was inexperienced in the use of such breathing exercises and arguably
relatively naive to yoga, this kind of approach may be more effective in culturally attuned
populations such as in India where yoga enjoys more widespread familiarity and acceptance.
However, no specific behaviour change techniques were used to maximise adherence and it
could be that this problem is readily addressed by, for example, setting a target for a
minimum number of times to practice the exercises in a day. It is also possible that the
particular exercises concerned were not easily practised in all situations. For example, some

participants may have found the alternative nostril breathing embarrassing to practise in
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public or abdominal breathing difficult to implement in company. Lastly, the presence of
smoking cues outside the laboratory may have resulted in stronger cravings and the
intervention may have been practised in generally more stressful and challenging situations,

resistant to the effect of the breathing exercise, thus reducing its impact.

Notwithstanding low fidelity, yogic breathing exercises were generally rated as acceptable
and useful for smokers wanting to stop, indicating that in theory these simple exercises could

be incorporated into existing interventions.

Whilst it is unclear whether the effect of yogic breathing can be translated into longer lasting
outcomes, the findings are encouraging in terms of a smoking cessation as craving for
cigarettes is among the most commonly reported withdrawal symptoms and a strong predictor
of relapse (Hughes et al. 1994;Killen and Fortmann 1997;Shiffman et al. 1997;West et al.

1989).

The study had a number of limitations. Although abstinence was verified biochemically,
initial smoking status was verified only verbally. However, as advertising was targeted at
smokers, we believe it is unlikely that non-smokers were included as also evidenced by
slightly elevated CO readings at baseline. Nonetheless, participants may not be representative
of more addicted smokers given their relatively low nicotine dependence and only moderate
craving and withdrawal symptoms and as participants were not trying to quit, it may be that
cravings would be different in those seeking to remain abstinent. Yet, there is no reason to
expect that this would differentially affect response to breathing exercises. Only having 24
hours of abstinence in the field test may have limited the opportunity to detect an effect of the

breathing exercises, but other studies using a similar time window have picked up effects of
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interventions as diverse as nicotine replacement therapy, exercise and glucose tablets (Shahab
et al. 2011;Ussher et al. 2001;e.g. West et al. 1990). In addition, the study was very tightly
controlled and some participants in the control group practised the exercises as well which
may have made it difficult to pick up an effect. Only one person was used to train the
breathing exercises and it may be that different results would be obtained with different
trainers. However, they did operate to a detailed script. Finally, this study used two different
forms of breathing exercise. We are not able to say which of these in particular was effective

or whether other exercise might be equally, or more effective.

In conclusion, this study showed that yogic-style breathing exercises can reduce cravings for
cigarettes acutely in the laboratory, but we were unable to demonstrate an effect when
practised over 24 hours of abstinence. Further research is needed to determine whether such

exercises can be effective in the field and therefore benefit smokers wanting to stop.
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TABLES AND FIGURES

Tables

Three part breath (Pranayama)

Alternate nostril inhalation-
exhalation (Anulom-Vilom)

¢ Sit with your back straight in a stable and relaxed
position

¢ Begin for about 10 seconds by simply concentrating on
the natural inhalations and exhalations of your breath
without changing anything

¢ Then start to inhale deeply through your nose

¢On each inhalation, breathe deeply using your
abdomen. It should feel like you are expanding your
belly with air like a balloon

¢ On each exhalation, pull your belly button back towards
your spine and use your belly to exhale air through your
nose

¢ Repeat this for five breaths

e Then fill your belly’ with air as before. Then draw in a
little more air and let it expand your rib cage so that you
feel sides of your chest go out

e Then exhale, letting the air go first from your rib cage
letting the ribs slide closer together and then expel the
air from your belly drawing in your navel as before

e Repeat this deep breathing into the belly and rib cage
for five breaths

e Then do as before and draw air into the belly and the
rib cage. Then breathe in a little bit more to allow air to
fil the upper chest and collarbone region until it
expands and rises

e Then exhale, letting the air go first from the collarbone
and upper chest region, allowing them to sink back
down, followed by the rib cage and then the belly

¢ Repeat the three-part breath for ten breaths

¢ Sit in a comfortable position
with the back straight and
upright
eFold the fore and middle
fingers of your hand into the
palm and position your hand on
the bridge of your nose to
enable use of your thumb and
the ring finger to close the
nostrils alternatively.
¢ Close the right nostril with the
thumb of your right hand and
breathe in deeply inhaling
through the left nostril, then
close the left nostril with your
ring finger and release the
thumb from the right nostril and
now exhale through the right
nostril
e Then inhale through the right
nostril, close the right nostril
and exhale through the left
nostril
eNow inhale through the left
nostril, close the left nostril and
exhale through right nostril.

Table 1 Instructions for yogic breathing exercise

Breathing exercises and craving
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YBG VCG

All (N=96) (N=48) (N=48)
Socio-demographic characteristics
Mean (SD) age 33.9(10.4) 33.2(10.4) 34.6 (10.5)
Percent (N) male 54.2 (52) 50.0 (24) 58.3 (28)
Percent (N) college or above 67.7 (65) 60.4 (29) 75.0 (36)
Percent (N) white 65.6 (63) 68.8 (33) 625 (30
Smoking characteristics
Mean (SD) cigarettes per day 13.1 (6.3) 12.6 (6.7) 135 (5.9)
Mean (SD) years of smoking 16.5 (10.6) 16.0 (10.4) 16.9(10.8)
Mean (SD) FTCD 3.8 (2.8) 3.4 (2.2) 4.3 (3.2
Percent (N) quit attempt last year 44.8 (43) 43.8 (21) 458 (22)
Mean (SD) CO level in ppm 4.0 (2.4) 4.1 (2.6) 3.9 (2.1)
Craving characteristics
Mean (SD) strength of urges today" 26 (1.1) 24 (1.1) 28 (1.1)
Mean (SD) time spent with urges today* 25 (1.3) 2.2 (1.0 2.7 (1.4)
Mean (SD) strength of urges now" 2.2 (1.4) 21 (1.3) 2.3 (1.5)
Mean (SD) craving a cigarette now? 1.9 (1.1) 1.8 (1.0) 20 (1.2
Mean (SD) desire to smoke now® 49 (2.4) 47 (24) 52 (2.5)
Withdrawal symptom characteristics”
Mean (SD) feeling depressed 1.5 (0.8) 1.5 (0.8) 1.5 (0.8)
Mean (SD) feeling anxious 21 (1.1) 20 (1.1) 21 (1.2)
Mean (SD) feeling irritable 23 (1.1) 23 (1.2) 2.3 (1.0
Mean (SD) feeling restless 25 (1.3) 25 (1.2) 25 (1.3)
Mean (SD) feeling hungry 2.7 (1.6) 2.8 (1.8) 25 (1.4)
Mean (SD) poor concentration 25 (2.4) 2.2 (1.3) 2.8 (3.1)

Table 2 Baseline sample characteristics; YBG: Yogic breathing Group; VCG: Video control
group; NRT: Nicotine replacement therapy; FTCD: Fagerstrom test of cigarette dependence;
CO: Carbon-monoxide; ppm: parts per million; 1On scale ranging from 0-5, ?On scale

ranging from 0-4; *On scale ranging from 1-10; “On scale ranging from 1-5

Withdrawal Mean (SD) change from baseline®

symptoms YBG (N=48) VCG (N=48) P
Immediate follow-up
Feel depressed -0.291 (0.617)** -0.125 (0.570) 0.168
Feel anxious -0.625 (0.841)***  -0.521 (0.967)*** 0.571
Feel irritable -0.917 (0.986)***  -0.729 (0.736)*** 0.289
Feel restless -0.792 (0.850)***  -0.688 (0.949)*** 0.568
Feel hungry -0.688 (1.703)** -0.188 (0.762) 0.064
Poor concentration -0.438 (0.897)** -0.854 (3.108) 0.369
24h follow-up
Feel depressed -0.042 (0.967) -0.063 (0.998) 0.917
Feel anxious -0.064 (1.292) -0.104 (0.831) 0.855
Feel irritable 0.042 (0.967) 0.063 (1.731) 0.952
Feel restless 0.000 (1.989) -0.125 (1.331) 0.715
Feel hungry -0.458 (1.810) 0.188 (1.123) 0.036
Poor concentration  0.292 (2.968) -0.521 (3.142) 0.191

Table 3 Changes in withdrawal symptoms by group and time of assessment; *Raw scores;
Within-group changes significant at *p<.05; **p<.01; ***p<.001; Significant interactions in

italics; YBG: Yogic breathing group; VCG: Video control group
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Fig.1 Changes in cravings at (A) immediate and (B) 24h follow-up by group; Error bars are

SEM,; Dashed line indicates significant interaction; *p<.05; **p<.01; ***p<.001
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Found yogic breathing or concentrating
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Fig 2 Acceptability of yogic breathing; *Yogic breathing group asked about yogic breathing

and video control group about concentrating on breathing
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