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Objectives: This study investigated the acute effects of yoga and aerobic

exercise on response inhibition and the underlying neural mechanisms in

individuals with nicotine dependence, along with changes in craving and

affect.

Materials and methods: Study participants included 30 yoga-naïve adult

smokers with moderate-to-high nicotine dependence. Based on a within-

subjects design, all participants participated in three experimental sessions:

baseline, 30-min yoga, and 30-min aerobic exercise; one session was

conducted per day. The pre- and post-exercise Questionnaire of Smoking

Urges and the Visual Analogue Scale were used to measure cigarette

craving, and the Positive and Negative Affect Schedule was used to assess

affective change. For cognitive measurement of inhibition, participants

performed a Go/Nogo task consisting of Smoking-Go, Smoking-Nogo,

Neutral-Go, and Neutral-Nogo stimulus conditions. Neuroelectric data were

collected and the event-related potential (ERP) N2 and P3 amplitudes and

latencies were analyzed.

Results: Both yoga and aerobic exercise significantly reduced negative

affect, whereas a reduction in craving was only observed after yoga. ERP

results indicated that the P3 amplitudes after yoga were lower than those

after aerobic exercise, suggesting increased neural efficiency after yoga,

with reduced neural activity while maintaining the same level of cognitive

performance as aerobic exercise.

Conclusion: As yoga and aerobic exercise were equally effective in

attenuating negative affect, smokers may expect greater benefits from yoga
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in craving reduction and inhibitory control with less physical and cognitive

effort. We also believe that video-based yoga practice may provide additional

benefits to these effects, reaching a large number of smokers in a non-face-

to-face manner.
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Introduction

The prevalence of tobacco smoking is one of the most
serious public health threats globally, claiming the lives of more
than eight million people worldwide annually (1). Although
several tobacco users are willing to quit after becoming aware of
the specific health consequences of tobacco, smoking cessation
has proven to be challenging, and only 4% of quit attempts
are successful without professional support (1). Individuals
addicted to nicotine often face various obstacles, such as
withdrawal symptoms, nicotine craving, negative feelings, stress,
and post-cessation weight gain (2, 3). Smoking relapse has
been attributed to a higher level of craving and withdrawal
symptoms upon initiating abstinence (4). Therefore, to increase
the chances of successful cessation, evidence-based professional
support is critical.

Exercise, a widely recommended intervention for smoking
cessation, is easily accessible and cost-effective for the general
population. Numerous studies have investigated the effects of
various types of exercise on smoking cessation by examining
how exercise affects craving and nicotine withdrawal symptoms.
A recent meta-analysis that synthesized the existing randomized
controlled trial (RCT) studies that investigated the effectiveness
of exercise for smoking cessation—according to exercise type,
aerobic exercise, and resisted exercise—found no effect on
smoking cessation; however, yoga had a small positive effect
(5). Yoga has a positive impact in terms of reducing craving,
stress, and negative affect, and increasing positive affect, which
are important predictors of smoking relapse (6, 7). Thus, yoga
can be an effective treatment among various types of exercise.

Another systematic review on the effectiveness of aerobic
exercise on smoking cessation incorporated the existing data
from a total of 2,815 samples, and suggested that aerobic exercise
was more effective than usual care (e.g., cognitive behavioral
therapy and patient education) on smoking cessation in the
short term, but did not demonstrate any differences in the
long term (8). On the contrary, Wang et al. (9) meta-analysis
reported that aerobic exercise and mind-body exercise can
effectively attenuate withdrawal symptoms and reduce anxiety
in individuals with nicotine addiction, without differences
depending on exercise type (aerobic exercise vs. mind-body
exercise) or levels of intensity (low, moderate, and high) (9).
These conflicting findings illustrate the need for more robust

controlled studies to ensure the quality of evidence of the effects
of exercise on smoking cessation, which, in turn, would provide
a scientific basis for the development and provision of optimized
exercise therapy for smoking cessation.

Event-related potentials (ERPs), are increasingly used
in both laboratory and clinical studies to investigate
neural correlates of cognitive processes. ERPs are scalp-
recorded voltage changes in the brain, derived from
electroencephalographic (EEG) measurement, that are time-
locked to the onset of specific stimuli (10). As a non-invasive
measure with a high temporal resolution, ERPs are considered
more objective than self-report measures and more sensitive
than behavioral measures in that they provide information on
the neural level (11). Therefore, ERPs are effective measures
to capture internal changes or differences that might be too
subtle to be externally manifested. The main components of
ERP in the Go/Nogo inhibition paradigm are N2 and P3. N2
is a frontally distributed negative waveform arising within
200–300 ms time intervals after stimulus onset, while P3
is frontocentrally distributed positive waveform emerging
300–500 ms after stimulus onset (12, 13). Specifically, the
inhibition-related signals (e.g., in response to Nogo trials) are
thought to be generated by a distributed network involving the
prefrontal areas, the anterior cingulate cortex, the motor areas
and the parietal regions (14).

Nicotine dependence is closely linked to cognitive deficits
and particularly relevant to response inhibition, a primary
executive function that withholds undesired behavior or
disregards task-irrelevant information, which may lead
to smoking relapse when not functioning normally (15).
Like other types of substance addiction, individuals with
nicotine dependence perform worse on cognitive tests of
inhibition, showing slower response times and/or lower
accuracy than non-smoking controls during Go/Nogo tasks
(16, 17). In addition to behavioral decline, ERP studies have
also reported neurophysiological deficits in individuals with
nicotine dependence, evidenced by reduced P3 with longer
latencies (18), or reduced N2 amplitudes (19), which reflect
cognitive impairments relevant to conflict monitoring and the
suppression of automatic responses (12).

Although the effects of exercise on craving reduction
are widely accepted, the effects of exercise on inhibitory
control abilities associated with nicotine dependence are
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not clearly understood. An ERP study that investigated the
effects of acute aerobic exercise on craving and inhibitory
deficits in methamphetamine (MA) users found higher
performance accuracy and larger N2 amplitudes during
Go/Nogo tasks after an acute aerobic exercise session,
accompanied by attenuated craving (13). Another ERP study
that employed a brief mindfulness-mediation intervention
reported that the mindfulness group demonstrated lower P3
amplitudes without behavioral differences when compared
with controls, indicating less effortful response inhibition
after mindfulness-based practice (12). Despite insufficient data,
these previous studies suggest that aerobic exercise and a
mindfulness-based intervention might have differential effects
on neurophysiological measures of inhibitory control.

To our knowledge, this is the first study to directly
compare the effects of yoga exercise and aerobic exercise on the
neurophysiological indices of response inhibition in individuals
with nicotine dependence. Based on previous findings that
computer- or video-based smoking cessation programs could
be an effective delivery strategy for participant motivation and
adherence (20), this study aimed to explore the effectiveness
of video-based yoga practice delivered non-face-to-face as
compared to traditional aerobic exercise performed on a cycle
ergometer. To provide a comprehensive understanding of the
two exercise modes, we also examined changes in craving and
positive and negative affect.

Materials and methods

Participants

Participants included 30 adult daily smokers (10 women,
Mean Age = 25.97, Standard Deviation = 3.33) recruited via
Internet advertisements posted on the website of K University,
South Korea. Participants were screened by pre-determined
eligibility criteria, which included (a) self-reported scores on
the Fagerström test for nicotine dependence (FTND) of 4
or greater (to confirm moderate-to-high dependence) (21);
(b) naïve to yoga or mindfulness-based exercises; (c) no
contraindications for exercise assessed by the Physical Activity
Readiness Questionnaire (PAR-Q) (22); (d) not currently
participating in any smoking cessation program; (e) not
currently using supplements—such as nicotine patches and
gums or prescription drugs—for smoking cessation; (f) normal
(or corrected-to-normal) vision and hearing; (g) no history of
psychosis; and (h) no contraindications for electrophysiological
measurements. The sample size required for this research
design was estimated using the G∗power calculator (version
3.1.9.4; Düsseldorf University, Düsseldorf, Germany) (23). The
sample size was estimated based on a significance level of 0.05
and the statistical power of 0.95. We applied the effect size
found in a previous study which employed a within-subjects,

counterbalanced design to investigate acute exercise effects on
craving and inhibitory control in methamphetamine-dependent
individuals (ηp2 = 0.35) (13). As a result of the calculation,
the total sample size of 23 participants was required to achieve
a power of 0.95. Therefore, the number of participants in
this study (n = 30) is expected to have sufficient statistical
power. All participants provided written informed consent and
were compensated with 50,000 Korean won (equivalent to 42
USD) in cash for their participation. The study protocol was
approved by the ethics committee of the authors’ institute
(KNU-2020-150).

Instruments

All participants provided demographic information (i.e.,
age, sex, level of education, profession, marital status, etc.), as
well as cigarettes smoked per day, amount of drinking, and
hours of sleep. They also completed the FTND as a measure
of nicotine dependence and the PAR-Q to confirm whether
they had any physical or medical condition that would impede
exercise engagement. To evaluate subjective craving to smoke,
participants completed the Questionnaire of Smoking Urges
(QSU-brief) (24). They were also instructed to indicate their
current craving status on a 10 cm Visual Analogue Scale (VAS),
which ranged from “no craving at all” to “extreme craving.”
To measure affective changes according to the type of exercise,
we used the Positive and Negative Affect Schedule-Expanded
Form (PANAS-X), comprising 10 positive and 10 negative
items (25). Using the Korean versions, we collected responses
to the QSU-brief, VAS, and PANAS-X at four time points of
the experiment: pre-aerobic exercise, post-aerobic exercise, pre-
yoga, and post-yoga. All questionnaires were completed via
Google Forms and participants registered their responses using
a tablet PC. The responses were automatically stored on Google
Drive upon submission. Regarding the reliability of the scales
used in the present study, the Cronbach’s alpha values were
found to be 0.76 for the FTND, 0.98 for the QSU-brief, 0.76
for the RPE, and 0.66 and 0.80 for the PANAS-X positive
and negative affect, respectively. We also measured the Rating
of Perceived Exertion (RPE) (26) at four time points (before
exercise and 10, 20, and 30-min after exercise) and recorded the
participants’ heart rates (HR) throughout the exercise sessions,
including 5 min at rest before and after the exercise using the
Polar H10 HR sensor.

Cognitive task

To serve the aim of the present study, a smoking-
related Go/Nogo task was developed by modifying the
Go/Nogo paradigms used in previous studies (12, 13, 19).
Participants were required to perform 600 trials of the Go/Nogo

Frontiers in Psychiatry 03 frontiersin.org

https://doi.org/10.3389/fpsyt.2022.940415
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org/


fpsyt-13-940415 July 11, 2022 Time: 17:56 # 4

Kim et al. 10.3389/fpsyt.2022.940415

task segmented into three blocks, which presented either
smoking-related or non-smoking-related (neutral) images.
Each block consisted of 200 trials, including four types of
stimuli (75 Smoking-Go, 25 Smoking-Nogo, 75 Neutral-Go,
and 25 Neutral-Nogo). This means that the cognitive task
comprised neutral stimuli and smoking-related stimuli in equal
proportions and that Nogo trials accounted for 25% of the task.
Participants were instructed to respond only to Go stimuli (i.e.,
blue-framed images) by pressing a button with the right index
finger as quickly and accurately as possible, while withholding a
response to the Nogo stimuli (i.e., yellow-framed images). The
match between the frame color and the required response was
counterbalanced across participants. The order of the stimulus
content (smoking vs. neutral) was completely randomized, with
the order of Go and Nogo trials quasi-randomized to ensure
that, at most, four Go and two Nogo trials were consecutively
presented. Prior to the actual task, participants were given
a small set of practice trials involving 15 additional non-
smoking images that were not included in the actual task. Each
trial began with a fixation cross displayed for 400–500 ms,
followed by a display of the stimulus on a gray background
for 300 ms. Then, a blank screen was displayed for a random
interval between 600 and 900 ms. Participants were given the
opportunity to take a short break between the blocks. The
total task duration, depending on the length of the breaks, was
approximately 20 min.

Exercise interventions

For the aerobic exercise session, participants were instructed
to exercise on a stationary cycle ergometer (Monark 828E) at
self-selected pace, while self-monitoring to stay within 60–70%
of their estimated maximum HR (i.e., 206.9–0.67 × age).
The aerobic exercise session comprised a 5-min warm-up,
20-min main exercise, and 5-min cool-down. The yoga
session was developed for beginners and pre-recorded
by a certified Hatha yoga instructor, comprising a 5-min
opening meditation, 20 min devoted for yoga postures
(asanas), and a 5-min closing meditation to include the
contraction and relaxation of various muscle groups combined
with regulated breathing. The asanas were performed in
the following order: seated (Sukasana-Vajrasana-Baddha
Konasana), prone (Bharmanasana-Bitilasana-Marjariasana-
Balasana-Bhujangasana-Adhomukha Svanasana), standing
(Uttanasana-Utthita Trikonasana), and supine (Supta
Matsyendrasana) postures, with natural connecting and
stretching movements in between. While listening to the
instructions of the yoga video in a quiet room, participants
were encouraged to focus on physical sensations and attend
to their breathing. The order of the exercise sessions was
counterbalanced across participants to minimize any effects of
order or practice.

Procedure

The participants visited the laboratory on three non-
consecutive days (mean = 47 ± 37.80 h between sessions) and
individually engaged in the experimental condition: baseline,
aerobic exercise, and yoga. Participants were instructed to
abstain from smoking, consuming alcohol or caffeine, or
engaging in any form of exercise for at least 12 h before
the experiment. On the first visit for baseline testing, the
participants were provided information regarding the study,
including the procedure, equipment, and cognitive tests. After
having the opportunity to ask questions, they provided written
informed consent. Participants were then instructed to answer
demographic questions and complete the FTND, PAR-Q, and
International Physical Activity Questionnaire (IPAQ) (27).
After completing the set of self-report measures, participants
were fitted with electrode caps and seated in a light and
sound-attenuated room; thereafter, they performed the baseline
Go/Nogo task. They returned for subsequent testing after
the baseline cognitive measurement. On two separate visits
for the yoga and aerobic exercise sessions, participants were
first instructed to complete the pre-exercise QSU-brief, VAS,
and PANAS-X. Thereafter, they wore a chest strap HR
monitor and were led to the exercise room to perform
either yoga or aerobic exercise for 30 min. For the yoga
session: A laptop, connected to a 65 cm × 112 cm standing
monitor (LH50BEA, Samsung), was used, and participants
played the video themselves once they were ready to begin.
To measure perceived exertion, pre-recorded messages were
displayed at four time points (beginning, 10-min past, 20-
min past, and completion) to guide the participants to pause
and respond to RPE using the paper and pencil in front
of the screen. For the aerobic exercise session, participants
self-administered the cycle ergometer exercise for 30 min,
including a 5-min warm-up and 5-min cool-down. For
the remaining 20 min, participants were asked to aim to
maintain their HR between 60 and 70% of the individual
maximum HR. A research assistant collected responses to
the RPE at four time points. Immediately following the
completion of the exercise session, participants were escorted
to the preparation room, where they completed the post-
exercise QSU-brief, VAS, and PANAS-X and were prepared
for electroencephalogram (EEG) measurement. Thereafter,
participants were led to the cognitive testing room to perform
the Go/Nogo task. There were 2- to 3-day intervals between
the three visits.

Electroencephalographic recording
and processing

Electroencephalographic data were obtained using the
Biopac MP150 system (Biopac Systems Inc., Santa Barbara,
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CA, United States) run by AcqKnowledge 5.0 software (Biopac
Systems Inc.). An elastic EEG cap (CAP100C, Biopac Systems
Inc.) was used with the following electrodes arranged in
accordance with the international 10–20 system: Fp1 (left
prefrontal), Fp2 (right prefrontal), F3 (left frontal), Fz (mid
frontal), F4 (right frontal), C3 (left central), Cz (mid central),
C4 (right central), P3 (left parietal), Pz (mid parietal), and P4
(right parietal) (28). Continuous EEG and electrooculogram
(EOG) signals were recorded at a sampling rate of 1000 Hz
with a bandpass of 0.01–100 Hz, online-referenced against
linked mastoids, with Fpz serving as the ground electrode.
For all channels, impedance levels were maintained below
5 k� using a Grass Impedance Meter (EZM5, Astro-Med
Inc., West Warwick, RI, United States). Prior to further data
analyses, EEG signals with amplitudes exceeding ± 100 µV or
contaminated by artifacts or eye blinks (EOG) were inspected
and excluded. We performed EEG data analysis using a
MATLAB-based EEG analysis program. Baseline corrections
were conducted using the mean 200 ms pre-stimulus period,
and the data were bandpass-filtered (0.1–30 Hz; 24 dB/octave).
To extract a stimulus-locked epoch, data were segmented
into epochs of 1 s (200 ms prior to and 800 ms following
stimulus onset). Segments of incorrect responses (i.e., miss
for Go trials or false alarms for Nogo trials) were excluded
from the analyses. Three representative electrodes (i.e., Fz, Cz,
and Pz) were chosen for analysis, identifying responses from
frontal, central, and parietal regions, respectively, based on
previous Go/Nogo studies that have predominantly examined
and observed inhibition-related N2 and P3 effects at Fz, Cz,
and Pz (11).

Statistical analysis

This study was based on a counterbalanced within-subject
study design. To examine participants’ craving to smoke,
we analyzed the QSU-brief and VAS data separately using
2 (exercise: aerobic exercise, yoga) × 2 (time point: pre,
post) repeated-measures analyses of variance (RM-ANOVAs).
For the PANAS-X responses, the positive mood and negative
mood scores were separately analyzed using 2 (exercise:
aerobic exercise, yoga) × 2 (time point: pre, post) RM-
ANOVAs. To determine whether different modes of exercise
resulted in any differences in the accuracy and response
time (RT) for the Go/Nogo task performance, separate 3
(exercise: baseline, aerobic exercise, yoga) × 4 (stimulus:
Smoking-Go, Smoking-Nogo, Neutral-Go, Neutral-Nogo) RM-
ANOVAs were performed. Regarding the neuroelectric data,
separate 3 (exercise: baseline, aerobic exercise, yoga) × 4
(stimulus: Smoking-Go, Smoking-Nogo, Neutral-Go, Neutral-
Nogo) × 3 (electrode site: Fz, Cz, Pz) RM-ANOVAs were
applied to analyze the ERP data of N2 amplitude, N2
latency, P3 amplitude, and P3 latency. For the analysis of

exercise intensity, 2 (exercise: aerobic exercise, yoga) × 3
(time point: pre, mid, post) RM-ANOVAs were performed
for the HR mean, while the RPE data were analyzed
using 2 (exercise: aerobic exercise, yoga) × 4 (time point:
pre, 10, 20, 30-min) RM-ANOVA. All statistical analyses
were performed using SPSS 22.0, and an alpha value of
0.05 was set as the significance level, where p-values were
Greenhouse–Geisser adjusted when appropriate. Post hoc
analyses were conducted using pairwise comparisons with
Bonferroni adjustments.

Results

Manipulation check: Heart rates and
rating of perceived exertion

Analysis of the mean HR measured before, during, and after
each exercise session revealed significant main effects of exercise
mode [F(1,29) = 97.068, p = 0.000, partial ηp2 = 0.770], time
point [F(2,58) = 111.081, p = 0.000, partial ηp2 = 0.799], and
an interaction effect between exercise mode and time point
[F(2,58) = 76.415, p = 0.000, ηp2 = 0.725]. Post hoc analyses
revealed that aerobic exercise exhibited a higher mean HR
than yoga during and after exercise. In terms of self-reported
exercise intensity, RPE responses yielded a significant main
effect of exercise mode [F(1,29) = 14.636, p = 0.001, ηp2 = 0.335],
time point [F(3,87) = 94.725, p = 0.000, ηp2 = 0.766], and
an interaction effect between exercise mode and time point
[F(3,87) = 10.016, p = 0.000, ηp2 = 0.257]. Post hoc analysis
revealed that the RPE of aerobic exercise measured after 10 min
and post-exercise was higher than that of yoga.

Assessment of craving and affect

In the QSU-brief analysis, no significant differences emerged
as a function of exercise mode or measurement time. However,
the VAS results indicated a significant main effect of exercise
mode [F(1,29) = 6.146, p = 0.019, ηp2 = 0.175] and an
interaction effect between exercise mode and time point
[F(1,29) = 7.701, p = 0.043, ηp2 = 0.133]. Specifically, the
VAS score was lower after yoga than after aerobic exercise,
without a baseline difference. Regarding the measures of
affective change, the PANAS-positive mood score revealed
no significant difference depending on exercise mode and
time point. However, the PANAS-negative mood score yielded
a significant main effect of time point [F(1,29) = 13.524,
p = 0.001, ηp2 = 0.318], indicating that both yoga and aerobic
exercise reduced post-exercise negative mood compared to pre-
exercise. The main effect of exercise type and interaction effect
between exercise mode and time point were not statistically
significant (Table 1).
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TABLE 1 Differences in craving, affect, cognitive performance, and exercise intensity.

Baseline Aerobic exercise Yoga

Mean 95% CI Mean 95% CI Mean 95% CI

Question of smoking urges-brief Pre-exercise 36.87 34.23–39.51 35.67 32.75–38.59

Post-exercise 36.97 31.42–38.52 32.33 28.89–35.77

Visual analogue scale Pre-exercise 7.42 6.67–8.18 7.26 6.57–7.95

Post-exercise 7.26 6.33–8.20 6.09 5.18–7.00

PANAS-positive Pre-exercise 22.83 20.81–24.86 22.57 19.88–25.25

Post-exercise 23.37 20.63–26.10 23.13 20.15–26.12

PANAS-negative Pre-exercise 15.70 13.68–17.72 15.27 13.57–16.97

Post-exercise 14.03 11.96–16.11 12.86 11.42–14.32

Response time (ms) Smoking-Go 411.51 378.07–444.95 396.34 362.90–429.78 402.45 369.01–435.89

Neutral-Go 409.79 376.35–443.23 400.22 366.78–433.69 395.27 361.83–428.71

Accuracy (%) Smoking-Go 91.56 86.49–96.62 90.64 85.57–95.71 89.67 84.61–94.74

Smoking-Nogo 86.22 81.15–91.29 85.56 80.49–90.62 85.82 80.75–90.89

Neutral-Go 82.87 77.81–87.94 82.07 77.01–87.14 86.41 81.75–90.89

Neutral-Nogo 92.36 87.29–97.42 89.33 84.27–94.40 89.91 84.84–94.98

Heart rate (bpm) Pre-exercise 79.10 75.31–82.89 78.70 74.78–82.62

Mid-exercise 116.67 112.15–121.18 81.27 77.03–85.51

Post-exercise 88.23 84.23–92.24 73.93 70.55–77.32

Ratings of perceived exertion Pre-exercise 7.033 6.27–7.80 7.10 6.17–8.03

10-min past 12.60 11.41–13.79 9.30 8.38–10.22

20-min past 14.53 13.48–15.58 13.57 12.84–14.29

Post-exercise 14.17 13.01–15.32 11.67 10.68–12.65

Behavioral measures

Separate 3 (exercise: baseline, aerobic exercise, yoga) × 4
(stimulus: Smoking-Go, Smoking-Nogo, Neutral-go, Neutral-
Nogo) RM-ANOVAs were performed to examine any
differences in the accuracy and response time of the Go/Nogo
task performance as a function of exercise and/or stimulus
conditions. In the accuracy analysis, significant main effects of
the stimulus [F(3,348) = 5.306, p = 0.001, ηp2 = 0.044] emerged.
Post hoc tests revealed higher accuracy on the Smoking-Go and
Neutral-Nogo tasks than on the Smoking-Nogo and Neutral-Go
tasks (p < 0.05, Figure 1). Neither a main effect of exercise mode
nor interaction effects between exercise mode and stimulus
condition emerged (p > 0.05). In the analysis of response time
as a function of exercise and stimulus, neither the main effects
nor interactions were statistically significant (p > 0.05).

Neuroelectric measures

N2 mean amplitude and latency
Three-way RM-ANOVA evaluating the N2 amplitude

revealed significant main effects of the stimulus
[F(3,1044) = 3.043, p = 0.028, ηp2 = 0.009] and electrode
sites [F(2,1044) = 14.521, p = 0.000, ηp2 = 0.027]. The post hoc

comparison indicated that the Smoking-Go stimulus was
associated with greater N2 amplitudes than the Neutral-Go
(p = 0.029) and Neutral-Nogo stimuli (p = 0.012), while greater
N2 amplitudes were elicited at Cz than at Fz (p = 0.000) and
Pz (p = 0.000, Figure 2). However, the main effect of exercise
mode was not significant, with no interaction effects observed
among exercise modes, stimulus conditions, and electrode sites
(p > 0.05). Analysis of N2 latency revealed no significant effects
(p > 0.05).

P3 mean amplitude and latency
Regarding P3 amplitude, three-way RM-ANOVA revealed

significant main effects of exercise [F(2,1044) = 4.476, p = 0.012,
ηp2 = 0.009] and stimulus [F(3,1044) = 2.726, p = 0.043,
ηp2 = 0.008]. Post hoc comparisons indicated that the P3
amplitude after aerobic exercise was higher than that after yoga
(p = 0.010), while the Smoking-Go condition was associated
with a higher P3 amplitude compared to Smoking-Nogo
(p = 0.030) and Neutral-Nogo (p = 0.021; Figure 3A). The main
effect of electrode sites and interaction effects on P3 amplitude
were not statistically significant (p > 0.05).

The three-way RM-ANOVA evaluating P3 latency revealed
significant main effects of stimulus [F(3,1044) = 5.816, p = 0.001,
ηp2 = 0.016], electrode site [F(2,1044) = 40.499, p = 0.000,
ηp2 = 0.072], and an interaction between stimulus and electrode
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FIGURE 1

Differences in Go/Nogo task performance accuracy as a function of stimulus condition. *p < 0.05; **p < 0.01.

FIGURE 2

Differences in N2 amplitudes as a function of stimulus condition and region. *p < 0.05; **p < 0.01.

sites [F(6,1044) = 4.100, p = 0.000, ηp2 = 0.023]. Post hoc
tests indicated that the Neutral-Go condition was associated
with shorter P3 latency than the Smoking-Go (p = 0.001),
Smoking-Nogo (p = 0.000), and Neutral-Nogo (p = 0.000)
conditions, while the P3 latency was shorter at Pz than at
Fz (p = 0.000) and Cz (p = 0.000, Figure 3B). Regarding
the interaction effects, a shorter P3 latency of the Neutral-Go
condition compared to Smoking-Go (p = 0.001), Smoking-Nogo
(p = 0.000), and Neutral-Nogo (p = 0.000) was observed at
Pz. The main effect of exercise and other interactions on P3
latency were not significant (p > 0.05). The grand-averaged
waveforms collapsed across stimulus conditions for baseline,

yoga, and aerobic exercise at the Fz, Cz, and Pz electrode sites
are presented in Figure 4.

Discussion

Craving and affect

Regarding the measures of cigarette craving, the descriptive
data of the QSU-brief revealed an 12.55% reduction after
yoga and 3.25% after aerobic exercise, but the differences
according to exercise modes and measurement time were not
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FIGURE 3

Differences in (A) P3 amplitudes and (B) latencies as a function of exercise mode, stimulus condition, and region. *p < 0.05; **p < 0.01;
***p < 0.001.

statistically significant. These findings do not support that of
a previous study by Elibero et al. (6), which reported that 30-
min yoga session delivered by instructional DVD and aerobic
exercise performed on a treadmill both significantly reduced
the QSU-brief score, where exercise intensity was lower for
yoga than for aerobic exercise. However, the VAS results in
our study indicated a significant reduction in craving only after
yoga, whereas aerobic exercise exhibited no pre-post craving
reduction. Despite the inconsistency in previous findings, the
craving measures in the present study suggest the possibility
that light-intensity yoga, including meditation and focused
breathing, might be more effective than moderate-intensity
aerobic exercise in reducing cigarette craving. Due to the scarcity
of evidence that directly compares the acute effects of yoga
to aerobic exercise on craving, sufficient follow-up studies are
required to obtain more generalizable results.

As measured by PANAS-X, negative affect was significantly
reduced after both aerobic exercise and yoga, without any

significant changes in positive affect. These results are in line
with previous studies reporting the positive effects of exercise
on at least one measure of affect (29). In a previous study that
examined the effects of 10 min of moderate-intensity ergometer
exercise on smoking withdrawal symptoms, positive and
negative affect outcomes were not significantly correlated, while
negative affect was more closely correlated with other factors,
such as irritability, depression, tension, restlessness, difficulty
concentrating, and stress (30). Furthermore, the affective
benefits of exercise are independent of exercise intensity,
whereas cognitive control function might be modulated by
exercise intensity (31). These previous findings support the
present study’s affective outcomes: Both light-intensity yoga and
moderate-intensity aerobic exercise attenuated negative affect
without significantly changing the positive affect measures.
Regarding energy expenditure, yoga may help reduce negative
affect in smokers with less physical demand while having a
greater effect on craving reduction.
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FIGURE 4

Grand-averaged ERP waveforms.

Cognitive performance

The behavioral outcomes of the cognitive task demonstrated
that participants were more accurate on Smoking-Go than
on Smoking-Nogo tasks, while they were more accurate on
Neutral-Nogo than on Neutral-Go tasks. Consistent with
previous studies on inhibitory control among smokers, in which
more execution errors (i.e., executing a response to a Nogo
target) were observed in smoking-related backgrounds than in
neutral backgrounds (32), the participants in the present study
also exhibited deficits in suppressing responses to smoking-
related cues as compared to neutral cues (33). Reportedly,
substance abusers have impaired cognitive control function
and demonstrate a greater level of attention toward substance-
related cues (19, 34). Therefore, considering that the present
study’s participants were regular smokers with moderate- to
high-nicotine dependence, the lower accuracy observed in
Smoking-Nogo relative to Neutral-Nogo tasks concurs with
the reduced inhibitory control observed in individuals with
addiction during substance-related cue exposure.

The differences in performance accuracy also illustrate that
when presented with familiar or favorable (i.e., smoking-related)
cues, participants found it easier to execute (i.e., Go)—than to
withhold (i.e., Nogo)—a response. However, when presented
with neutral stimuli, which might have been less familiar
or less favorable, response execution might have been more

difficult than inhibition. This can be understood in terms of the
association with the approach and withdrawal motivation: That
is, decision-making can be primarily influenced by the valence
of the stimulus, generating action or approach in positive
contexts, while promoting inhibition or withdrawal in negative
contexts (35). Given participants’ high nicotine dependence, it
is possible that smoking cues, accepted as emotionally more
positive than neutral cues, better facilitated approach motivation
for Smoking-Go trials as compared to Smoking-Nogo trials;
conversely, the neutral cues, attracting relatively less attention,
activated withdrawal motivation, thereby leading to better
performance on Neutral-Nogo trials than Neutral-Go trials.

Contrary to our expectations, no significant differences
emerged in the behavioral measures as a function of the
exercise mode. The absence of behavioral differences between
aerobic exercise and yoga might be associated with the elapsed
time between exercise completion and cognitive measurement,
which caused a 10-min delay (approximately). A bout of
exercise for 30 min might have been insufficient to sustain
the exercise effects through the experiment and precipitate
behavioral enhancement. Therefore, since the immediate
effect of exercise may not have been externally manifested
as behavioral outcomes of cognitive task performance, we
employed ERP measures, which are internal and sensitive
indicators of cognitive processes, to identify the effects caused
by different exercise modes.
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Event-related potential measures

The ERP N2 component in a visual Go/Nogo
paradigm represents cognitive control processes related
to conflict monitoring and response inhibition (36). As
a neurophysiological marker associated with nicotine
dependence, impaired cognitive control function has
been evidenced by abnormal N2, with smaller Nogo-N2
amplitudes observed in smokers than in non-smokers (34,
37). However, caution should be employed when generalizing
this interpretation because the non-smoker control group was
not included in the design of the present study. Whether N2
is an index of inhibition or conflict monitoring processes is
contentious (38); however, both interpretations suggest that
N2 reflects a cognitive control process. Therefore, a reduced
N2 implies a less active conflict-detection process. In the
present study, greater N2 amplitudes were associated with
Smoking-Go tasks than with Neutral tasks. This suggests
that the individuals with nicotine dependence in the present
study demonstrated more active conflict detection for the
Smoking-Go stimuli, which might have led to higher accuracy
in Smoking-Go trials. A relatively smaller N2 was associated
with the Neutral-Go and Neutral-Nogo conditions. This
may suggest that the cognitive efforts related to conflict
monitoring or inhibition—compared to the smoking-related
stimulus—decreased in the neutral contexts, presumably
due to reduced motivation or interest. This interpretation
is supported by a recent study by Chen et al. (39), in which
individuals with Internet addiction demonstrated larger N2
and P3 toward Internet-related cues than toward irrelevant
cues, reflecting a positive motivational implicit response.
Additionally, the N2 amplitude was maximal in the central
midline region (i.e., Cz) than in the frontal and parietal
midline regions (Fz and Pz). Considering that the N2 in the
visual Go/Nogo task is usually the largest over frontocentral
scalp sites approximately 250–350 ms after stimulus onset
(40), the N2 observed in our study, peaking at Cz, is not an
unexpected result.

Notably, P3 amplitudes were greater after aerobic exercise
than after yoga. The P3 component reflects cognitive processes
associated with inhibition, attention allocation, and the working
memory (41). The enhanced P3 after aerobic exercise relative
to yoga can be explained in terms of the exercise intensity.
The HR and RPE measured in the present study showed
that aerobic exercise intervention corresponded to moderate
intensity (HR mean = 116.67, SD = 12.08), whereas the
yoga intervention was performed at light intensity (HR
mean = 81.27, SD = 11.35). The RPE responses also indicated
significant differences after 10 min of exercise and at the
end of exercise: The participants perceived aerobic exercise
as somewhat hard and yoga as fairly light exercise (42).
Prior research illustrated an inverted-U-shape relationship
between exercise intensity and P3 amplitude (43), given the

correlations between physical arousal and performance and
the fact that P3 is affected by biological processes, such
as the exerciser’s arousal state (42, 44). Specifically, the P3
amplitude decreased and increased after high- and medium-
intensity pedaling exercise, respectively; in contrast, there
was no change after low-intensity pedaling exercise (43).
Therefore, greater P3 after aerobic exercise than after yoga
might be linked to the influence of exercise intensity. Similarly,
Wang et al. (9) reported an inverted-U-shaped relationship
between exercise intensity and inhibitory control both in
behavioral and neuroelectric indices, wherein participants
with methamphetamine dependence exhibited higher accuracy,
faster RT, and greater N2 amplitudes after a short bout of
moderate-intensity exercise compared to low-intensity exercise
and inactive control (41).

Contrary to previous studies that tested varying exercise
intensities using the same exercise mode, the aerobic exercise
and yoga interventions used in our study were different
in nature. Furthermore, we found no significant differences
between aerobic exercise and yoga at the behavioral level in
terms of accuracy and RT. Therefore, the greater P3 cannot
be interpreted as evidence that aerobic exercise has greater
cognitive benefits than yoga. The cognitive task performance
was, though not statistically significant, generally higher after
yoga than after aerobic exercise; thus, the possibility exists that
the smaller P3 after yoga indicates higher neural efficiency,
rather than attentional disadvantage associated with the nature
of the particular type of exercise. This interpretation is
supported by growing evidence of the effects of mindfulness
practice on the P3 component. Andreu et al. (12) reported
smaller P3 amplitudes in cigarette smokers during the Nogo
task after a bout of mindfulness practice compared with
controls—without behavioral level differences (26). Here,
a smaller P3 indicated less effortful inhibitory control to
reach a similar level of performance as the control group
(45, 46).

Yoga offers a way to practice mindful awareness (47).
During yoga practice in the present study, participants were
guided into a pose, encouraged to deepen their breath, and to
witness their experience non-judgementally (i.e., to be mindful).
Taking a meta-cognitive view of the present experience through
mindfulness practice is thought to strengthen self-regulation
(48). Based on the evidence from mindfulness studies, Gard
et al. (48) hypothesized that yoga practice over time changes
the neural processes that sub-serve self-regulation to be more
automatized and efficient. According to Thayer and Lane
(49), continued mindfulness practice integrates inhibitory
control mechanisms with autonomic, attentional, and affective
systems, creating a functional and structural network for self-
regulation. Consequently, appraisal processes become more
implicit and efficient, which facilitates inhibition between
old maladaptive responses and newer, more goal-directed
responses (49). However, since the evidence for the effects of
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yoga on the inhibitory process is scarce, the scientific basis
supporting such interpretations largely depends on mindfulness
studies. In that respect, this study is the first attempt to
provide empirical evidence that yoga improves inhibitory
control function, which has only been theoretically explained
in previous studies. Furthermore, the present study found
such an effect after a single session of yoga, while previous
studies suggested it as a result of continued practice over
time (48).

In the longer term, reductions in P3 amplitude and/or
shorter P3 latency have been observed after 8 weeks (50) and
3 months (51) of mindfulness meditation training, as well as
in experienced meditators (52), reflecting enhanced efficiency
of attentional resource allocation. These findings support the
interpretation of the lower P3 after yoga relative to aerobic
exercise in our study, which indicates more efficient cognitive
processing, implying that more cognitive endeavors are required
to complete the inhibition task after aerobic exercise than after
yoga (53). However, this explanation is still not straightforward
because of the scarcity of previous research comparing the
effects of yoga and aerobic exercise on cognitive function. More
direct relationships between the P3 component and yoga should
be investigated in future research.

Analyses of the P3 amplitude also revealed that compared
with the Smoking-Nogo and Neutral-Nogo trials, the Smoking-
Go trials were associated with greater P3. This result is
consistent with a previous study that reported a larger P3
for targets than non-targets (54). Additionally, P3 is affected
by task relevance and probability (55). Therefore, the larger
P3 amplitudes during the Smoking-Go trials in our study
may indicate that the participants were more attentive to
cigarette-related stimuli requiring an overt response. The P3
measurements in this study exhibited a general pattern of larger
amplitudes with shorter latencies for the Go trials and smaller
amplitudes with prolonged latencies for the Nogo trials. This
can be explained by our study participants’ characteristics.
Reduced Nogo-P3 amplitudes and longer Nogo-P3 latencies
have frequently been reported in cigarette smokers (56) as
well as individuals with other types of substance dependence
(57–59). Therefore, in our study, reduced P3 amplitudes with
longer latencies during Nogo trials seem to reflect attentional
deficiency in the later stage of the inhibitory process and
processing speed as general characteristics associated with
nicotine dependence.

In summary, this study investigated the effects of acute yoga
versus aerobic exercise on craving, affect, and inhibitory control
function in individuals with nicotine dependence. Self-reported
measures indicated attenuated cigarette craving after yoga but
not after aerobic exercise, and both exercises were effective
in reducing negative affect. The behavioral results revealed
no significant differences based on the mode of exercise—
both in terms of accuracy and RT. However, the neuroelectric
data indicated that the P3 amplitude was lower after yoga

than after aerobic exercise, which may reflect a more efficient
inhibitory control after yoga associated with the mindful and
contemplative nature of the exercise.

Limitations

This study had several limitations. First, since we applied
a within-subject study design, the findings of our study lack
comparisons with non-smokers. We recommend that future
studies compare the effects of yoga and aerobic exercise
on inhibitory control processes between smokers and non-
smokers. The neurophysiological outcomes of this study might
not reflect the immediate effect of exercise, as we failed to
control the delay between exercise completion and cognitive
measurement, which might have diminished the immediate
effect of exercise. Furthermore, differences in exercise intensity
(i.e., light-intensity yoga vs. moderate-intensity aerobic exercise)
and delivery (i.e., video-guided yoga vs. self-administered
aerobic exercise) might have affected the results. As the study
participants were naïve to yoga, they might have been relatively
more familiar with aerobic exercise than yoga, thus potentially
affecting their exercise engagement. In the present study, the
acute exercise sessions yielded significant differences only at
the neurophysiological level and not at the behavioral level.
Therefore, future studies should employ an extended duration of
interventions to confirm whether the positive effects of exercise
are behaviorally manifested and further investigate differences
in delayed effects, adherence, and abstinence—according to
varying exercise modes.

Implications

To the best of our knowledge, this is the first study to
examine the acute effects of yoga compared with aerobic exercise
on inhibitory control processes using ERPs. A 30-min video-
based yoga practice resulted in increased neural efficiency,
exhibiting reduced neural activity while maintaining the same
level of cognitive performance as a 30-min aerobic exercise.
The enhanced neural efficiency after a short bout of yoga
may be attributed to reduced craving. Given that yoga was
as effective as aerobic exercise in attenuating negative affect,
smokers may expect greater benefits from yoga in terms of
craving reduction and inhibitory control—with less effortful
physical and cognitive exertion. Contrary to previous findings
where moderate and vigorous intensity exercises were more
effective in craving reduction than light intensity exercise, the
present study observed a significant craving reduction only after
yoga, which was performed at light intensity (13). Future studies
need to investigate the effects of yoga and aerobic exercise on
craving, affect, and cognitive function with intensity control
to confirm the findings of the present study. Considering the

Frontiers in Psychiatry 11 frontiersin.org

https://doi.org/10.3389/fpsyt.2022.940415
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org/


fpsyt-13-940415 July 11, 2022 Time: 17:56 # 12

Kim et al. 10.3389/fpsyt.2022.940415

overall features of behavioral and neuroelectric outcomes, yoga
appears to be a highly effective exercise option for smokers who
need assistance with response inhibition and craving reduction.
We also suggest that video-based yoga practice potentially
benefits these effects by reaching a large number of smokers in a
non-face-to-face manner.

Data availability statement

The original contributions presented in this study are
included in the article/supplementary material, further inquiries
can be directed to the corresponding author.

Ethics statement

The studies involving human participants were reviewed
and approved by Institutional Review Board of Kyungpook
National University. The patients/participants provided their
written informed consent to participate in this study.

Author contributions

JK and TK contributed to conception and design of the
study. MW and TK collected the data and performed the
(statistical) analysis. TK wrote the first draft of the manuscript.

HK, JK, and MW wrote sections of the manuscript. HK
contributed to funding acquisition. All authors contributed to
manuscript revision, read, and approved the submitted version.

Funding

This work was supported by the Bio & Medical Technology
Development Program of the National Research Foundation
(NRF) and was funded by the Korean government (MSIT)
(NRF-2021M3A9E4080780).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

References

1. World Health Organization. Fact Sheets-Detail-Tobacco. (2021). Available
online at: https://www.who.int/news-room/fact-sheets/detail/tobacco (accessed
March 2, 2022).

2. Linke SE, Ciccolo JT, Ussher M, Marcus BH. Exercise-based smoking cessation
interventions among women. Womens Health. (2013) 9:69–84. doi: 10.2217/WHE.
12.63

3. Reynoso J, Susabda A, Cepeda-Benito A. Gender differences in smoking
cessation. J Psychopathol Behav Assess. (2005) 27:227–34. doi: 10.1007/s10862-005-
0638-2

4. Sweitzer MM, Denlinger RL, Donny EC. Dependence and withdrawal-induced
craving predict abstinence in an incentive-based model of smoking relapse. Nicotine
Tob Res. (2013) 15:36–43. doi: 10.1093/ntr/nts080

5. Klinsophon T, Thaveeratitham P, Sitthipornvorakul E, Janwantanakul P. Effect
of exercise type on smoking cessation: a meta-analysis of randomized controlled
trials. BMC Res Notes. (2017) 10:442. doi: 10.1186/s13104-017-2762-y

6. Elibero A, Janse Van Rensburg K, Drobes DJ. Acute effects of aerobic exercise
and Hatha yoga on craving to smoke. Nicotine Tob Res. (2011) 13:1140–8. doi:
10.1093/ntr/ntr163

7. Zhou X, Nonnemaker J, Sherrill B, Gilsenan AW, Coste F, West R. Attempts
to quit smoking and relapse: factors associated with success or failure from the
ATTEMPT cohort study. Addict Behav. (2009) 34:365–73. doi: 10.1016/j.addbeh.
2008.11.013

8. Santos CP, Proença M, dos Santos Gouveia T, de Oliveira CBS, Tacao GY,
Trevisan IB, et al. Effectiveness of aerobic exercise on smoking cessation in adults:
a systematic review and meta-analysis. J Phys Act Health. (2021) 18:230–42. doi:
10.1123/jpah.2019-0339

9. Wang D, Wang Y, Wang Y, Li R, Zhou C. Impact of physical exercise on
substance use disorders: a meta-analysis. PLoS One. (2014) 9:e110728. doi: 10.1371/
journal.pone.0110728

10. Helfrich RF, Knight RT. Cognitive neurophysiology: event-related potentials.
Handb Clin Neurol. (2019) 160:543–58. doi: 10.1016/B978-0-444-64032-1.00036-9

11. Rietdijk WJ, Franken IH, Thurik AR. Internal consistency of event-related
potentials associated with cognitive control: N2/P3 and ERN/Pe. PLoS One. (2014)
9:e102672. doi: 10.1371/journal.pone.0102672

12. Andreu CI, Cosmelli D, Slagter HA, Franken IHA. Effects of a brief
mindfulness-meditation intervention on neural measures of response inhibition
in cigarette smokers. PLoS One. (2018) 13:e0191661. doi: 10.1371/journal.pone.
0191661

13. Wang D, Zhou C, Chang Y. Acute exercise ameliorates craving and inhibitory
deficits in methamphetamine: an ERP study. Physiol Behav. (2015) 147:38–46.
doi: 10.1016/j.physbeh.2015.04.008

14. Kamarajan C, Porjesz B, Jones KA, Chorlian DB, Padmanabhapillai A,
Rangaswamy M, et al. Spatial-anatomical mapping of NoGo-P3 in the offspring
of alcoholics: evidence of cognitive and neural disinhibition as a risk for
alcoholism. Clin Neurophysiol. (2005) 116:1049–61. doi: 10.1016/j.clinph.2004.
12.015

15. Miyake A, Friedman NP, Emerson MJ, Witzki AH, Howerter A, Wager TD.
The unity and diversity of executive functions and their contributions to complex
“frontal lobe” tasks: a latent variable analysis. Cogn Psychol. (2000) 41:49–100.
doi: 10.1006/cogp.1999.0734

16. Dinur-Klein L, Kertzman S, Rosenberg O, Kotler M, Zangen
A, Dannon PN. Response inhibition and sustained and attention in

Frontiers in Psychiatry 12 frontiersin.org

https://doi.org/10.3389/fpsyt.2022.940415
https://www.who.int/news-room/fact-sheets/detail/tobacco
https://doi.org/10.2217/WHE.12.63
https://doi.org/10.2217/WHE.12.63
https://doi.org/10.1007/s10862-005-0638-2
https://doi.org/10.1007/s10862-005-0638-2
https://doi.org/10.1093/ntr/nts080
https://doi.org/10.1186/s13104-017-2762-y
https://doi.org/10.1093/ntr/ntr163
https://doi.org/10.1093/ntr/ntr163
https://doi.org/10.1016/j.addbeh.2008.11.013
https://doi.org/10.1016/j.addbeh.2008.11.013
https://doi.org/10.1123/jpah.2019-0339
https://doi.org/10.1123/jpah.2019-0339
https://doi.org/10.1371/journal.pone.0110728
https://doi.org/10.1371/journal.pone.0110728
https://doi.org/10.1016/B978-0-444-64032-1.00036-9
https://doi.org/10.1371/journal.pone.0102672
https://doi.org/10.1371/journal.pone.0191661
https://doi.org/10.1371/journal.pone.0191661
https://doi.org/10.1016/j.physbeh.2015.04.008
https://doi.org/10.1016/j.clinph.2004.12.015
https://doi.org/10.1016/j.clinph.2004.12.015
https://doi.org/10.1006/cogp.1999.0734
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org/


fpsyt-13-940415 July 11, 2022 Time: 17:56 # 13

Kim et al. 10.3389/fpsyt.2022.940415

heavy smokers versus non-smokers. Isr J Psychiatry Relat Sci. (2014)
51:240–6.

17. Silva, GM, Almeida NL, Souto JJ, Rodrigues SJ, Fernandes TP, Santos NA.
Does chronic. smoking affect performance on a go/no-go task? Curr Psychol. (2021)
1–9. doi: 10.1007/s12144-020-01305-y

18. Yin J, Yuan K, Feng D, Cheng J, Li Y, Cai C, et al. Inhibition
control impairments in adolescent smokers: electrophysiological evidence from a
Go/NoGo study. Brain Imaging Behav. (2016) 10:497–505. doi: 10.1007/s11682-
015-9418-0

19. Luijten M, Littel M, Franken IH. Deficits in inhibitory control in smokers
during a Go/NoGo task: an investigation using event-related brain potentials. PLoS
One. (2011) 6:e18898. doi: 10.1371/journal.pone.0018898

20. Stanczyk NE, De Vries H, Candel MJJM, Muris JWM, Bolman CAW.
Effectiveness of video-versus text-based computer-tailored smoking cessation
interventions among smokers after one year. Prev Med. (2016) 82:42–50. doi:
10.1016/j.ypmed.2015.11.002

21. Heatherton TF, Kozlowski LT, Frecker RC, Fagerström KO. The
Fagerström test for nicotine dependence: a revision of the Fagerstrom tolerance
questionnaire. Br J Addict. (1991) 86:1119–27. doi: 10.1111/j.1360-0443.1991.tb01
879.x

22. Thomas S, Reading J, Shephard RJ. Revision of the physical
activity readiness questionnaire (PAR-Q). Can J Sport Sci. (1992) 17:
338–45.

23. Faul F, Erdfelder E, Lang AG, Buchner A. G∗ power 3: a flexible statistical
power analysis program for the social, behavioral, and biomedical sciences. Behav
Res Methods. (2007) 39:175–91. doi: 10.3758/BF03193146

24. Cox LS, Tiffany ST, Christen AG. Evaluation of the brief questionnaire of
smoking urges (QSU-brief) in laboratory and clinical settings. Nicotine Tob Res.
(2001) 3:7–16. doi: 10.1080/14622200020032051

25. Watson D, Clark LA. The Panas-X: Manual for the Positive and Negative Affect
Schedule-Expanded Form. Iowa, IA: University of Iowa (1994). doi: 10.17077/48vt-
m4t2

26. Perkins KA, Sexton JE, Solberg-Kassel RD, Epstein LH. Effects of nicotine
on perceived exertion during low-intensity activity. Med Sci Sports Exerc. (1991)
23:1283–8. doi: 10.1249/00005768-199111000-00014

27. Craig CL, Marshall AL, Sjöström M, Bauman AE, Booth ML, Ainsworth
BE, et al. International physical activity questionnaire: 12-country reliability
and validity. Med Sci Sports Exerc. (2003) 35:1381–95. doi: 10.1249/01.MSS.
0000078924.61453.FB

28. Jasper HH. The ten-twenty electrode system of the international federation.
Electroencephalogr Clin Neurophysiol. (1958) 10:370–5.

29. Roberts V, Maddison R, Simpson C, Bullen C, Prapavessis H. The acute
effects of exercise on cigarette cravings, withdrawal symptoms, affect, and smoking
behaviour: systematic review update and meta-analysis. Psychopharmacology.
(2012) 222:1–15. doi: 10.1007/s00213-012-2731-z

30. Daniel JZ, Cropley M, Fife-Schaw C. The effect of exercise in reducing
desire to smoke and cigarette withdrawal symptoms is not caused by
distraction. Addiction. (2006) 101:1187–92. doi: 10.1111/j.1360-0443.2006.01
457.x

31. Wohlwend M, Olsen A, Håberg AK, Palmer HS. Exercise intensity-dependent
effects on cognitive control function during and after acute treadmill running
in young healthy adults. Front Psychol. (2017) 8:406. doi: 10.3389/fpsyg.2017.
00406

32. Li X, Li W, Chen H, Cao N, Zhao B. Cigarette-specific disgust aroused by
smoking warning images strengthens smokers’ inhibitory control under smoking-
related background in Go/NoGo task. Psychopharmacology. (2021) 238:2827–38.
doi: 10.1007/s00213-021-05898-5

33. Zamani SN, Mansouri H, Fazilatpour M, Shamsai Z. A comparison of
attentional bias towards drug cues in addicts and non-addicts. Int J High Risk Behav
Addict. (2014) 3:e18669.

34. Garavan H, Hester R. The role of cognitive control in cocaine dependence.
Neuropsychol Rev. (2007) 17:337–45. doi: 10.1007/s11065-007-9034-x

35. Jones S, Paul ES, Dayan P, Robinson ES, Mendl M. Pavlovian influences
on learning differ between rats and mice in a counter-balanced Go/NoGo
judgement bias task. Behav Brain Res. (2017) 331:214–24. doi: 10.1016/j.bbr.2017.
05.044

36. Falkenstein M, Hoormann J, Hohnsbein J. ERP components in Go/Nogo
tasks and their relation to inhibition. Acta Psychol. (1999) 101:267–91. doi: 10.1016/
S0001-6918(99)00008-6

37. Buzzell, GA, Fedota JR, Roberts DM, McDonald CG. The N2 ERP component
as an index of impaired cognitive control in smokers. Neurosci Lett. (2014) 563:61–
5. doi: 10.1016/j.neulet.2014.01.030

38. Nieuwenhuis S, Yeung N, van den Wildenberg W, Ridderinkhof KR.
Electrophysiological correlates of anterior cingulate function in a Go/No-Go task:
effects of response conflict and trial type frequency. Cogn Affect Behav Neurosci.
(2003) 3:17–26. doi: 10.3758/CABN.3.1.17

39. Chen L, Zhou H, Gu Y, Wang S, Wang J, Tian L, et al. The neural correlates
of implicit cognitive bias toward internet-related cues in internet addiction: an ERP
study. Front Psychiatry. (2018) 9:421. doi: 10.3389/fpsyt.2018.00421

40. Jia H, Li H, Yu D. The relationship between ERP components and EEG
spatial complexity in a visual Go/Nogo task. J Neurophysiol. (2017) 117:275–83.
doi: 10.1152/jn.00363.2016

41. Polich J. Updating P300: an integrative theory of P3a and P3b. Clin
Neurophysiol. (2007) 118:2128–48. doi: 10.1016/j.clinph.2007.04.019

42. Tomporowski PD, Ellis NR. Effects of exercise on cognitive processes: a
review. Psychol Bull. (1986) 99:338–46. doi: 10.1037/0033-2909.99.3.338

43. Kamijo K, Nishihira Y, Hatta A, Kaneda T, Wasaka T, Kida T, et al. Differential
influences of exercise intensity on information processing in the central nervous
system. Eur J Appl Physiol. (2004) 92:305–11. doi: 10.1007/s00421-004-1097-2

44. Polich J, Kok A. Cognitive and biological determinants of P300: an integrative
review. Biol Psychol. (1995) 41:103–46. doi: 10.1016/0301-0511(95)05130-9

45. López-Martín S, Albert J, Fernández-Jaén A, Carretié L. Emotional
response inhibition in children with attention-deficit/hyperactivity disorder:
neural and behavioural data. Psychol Med. (2015) 45:2057–71. doi: 10.1017/
S0033291714003195

46. Tapert SF, Schweinsburg AD, Drummond S, Paulus MP, Brown SA, Yang TT,
et al. Functional MRI of inhibitory processing in abstinent adolescent marijuana
users. Psychopharmacology. (2007) 194:173–83. doi: 10.1007/s00213-007-0823-y

47. Shelov DV, Suchday S, Friedberg JP. A pilot study measuring the impact of
yoga on the trait of mindfulness. Behav Cogn Psychother. (2009) 37:595–8. doi:
10.1017/S1352465809990361

48. Gard T, Noggle JJ, Park CL, Vago DR, Wilson A. Potential self-regulatory
mechanisms of yoga for psychological health. Front Hum Neurosci. (2014) 8:770.
doi: 10.3389/fnhum.2014.00770

49. Thayer JF, Lane RD. A model of neurovisceral integration in emotion
regulation and dysregulation. J Affect Disord. (2000) 61:201–16. doi: 10.1016/
S0165-0327(00)00338-4

50. Isbel B, Lagopoulos J, Hermens D, Stefanidis K, Summers MJ. Mindfulness
improves attention resource allocation during response inhibition in older adults.
Mindfulness. (2020) 11:1500–10. doi: 10.1007/s12671-020-01364-z

51. Slagter HA, Lutz A, Greischar LL, Francis AD, Nieuwenhuis S, Davis JM, et al.
Mental training affects distribution of limited brain resources. PLoS Biol. (2007)
5:e138. doi: 10.1371/journal.pbio.0050138

52. Atchley R, Klee D, Memmott T, Goodrich E, Wahbeh H, Oken B. Event-
related potential correlates of mindfulness meditation competence. Neuroscience.
(2016) 320:83–92. doi: 10.1016/j.neuroscience.2016.01.051

53. Dong G, Zhou H, Zhao X. Impulse inhibition in people with internet
addiction disorder: electrophysiological evidence from a Go/NoGo study. Neurosci
Lett. (2010) 485:138–42. doi: 10.1016/j.neulet.2010.09.002

54. Goldstein A, Spencer KM, Donchin E. The influence of stimulus deviance
and novelty on the P300 and novelty P3. Psychophysiology. (2002) 39:781–90.
doi: 10.1111/1469-8986.3960781

55. Kok A. On the utility of P3 amplitude as a measure of processing capacity.
Psychophysiology. (2001) 38:557–77. doi: 10.1017/S0048577201990559

56. Anokhin AP, Golosheykin S. Neural correlates of response inhibition in
adolescents prospectively predict regular tobacco smoking. Dev Neuropsychol.
(2016) 41:22–37. doi: 10.1080/87565641.2016.1195833

57. Franken IH, van Strien JW, Franzek EJ, van de Wetering BJ. Error-processing
deficits in patients with cocaine dependence. Biol Psychol. (2007) 75:45–51. doi:
10.1016/j.biopsycho.2006.11.003

58. Rohde KB, Fey W, Moggi F, Koenig T, Luedi I, Duppenthaler L, et al.
Deficient processing of alcohol cues in the addicted brain: evidence from event-
related potential microstates. Clin Neurophysiol. (2020) 131:2224–35. doi: 10.1016/
j.clinph.2020.06.012

59. Wan L, Baldridge RM, Colby AM, Stanford MS. Association of P3 amplitude
to treatment completion in substance dependent individuals. Psychiatry Res. (2010)
177:223–7. doi: 10.1016/j.psychres.2009.01.033

Frontiers in Psychiatry 13 frontiersin.org

https://doi.org/10.3389/fpsyt.2022.940415
https://doi.org/10.1007/s12144-020-01305-y
https://doi.org/10.1007/s11682-015-9418-0
https://doi.org/10.1007/s11682-015-9418-0
https://doi.org/10.1371/journal.pone.0018898
https://doi.org/10.1016/j.ypmed.2015.11.002
https://doi.org/10.1016/j.ypmed.2015.11.002
https://doi.org/10.1111/j.1360-0443.1991.tb01879.x
https://doi.org/10.1111/j.1360-0443.1991.tb01879.x
https://doi.org/10.3758/BF03193146
https://doi.org/10.1080/14622200020032051
https://doi.org/10.17077/48vt-m4t2
https://doi.org/10.17077/48vt-m4t2
https://doi.org/10.1249/00005768-199111000-00014
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://doi.org/10.1007/s00213-012-2731-z
https://doi.org/10.1111/j.1360-0443.2006.01457.x
https://doi.org/10.1111/j.1360-0443.2006.01457.x
https://doi.org/10.3389/fpsyg.2017.00406
https://doi.org/10.3389/fpsyg.2017.00406
https://doi.org/10.1007/s00213-021-05898-5
https://doi.org/10.1007/s11065-007-9034-x
https://doi.org/10.1016/j.bbr.2017.05.044
https://doi.org/10.1016/j.bbr.2017.05.044
https://doi.org/10.1016/S0001-6918(99)00008-6
https://doi.org/10.1016/S0001-6918(99)00008-6
https://doi.org/10.1016/j.neulet.2014.01.030
https://doi.org/10.3758/CABN.3.1.17
https://doi.org/10.3389/fpsyt.2018.00421
https://doi.org/10.1152/jn.00363.2016
https://doi.org/10.1016/j.clinph.2007.04.019
https://doi.org/10.1037/0033-2909.99.3.338
https://doi.org/10.1007/s00421-004-1097-2
https://doi.org/10.1016/0301-0511(95)05130-9
https://doi.org/10.1017/S0033291714003195
https://doi.org/10.1017/S0033291714003195
https://doi.org/10.1007/s00213-007-0823-y
https://doi.org/10.1017/S1352465809990361
https://doi.org/10.1017/S1352465809990361
https://doi.org/10.3389/fnhum.2014.00770
https://doi.org/10.1016/S0165-0327(00)00338-4
https://doi.org/10.1016/S0165-0327(00)00338-4
https://doi.org/10.1007/s12671-020-01364-z
https://doi.org/10.1371/journal.pbio.0050138
https://doi.org/10.1016/j.neuroscience.2016.01.051
https://doi.org/10.1016/j.neulet.2010.09.002
https://doi.org/10.1111/1469-8986.3960781
https://doi.org/10.1017/S0048577201990559
https://doi.org/10.1080/87565641.2016.1195833
https://doi.org/10.1016/j.biopsycho.2006.11.003
https://doi.org/10.1016/j.biopsycho.2006.11.003
https://doi.org/10.1016/j.clinph.2020.06.012
https://doi.org/10.1016/j.clinph.2020.06.012
https://doi.org/10.1016/j.psychres.2009.01.033
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org/

	Changes in inhibitory control, craving and affect after yoga vs. aerobic exercise among smokers with nicotine dependence
	Introduction
	Materials and methods
	Participants
	Instruments
	Cognitive task
	Exercise interventions
	Procedure
	Electroencephalographic recording and processing
	Statistical analysis

	Results
	Manipulation check: Heart rates and rating of perceived exertion
	Assessment of craving and affect
	Behavioral measures
	Neuroelectric measures
	N2 mean amplitude and latency
	P3 mean amplitude and latency


	Discussion
	Craving and affect
	Cognitive performance
	Event-related potential measures
	Limitations
	Implications

	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


