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Objective: To investigate the influence of qigong on late positive potential, which was elicited by affective
pictures.
Methods: College students who met the inclusion criteria were enrolled and randomly allocated to the
qigong group, which received a four-week training (n ¼ 41) or the control group (n ¼ 41). All participants
were assessed before and after the training for event-related potential, which was elicited by negative,
neutral, and positive pictures. Electrodes at the centerline position of the frontal area (FCz), parietal area
(Pz), and occipital area (Oz) were analyzed.
Results: Negative, neutral, and positive pictures demonstrated statistically significant differences on FCz
(P < .001), Pz (P < .001), and Oz (P < .001). The interaction between the group factor and time factor was
statistically significant on Pz (P ¼ .028). The pairwise comparison of Pz on the time factor and group
factor showed that the amplitudes of the qigong group after training were smaller than before (P < .001),
and the amplitudes of the control group were not statistically significant (P ¼ .355).
Conclusion: Our results supported the conclusion that qigong practices could affect the emotional
regulation of college students. Qigong exercise weakens the emotional regulation of late positive po-
tential, which is sensitive to top-down affective modulation. The findings imply that the regulating effect
of qigong on emotions may be part of the reason why it is effective in reducing depression and anxiety
symptoms.
© 2021 Beijing University of Chinese Medicine. Production and hosting by Elsevier B.V. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

The emotional problems of college students are becoming
increasingly serious.1,2 Emotional disorders can cause a series of
problems, such as depression, anxiety, and sleep disturbance.3

Depressive symptoms are important psychological problems con-
cerning college students.4 Over 43.2% of college students reported
feeling very depressed and having difficulty working properly at
least once a year.5 This seriously affects the quality of their study
and life. Severe depression can lead to suicide.6 Therefore, sufficient
attention should be paid to the prevention of and intervention for
the emotional problems of college students.
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Recent studies have found that emotion regulation is a key cause
of depression and it is critically disrupted in those suffering from
depression.7,8 Effective methods of emotion regulation can be
found in mind-body exercises that can reduce depression and
anxiety symptoms.9‒11 Therefore, the presumptive emotion regu-
lation of mind-body exercises has aroused great interest in the
scientific community, especially in the field of neuroscience.12‒14

Studies have shown that the influence of meditation might trans-
fer to the non-meditative state, and meditation could reduce the
interference of negative emotions and make emotion regulation
easier.15‒17

The mind adjustment of qigong is also known as the refining of
the spirit or self-training, which aims at changing the daily state of
mind from the extrovert to the introvert state.18 In previous studies
we found that qigong can induce the alpha band rhythm response
and it may relieve emotional tension.19‒21 Therefore, we assume
that qigong practice will influence the emotional processing of
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college students when they are in the daily state.
Event-related potential (ERP) can sensitively reflect the

emotional process of stimuli, especially pictures, and provide an
appropriate tool for the study of emotional responses.22,23 In
particular, the late positive potential (LPP), which is a slow-wave
ERP component, becomes apparent about 300 ms after the stim-
ulus onset and is larger in both positive and negative pictures than
in neutral pictures.24 Recent studies have shown a strong correla-
tion between the amplitudes of LPP and emotional regulation.25,26

In cognitive reappraisal studies, when subjects were instructed to
reduce negative emotions, the LPP amplitude decreased, and when
subjects were instructed to enhance negative emotions, the LPP
amplitude increased.27,28

The LPP findings provide support for the view that meditation
affects emotional regulation. At high levels of processing, Buddhist
meditators were less affected by negative emotions.15 Dispositional
mindfulness meditators demonstrated lower amplitudes of LPP
which were elicited by high arousal negative stimuli.29 However,
Sahaja yogameditators found no differences in the LPP responses to
emotional images.30 Moreover, depressed individuals have sensi-
tive responses to affective pictures.31 Thus, we need more reliable
data to draw conclusions about the influence of mind-body exer-
cises on emotional processing. The goal of this study was to
investigate the effect of qigong on the LPP response to affective
pictures. We aimed to capture the changes on college students
before and after four weeks of qigong practice.
Methods

Ethical approval

The study design was approved by the Ethics Committee of
Beijing University of Chinese Medicine (BJZYYDX-LL2014005). All
participants were informed about the entire experiment procedure
and voluntarily signed a consent form. In accordance with the
Declaration of Helsinki, all participants had the right to withdraw
from the experiment at any time, and those who withdrew would
be treated as dropouts.
Trial design

This was a parallel randomized controlled trial. A set of random
numbers used for allocation were generated using a computer
program. According to the random number, participants were
assigned to either the qigong practice group or the control group.

In this study, participants were not clinical patients but ordinary
college students with no serious illnesses. We did not administer
any drug or provide any other clinical intervention to the partici-
pants. The ERP data collection caused no harm or pain. Because this
was a pilot study for the emotional regulationmechanism and not a
clinical trial, the protocol was not registered on a public platform.
Sample size

This was an exploratory experiment on the mechanism of
emotion regulation of qigong. Since there were no previous ERP
studies on qigong as a means of emotion regulation, we referred to
the minimum clinical sample size and intervention efficiency and
dropout rate of previous studies. 19e21 This study planned to select
35 people for each group based on previous intervention experi-
ence. Anticipating a 10% dropout rate, the final sample size was 80
in the two groups.
28
Participants

Inclusion criteria
The inclusion criteria were as follows: (1) college students aged

between 18 and 25; (2) volunteering to take part in the experiment;
(3) voluntarily signing the informed consent form and being able to
attend the qigong training on time; (4) promising to fill in the
training record form and cooperate with data collection; and (5)
being right-handed.

Exclusion criteria
The exclusion criteria were as follows: (1) having long experi-

ence in qigong, yoga, mindfulness, or any other kind of mind-body
exercise; (2) being a psychosis patient, having a history of psy-
chosis, or having a family history of psychosis; (3) having infectious
diseases; (4) having severe diseases of the respiratory, circulatory,
digestive, or motor systems; and (5) participating in any other
clinical trials.

Qigong training

At first, participants in the qigong group attended a 2-h class to
study the methods and skills of qigong. Subsequently, they were
required to practice qigong together every day from 21:00 to 21:30
for four weeks in a classroom. We used an audio recording to guide
the participants doing qigong. The audio recording contained three
parts. The first part was relaxing guidance to help the participants
prepare for the meditation. The second part was mind adjustment
for qigong including the guidance about scene creation, scene
operation, and scene immersion. The third part was guidance to
help the participants emerge from the scene that they had created
by themselves and return from the qigong state to the normal state.
The qigong instructors were required to attend the daily training
and answer questions from the participants.

The content for qigongmind adjustment was the same as that in
our previous research, and contained a three scene operation (“The
spring sunshine is warming my body,” “I am walking in the rose
bushes,” and “Every pore of mine is breathing freely”).19 The spe-
cific operation of qigong mind adjustment is as follows: (1) Prep-
aration: Follow the guide words and sit comfortably. Press the
tongue to the roof of the mouth, unfurl the brows, and close the
eyes. Relax all parts of the body one by one from top to bottom.
Switch the daily breathing pattern to deep breathing. (2) Scene
formation: Recall a scenary from the image presented during
training, and picture the scenary in a “in-the-moment”manner. (3)
Scene operation: Transform the “in-the-moment” scene into a self-
perceived ‘real’ dimension, without the unnecessary background,
keeping only elements which makes you calm and relaxed, and
magnify its presence. (4) Self immersion: Place yourself in this clear
and comfortable scene; immerse yourself in the experience and
feeling of this scene. Try to be one with the scene you imagined,
which reflects who you are, and forget all your stress and frustra-
tions. (5) Return to normal: With the guide word, slowly take
yourself out of the scene, gently open your eyes, and rub your hands
and face.

The schematic video of the relevant content of the qigong mind
adjustment mentioned above (scene formation, scene operation
and self immersion) can be found in the Supplementary Data.

Supplementary video related to this article can be found at
https://doi.org/10.1016/j.jtcms.2021.01.005

ERP experiment

All the participants were required to attend the ERP experiment
twice. The first experiment was performed before the qigong group
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started training. The second experiment was conducted four weeks
later after the qigong group finished training.
Stimuli
One hundred and twenty pictures were selected for this ERP

experiment from the Chinese Affective Picture System, which
contains standardized emotional stimulation material created in
China based on the International Affective Picture System.32,33

These included 40 positive pictures, such as those of babies, cute
animals, and beautiful moments in sports; 40 neutral pictures, such
as those of stationery, daily necessities, and architecture; and 40
negative pictures, such as those of snakes, disasters, and accident
scenes. The stimuli were presented in the center of the color display
using E-prime 2.0 (Psychology Software Tools Inc., Sharpsburg, PA).
The distance between the participants’ eyes and the screen was
approximately 80 cm.
Procedure
The ERP experiment was carried out in a soundproof roomwith

dark curtains to avoid light. The temperature was maintained at
22e26 �C and the humidity was 22e42%. The participants were
required towash their scalps and enter the test room after their hair
was dried. Scrub cream was used to remove the skin cutin. During
the experiment, participants sat in comfortable chairs and were
required to turn off their mobile phones. After the experiment
began, no sound or conversation was allowed except when par-
ticipants felt unwell.

After wearing the electrode cap, participants were asked to look
carefully at the information that appeared on the screen and follow
the given instructions, which described the experimental
procedure.

Fig. 1 illustrates the single trial sequence flow of this experi-
ment. All the stimuli were displayed on a white background. Each
trial began with a fixation (þ) visible for 800 ms, followed by a
neutral, positive, or negative picture for 1500 ms. The different
categories of pictures were presented in a pseudorandom order.
Subsequently, participants would assess the picture that had just
disappeared by pressing a button on the keyboard: the “SPACE” key
denoted neutral pictures, the “F” key denoted positive pictures, and
the “J” key denoted negative pictures. Participants were requested
to not press the button before the picture disappeared to avoid the
artifact from upper limb movement affecting the LPP. After the
choice was made, a blank screen appeared for a random duration
(800e1200 ms), followed by a fixation for the next trial.

All 120 pictures were presented twice during the task. There
Fig. 1. Procedure used in the event
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were 246 trials in total. The first six trials were not used for further
analyses. There was a break of 1 min after every 60 trials.
Data collection and analysis
The electroencephalogram signals were collected by the

Nuamps 40-channel EEG/ERP signal recording and analysis system
produced by Neuroscan Inc. (Charlotte, NC), and Ag/AgCl electrode
caps (QUIK-CAP 37) for the 10e20 systemwere used. The reference
electrode was placed at the left mastoid and the ground electrode
was placed on the medial frontal area. The two electrodes for
recording an electrooculogram (EOG) signal were placed 1 cm
above the left eyebrow and 1 cm below the left eye, and the two
electrodes for recording the horizontal EOG were placed 1 cm be-
side the outer canthus of each eye. The impedance of each electrode
was reduced to less than 5 kU for a time not exceeding 30 min. The
sampling rate of the EEG recording was 1000 Hz. For the off-line
analysis, the reference electrode was converted from the left mas-
toid to the average of the bilateral mastoid (A1, A2). Blink artifacts
were corrected with the ocular artifact reduction procedure.34 The
low pass filtering was set at 30 Hz. The raw EEG data were
segmented by markers of different stimuli categories (negative,
neutral, and positive). For each epoch, the data for 600 ms after
each stimuli marker were included in the analysis, and that for
200 ms before the stimuli marker were taken as baseline data. The
epochs containing or exceeding ±100 mV amplitudes were
excluded.
Statistical analyses

The time window selected for the LPP average amplitude was
300e600 ms. The data of the frontal area (FCz), parietal area (Pz),
and occipital area (Oz) were included in the analysis (Fig. 2). We
measured the mean amplitude values for each category (negative,
neutral, and positive) for the qigong group and control group. A 2
(qigong group and control group) � 3 (negative, neutral, and pos-
itive emotional stimuli) � 2 (before and after qigong training)
repeated-measures analysis of variance were performed for the
FCz, Pz, and Oz electrodes. The Greenhouse-Geisser procedures
were used to correct for significant differences in sphericity and
Bonferroni procedures were used to correct for pairwise compari-
son. P < .05 was considered statistically significant. The de-
mographic data of the participants were expressed as mean
(standard deviation). The ERP data were expressed as mean
(standard error of the mean) using SPSS software (Version 22.0,
IBM, Armonk, NY).
-related potential experiment.



Fig. 2. Electrodes distribution of scalp.
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Results

Participant flow diagram

The participants were recruited from the Beijing University of
Chinese Medicine (Beijing, China) in March 2017. Of the 108 cases,
21 did not satisfy the inclusion criteria, and 5 could not finish the
tests. Finally, 82 participants were recruited and randomly allo-
cated to the qigong group (n ¼ 41) or the control group (n ¼ 41).
Four participants dropped out of the study due to personal reasons
in the qigong group, and three participants could not be contacted
in the control group. Therefore, the ERP data of these seven par-
ticipants could not be collected after the training. In order to be able
to perform repeated-measures ANOVA, the seven participants were
not included in the analysis. The final number of participants was
37 (26 females; 21.02 (2.36) years old) in the qigong group and 38
(26 females; 21.45 (2.51) years old) in the control group. The qigong
group received 30 min of qigong training daily for four weeks. The
control group did not receive any training and their lifestyle was
unaltered (Fig. 3).
Event-related potential

In this study, we selected three types of pictures including
positive, neutral, and negative, which were significantly different in
the valence dimension (F¼ 1295.93, P < .05; 7.02 (0.28), 5.52 (0.33),
and 2.43 (0.57) in positive, neutral, and negative, respectively). The
within-subjects effect analysis of variance showed that there was a
statistically significant difference on the emotional stimuli factor of
the FCz (F ¼ 21.756, P < .001), Pz (F ¼ 91.233, P < .001), and Oz
(F¼ 70.831, P< .001). The pairwise comparison of each electrode on
emotional stimuli is depicted in Fig. 4. The within-subjects effect
analysis of variance showed that there was a statistically significant
difference on the time factor of the FCz (F ¼ 17.368, P < .001), Pz
(F ¼ 12.649, P ¼ .001), and Oz (F ¼ 4.364, P ¼ .04). The pairwise
comparison of the FCz on the time factor showed that the mean
amplitudes after training was smaller than before (P < .001), the
pairwise comparison of the Pz on the time factor showed that the
mean amplitudes after training was smaller than before (P ¼ .001),
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and the pairwise comparison of the Oz on the time factor showed
that the mean amplitudes after training was larger than before
(P ¼ .04). The interaction between the time factor and group factor
was statistically significant on the Pz (F ¼ 5.053, P ¼ .028). The
pairwise comparison of the Pz on the time factor and group factor
showed that the mean amplitudes of the qigong group after
training was smaller than before (P < .001), and the mean ampli-
tudes of the control groupwas not statistically significant (P¼ .355).
The interaction between the emotional stimuli factor, time factor,
and group factor was not statistically significant on the FCz
(F ¼ 2.275, P ¼ .11), Pz (F ¼ 0.134, P ¼ .866), and Oz (F ¼ 0.360,
P ¼ .678). Pairwise comparison of each electrode before and after
training on different emotional stimuli is depicted in Fig. 5.

Safety assessment

No adverse reactions related with qigong training were
reported.

Discussion

Qigong is a part of the essence of traditional Chinese culture and
is considered a treasure of the Chinese nation. Qigong therapy is an
important part of traditional Chinese medicine. With thousands of
years of development history, qigong therapy is still applied in
clinical practice and has attracted increasing attention from med-
ical science.18 Most scholars define qigong as the skill of a mind and
body exercise that integrates the three adjustments of mind, body,
and breath into one.35 One of the main applications of the qigong
mind-regulating technology in modern times is to regulate emo-
tions, that is, through the use of consciousness and perception on
the theme of thinking, benign thinking content gradually replaces
the disorderly psychological activities in consciousness and ach-
ieves the mental realm of the integration of mind and body in the
scene, in order to get rid of the interference of emotions.19

The present visual ERP study provided evidence of the brain’s
emotional processing in college students before and after qigong
practice. In contrast to the control participants, we found that the
students who received the intervention of qigong training showed
significant differences on the LPP components of visual ERP using
affective pictures. ERP is a complex indicator of brain function
mechanism, and its waveform contains a great deal of information.
The results were different because of the inherent differences in
people, stimuli, and tasks.36 Different emotional pictures can
induce different ERP components. One of the components of ERP
closely related to emotion is LPP.24 Compared with neutral pictures,
larger LPP amplitudes can be elicited using pleasant and unpleasant
pictures.37 Our results also confirmed a pattern wherein the three
types showed a statistically significant difference on emotional
stimuli, and the mean amplitudes elicited by the neutral stimuli
were smaller than those elicited by the negative and positive
stimuli on the FCz, Pz, and Oz. The FCz electrode was located on the
prefrontal cortex, which plays an important role in emotional
processing. Neuroimaging studies of major depression have iden-
tified neurophysiological abnormalities in the prefrontal
cortex.38e41 People with depression have an impaired ability to
divert their attention. This attentional control process is associated
with the dysfunction of the dorsolateral prefrontal cortex,42 and
blood flow in the prefrontal cortex can predict the response of
depression to repetitive transcranial magnetic stimulation.43

Qigong exercise weakens the emotional regulation of the LPP,
which is sensitive to the top-down affective modulation.44 The
qigong group demonstrated lower positivity after the training than
the control group, indicating that qigong may reduce the demand
of cognitive and emotional processing of the affective picture.36,45



Fig. 3. Flow diagram of study subject recruitment.

Fig. 4. Pairwise comparisons of late positive potential mean amplitudes of the FCz, Pz,
and Oz electrodes on negative, neutral, and positive stimuli.
Notes: FCz, Pz, and Oz refer to the middle line of frontal central area, parietal area, and
occipital area.
Data are expressed as mean (standard error of the mean) using repeated-measures
analysis of variance
*P < .05, **P < .01 indicate comparisons between negative, neutral, and positive
stimuli in three areas with statistical significance.
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Mindful attention also demonstrates a similar phenomenon
wherein reduced activity of the amygdala in response to affective
stimuli could be found in people who have been trained in mindful
attention.16

In addition to the FCz, the Pz electrode, which is located above
the parietal cortex, is closely related to emotion.46 The parietal
31
cortex is responsible for regulating sensation, taste, touch, sexual
impulse, physical coordination, body cognition, cognitive process-
ing of sensory language, spatial perception, and other functions.
The lateral parietal cortex is directly associated with other regions
of the brain, such as the prefrontal cortex and temporal cortex, and
it receives projected fibers from the lateral medial nasal side and
lateral medial temporal lobe. Recent research has found that the
posterior parietal cortex is a core area associated with emotional
regulation.47 Studies show that maximum amplitudes can be found
on the parietal cortex, which is related to emotional brain circuits
and depressive state regulation.36,48,49 An fMRI study about
cognitive regulation of depression found that participants with
depression symptoms showed smaller activations in the parietal
cortex when they did not focus on the emotional stimuli.50 In our
results, the qigong group demonstrated smaller amplitudes of the
Pz on negative, neutral, and positive stimuli after the training than
the control group. Combined with the specific function of the pa-
rietal region, it can be concluded that qigong training may reduce
the feelings experienced by college students when faced with af-
fective stimuli. However, we did not find a statistically significant
difference between the two groups before and after training for the
Oz electrode, which was located above the visual cortex. This may
be because qigong training mainly regulates emotional processing
rather than weakening the processing of visual signals.

Meanwhile, some limitations of this study should be noted. The
duration of qigong training was four weeks. Additional effects may
be found from long-term training. Moreover, because of the dis-
advantages of an EEG, we did not obtain data with high spatial
resolution. Our team will conduct a study with a longer interven-
tion period as the next step to explore the emotional regulation



Fig. 5. Pairwise comparison of late positive potential mean amplitudes of the FCz, Pz, and Oz electrodes in two groups before and after training on negative, neutral, and positive
stimuli.
Notes: FCz, Pz, and Oz refer to the middle line of frontal central area, parietal area, and occipital area.
Data are expressed as mean (standard error of the mean) using repeated-measures analysis of variance.
*P < .05 indicates intragroup comparisons with statistical significance.
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effect of qigong, and the EEG-fMRI synchronous detection method
will be used to increase spatial resolution.
Conclusion

The results of this study support the concept that qigong prac-
tices improve the capacity for emotional regulation in college stu-
dents. Our ERP evidence suggested that qigong exercise weakens
the emotional regulation of LPP, which is sensitive to the top-down
affective modulation. In this study, we attempted to explore the
emotional regulation effect of qigong on college students from the
perspective of neuroscience, and laid a foundation for further
explaining the mechanism of qigong mind adjustment and its
clinical application.
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