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ABSTRACT
Although exercise training has been shown to enhance neurological function, there is
a shortage of research on how exercise training affects the temporal-spatial
synchronization properties of functional networks, which are crucial to the
neurological system. This study recruited 23 professional and 24 amateur dragon
boat racers to perform simulated paddling on ergometers while recording EEG. The
spatiotemporal dynamics of the brain were analyzed using microstates and omega
complexity. Temporal dynamics results showed that microstate D, which is
associated with attentional networks, appeared significantly altered, with significantly
higher duration, occurrence, and coverage in the professional group than in the
amateur group. The transition probabilities of microstate D exhibited a similar
pattern. The spatial dynamics results showed the professional group had lower brain
complexity than the amateur group, with a significant decrease in omega complexity
in the a (8–12 Hz) and β (13–30 Hz) bands. Dragon boat training may strengthen the
attentive network and reduce the complexity of the brain. This study provides
evidence that dragon boat exercise improves the efficiency of the cerebral functional
networks on a spatiotemporal scale.
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INTRODUCTION
Moderate exercise is shown to boost cognitive abilities, such as memory and attention, and
reduce the risk of neurological issues; an understanding of the importance of exercise for
brain functional networks is growing in the fields of neuroscience and sports medicine
(Slomski, 2019). The brain’s functional state involves multiple neurophysiological features
(Herold et al., 2019; Voss et al., 2010), but the spatial and temporal characteristics of how
brain networks change after exercise are still unknown.

Electroencephalography (EEG) offers a valuable tool for studying the brain dynamics.
In recent years, EEG microstates have emerged as a promising neurophysiological tool and
have been widely used to observe and evaluate the dynamic features of brain networks in
the millisecond time dimension (de Bock et al., 2020). These microstates of the brain, also
called the “atoms of thought,” have a rich set of potential neurophysiological parameters in
their time series that closely reflect the temporal and spatial characteristics of the brain’s
electrical activity (Britz, Van De Ville & Michel, 2010). EEG microstates, characterized by
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brief periods of stable scalp potential topographies, are thought to reflect the functional
states of large-scale brain networks (Khanna et al., 2015). These microstates are typically
classified into four main classes, labeled A–D, each with distinct spatial and temporal
characteristics (Koenig et al., 2002). Microstate A is associated with resting-state networks
and default mode activity, reflecting introspective processes and mind wandering (Custo
et al., 2017). Microstate B is often linked to visual processing and sensory perception (Van
de Ville, Britz & Michel, 2010), while microstate C is related to attentional processes and
cognitive control (Custo et al., 2017). Microstate D has been implicated in higher-order
cognitive functions, including memory encoding and retrieval (Van de Ville, Britz &
Michel, 2010). Microstate features can be described using parameters such as duration,
occurrence rate, contribution, and transition probability, reflecting the level of microstate
transitions and the stability and activation trend of the underlying neuro components in
different microstate classes (Kim et al., 2021). Research has shown that microstate
abnormalities are closely related to the pathological processes of various cognitive function
disorders, such as Alzheimer’s disease (Chu et al., 2020), schizophrenia classification (da
Cruz et al., 2020), and depression (Zhao et al., 2022). However, the correlation between
exercise and EEG microstate changes is currently underexplored. Spring, Tomescu &
Barral (2017) found that after acute exercise, the duration and stability of microstate C
increased and the transition probability from microstates B and D to microstate C
increased. Gu et al. (2022) showed that in resting state, the duration, occurrence rate, and
coverage rate of microstate D in professional sharpshooters were significantly higher than
those in amateur sharpshooters, and the likelihood of transition from other microstates to
microstate D was the highest. A recent study demonstrated that playing team sports
increased the duration of microstate C in depressive college students and improved the
transition probability from microstate B to microstate D (Liang et al., 2021).

EEG rhythm with different frequency bands reflect distinct neural processes (Başar
et al., 1999). Delta waves (0.5–4 Hz) are associated with deep sleep and cognitive processes
such as memory consolidation (Bernardi et al., 2019). Theta oscillations (4–8 Hz) have
been implicated in attention, working memory, and cognitive control (Ociepka et al.,
2024). Alpha waves (8–12 Hz) are prominent during relaxation and are thought to inhibit
irrelevant brain regions, facilitating focused attention (Mahjoory et al., 2019). Beta
oscillations (12–30 Hz) are associated with alertness and active thinking, while gamma
oscillations (30–100 Hz) are involved in higher cognitive functions such as sensory
processing and perception. Previous research has shown that exercise can modulate brain
activity across various frequency bands (Fang et al., 2022). Given the relevance of these
frequency bands to cognitive function and exercise-induced brain changes, we have
selected delta, theta, alpha, beta, and gamma frequencies for analysis in our study. In
addition to microstates, EEG complexity, which evaluates the degree of coordination
between different brain regions based on spatial distribution, is a new research hotspot in
neuroscience. EEG complexity reflects spatial architecture of the dynamic functional
network of the brain (Sun et al., 2020). Research has shown that abnormal changes in EEG
complexity are closely related to various diseases such as schizophrenia (Zhang et al.,
2021), depression (Čukić et al., 2020), and Alzheimer’s disease (Yang et al., 2013).
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Traditional EEG measurement methods based on chaos or nonlinear system theory in
spectrum analysis, such as the Intrinsic Fuzzy Entropy method (Valencia et al., 2019) and
Lempel Ziv Complexity (Borowska, 2021), can only describe the complexity of
single-channel time series, and cannot characterize the coordinated changes reflecting
brain functional status in the whole brain or specific regions. Recently, as a non-referenced
measurement method, omega complexity has attracted wide attention from neuroscience
researchers (Gao et al., 2017). Omega complexity is calculated using Fourier transform,
which computes the entropy of the λ spectrum of the EEG data cross-spectrum matrix at
each frequency point, quantifying the characteristic of dynamic synchronization between
different brain areas/channels, including multi-channel, full-time, whole-brain, or local
representation of the spatial features of brain functional status. Previous research has
shown that sleep deprivation can cause a decrease in β−2 (20–30 Hz) and γ (30–45 Hz)-
wave full-brain omega complexity in a subclinical depression group, and complexity
characteristics can be used as early diagnostic indicators for depression (Zhao et al., 2022).
Given the relevance of these frequency bands to cognitive function and exercise-induced
brain changes, we have selected delta, theta, alpha, beta, and gamma frequencies for
analysis in our study.

Dragon boat racing is a traditional water sport that originated from the dragon culture
of China over 2,000 years ago and has now become a popular international water sports
event (Ho et al., 2013). A dragon boat race involves 20 paddlers, a drummer, and a
steersperson who propel a long canoe-like boat over a race distance of 200 to 2,000 m.
Studies have shown that dragon boating has a positive impact on the physical, functional,
psychological, and social challenges faced by breast cancer survivors, including enhancing
meaning and purpose, self-confidence, self-esteem, sense of control, and social interaction
(Iacorossi et al., 2019; van Someren & Palmer, 2003). Dragon boating involves both aerobic
and anaerobic exercise. Ho et al. (2013) conducted simulated 200 and 500 m races with 11
male national dragon boat athletes in Japan, and the results showed that the aerobic energy
supply of these athletes surpassed 50%. Other research has shown that anaerobic capacity
is a more sensitive indicator for evaluating elite athletes during paddling sprinting (van
Someren & Palmer, 2003). The 1,000-m race is a widely recognized and frequently used
distance in dragon-boat competitions, providing a well-established benchmark for
assessing performance and physiological responses. This distance strikes a balance between
capturing the high-intensity aspects of the sport and allowing participants to sustain the
effort for a duration that is relevant to our study objectives. While other distances, such as
200, 500, or 2,000 m, are also used in dragon-boat racing, the 1,000-m distance was
deemed suitable for our investigation due to its prevalence in competitions and its
representation of a challenging yet manageable duration for acute exercise effects.

Dragon-boat racing is characterized by dynamic nature, involving high-intensity
paddling bursts interspersed with brief recovery periods. This dynamic and demanding
form of exercise combines elements of both aerobic and anaerobic activities. Unlike
traditional aerobic exercises, which typically involve sustained moderate-intensity
activities, dragon-boat racing requires rapid bursts of power and coordination, akin to
anaerobic exercises. However, the prolonged duration of dragon-boat races also places
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demands on aerobic endurance, distinguishing it from purely anaerobic activities.
Research on high-intensity interval training (HIIT) has demonstrated its beneficial effects
on cardiovascular fitness, metabolic health, and cognitive function (Martland et al., 2020;
Mekari et al., 2020). Despite this, the neural mechanisms underlying these effects,
particularly in the context of acute exercise, remain less understood (Wu et al., 2022).
Drawing parallels between dragon-boat training and HIIT allows us to leverage existing
HIIT literature to inform our interpretation of the neural changes observed following
dragon-boat exercise. Additionally, dragon-boat training involves coordinated movements
of the upper body, core stability, and cardiovascular conditioning. This activity requires
synchronized paddling in response to auditory cues, promoting both physical and
cognitive engagement. Dragon-boat training has been associated with various cognitive
and psychological benefits, including improved attention, executive function, and mood
(Wu et al., 2023; Xu et al., 2021). Investigating its effects on neural activity is therefore of
particular interest for understanding the underlying mechanisms of these cognitive
enhancements. In terms of neural markers, EEG-derived measures, such as microstate
analysis and complexity metrics, were selected due to their sensitivity to temporal
dynamics and global connectivity patterns of brain activity (Gao et al., 2017; Khanna et al.,
2015). Microstate analysis provides insights into the functional organization of the brain by
identifying stable states of neural activity, while complexity metrics offer a quantitative
assessment of the brain’s information processing capacity. By examining changes in these
neural markers following dragon-boat training, we aim to elucidate how specific physical
activities impact brain function at both the macroscopic and microscopic levels.

This study aims to investigate the impact of dragon-boat training on brain function
using EEG. To explore the reshaping effect of exercise at multiscale (spatial and temporal)
levels on large-scale brain networks, this study recruited professional dragon boat athletes
and ordinary university students and conducted a 1,000-m paddling test. The subjects’
EEG data were collected before and after exercise, and changes in microstates and brain
spatial complexity were observed. We hypothesize that participation in dragon-boat
training will result in specific changes in neural activity, cognitive function, and related
outcomes compared to more traditional exercise modalities. Specifically, we anticipate
that individuals engaging in dragon-boat training will exhibit enhanced neural
synchronization, improved cognitive performance, and greater functional connectivity
within brain networks associated with attention and motor control. These effects are
expected to be evident both acutely following a single training session and longitudinally
over time with regular training participation.

METHODS
Participants
A power analysis was conducted to determine the minimum detectable effect for a
repeated measure, within-between interaction, ANOVA sample size calculation using
G*Power 3.1 (Faul et al., 2007). The study utilized values of a = 0.05, power = 0.80, effect
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size f = 0.25 (corresponding to *η2 = 0.5), with two groups (professional and amateur
groups) and four measurements (pre-post measurements × microstate type) in a priori
type of power analysis. The effect size of f = 0.25 was chosen based on previous studies and
meta-analyses that reported medium effect sizes for the acute effects of exercise on EEG
and cognitive functions (Chang et al., 2012; Smith et al., 2010). The minimum sample size
required was determined to be N = 36. A total of 50 right-handed male participants were
recruited for the study, including 25 professional and 25 amateur dragon boat athletes,
from Shanghai Maritime University. All the professional dragon boat athletes were
high-level athletes who participated in the National University Dragon Boat
Championships: six at National Level 1 and 18 at National Level 2. The basic information
on the subjects is summarized in Table 1. All participants were healthy with no history of
mental illness or major injuries. Study approval was obtained from the Ethics Board of
Shaanxi Normal University (No. 202116012) in accordance with the Declaration of
Helsinki. All subjects signed an informed consent form on site after understanding the
procedure and purpose of this experiment.

Experimental equipment and procedures
This study used a comparative experimental design to investigate the impact of dragon
boat training on brain function in both professional and amateur groups. The flow chart of
the experiment is illustrated in Fig. 1.

Participants underwent resting EEG signal collection on two separate occasions: once
30 min before and once 15 min after a single dragon boat training session. After the initial
EEG data collection, participants performed a 10-min warm-up, followed by a 1,000-m
dragon boat simulation training session. This distance is common in dragon boat
competitions, serving as a well-established benchmark for assessing both performance and
physiological responses for dragon boat athletes. The D1-M dragon boat dynamometer
(KayakPro, Miami, FL, USA) was used to simulate dragon boat training, offering a
range of resistance levels from 0 to 9. To replicate the dragon boat race experience, the
1,000-m test distance was completed using the highest wind resistance level (9th gear) as
the exercise load. After the training session, EEG data were collected again after a 15-min
rest period.

Table 1 Demographic information of participants (mean ± SD).

Index Results

Amateur group (N = 23) Professional group (N = 24)

Age (years) 20.23 ± 1.59 20.36 ± 1.01

Height (cm) 172.87 ± 4.13 183.36 ± 5.75

Weight (kg) 72.80 ± 9.84 84.50 ± 9.53

Training years (years) 0.71 ± 0.36 4.57 ± 1.23

Simulation test results (s) 434.86 ± 37.79 344.78 ± 30.80
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EEG acquisition and preprocessing
The EEG data collection took place between 9:00–11:00 in the morning in a quiet,
noise-free, indoor setting. The EEG data was collected using the Brain Vision Recorder and
Neuroscan EEG recorder, with 32 EEG caps placed according to the international 10–20
standard system. Thirty-two channels were recorded using a band-pass filter of 0.1–100 Hz
and continuous sampling at 1,024 Hz. M1 and M2 of the left and right mastoid
processes were used as references, with electrode scalp resistance minimized to less
than 10 kΩ. Before EEG data collection, participants were instructed to clean their
heads and avoid using hair attachments. During EEG recording, participants sat
comfortably in a dimly-lit, noiseless, and electrically-shielded room, with eyes closed to
minimize artifacts.

The EEG data was preprocessed using MATLAB’s open-source toolkit, EEGLAB
(Version R2013b; EEGLAB, San Diego, CA, USA). A sampling rate of 500 Hz was applied,
and band-pass and notch filters were used to eliminate artifacts. The data was segmented
into 2,000-millisecond intervals, and independent component analysis was used to remove
non-physiological artifacts. EEG amplitude values exceeding ±100 µV were removed, and a
common average reference value was calculated post-artifact removal. Finally, the clean
EEG data was saved for further processing.

EEG microstate analysis
In this study, the microstate analysis followed the methods of previous studies by
performing digital bandpass filtering from two to 20 Hz on the processed EEG data

Figure 1 Experimental flow chart. Full-size DOI: 10.7717/peerj.17623/fig-1
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(Lehmann et al., 2005; Schlegel et al., 2012). For the microstate analysis, the multichannel
EEG signal was considered a series of instantaneous topographies of electric potentials.
The maximum signal-to-noise ratio points were identified by calculating the global field
power (GFP) for each terrain in the time series. The GFP at each time point was equivalent
to the root mean squared on electrodes:

GFP tð Þ ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Pn
i¼1

viðtÞ � �vðtÞð Þ2

n

vuuut

where vi(t) is the voltage at electrode i at time t, �vðtÞ is the mean voltage across all
electrodes at time t, and n is the number of electrodes.

The EEG was further analyzed at the GFP peak. The microstate analyses were based on
the Topographic Atomize and Agglomerate Hierarchical Clustering (T-AAHC) algorithm
(Brunet, Murray & Michel, 2011). The T-AAHC algorithm was used for topology
identification and cross-validation was used to determine the optimal number of clusters.
In the EEG microstate analysis, parameters were set in the EEGLAB tool, as follows: the
minimum number of classes was set to four, the maximum number of classes was set to six,
with 10 restarts and a maximum of 100 maps used. For the label smoothing window and
non-smoothness penalty, a window of 150 milliseconds and a non-smoothness penalty of
0.2 were applied. Global explanation variance (GEV) was used to judge the fitting effect,
with a higher value indicating a better fit. The spatial correlation between cluster-level
microstate classification topographies was used to determine the sequence of microstate
classification. Finally, each original map was allocated to an EEG microstate using the
maximum spatial correlation coefficient between the original map tested and the
group-level microstate map.

Omega complexity analysis
The omega complexity of EEG was calculated using the method proposed by Gao et al.
(2017), which involves transforming 2-s segments from all electrodes to the frequency
domain using Fourier transforms and computing the cross-spectral matrices for the 30
channels. The resulting omega complexity ranges from one to K and reflects the spatial
complexity of a given set of EEGs (Gao et al., 2017; Kondakor et al., 2005). A smaller omega
value indicates high synchronization with a single mode, while a larger value indicates
poor synchronization with multiple modes.

C ¼ 1
N

XN
i¼1

ui � uTi

where K is the number of electrodes and N is the EEG signal length.
Then the eigenvalue λ1,…, λk of the covariance matrix C was calculated. Next, the

normalized feature k0i was calculated, as follows:

k0i ¼
kiP
ki
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The definition of omega was defined as follows:

log �ð Þ ¼ �
X

k0i � logðk0iÞ
Using that definition of omega, the omega (�) spatial complexity was calculated, as

follows:
To calculate the omega complexity for each subject, the values for each frequency point

were averaged over epochs, and the complexity of the δ (1–4 Hz), θ (4–7 Hz), a−1 (8–10
Hz), a−2 (10–13 Hz), β (13–30 Hz), and γ (30–45 Hz) bands was calculated. Each
frequency band’s global complexity was also determined.

Statistical analysis
All the statistical analyses were performed using SPSS (23.0; SPSS, Inc., Chicago, IL, United
States). The Wilcoxon test was used for non-normally distributed data. A three-way
repeated-measures analysis of variance (ANOVA) with two groups (amateur group and
professional group) × two times (pre-test and post-test) × four microstates (A, B, C, D) was
performed for the duration, occurrence, contribution, and transition probability of each
microstate. Separate two-way ANOVAwith two groups (professional and amateur groups)
× two times (pre-test and post-test) was also performed for the omega complexities in each
frequency band. The level of significance was set at p < 0.05. The Bonferroni-corrected
method was performed for post hoc testing of significant main effects to minimize the risk
of type I error. Effect size in all ANOVA analyses was reported by partial eta squared (η2),
where 0.05 represents a small effect, 0.10 represents a medium effect, and 0.20 represents a
large effect (Faul et al., 2009).

RESULTS
EEG microstate
Due to physical limitations, three participants were not included in the final experiment,
making the final study population 47, including 23 amateurs and 24 professional dragon
boaters. To compare the characteristics of the fitted microstate sequences for each group,
the proportion of four representative microstates was calculated before and after a single
dragon boat exercise. EEG data from both groups of participants were analyzed to
determine any differences in their microstate patterns. The results are shown in Fig. 2.
Before the dragon boat exercise, there was no significant difference in GEV between the
amateur group and the professional group (73.039% ± 0.047 vs. 73.249% ± 0.055,
p = 0.575). There was also no significant difference in GEV value between the two groups
after the single dragon boat exercise (71.245% ± 0.071 vs. 72.432% ± 0.062, p = 0.625).

Comparison of EEG microstate time parameters
The duration, occurrence, and coverage of microstate results are shown in Table 2.

The duration results showed that the main effect of group (amateur vs. professional) was
not significant (F(1, 90) = 0.140, p = 0.709, η2 = 0.002); the main effect of time was not
significant (F(1, 90) = 0.214, p = 0.645, η2 = 0.002); but the main effect of microstates class
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was significant (F(3, 88) = 3.711, p = 0.014, η2 = 0.112). Post hoc analysis showed that the
duration of microstate D was significantly higher for the professional group than the
amateur group before training. In the amateur group, the duration of microstate C was
significantly longer after exercise than it was before exercise.

The occurrence results indicated that the main effect of group was not significant (F(1,
90) = 3.197, p = 0.077, η2 = 0.034); the main effect of time was not significant (F(1,
90) = 0.049, p = 0.826, η2 = 0.001); the main effect of microstates class was not significant
(F(1, 90) = 2.963, p = 1.419, η2 = 0.016); but there was a significant interaction between
microstates class and group (F(3, 90) = 3.705, p = 0.028, η2 = 0.003). A simple effect
analysis showed that after exercise, the occurrence of microstate D in the professional
group was significantly higher than in the amateur group.

The contribution results showed that the main effect of group was not significant
(F(1, 90) = 0.303, p = 0.584, η2 = 0.003); the main effect of time was not significant
(F(1, 47) = 0.351, p = 0.555, η2 = 0.004); the main effect of microstates class was not
significant (F(3, 88) = 2.972, p = 0.327, η2 = 0.038); but there was a significant
interaction effect between microstate type and group (F(3, 88) = 3.930, p = 0.009,
η2 = 0.042). A simple effect analysis showed that the contribution of microstate D in the
professional group was significantly higher than in the amateur group both before and
after exercise.

Figure 2 Group level mapping of EEG microstates in two groups of participants pre- and
post-dragon boat exercise. (A–D) represent the four clustering states of microstates (A–D), respec-
tively; pre: pre-dragon boat exercise; post: post-dragon boat exercise. The color scheme was determined
based on the global field power (GFP) values. Full-size DOI: 10.7717/peerj.17623/fig-2
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Comparison of microstate transition probability
Since the microstate transition probability data was not normally distributed, the
Mann-Whitney U test was used to compare the transition probabilities of various groups,
while theWilcoxon signed-rank test was used to compare the transition probabilities of the
same group before and after exercise. The statistical results are presented in the
Supplemental File. The transitions of the four types of microstates are illustrated in Fig. 3.

Before the exercise, the professional group had a higher probability of converting from
microstate A to microstate D (Z= −2.42, p = 0.01) than the amateur group. After exercise,
the professional group had a significantly higher probability of converting from C to D
than the control group (Z= −2.43, p = 0.01). In the amateur group, after exercise, the
transition probabilities from A to B (Z = −2.159, p = 0.03) were significantly lower and the
transition probabilities from B to C (Z = −2.19, p = 0.03) were significantly higher than
before the exercise. In the professional group, compared to before exercise, the transition
probability from microstate D to C (Z = −2.029, p = 0.043) in the professional group was
significantly reduced and the transition probability from B to C was significantly increased
(Z = −2.229, p = 0.026) after exercise.

Omega complexity
Omega complexity results are shown in Table 3.

Table 2 Microstate results before and after single simulation training for professional and amateur groups.

Time parameters Pre Post Cohen’s d
Amateur vs. professional

Amateur Professional Amateur Professional Before After

Total time (s) 294.843 ± 47.525 322.467 ± 26.599 283.779 ± 56.069 303.613 ± 37.332 −0.717 −0.416

Duration (s)

A 0.073 ± 0.018 0.072 ± 0.010 0.074 ± 0.021 0.070 ± 0.011 0.068 0.239

B 0.065 ± 0.019 0.068 ± 0.022 0.061 ± 0.008 0.066 ± 0.012 −0.146 −0.490

C 0.063 ± 0.012 0.064 ± 0.015 0.071 ± 0.017* 0.065 ± 0.012 −0.074 0.408

D 0.064 ± 0.016 0.073 ± 0.013# 0.070 ± 0.020 0.069 ± 0.032 −0.617 0.037

Mean duration 0.071 ± 0.007 0.073 ± 0.011 0.072 ± 0.006 0.069 ± 0.009 −0.217 0.392

Occurrence

A 3.982 ± 1.212 3.384 ± 1.523 3.900 ± 1.321 3.297 ± 1.139 0.434 0.489

B 3.556 ± 1.470 3.920 ± 1.508 3.267 ± 1.062 3.428 ± 1.128 −0.244 −0.147

C 3.281 ± 1.245 3.875 ± 1.280 3.482 ± 1.474 3.955 ± 1.081 −0.470 −0.366

D 3.767 ± 1.306 3.695 ± 1.713 3.653 ± 0.992 4.326 ± 0.835# 0.047 −0.734

Mean occurrence 14.572 ± 1.231 14.784 ± 1.634 14.429 ± 1.088 15.007 ± 1.486 −0.147 −0.444

Contribution (%)

A 0.278 ± 0.138 0.259 ± 0.136 0.243 ± 0.153 0.248 ± 0.084 0.139 −0.041

B 0.230 ± 0.138 0.279 ± 0.165 0.206 ± 0.086 0.218 ± 0.010 −0.322 −0.196

C 0.204 ± 0.100 0.250 ± 0.132 0.237 ± 0.133 0.276 ± 0.128 −0.393 −0.299

D 0.268 ± 0.148 0.320 ± 0.123# 0.250 ± 0.089 0.292 ± 0.154# −0.382 −0.333

Note:
#Paired samples t-test; *Independent samples t-test; # and * indicate: p < 0.05 for a statistical difference.
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Figure 3 Comparison of microstate transition results before and after the dragon boat exercise in the
professional and amateur groups. (A–D) The four clustering states of microstates (A–D) respectively;
pre: pre-dragon boat exercise; post: post-dragon boat exercise. Red arrow: increase, blue arrow: decrease.
An asterisk (*) indicates: p < 0.05 for a statistical difference.

Full-size DOI: 10.7717/peerj.17623/fig-3

Table 3 Comparison of the differences in global spatial complexity between the two groups before and after the dragon boat training session.

Frequency band Pre Post Cohen’s d
AG vs. PG

Amateur group Professional group Amateur group Professional group Pre Post

Delta 4.038 ± 0.530 3.946 ± 0.755 4.265 ± 0.637 3.991 ± 0.467 0.141 0.491

Theta 4.130 ± 0.528 4.095 ± 0.750 4.343 ± 0.635 4.096 ± 0.456 0.054 0.447

Alpha-1 4.241 ± 0.534 3.875 ± 0.567* 4.431 ± 0.660 4.087 ± 0.401* 0.665 0.630

Alpha-2 4.146 ± 0.522 4.012 ± 0.750 4.529 ± 0.563# 4.163 ± 0.469* 0.207 0.706

Beta-1 4.122 ± 0.521 4.011 ± 0.724 4.343 ± 0.630 4.100 ± 0.458 0.176 0.441

Beta-2 4.087 ± 0.520 3.967 ± 0.715 4.320 ± 0.577# 4.053 ± 0.440* 0.192 0.520

Gamma-1 4.095 ± 0.523 3.981 ± 0.711 4.332 ± 0.619 4.067 ± 0.439 0.183 0.494

Notes:
Pre: before dragon boat exercise; Post: after dragon boat exercise. #Paired samples t-test; *Independent samples t-test; # and * indicate: p < 0.05 for a statistical difference.
AG, Amateur Group; PG, Professional Group.
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a−1 (8–10 Hz): The main effect of group was significant (F(1, 90) = 9.872, p = 0.002,
η2 = 0.099), with post-hoc analysis revealing that the omega complexity of the professional
group was significantly lower than that of the control group before and after the
intervention, with p values of 0.024 and 0.034, respectively. The main effect of time was not
significant (F(1, 90) = 3.173, p = 0.078, η2 = 0.034), and the interaction effect between time
and group was not significant (F(1, 90) = 0.009, p = 0.923, η2 < 0.000).

a−2 (10–13 Hz): The main effect of group was significant (F(1, 90) = 4.800, p = 0.031,
η2 = 0.041), with post-hoc analysis showing that the omega complexity of the professional
group was significantly lower than that of the control group after the intervention
(p = 0.026). The main effect of time was significant (F(1, 90) = 5.490, p = 0.021, η2 = 0.057)
and further revealed that the omega intensity of the amateur (control) group was
significantly higher after the intervention than before (p = 0.021).

β (13–30 Hz): The main effect of group was significant (F(1, 90) = 4.398, p = 0.039,
η2 = 0.047), with post-hoc analysis showing that the omega complexity of the professional
group was significantly lower than that of the control group after the intervention
(p = 0.027), and the complexity of the amateur group was significantly higher after the
intervention than before (p = 0.046). The interaction between group and time was not
significant (F(1, 90) = 1.182, p = 0.280, η2 = 0.013).

δ (1–4 Hz): The main effects of group (F(1, 90) = 2.148, p = 0.146, η2 = 0.023), time
(F(1, 90) = 1.171, p = 0.282, η2 = 0.013), and the interaction between group and time
(F(1, 90) = 0.522, p = 0.472, η2 = 0.006) were not significant.

θ (4–7 Hz): The main effects of group (F(1, 90) = 1.270, p =0.263, η2 = 0.014), time
(F(1, 90) = 0.737, p =0.393, η2 = 0.008), and the interaction between group and time
(F(1, 90) = 0.733, p = 0.394, η2 = 0.008) were not significant.

γ (30–45 Hz): The main effects of group (F(1, 90) =1.817, p = 0.181, η2 = 0.020), time
(F(1, 90) = 2.492, p = 0.118, η2 = 0.027), and the interaction between group and time
(F(1, 90) = 0.397, p = 0.530, η2 = 0.004) were not significant.

DISCUSSION
This study explores the effects of acute dragon boat exercise on the spatiotemporal
dynamics of brain neural activity using EEG. The findings suggest that a singular dragon
boat exercise session significantly improves the functional network of the brain and
enhances its dynamic coordination across diverse temporal and spatial scales. Moreover,
this heightened brain synchronization persisted at elevated levels even following intense,
full-strength paddling.

Resting-state EEG microstates have become a biological marker for diagnosing various
diseases (Khanna et al., 2015). However, despite studies that have applied microstates to
the evaluation of cognitive load and fatigue (Guan et al., 2022), their application in the field
of exercise is in its infancy. Microstate D has been shown to be associated with
attention-related (Custo et al., 2017). Previous studies have identified microstate D as a
frontal area network that maintains attention and cognitive control (Brechet et al., 2019;
Custo et al., 2017). The duration of microstate D is assumed to reflect the activation of the
attentional system, and its variability should be considered together with the co-regulation
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of microstate C (Custo et al., 2017). The results of this study showed that the duration and
coverage of microstate D in the professional group were both significantly higher than in
the amateur group before exercise, which is consistent with the conclusion of (Gu et al.,
2022). Gu et al. (2022) observed changes in the brain EEG of elite and expert archers during
resting state and the aiming period and found that the duration, frequency, and coverage of
microstate D were all higher in the expert group.

Many underlying mechanisms may be involved in the effects of dragon boat training on
EEG microstates. One possible mechanism at play is neural plasticity (Dayan & Cohen,
2011). The influence of dragon boat training on microstate D may be related to permanent
changes in the brain synaptic events caused by continuous learning and motor skill
memory. The activating effect of the attention network may also help explain the
differences in microstate D observed among different groups of participants undergoing
dragon boat training. Recent research has indicated that the regional activation of
microstate D is associated with the frontal attention network (Spring, Tomescu & Barral,
2017), which is a functional system activated by attention tasks (Fumoto et al., 2010).
Recent studies have shown that traditional Chinese mind-body exercise (Baduanjin) and
brisk walking can activate the dorsal attention network of the brain and improve the level
of attention in patients with mild cognitive impairment (Xia et al., 2019). This evidence
suggests that dragon boat exercise may activate and continuously strengthen the activity of
the dorsal attention network in the brain, which is constantly reinforced by relevant
cognitive tasks.

The regional activation of microstate C, primarily in the anterior insula/frontal
operculum and anterior cingulate cortex, is closely associated with the salience network,
which plays a crucial role in the brain’s ability to switch between the central executive and
default mode networks (Sridharan, Levitin &Menon, 2008). It was hypothesized that acute
dragon boat training affects microstate C because of its co-regulatory role with microstate
D in attention maintenance and cognitive control (Seitzman et al., 2017). Consistent with
this hypothesis, the duration of microstate C in the amateur group significantly increased
after exercise. This finding is in line with the findings of Spring, Tomescu & Barral (2017)
and their subsequent observations: the temporal parameters of microstate C did not
recover to baseline during a 60-min passive recovery period, and the reorganization of
temporal parameters of the microstate C after exercise may reflect the activation status of
the anterior insula and anterior cingulate cortex (Spring, Bourdillon & Barral, 2018). The
salience network consists of two key nodes, the anterior insula and the anterior cingulate
cortex, which receive and interpret somatosensory input from the cardiovascular
(autonomic) and muscular systems, respectively (Menon, 2015). Research has shown that
signals from the muscle (via the spinal cortical pathway (Enders & Nigg, 2016; Yang et al.,
2010)) and cardiovascular system (via vagal nerve input; (Benarroch, 2020)) during
physical exercise gain prominence in sustained body sensation and autonomic information
flow. The changes in microstate C induced by dragon boat training, as observed in the
present study, may involve the activation of the ipsilateral sensorimotor area and cingulate
gyrus and alterations in autonomic function or activation of the salience network through
the anterior insula. These changes could be the results of changes in autonomic function or
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of peripheral muscle fatigue (Spring, Tomescu & Barral, 2017) and its effect on activation
in these brain regions. Furthermore, while acute exercise can effectively activate the
salience network, the effect of an exercise intervention on microstate C may depend on the
type of exercise. A study examining spontaneous EEG activity after a mountain
ultra-marathon observed a significant decrease in the mean duration and time coverage of
microstate C, indicating that overtraining may lead to desensitization of the salience
network’s negative feedback loop (muscle metabolic accumulation, inflammation
information; (Spring et al., 2022). These changes to microstate C were the opposite of those
observed in the present study.

The present study found that before exercise, the transition from microstate A to
microstate D in the professional group was significantly higher than in the amateur group.
This may be an underlying factor for the increase in the duration and coverage of
microstate D observed in the professional dragon boat group before exercise. After
exercise, the transition probabilities from microstate B to D and from C to D were
significantly higher in the professional group than in the amateur group, while the
transition probability from D to C was significantly lower in the professional group than in
the amateur group. These results suggest that the professional group had a smaller decrease
in attention level after the dragon boat training, which may because the long-term training
of the professional athletes enhanced the baseline state of attention networks in the brain.
In the amateur group after exercise, the transition probabilities frommicrostate A to B and
from B to D were significantly lower than before exercise, while the transition probability
from microstate B to microstate C was significantly higher than before exercise. These
results indicate that acute high-intensity dragon boat training promotes the transfer of
other networks to the salience network and the dorsal attention network in response to the
exercise training. Spring (2018) reported a correlation between peripheral muscle fatigue
(which can cause a decrease in cortical muscle coupling) and an increase in the average
duration of microstate C during a single acute training task.

Spring (2018) also found that the communication of the autonomic nervous system
induced by exercise was considered a potential regulator of spontaneous heart rate
adjustment and static EEG microstate. The effects of dragon boat exercise on various time
parameters and transition probabilities of microstates observed in this study may be
related to muscle or autonomic nervous system changes. However, more research is
needed to elucidate other mechanisms by which exercise-induced changes in microstates
occur.

The measurement of brain entropy indicates the degree of orderliness in the brain,
which can reveal the level of synchronization and temporal changes across different brain
regions in response to stimuli. As such, brain entropy has been recognized as a valuable
biological marker for diagnosing neurological disorders (Jacob & Nair, 2019).

Complexity has also become a hot topic in exercise science research (Wang et al., 2019;
Zhu, 2021) and is often employed as an important reference index for elucidating the
central nervous system mechanisms underlying exercise performance. Research has
shown that exercise training can effectively reduce the complexity level of the
brain and complexity is negatively correlated with exercise performance. Studies
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by Babiloni et al. (2010b) and Del Percio et al. (2010) have shown that professional athletes
have more concentrated information in their brains, greater orderliness, and higher
anti-interference ability. Babiloni et al. (2010a) conducted a series of studies analyzing
scalp EEG activity in professional athletes, amateur athletes, and ordinary people to
compare the efficiency of the underlying neural synchronization mechanism. They found
that the basal-cortical neural synchronization efficiency of professional athletes during
closed-eye rest was enhanced in the alpha rhythm of the brain’s electrical activity,
suggesting that the brains of professional athletes have higher neural efficiency. The
findings of the present study (Table 3) show that before exercise, the professional group
had lower complexity in all seven frequency bands compared to the control group, and the
difference in the alpha-1 band was significant. These results suggest that the brains of elite
athletes have higher neural efficiency. This may be due to two possible mechanisms: (1)
long-term dragon boat training may cause persistent changes in the neural discharge rate,
synapses, and brain topography of the primary motor cortex, promoting greater
coordination, stability, and order in different functional brain networks as well as
enhanced synergistic effects between networks; (2) long-term dragon boat training may
also be related to increased brain metabolism and enhanced cardiovascular function,
which may increase oscillatory changes in brain electrical activity, attention, and alertness,
as well as enhance cortical and performance efficiency (Hogan et al., 2015). Notably,
compared to the amateur (control) group, the professional group showed significantly
lower complexity in the alpha-2 and beta-2 bands, suggesting that long-term dragon boat
training can effectively reduce the complexity induced by high-intensity exercise (which
may be related to exercise fatigue), possibly because of an improvement in the efficiency of
neural synchronization in the underlying background of basic brain electrical activity.

Previous research on the relationship between exercise and complexity has primarily
focused on whole-brain complexity and the alpha band frequency (Pedroso et al., 2021).
This study is the first to observe changes in complexity in different frequency bands (seven
bands) and brain regions (frontal and posterior). The results showed that before exercise,
the professional group had significantly lower alpha-1 and beta-2 complexity in the frontal
region compared to the control group; after exercise, alpha-1, alpha-2, and beta-1
complexity in the frontal region were significantly lower in the professional group than in
the control group. Notably, both before and after exercise, the differences in complexity
between the two groups were mainly concentrated in the alpha and beta frequency bands,
and all of the different regions were concentrated in the anterior region of the brain,
suggesting that the long-term impact of dragon boat training on the brain mainly focuses
on the alpha and beta frequency bands in the frontal (prefrontal and temporal) regions of
the brain. Recent research has indicated that acute exercise can increase the excitability
of the motor cortex and enhance the motor learning ability of healthy individuals, known
as the exercise start-up effect (Li et al., 2019). Performing oddball paradigms and transient
oscillatory brain activity tasks during moderate to high-intensity aerobic training can
increase power across the entire spectrum (Ciria et al., 2019). Given the negative
correlation between the power spectrum and complexity, this study provides new evidence
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from the perspective of complexity changes to elucidate the mechanisms underlying the
exercise start-up effect.

While this study provides valuable insights into immediate changes in neural activity
and cognition, it does not capture the potential long-term adaptations that may result from
prolonged participation in dragon boat racing. To address this limitation and further
advance the field, future longitudinal studies that delve into the chronic effects of dragon
boat training are recommended. Longitudinal research could explore how sustained
engagement in this unique exercise modality impacts neural plasticity, cognitive function,
and other relevant outcomes over an extended period. Such studies would contribute to a
more comprehensive understanding of the cumulative effects of dragon boat training on
brain health and function. Additionally, investigating potential moderating factors, such as
individual differences in fitness levels, training intensity, and duration of engagement in
dragon boat racing, could enhance our understanding of the variability in responses to this
exercise modality over time.

CONCLUSION
A single dragon boat training session reshapes brain network function, as evidenced by an
increase in the frequency and coverage of microstate D and its transition probability and a
decrease in omega complexity throughout the brain. This study’s findings on the
reorganization effects of dragon boat training on the microstate and complexity of EEG
may offer new direct evidence for the mechanisms underlying dragon boat training’s
ability to promote brain health. The results of this study suggest that dragon boat training
can be used to enhance individual cognitive health or treat cognitive functional disorders
or other brain disorders.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
The authors received no funding for this work.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions
. Hongke Jiang conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
article, and approved the final draft.

. Shanguang Zhao conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
article, and approved the final draft.

. Qianqian Wu performed the experiments, prepared figures and/or tables, authored or
reviewed drafts of the article, and approved the final draft.

. Yingying Cao performed the experiments, authored or reviewed drafts of the article, and
approved the final draft.

Jiang et al. (2024), PeerJ, DOI 10.7717/peerj.17623 16/22

http://dx.doi.org/10.7717/peerj.17623
https://peerj.com/


. Wu Zhou performed the experiments, authored or reviewed drafts of the article, and
approved the final draft.

. Youwu Gong performed the experiments, authored or reviewed drafts of the article, and
approved the final draft.

. Changzhuan Shao performed the experiments, authored or reviewed drafts of the article,
and approved the final draft.

. Aiping Chi conceived and designed the experiments, performed the experiments,
authored or reviewed drafts of the article, and approved the final draft.

Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

This research was obtained from the Ethics Board of Shaanxi Normal University (No.
202116012) in accordance with the Declaration of Helsinki, Committee.

Data Availability
The following information was supplied regarding data availability:

The data is available in the Supplemental File.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.17623#supplemental-information.

REFERENCES
Babiloni C, Marzano N, Iacoboni M, Infarinato F, Aschieri P, Buffo P, Cibelli G, Soricelli A,

Eusebi F, Del Percio C. 2010a. Resting state cortical rhythms in athletes: a high-resolution EEG
study. Brain Research Bulletin 81(1):149–156 DOI 10.1016/j.brainresbull.2009.10.014.

Babiloni C, Marzano N, Infarinato F, Iacoboni M, Rizza G, Aschieri P, Cibelli G, Soricelli A,
Eusebi F, Del Percio C. 2010b. “Neural efficiency” of experts’ brain during judgment of actions:
a high-resolution EEG study in elite and amateur karate athletes. Behavioural Brain Research
207(2):466–475 DOI 10.1016/j.bbr.2009.10.034.

Başar E, Başar-Eroğlu C, Karakaş S, Schürmann M. 1999. Are cognitive processes manifested in
event-related gamma, alpha, theta and delta oscillations in the EEG? Neuroscience Letters
259(3):165–168 DOI 10.1016/S0304-3940(98)00934-3.

Benarroch EE. 2020. Physiology and pathophysiology of the autonomic nervous system.
Continuum 26(1):12–24 DOI 10.1212/con.0000000000000817.

Bernardi G, Betta M, Ricciardi E, Pietrini P, Tononi G, Siclari F. 2019. Regional delta waves in
human rapid eye movement sleep. Journal of Neuroscience 39(14):2686–2697
DOI 10.1523/JNEUROSCI.2298-18.2019.

Borowska M. 2021.Multiscale permutation Lempel-Ziv complexity measure for biomedical signal
analysis: interpretation and application to focal EEG signals. Entropy (Basel) 23(7):832
DOI 10.3390/e23070832.

Brechet L, Brunet D, Birot G, Gruetter R, Michel CM, Jorge J. 2019. Capturing the
spatiotemporal dynamics of self-generated, task-initiated thoughts with EEG and fMRI.
Neuroimage 194:82–92 DOI 10.1016/j.neuroimage.2019.03.029.

Jiang et al. (2024), PeerJ, DOI 10.7717/peerj.17623 17/22

http://dx.doi.org/10.7717/peerj.17623#supplemental-information
http://dx.doi.org/10.7717/peerj.17623#supplemental-information
http://dx.doi.org/10.7717/peerj.17623#supplemental-information
http://dx.doi.org/10.1016/j.brainresbull.2009.10.014
http://dx.doi.org/10.1016/j.bbr.2009.10.034
http://dx.doi.org/10.1016/S0304-3940(98)00934-3
http://dx.doi.org/10.1212/con.0000000000000817
http://dx.doi.org/10.1523/JNEUROSCI.2298-18.2019
http://dx.doi.org/10.3390/e23070832
http://dx.doi.org/10.1016/j.neuroimage.2019.03.029
http://dx.doi.org/10.7717/peerj.17623
https://peerj.com/


Britz J, Van De Ville D, Michel CM. 2010. BOLD correlates of EEG topography reveal rapid
resting-state network dynamics. Neuroimage 52(4):1162–1170
DOI 10.1016/j.neuroimage.2010.02.052.

Brunet D, Murray MM, Michel CM. 2011. Spatiotemporal analysis of multichannel EEG:
CARTOOL. Computational Intelligence and Neuroscience 2011:813870
DOI 10.1155/2011/813870.

Chang Y-K, Labban JD, Gapin JI, Etnier JL. 2012. The effects of acute exercise on cognitive
performance: a meta-analysis. Brain Research 1453(1–2):87–101 1453
DOI 10.1016/j.brainres.2012.02.068.

Chu C, Wang X, Cai L, Zhang L, Wang J, Liu C, Zhu X. 2020. Spatiotemporal EEG microstate
analysis in drug-free patients with Parkinson’s disease. NeuroImage: Clinical 25(11):102132
DOI 10.1016/j.nicl.2019.102132.

Ciria LF, Luque-Casado A, Sanabria D, Holgado D, Ivanov PC, Perakakis P. 2019. Oscillatory
brain activity during acute exercise: tonic and transient neural response to an oddball task.
Psychophysiology 56(5):e13326 DOI 10.1111/psyp.13326.

ČukićM, StokićM, Radenković S, LjubisavljevićM, Simić S, SavićD. 2020.Nonlinear analysis of
EEG complexity in episode and remission phase of recurrent depression. International Journal
of Methods in Psychiatric Research 29(2):e1816 DOI 10.1002/mpr.1816.

Custo A, Van De Ville D, Wells WM, Tomescu MI, Brunet D, Michel CM. 2017.
Electroencephalographic resting-state networks: source localization of microstates. Brain
Connectivity 7(10):671–682 DOI 10.1089/brain.2016.0476.

da Cruz JR, Favrod O, Roinishvili M, Chkonia E, Brand A, Mohr C, Figueiredo P, Herzog MH.
2020. EEG microstates are a candidate endophenotype for schizophrenia. Nature
Communications 11:3089 DOI 10.1038/s41467-020-16914-1.

Dayan E, Cohen LG. 2011. Neuroplasticity subserving motor skill learning. Neuron 72(3):443–454
DOI 10.1016/j.neuron.2011.10.008.

de Bock R, Mackintosh AJ, Maier F, Borgwardt S, Riecher-Rössler A, Andreou C. 2020. EEG
microstates as biomarker for psychosis in ultra-high-risk patients. Translational Psychiatry
10(1):300 DOI 10.1038/s41398-020-00963-7.

Del Percio CD, Infarinato F, Iacoboni M, Marzano N, Soricelli A, Aschieri P, Eusebi F,
Babiloni C. 2010. Movement-related desynchronization of alpha rhythms is lower in athletes
than non-athletes: a high-resolution EEG study. Clinical Neurophysiology 121(4):482–491
DOI 10.1016/j.clinph.2009.12.004.

Enders H, Nigg BM. 2016. Measuring human locomotor control using EMG and EEG: current
knowledge, limitations and future considerations. European Journal of Sport Science
16(4):416–426 DOI 10.1080/17461391.2015.1068869.

Fang Q, Fang C, Li L, Song Y. 2022. Impact of sport training on adaptations in neural functioning
and behavioral performance: a scoping review with meta-analysis on EEG research. Journal of
Exercise Science & Fitness 20(3):206–215 DOI 10.1016/j.jesf.2022.04.001.

Faul F, Erdfelder E, Buchner A, Lang AG. 2009. Statistical power analyses using G*Power 3.1:
tests for correlation and regression analyses. Behavior Research Methods 41(4):1149–1160
DOI 10.3758/BRM.41.4.1149.

Faul F, Erdfelder E, Lang A-G, Buchner A. 2007. G* Power 3: a flexible statistical power analysis
program for the social, behavioral, and biomedical sciences. Behavior Research Methods
39(2):175–191 DOI 10.3758/BF03193146.

Fumoto M, Oshima T, Kamiya K, Kikuchi H, Seki Y, Nakatani Y, Yu X, Sekiyama T, Sato-
Suzuki I, Arita H. 2010. Ventral prefrontal cortex and serotonergic system activation during

Jiang et al. (2024), PeerJ, DOI 10.7717/peerj.17623 18/22

http://dx.doi.org/10.1016/j.neuroimage.2010.02.052
http://dx.doi.org/10.1155/2011/813870
http://dx.doi.org/10.1016/j.brainres.2012.02.068
http://dx.doi.org/10.1016/j.nicl.2019.102132
http://dx.doi.org/10.1111/psyp.13326
http://dx.doi.org/10.1002/mpr.1816
http://dx.doi.org/10.1089/brain.2016.0476
http://dx.doi.org/10.1038/s41467-020-16914-1
http://dx.doi.org/10.1016/j.neuron.2011.10.008
http://dx.doi.org/10.1038/s41398-020-00963-7
http://dx.doi.org/10.1016/j.clinph.2009.12.004
http://dx.doi.org/10.1080/17461391.2015.1068869
http://dx.doi.org/10.1016/j.jesf.2022.04.001
http://dx.doi.org/10.3758/BRM.41.4.1149
http://dx.doi.org/10.3758/BF03193146
http://dx.doi.org/10.7717/peerj.17623
https://peerj.com/


pedaling exercise induces negative mood improvement and increased alpha band in EEG.
Behavioural Brain Research 213(1):1–9 DOI 10.1016/j.bbr.2010.04.017.

Gao F, Jia H, Wu X, Yu D, Feng Y. 2017. Altered resting-state EEG microstate parameters and
enhanced spatial complexity in male adolescent patients with mild spastic diplegia. Brain
Topography 30(2):233–244 DOI 10.1007/s10548-016-0520-4.

Guan K, Zhang Z, Chai X, Tian Z, Liu T, Niu H. 2022. EEG based dynamic functional
connectivity analysis in mental workload tasks with different types of information. IEEE
Transactions on Neural Systems and Rehabilitation Engineering 30:632–642
DOI 10.1109/TNSRE.2022.3156546.

Gu F, Gong A, Qu Y, Xiao H, Wu J, Nan W, Jiang C, Fu Y. 2022. Research on top archer’s EEG
microstates and source analysis in different states. Brain Sciences 12(8):1017
DOI 10.3390/brainsci12081017.

Herold F, Törpel A, Schega L, Müller NG. 2019. Functional and/or structural brain changes in
response to resistance exercises and resistance training lead to cognitive improvements—a
systematic review. European Review of Aging and Physical Activity 16(1):10
DOI 10.1186/s11556-019-0217-2.

Hogan MJ, O’Hora D, Kiefer M, Kubesch S, Kilmartin L, Collins P, Dimitrova J. 2015. The
effects of cardiorespiratory fitness and acute aerobic exercise on executive functioning and EEG
entropy in adolescents. Frontiers in Human Neuroscience 9:538
DOI 10.3389/fnhum.2015.00538.

Ho SR, Smith RM, Chapman PG, Sinclair PJ, Funato K. 2013. Physiological and physical
characteristics of elite dragon boat paddlers. Journal of Strength and Conditioning Research
27(1):137–145 DOI 10.1519/JSC.0b013e318252f612.

Iacorossi L, Gambalunga F, Molinaro S, De Domenico R, Giannarelli D, Fabi A. 2019. The
effectiveness of the sport “dragon boat racing” in reducing the risk of lymphedema
incidence: an observational study. Cancer Nursing 42(4):323–331
DOI 10.1097/NCC.0000000000000615.

Jacob JE, Nair GK. 2019. EEG entropies as estimators for the diagnosis of encephalopathy.
Analog Integrated Circuits and Signal Processing 101(3):463–474
DOI 10.1007/s10470-019-01545-4.

Khanna A, Pascual-Leone A, Michel CM, Farzan F. 2015. Microstates in resting-state EEG:
current status and future directions. Neuroscience & Biobehavioral Reviews 49:105–113
DOI 10.1016/j.neubiorev.2014.12.010.

Kim K, Duc NT, Choi M, Lee B. 2021. EEG microstate features according to performance on a
mental arithmetic task. Scientific Reports 11(1):343 DOI 10.1038/s41598-020-79423-7.

Koenig T, Prichep L, Lehmann D, Sosa PV, Braeker E, Kleinlogel H, Isenhart R, John ER. 2002.
Millisecond by millisecond, year by year: normative EEG microstates and developmental stages.
Neuroimage 16(1):41–48 DOI 10.1006/nimg.2002.1070.

Kondakor I, Toth M, Wackermann J, Gyimesi C, Czopf J, Clemens B. 2005. Distribution of
spatial complexity of EEG in idiopathic generalized epilepsy and its change after chronic
valproate therapy. Brain Topography 18(2):115–123 DOI 10.1007/s10548-005-0280-z.

Lehmann D, Faber PL, Galderisi S, Herrmann WM, Kinoshita T, Koukkou M, Mucci A,
Pascual-Marqui RD, Saito N, Wackermann J, Winterer G, Koenig T. 2005. EEG microstate
duration and syntax in acute, medication-naive, first-episode schizophrenia: a multi-center
study. Psychiatry Research: Neuroimaging 138(2):141–156
DOI 10.1016/j.pscychresns.2004.05.007.

Jiang et al. (2024), PeerJ, DOI 10.7717/peerj.17623 19/22

http://dx.doi.org/10.1016/j.bbr.2010.04.017
http://dx.doi.org/10.1007/s10548-016-0520-4
http://dx.doi.org/10.1109/TNSRE.2022.3156546
http://dx.doi.org/10.3390/brainsci12081017
http://dx.doi.org/10.1186/s11556-019-0217-2
http://dx.doi.org/10.3389/fnhum.2015.00538
http://dx.doi.org/10.1519/JSC.0b013e318252f612
http://dx.doi.org/10.1097/NCC.0000000000000615
http://dx.doi.org/10.1007/s10470-019-01545-4
http://dx.doi.org/10.1016/j.neubiorev.2014.12.010
http://dx.doi.org/10.1038/s41598-020-79423-7
http://dx.doi.org/10.1006/nimg.2002.1070
http://dx.doi.org/10.1007/s10548-005-0280-z
http://dx.doi.org/10.1016/j.pscychresns.2004.05.007
http://dx.doi.org/10.7717/peerj.17623
https://peerj.com/


Liang A, Zhao S, Song J, Zhang Y, Zhang Y, Niu X, Xiao T, Chi A. 2021. Treatment effect of
exercise intervention for female college students with depression: analysis of
electroencephalogram microstates and power spectrum. Sustainability 13(12):6822
DOI 10.3390/su13126822.

Li X, Charalambous CC, Reisman DS, Morton SM. 2019. A short bout of high-intensity exercise
alters ipsilesional motor cortical excitability post-stroke. Topics in Stroke Rehabilitation
26(6):405–411 DOI 10.1080/10749357.2019.1623458.

Mahjoory K, Cesnaite E, Hohlefeld FU, Villringer A, Nikulin VV. 2019. Power and temporal
dynamics of alpha oscillations at rest differentiate cognitive performance involving sustained
and phasic cognitive control. Neuroimage 188(4):135–144
DOI 10.1016/j.neuroimage.2018.12.001.

Martland R, Mondelli V, Gaughran F, Stubbs B. 2020. Can high-intensity interval training
improve physical and mental health outcomes? A meta-review of 33 systematic reviews across
the lifespan. Journal of Sports Sciences 38(4):430–469 DOI 10.1080/02640414.2019.1706829.

Mekari S, Earle M, Martins R, Drisdelle S, Killen M, Bouffard-Levasseur V, Dupuy O. 2020.
Effect of high intensity interval training compared to continuous training on cognitive
performance in young healthy adults: a pilot study. Brain Sciences 10(2):81
DOI 10.3390/brainsci10020081.

Menon V. 2015. Salience network. Brain Mapping 2(4):597–611
DOI 10.1016/B978-0-12-397025-1.00052-X.

Ociepka M, Chinta SR, Baso�n P, Chuderski A. 2024. No effects of the theta-frequency
transcranial electrical stimulation for recall, attention control, and relation integration in
working memory. Frontiers in Human Neuroscience 18:1354671
DOI 10.3389/fnhum.2024.1354671.

Pedroso RV, Lima-Silva AE, Tarachuque PE, Fraga FJ, Stein AM. 2021. Efficacy of physical
exercise on cortical activity modulation in mild cognitive impairment: a systematic review.
Archives of Physical Medicine and Rehabilitation 102(12):2393–2401
DOI 10.1016/j.apmr.2021.03.032.

Schlegel F, Lehmann D, Faber PL, Milz P, Gianotti LR. 2012. EEG microstates during resting
represent personality differences. Brain Topography 25(1):20–26
DOI 10.1007/s10548-011-0189-7.

Seitzman BA, Abell M, Bartley SC, Erickson MA, Bolbecker AR, Hetrick WP. 2017. Cognitive
manipulation of brain electric microstates. Neuroimage 146:533–543
DOI 10.1016/j.neuroimage.2016.10.002.

Slomski A. 2019. Exercise delivers brain benefits. The Journal of the American Medical Association
321(12):1149 DOI 10.1001/jama.2019.2495.

Smith PJ, Blumenthal JA, Hoffman BM, Cooper H, Strauman TA, Welsh-Bohmer K,
Browndyke JN, Sherwood A. 2010. Aerobic exercise and neurocognitive performance: a
meta-analytic review of randomized controlled trials. Psychosomatic Medicine 72(3):239–252
DOI 10.1097/PSY.0b013e3181d14633.

Spring J. 2018. Interaction of cerebral, cardiac and muscular changes induced by acute endurance
exercise. Doctoral dissertation. Université de Lausanne, Faculté des sciences sociales et
politiques, Lausanne, Switzerland.

Spring JN, Bourdillon N, Barral J. 2018. Resting EEG microstates and autonomic heart rate
variability do not return to baseline one hour after a submaximal exercise. Frontiers in
Neuroscience 12:460 DOI 10.3389/fnins.2018.00460.

Jiang et al. (2024), PeerJ, DOI 10.7717/peerj.17623 20/22

http://dx.doi.org/10.3390/su13126822
http://dx.doi.org/10.1080/10749357.2019.1623458
http://dx.doi.org/10.1016/j.neuroimage.2018.12.001
http://dx.doi.org/10.1080/02640414.2019.1706829
http://dx.doi.org/10.3390/brainsci10020081
http://dx.doi.org/10.1016/B978-0-12-397025-1.00052-X
http://dx.doi.org/10.3389/fnhum.2024.1354671
http://dx.doi.org/10.1016/j.apmr.2021.03.032
http://dx.doi.org/10.1007/s10548-011-0189-7
http://dx.doi.org/10.1016/j.neuroimage.2016.10.002
http://dx.doi.org/10.1001/jama.2019.2495
http://dx.doi.org/10.1097/PSY.0b013e3181d14633
http://dx.doi.org/10.3389/fnins.2018.00460
http://dx.doi.org/10.7717/peerj.17623
https://peerj.com/


Spring JN, Sallard EF, Trabucchi P, Millet GP, Barral J. 2022. Alterations in spontaneous
electrical brain activity after an extreme mountain ultramarathon. Biological Psychology
171:108348 DOI 10.1016/j.biopsycho.2022.108348.

Spring JN, Tomescu MI, Barral J. 2017. A single-bout of endurance exercise modulates EEG
microstates temporal features. Brain Topography 30(4):461–472
DOI 10.1007/s10548-017-0570-2.

Sridharan D, Levitin DJ, Menon V. 2008. A critical role for the right fronto-insular cortex in
switching between central-executive and default-mode networks. Proceedings of the National
Academy of Sciences of the United States of America 105(34):12569–12574
DOI 10.1073/pnas.0800005105.

Sun J, Wang B, Niu Y, Tan Y, Fan C, Zhang N, Xue J, Wei J, Xiang J. 2020. Complexity analysis
of EEG, MEG, and fMRI in mild cognitive impairment and Alzheimer’s disease: a review.
Entropy 22(2):239 DOI 10.3390/e22020239.

Valencia JF, Bolaños JD, Vallverdú M, Jensen EW, Porta A, Gambús PL. 2019. Refined
multiscale entropy using fuzzy metrics: validation and application to nociception assessment.
Entropy 21(7):706 DOI 10.3390/e21070706.

Van de Ville D, Britz J, Michel CM. 2010. EEG microstate sequences in healthy humans at rest
reveal scale-free dynamics. Proceedings of the National Academy of Sciences of the United States
of America 107(42):18179–18184 DOI 10.1073/pnas.1007841107.

van Someren KA, Palmer GS. 2003. Prediction of 200-m sprint kayaking performance. Canadian
Journal of Applied Physiology 28(4):505–517 DOI 10.1139/h03-039.

Voss MW, Prakash RS, Erickson KI, Basak C, Chaddock L, Kim JS, Alves H, Heo S, Szabo AN,
White SM, Wójcicki TR, Mailey EL, Gothe N, Olson EA, McAuley E, Kramer AF. 2010.
Plasticity of brain networks in a randomized intervention trial of exercise training in older
adults. Frontiers in Aging Neuroscience 2:32 DOI 10.3389/fnagi.2010.00032.

Wang C-H, Moreau D, Yang C-T, Tsai Y-Y, Lin J-T, Liang W-K, Tsai C-L. 2019. Aerobic
exercise modulates transfer and brain signal complexity following cognitive training. Biological
Psychology 144(23):85–98 DOI 10.1016/j.biopsycho.2019.03.012.

Wu Q, Jiang H, Shao C, Zhang Y, Zhou W, Cao Y, Song J, Shi B, Chi A, Wang C. 2023.
Characteristics of changes in the functional status of the brain before and after 1,000 m all-out
paddling for different levels of dragon boat athletes. Frontiers in Psychology 14:1109949
DOI 10.3389/fpsyg.2023.1109949.

Wu X, Kong X, Vatansever D, Liu Z, Zhang K, Sahakian BJ, Robbins TW, Feng J, Thompson P,
Zhang J, Rushworth MFS. 2022. Dynamic changes in brain lateralization correlate with human
cognitive performance. PLOS Biology 20(3):e3001560 DOI 10.1371/journal.pbio.3001560.

Xia R, Qiu P, Lin H, Ye B, Wan M, Li M, Tao J, Chen L, Zheng G. 2019. The effect of traditional
Chinese mind-body exercise (Baduanjin) and brisk walking on the dorsal attention network in
older adults with mild cognitive impairment. Frontiers in Psychology 10:2075
DOI 10.3389/fpsyg.2019.02075.

Xu C, Wu Z, Wu B, Tan Y. 2021. Motion analysis for dragon boat athlete using deep neural
networks. In: Bio-Inspired Computing: Theories and Applications: 15th International Conference,
BIC-TA 2020, Qingdao, China, October 23–25, 2020, Revised Selected Papers 15.

Yang AC, Wang S-J, Lai K-L, Tsai C-F, Yang C-H, Hwang J-P, Lo M-T, Huang NE, Peng C-K,
Fuh J-L. 2013. Cognitive and neuropsychiatric correlates of EEG dynamic complexity in
patients with Alzheimer’s disease. Progress in Neuro-Psychopharmacology and Biological
Psychiatry 47:52–61 DOI 10.1016/j.pnpbp.2013.07.022.

Jiang et al. (2024), PeerJ, DOI 10.7717/peerj.17623 21/22

http://dx.doi.org/10.1016/j.biopsycho.2022.108348
http://dx.doi.org/10.1007/s10548-017-0570-2
http://dx.doi.org/10.1073/pnas.0800005105
http://dx.doi.org/10.3390/e22020239
http://dx.doi.org/10.3390/e21070706
http://dx.doi.org/10.1073/pnas.1007841107
http://dx.doi.org/10.1139/h03-039
http://dx.doi.org/10.3389/fnagi.2010.00032
http://dx.doi.org/10.1016/j.biopsycho.2019.03.012
http://dx.doi.org/10.3389/fpsyg.2023.1109949
http://dx.doi.org/10.1371/journal.pbio.3001560
http://dx.doi.org/10.3389/fpsyg.2019.02075
http://dx.doi.org/10.1016/j.pnpbp.2013.07.022
http://dx.doi.org/10.7717/peerj.17623
https://peerj.com/


Yang Q, Siemionow V, Yao W, Sahgal V, Yue GH. 2010. Single-trial EEG-EMG coherence
analysis reveals muscle fatigue-related progressive alterations in corticomuscular coupling. IEEE
Transactions on Neural Systems and Rehabilitation Engineering 18(2):97–106
DOI 10.1109/TNSRE.2010.2047173.

Zhang N, Niu Y, Sun J, An W, Li D, Wei J, Yan T, Xiang J, Wang B. 2021. Altered complexity of
spontaneous brain activity in schizophrenia and bipolar disorder patients. Journal of Magnetic
Resonance Imaging 54(2):586–595 DOI 10.1002/jmri.27541.

Zhao S, Ng SC, Khoo S, Chi A. 2022. Temporal and spatial dynamics of EEG features in female
college students with subclinical depression. International Journal of Environmental Research
and Public Health 19(3):1778 DOI 10.3390/ijerph19031778.

Zhu C. 2021. EEG and central nervous system transmitter on athletes training. Revista Brasileira
De Medicina Do Esporte 27(7):703–705 DOI 10.1590/1517-8692202127072021_0347.

Jiang et al. (2024), PeerJ, DOI 10.7717/peerj.17623 22/22

http://dx.doi.org/10.1109/TNSRE.2010.2047173
http://dx.doi.org/10.1002/jmri.27541
http://dx.doi.org/10.3390/ijerph19031778
http://dx.doi.org/10.1590/1517-8692202127072021_0347
http://dx.doi.org/10.7717/peerj.17623
https://peerj.com/

	Dragon boat exercise reshapes the temporal-spatial dynamics of the brain
	Introduction
	Methods
	Results
	Discussion
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


