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Brain Microstates: Evidence From
Resting-State EEG

Hao Li*t, Jingyi Yue', Yufeng Wang, Feng Zou, Meng Zhang and Xin Wu*

School of Psychology, Xinxiang Medical University, Xinxiang, China

The prevalence of mobile phone addiction (MPA) has increased rapidly in recent years,
and it has had a certain negative impact on emotions (e.g., anxiety and depression)
and cognitive capacities (e.g., executive control and working memory). At the level
of neural circuits, the continued increase in activity in the brain regions associated
with addiction leads to neural adaptations and structural changes. At present, the
spontaneous brain microstates that could be negatively influenced by MPA are unclear.
In this study, the temporal characteristics of four resting-state electroencephalogram
(RS-EEG) microstates (MS1, MS2, MS3, and MS4) related to mobile phone addiction
tendency (MPAT) were investigated using the Mobile Phone Addiction Tendency Scale
(MPATS). We attempted to analyze the correlation between MPAT and corresponding
microstates and provide evidence to explain the brain and behavioral changes caused
by MPA. The results showed that the total score of the MPATS was positively correlated
with the duration of MS1, related to phonological processing and negatively correlated
with the duration of MS2, related to visual or imagery processing, and MS4, related to
the attentional network; the score of the withdrawal symptoms subscale was additionally
associated with duration of MS3, related to the cingulo-opercular emotional network.
Based on these results, we believe that MPAT may have some negative effects on
attentional networks and sensory brain networks; moreover, withdrawal symptoms may
induce some negative emotions.

Keywords: mobile phone addiction, resting-state EEG, microstates, mobile phone addiction tendency, brain
function

INTRODUCTION

With the multiple and ever-changing functions of mobile phones, internet use and mobile phone
use have become closely interwoven (Montag et al., 2015). In China, by the end of June 2019,
the Internet penetration rate had reached 61.2%, and 99.1% of Internet users preferred to use
their mobile phones to access the Internet (CNNIC, 2019). Among college students in China,
for instance, the penetration rate of mobile phones rose from 84.6 to 99.3% between 2012 and
2015 (Bian, 2015; Long et al., 2016), and it is continually rising, while the prevalence of mobile
phone dependence has been found to range from 4.1 to 37.9% (Wang and Zhang, 2015; Chen
et al,, 2016; Long et al., 2016). Mobile phone addiction (MPA) refers to individuals whose mobile
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phone use behavior is out of control, resulting in a state of
obsession, which can be categorized as a problematic behavior
(Salehan and Negahban, 2013). An immediate impact on
college students is that a higher level of MPA leads to a
decline in their academic performance (Soyemi et al., 2015).
Additionally, Jacobsen and Forste (2011) identified a significant
negative association between the use of mobile phones and
academic performance among first-year university students in
the United States. MPA has become a global concern because of
its negative effects on memory and interpersonal communication
(Hao et al., 2019; Miri et al., 2019), as well as its association with
negative emotions (anxiety, depression, stress, and loneliness)
(Demirci et al., 2015; Chen et al., 2016; Gao et al., 2018).

According to current research, MPA has a significant negative
impact on executive function. Addicts to certain online apps
that involve communication characteristics show more social
anxiety, emotional deficits, and impaired prefrontal cortex-
related inhibitory control (Dieter et al., 2017). A significant
positive correlation was found between the number of errors
in the Stroop task and the short-version Smartphone Addiction
Scale score (Kwon et al., 2013). These findings may reflect
the exact relationship between MPA and inhibitory control
processes (Dilce et al., 2017). Furthermore, negative associations
have been found between MPA and working memory (Billieux
et al., 2008), executive function (Billieux, 2012), self-control,
and self-monitoring (Takao et al., 2009). Several neuroimaging
studies have provided compelling evidence for behavioral and
neurobiological similarities and correlations between different
types of addictions, hypothesizing that there is a fundamentally
identical neural mechanism (Bianchi and Phillips, 2005; Billieux
et al., 2015; Zhang and Liu, 2017). A better understanding of
MPA and its underlying mechanisms may also reveal other
types of addiction, and vice versa (Billieux et al., 2015; Zhang
and Liu, 2017). Individuals with behavioral addiction are often
characterized as exhibiting abnormal function in brain regions
that include the prefrontal cortex, anterior cingulate cortex
(ACC) (Grant et al., 2010), ventral striatum (Han et al., 2012),
insula (Kuss and Griffiths, 2012), and thalamus (Ruth et al., 2010).
It is worth noting that altered brain morphology in these areas has
also been reported in Internet addicts as well as gambling addicts
(Wang and Zhang, 2015). This provides morphological evidence
of structural changes in the brain of individuals with MPA,
for which we will further explore the corresponding functional
changes through resting-state electroencephalogram (RS-EEG).
At the level of neural circuits, the continued increase in the
activity of brain regions associated with addiction leads to neural
adaptations and structural changes (Kuss and Griffiths, 2012).
This process is undoubtedly slow and long-lasting. Hence, we
explore the changes in brain activity caused by MPA from the
perspective of mobile phone addiction tendency (MPAT).

The electroencephalogram (EEG) is a widely used non-
invasive tool for measuring the electrical physiology of the
brain (Ingber and Nunez, 2011) that can detect and record
millivolt fluctuations of cortical potential with very high temporal
resolution and make it easier to assess dynamically changing
mental activities (Canuet et al., 2012; Mani et al., 2013; Nishida
et al., 2013). RS-EEG microstates are a method that defines the

states of the multichannel EEG signals by the spatial topographies
of electric potentials over the electrode array (Norbaidurah
et al,, 2018). Previous studies revealed that four prototypical
microstates (MS1, MS2, MS3, and MS4) explain nearly 70-80% of
the variance of EEG brain activity during wakeful rest (Seitzman
etal.,2017; Norbaidurah et al., 2018). Moreover, it has been found
that these four RS-EEG microstates are related to certain brain
networks. MS1 is correlated with activations primarily in the
bilateral superior and middle temporal gyri, which are implicated
in phonological processing and also involved in speech and
auditory processing or auditory (Britz et al., 2010; Seitzman
et al., 2017). MS2 is correlated with bilateral extravasate visual
areas (BA18 and BA19), which have been identified as the visual
network (Damoiseaux et al., 2006; Mantini et al., 2007). MS3 is
correlated with activations in the dorsal anterior cingulate cortex
(dACC), the bilateral inferior frontal cortices, and the insula,
which are related to the saliency network (SN) (Fox et al., 2006;
Seeley et al., 2007) and play a critical role in switching between
central executive function and the default mode (Sridharan et al.,
2008). MS4 is correlated with signaling in the right-lateralized
dorsal and ventral areas of the frontal and parietal cortex, which
are related to ventral fronto-parietal attentional networks and
are associated with switching and reorientation of attention
(Corbetta and Shulman, 2002).

Considering the high time resolution of EEG, RS-EEG
microstates can also reflect the dynamic characteristics of these
brain networks, such as duration (the stability of underlying
neural assemblies for a certain microstate), occurrence (neural
generators that become activated for a certain microstate),
coverage (the time coverage for a certain microstate relative
to others), as well as the possibility of transition between
any two RS-EEG microstates (Lehmann et al,, 2005; Khanna
et al., 2015). Moreover, the characteristics are also associated
with the altered mental states under experimental conditions.
Seitzman et al. (2017) found that that the duration, coverage,
and occurrence of MS4 were significantly higher during the
cognitive task compared to wakeful rest, while MS3 showing
significantly decreased. Furthermore, MS2 and MS3 were altered
by manipulations of visual input, with increased occurrence in
the eyes open condition. Zappasodi et al. (2017) also found that
MS2 and MS3 were regulated by visuospatial tasks, reflecting
that the contribution of MS2 significantly increased while the
contribution of MS3 significantly decreased under visuospatial
tasks. In addition, during the eyes open condition, MS1 and
MS4 had significantly shorter durations, while MS3 had increased
occurrence. MS4 had decreased coverage in the eyes open
condition (Seitzman et al., 2017). Croce et al. (2020) observed
that as the amplitude of alpha oscillations within the subject
increased, the parameters of MS2 increased, the coverage of
MS4 decreased, and the frequency of MS3 increased. Research
has demonstrated that task-related microstates would re-emerge
during post-task periods of rest (Murphy et al, 2018). In
other words, the resting-state microstate will be affected by
previous activity. Different microstates reflect different neural
network activities and thus reflect different cognitive processes
or mental states (Croce et al., 2020). Microstate parameters
correspond to the dynamic characteristics of microstates or brain
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networks (Khanna et al., 2015). The microstate time series in
the resting state EEG represents the rapid switch between the
activities of various neurons in the brain in the resting state.
Resting-state EEG microstate parameters can be used as objective
neurophysiological and biological indicators to provide a method
for monitoring disease or other activities (Khanna et al., 2015).

In this study, based on the negative effects of MPA on
executive control and emotion, we examined the influence of
MPAT on the spontaneous brain activities related to executive
control and the generation of emotions. The negative effects
of MPAT on the temporal characteristics of the four RS-
EEG microstates were investigated by using the Mobile Phone
Addiction Tendency Scale (MPATS) to measure MPA. We
hypothesized that MS4, related to the executive function, and
MS2, related to visual processing, would be affected. Additionally,
the activation of the dACC, insula, and inferior frontal gyrus
has been found to increase significantly under negative emotions
(Tolle et al., 1999; Coen et al., 2009; Harlé et al, 2012).
Meanwhile, withdrawal symptoms are defined as a negative
physical or psychological reaction to not using a mobile phone
and are attributed to anhedonia, whose main manifestation is
mood change (Zhang, 2006), such as intense anxiety. Hence,
we hypothesized that withdrawal symptoms might be related to
mood-related MS3.

MATERIALS AND METHODS

Subjects

The sample consisted of 335 undergraduate students (27.2%
male) from the Xinxiang Medical University (M = 18.3,SD = 0.84,
range: 18-22 years). We screened out 53 participants who
had not completed EEG experiments or had incomplete data.
Participants were asked not to take the drug for several
days before the experiment. All experiments were conducted
with the understanding and written informed consent of each
participant, which was in accordance with the Declaration of
Helsinki. The protocol was approved by the Ethics Committee
of the Xinxiang Medical University. Any question from the
participant was clarified.

Mobile Phone Addiction Tendency Scale

(MPATS)

This scale, developed by Xiong et al. (2012), referred to the
existing research results on mobile phones, and, according to
the actual situation of college students, through interviews,
predictions, and formal tests, a formal scale with a good
representative item was finally determined. The scale consists
of 16 items grouped into four factors: withdrawal symptoms
(negative physical or psychological reactions to not participating
in mobile phone activity), salience behavior (the use of mobile
phones occupies the center of thought and action), social comfort
(the role of mobile phone in interpersonal communication), and
mood changes (changes in mood caused by mobile phones).
Using a five-point Likert scale, the scores ranged from 1 to 5
points, i.e., “very inconsistent” to “very consistent,” respectively.
The higher the total score, the more serious the addiction

tendency is. The Cronbach coeflicient of the total scale was
0.83, and the Cronbach coeflicients of withdrawal symptoms,
highlight behavior, social comfort, and mood change four factors
were 0.80, 0.64, 0.68, and 0.55, respectively. In our samples,
the Cronbach coefficients of the total scale were 0.87, and
the Cronbach coefficients of the withdrawal symptoms, salient
behaviors, social comfort, and mood changes were 0.80, 0.70,
0.82, and 0.40, respectively.

RS-EEG Data Acquisition

All participants participated in data collection in an EEG lab
that required low light and quiet. The RS-EEG recording was
about 6 min. During the collection process, subjects were asked
to relax, close their eyes, and enter a resting state to avoid
swallowing, blinking, and other activities that may cause artifacts.
Data were collected using instrument Cerebus 128TM system
(Cyberkinetics, United States). EEG data were recorded from 64
Ag-AgCl scalp sites according to the international 10-20 system
in an elastic cap (NeuroScan Product). During recording, all
electrodes were referenced to Cz and re-referenced off-line to
linked mastoids. Channels for horizontal and vertical EOG were
computed offline from electrodes recorded from the outer canthi
of the eyes and from above and below the right eye, respectively.
The impedance between the electrodes and the participant’s scalp
was kept below 10 kQ .

RS-EEG Microstate Pre-processing

The raw data files from the EGI were transformed into the
MAT file format for pre-processing using the EEGLAB' v13.0.0
toolbox. EEG was sampled online with 500 Hz frequency DC
amplifiers with a band-pass filter of 2-20 Hz (West et al., 2008).
Artifacts produced by blinks or eye movements were corrected
by subtracting the means of ICAs (Koenig et al., 1999, 2002;
Lehmann et al., 2005) implemented in the EEGLAB software. The
artifact-free data were recomputed against the average according
to previous studies (Pascual-Marqui et al., 1995; Naqvi et al.,
2007; Etkin et al., 2011; Harlé et al., 2012) and was average re-
referenced. Then the data were segmented into 180 epochs with
an epoch length of 2000 ms.

RS-EEG Microstates Analysis

First, the global field power (GFP) was calculated using the
selected EEG epoch (Cai et al., 2018). After that, based on
previous studies (Tibshirani and Walther, 2005), the Atomize-
Agglomerate Hierarchical cluster (AAHC) were used to analyze
the microstates with the polarity of each topographical map being
disregarded. The AAHC was a modified k-means to provide
unique clusters for microstate analysis (Murray et al., 2008).
Third, the cross-validation criterion is used to determine the
optimal cluster number, that is, the optimal cluster number can
find the least template mapping, and the global interpretation
variance is the largest (Damoiseaux et al., 2006; Schlegel et al.,
2011). According to our data, four clusters were found, and
the explained variance was 0.787 £ 0.033. Lehmann and his
colleagues labeled them A, B, C, and D, while we used MS1,MS2,

'https://sccn.ucsd.edu/eeglab/index.php
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MS3, and MS4 (Lehmann et al., 2007; Seitzman et al., 2017;
Norbaidurah et al., 2018; Figure 1). Raw data were then fitted
according to global map dissimilarity (GMD), and each time
point was labeled as the cluster chart with the best correlation
(Gao et al., 2017).

For each microstate class, the following parameters were
calculated: mean duration, i.e., the mean time (in ms)
reflecting the stability of its underlying neural assemblies; mean
occurrences per second across all analysis epochs; contribution,
i.e., mean percentage of time covered by each microstate class
across analysis epochs (summing up to 100% across all four
microstate classes); and the non-random transition probabilities
from each microstate to another, which are often interpreted to
suggest an encoded sequential activation of the neural assemblies
that generate microstates (Lehmann et al., 2005; Andreou et al.,
2014; Khanna et al., 2015).

Statistical Analysis

Data were analyzed using SPSS software (22.0), and the scores
of each scale were described and statistically analyzed. The
normality of the distributions was tested using the Shapiro-
Wilk test. Some variables did not conform to the normal
distribution; we normalized these variables for further statistical
analysis. Pearson correlation analysis was used to explore the

correlation between MPA tendency and microstate composition
and transition. For the level of statistical significance, we set
p < 0.01. Post hoc comparisons on the unstandardized residuals
were considered significant at p < 0.0125 (e.g., p < 0.05,
with Bonferroni correction for comparing across the four
microstates). In all of these statistical analyses, age and sex were
seen as covariates.

RESULTS

Behavioral Results

Normalization to the four variables, such as withdrawal
symptoms, salience behavior, social comfort, and mood changes,
have come to nothing, but they all had kurtosis and skewness
of less than 1. Therefore, we regarded them as an approximate
normal distribution for further statistical analysis (Table 1).

The Relationship Between Questionnaire

Scores and Microstates

We did not detect correlations between coverage and the MPATS
four dimensions or the total score. According to the correlation
analysis, withdrawal symptoms were significantly positively
correlated with the duration of MS1 and of MS3 (r = 0.164,

FIGURE 1 | The four microstate topographic maps are RS-EEG microstate Type A (MS1), Type B (MS2), Type C (MS3), and Type D (MS4) (Wu et al., 2020).

MS 2
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p=0.003; r = 0.146, p = 0.007, respectively) and were significantly
negatively correlated with the occurrence of MS2 and of MS4
(r = —0.152, p = 0.005; r = 0.178, p = 0.001, respectively). The
total score was also significantly positively correlated with the
duration of MS1 (r = 0.159, p = 0.003) and significantly negatively
correlated with the occurrence of MS2 and of MS4 (r = —0.153,

TABLE 1 | Behavioral results of MPATS (n = 335).

Mean SD Normal distribution test
Withdrawal symptoms 17.84 4.69 Approximately normal distribution
Salience behavior 9.35 3.01 Approximately normal distribution
Social comfort 8.40 2.88 Approximately normal distribution
Mood changes 7.47 2.30 Approximately normal distribution
The total score 43.06 10.31 Normal distribution

TABLE 2 | Correlations for Microstates components and MPAT.

Withdrawal Salience Social Mood The total
symptoms  behavior comfort changes score
Duration
MS 1 0.173 0.092 0.136 0.096 0.165
MS 2 0.098 0.002 0.070 0.038 0.073
MS 3 0.149 0.069 0.083 0.099 0.133
MS 4 0.073 0.033 0.083 0.022 0.071
Occurrence
MS 1 —0.049 —0.000 —0.024 —0.020 —0.033
MS 2 —0.155 —0.101 —-0.102 -0.108 —0.152
MS 3 —0.080 0.002 —0.140 —0.033 —0.082
MS 4 —0.179 —0.068 —0.088 —0.130 —0.0154
Coverage
MS 1 0.085 0.066 0.089 0.056 0.096
MS 2 —0.081 —0.109 —0.054 —0.086 —0.103
MS 3 0.059 0.039 —0.053 0.072 0.040
MS 4 —0.088 —0.022 0.006 —0.074 —0.062

The bolded and italic values meant that the relationship was significant at p < 0.01
with Bonferroni correction.

TABLE 3 | Correlations for Microstates transitions and MPAT.

Withdrawal Salience Social Mood The total

symptoms  behavior comfort changes score
Transition
MS1to MS2  0.003 —0.030 0.030 —0.027 —0.005
MS1toMS3 0.133 0.104 —0.005 0.138 0.120
MS1to MS4 —0.001 0.021 0.105 —0.007 0.033
MS2 to MS1 —0.007 —0.030 0.023 —0.033 —-0.013
MS2 to MS3  —0.002 -0.035 —0.053 —0.002 —0.026
MS2 to MS4 —0.112 —0.097 —0.042 —0.091 —-0.111
MS3to MS1 0.134 0.103 —0.018 0.130 0.115
MS3to MS2 -0.016 —0.045 —0.041 0.005 —0.031
MS3to MS4 —0.043 0.018 —0.049 —0.041 —0.037
MS4 to MS1  0.003 0.017 0.108 —0.004 0.036
MS4 to MS2 —0.117 —0.081 —0.060 -0.970 -0.115
MS4 to MS3  —0.037 0.011 —0.043 —0.043 —0.035

p = 0.005; r = —0.155, p = 0.004, respectively) (Table 2). No
correlation was found between microstate transition and MPATS
scores (Table 3).

DISCUSSION

The purpose of this study was to use microstates to determine
the relationship between college students’ MPAT and changes in
brain function using RS-EEG microstates. The results showed
that withdrawal symptoms are significantly positively correlated
with the duration of MS3, and the total score of the MPATS
is significantly negatively correlated the with the occurrence of
MS2 and MS4. We unexpectedly found that the total score had a
significant positive correlation with MSI.

With regard to the correlation between withdrawal symptoms
and the MS3 microstate, the idea that insula dysfunction
underlies drug addiction is supported by a study showing that
chronic cocaine users have reduced gray:white matter ratios in
the insula (Franklin et al., 2002). In one case, a patient with
insula injury claimed that his body had forgotten the urge to
smoke (Naqvi et al,, 2007). It has been found that MS3 is
positively BOLD related to the fronto-insular SN, including the
dACC, the bilateral inferior frontal cortex, and the insula (Fox
et al., 2006; Seeley et al., 2007), which play a critical role in
switching between central executive function and the default
mode (Sridharan et al., 2008). The experiments of Miri et al.
(2019) showed that the physical and psychological effects of
excessive cell phone use include headaches and memory loss,
and the brain regions involved in the default mode network
(MS3) include the hippocampus, which explains why memory
loss occurs in addicts. From the above evidence, we may infer
that the addict’s insula activity increases, leading to withdrawal.
Activation of the dACC, insula, and inferior frontal gyrus has
been found to increase significantly under negative emotions
(Tolle et al., 1999; Coen et al., 2009; Harlé et al., 2012). The
dACC region is involved in the assessment and expression of
negative emotions (Etkin et al., 2011), such as fear (Perlman
and Pelphrey, 2010) and anxiety (Afif et al., 2010). The dACC
is closely related to the attention distribution of emotional
information; that is, the more strongly a person is aware of the
characteristics of his own emotional experience, the higher the
degree of dACC participation in the process of emotional arousal
(McRae et al., 2008). The insula is also important for emotional
feelings (Gasquoine, 2014). Consistent with our hypothesis, we
found that withdrawal symptoms are related to MS3. We can
speculate that the change in MS3 reflects the sensitivity of mobile
phone addicts to negative emotions or their degree of attention to
negative emotional experiences.

Furthermore, the total score on the MPATS was significantly
negatively correlated with the occurrence of MS4. M$S4 is related
to the dorsal attention functional system and is associated
with switching and reorientation of attention (Corbetta and
Shulman, 2002). Precious topographical analyses indicated that
the duration, coverage, and occurrence of MS4 were significantly
higher during cognitive tasks compared to wakeful rest (Seitzman
etal., 2017). Although our experiment reflected occurrence only,
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it was consistent with decreased cognitive activity in mobile
phone addicts. In addition, there is a strong link between
working memory and selective attention (Ming and Yang, 2007).
For example, the contents of working memory are related to
the orientation of selective attention, and selective attention is
involved in the maintenance and updating of information in
working memory (LaBar et al., 1999; Awh and Jonides, 2001).
Based on previous research, individuals with Internet addiction
present deficiencies in working memory (Zhou et al., 2015). The
potential similarities in behavioral and neurobiological factors
between MPA and Internet addiction (Billieux et al., 2015; Wang
et al., 2016), combined with our findings, suggest that both play
the same role in working memory and attention. In short, our
findings show deficits in attention shifting and redirecting and
working memory in mobile phone addicts. It is worth mentioning
that some studies have found that MPA is beneficial to cognition.
For example, in a study of college students, Zhang and Liu
found that the MPA group had better attention conversion and
cognitive flexibility than the non-addicted group (Zhang and Liu,
2017). Other researchers found that Internet addicts were more
sensitive to exogenous stimuli, leading to an improvement in
their attention function (West et al., 2008). Some studies have
shown that addicts can quickly identify visual stimuli associated
with a task and divert attention from stimuli that are irrelevant,
and they are better able to recover from captivity when they
realize they have a clue (Li et al., 2011).

Finally, the total score on the MPAT'S was positively correlated
with the duration of MSI. Previous studies found that MS1
was negatively BOLD associated with activation of the bilateral
superior and middle temporal gyri, which may imply that
individuals with a short duration of MS1 possess a stronger
function of phonological processing (Damoiseaux et al., 2006;
Britz et al., 2010). Research also suggests a link between the
overuse of mobile phones and hearing problems (Meo and Al-
Dreess, 2005). Therefore, we can infer that mobile phone addicts
also have worse auditory information processing and speech
processing ability than healthy controls. This could be a future
research direction. In our study, we found that the (auditory-
associated) perception system was affected, which we did not
expect. We know that perception of inter-parental conflict affects
Internet addiction directly and indirectly (Zheng and Deng,
2015). We can guess that mobile phone addicts show the same
pattern. Our experiment also confirmed visual influence (MS2
was negatively correlated with the scale score).

However, our study has some limitations. First, the results only
showed weak correlations, which may be due to the large sample
size in this study. In addition, all subjects with complete data
were selected for correlation analysis in this study. If we selected
only high and low subgroups (for example, 27%) based on the
score division, the results may be more meaningful because
significant inter-group differences may be obtained. Second, our
experimental results were only based on the combined analysis of
existing experiments and literature, and their complete accuracy
cannot be guaranteed. Third, we did not further differentiate
the studies on the related brain regions of MS3 and MS4,
which are relatively complex microstate types, and this should be
explored in future research. Unlike what we expected, we did not

find a correlation between the MPATS score and MA3. MS3 is
mainly related to the SN (Fox et al., 2006; Seeley et al., 2007).
Evidence from a large number of brain imaging studies across
multiple task domains suggests that the anterior insula and ACC
nodes of SN respond to degrees of subjective salience, whether
related to cognition, homeostasis, or mood (Craig, 2009; Vinod
and Uddin, 2010). This is because the insula is important for
emotional feelings (Gasquoine, 2014) and is related to withdrawal
symptoms (Franklin et al., 2002). In addition, other addiction
studies have found that the insula structure changes in addicts
(Franklin et al, 2002), so at the beginning of the study, we
speculated that MS3 was related to the MPATS score. But in
fact, our subjects are normal college students, and there are no
extreme mobile phone addicts, so there may not be significant
structural changes. SN is responsible for regulating attention
based on various information, such as the physical properties
of the stimulus or its relevance to the task at hand, and is
responsible for judging the salience of the stimulus and regulating
attention (Menon, 2015; Chen et al., 2017). However, we collected
resting-state data, so no significant correlation was obtained.
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