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Abstract: Background: Some clinical studies have indicated that neutral and happy music may
relieve state anxiety. However, the brain mechanisms by which these effective interventions in music
impact state anxiety remain unknown. Methods: In this study, we selected music with clinical effects
for therapy, and 62 subjects were included using the evoked anxiety paradigm. After evoking anxiety
with a visual stimulus, all subjects were randomly divided into three groups (listening to happy
music, neutral music and a blank stimulus), and EEG signals were acquired. Results: We found that
different emotional types of music might have different mechanisms in state anxiety interventions.
Neutral music had the effect of alleviating state anxiety. The brain mechanisms supported that
neutral music ameliorating state anxiety was associated with decreased power spectral density of the
occipital lobe and increased brain functional connectivity between the occipital lobe and frontal lobe.
Happy music also had the effect of alleviating state anxiety, and the brain mechanism was associated
with enhanced brain functional connectivity between the occipital lobe and right temporal lobe.
Conclusions: This study may be important for a deep understanding of the mechanisms associated
with state anxiety music interventions and may further contribute to future clinical treatment using
nonpharmaceutical interventions.

Keywords: state anxiety; musical modulation; emotion; power spectral density; functional connec-
tivity

1. Introduction

State anxiety is a situation-specific form of anxiety [1] that subjects experience at a
particular moment. For example, it can be increased in the presence of an anxiogenic
stimulus under examination stress and before an interview. However, long-term state
anxiety often elicits somatic symptoms (e.g., nervous system neuropathy [2], cardiovascular
disease [3], breathing disorder and sleep disturbances [4]). Anxiety that persisted for a
long time was a risk factor for depression [5] and resulted in a higher risk of suicide [6].

Diverse means are used to reduce anxiety, including pharmacological interventions [7]
and nonpharmacological treatments (e.g., exercise, meditation [8], cognitive-behavioral
psychotherapy [9] and music therapy [10]), although music interventions are economical,
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noninvasive and convenient and have been shown to have considerable potential for
clinical application. For example, music intervention was an option to reduce anxiety
during pregnancy [10]. Listening to music may also help patients with severe disease to
ameliorate anxiety and reduce antimicrobial use [11]. Further investigation revealed that
neutral music and happy music mitigate anxiety [12–14]. Even though these studies have
indicated that music interventions relieve anxiety levels before particular situations, the
type of music that works best and the brain mechanisms evoked by music interventions
are still far from clear.

The basolateral amygdala (BLA) and ventral hippocampus (vHPC) can modulate anx-
ious states in rats, and optogenetic inhibition of the BLA to the vHPC reduces avoidance
behavior to produce anxiolytic effects [15]. Gamma oscillations may provide windows
for coupling BLA activity to hippocampal and prefrontal inputs [16] and the abnormal
dynamic functional networks in gamma band during early emotion processing enabled
negative emotion recognition [17]. However, given the purpose of evolutionary fitness
and fear [18], the neural circuits of anxiety might be widely distributed. In healthy vol-
unteers, a significant blood flow increase in the bilateral temporal poles was observed
during anticipatory anxiety, which was implicated in a lactate-induced anxiety attack in
patients with panic disorder [19]. Additionally, a sustained threat context that stimulated
contextual anxiety increased cerebral blood flow in the right hippocampus, mid-cingulate
gyrus, thalamus, bilateral ventral striatum and occipital cortex [20]. In another study,
disturbing pictures rated as high anxiety provoked activation in the occipital cortex and
both amygdalae [21]. In an integrated view, stress-induced anxiety is closely linked to
activity in the temporal lobes and occipital gyrus [22].

Music signals from the auditory cortex and the hypothalamus to the amygdala and
the medial prefrontal cortex (PFC) regions are associated with emotional behavior pro-
cessing [21,22]. Some evidence demonstrates that music can activate several brain regions
with the limbic system, such as the hippocampus, amygdala and cingulate [23,24]. Notably,
however, emotional processing of music was not exclusive to subcortical areas, and the
cerebral cortex was also involved in modulation [25]. The superior temporal gyrus is
known to be involved in auditory processing, where the characteristic response is mainly
focused on the gamma band [26]. Indeed, a simple steady-state auditory click stimulation
paradigm at gamma frequency (~40 Hz) has been reproducibly shown to reduce entrain-
ment as measured by electroencephalography (EEG) in patients [27,28] and listening to
music generating perceptual phenomenon was associated with different changes in gamma
power (35–45 Hz) [29]. Acoustic tomography allows us to transform acoustic information
into visual representations [30], and gamma is linked to the transformation of sensory
signals along feedforward pathways [31]. In addition, an imagined music performance
increased connectivity of the supplementary motor area with widespread regions in the
brain, including the sensorimotor cortices, posterior temporal cortex and occipital cor-
tex [32]. The gamma band played a vital role to assess the effectiveness of neurofeedback
training in the context of clinical and social neuroscience [33]. Notably, these brain regions
are highly related to anxiety. However, the precise regulatory mechanism needs to be
further explored.

To study the neurocognitive basis of state anxiety, we first applied neutral and happy
music as measures for a state anxiety intervention. A blank stimulus was selected for the
control group. Subsequently, we examined the basic distinctions between two different
emotional types of music. Considering individual differences, we also correlated trait
personality and trait coping style with state anxiety.

1.1. Participants

In total, 68 healthy adults who were right-handed and had no color blindness, no
color weakness and normal or corrected-to-normal vision, with normal hearing and no
history of dyslexia were recruited at the University of Electronic Science and Technology
of China. All participants without anxiety under the Self-rating Anxiety Scale had only a
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primary music education, had no neurological, psychiatric or other health problems and
had not been on medication in the previous three months. In the experiment, the data from
6 participants were excluded from electroencephalogram (EEG) analysis due to excessive
noise and excessive head motion during EEG acquisition. Thus, the final sample consisted
of 62 participants (32 males, 30 females; M ± SD age, 23.339 ± 0.163 y).

The State-Trait Anxiety Inventory (STAI), the Big Five Inventory (BFI) and the Trait
Coping Style Questionnaire (TCSQ) were completed before the experiment. State anxiety
was induced in all participants using negative pictures and videos. Then, the participants
received three types of stimulation, and their EEG signals were recorded.

1.2. Stimulation
1.2.1. International Affective Picture System (IAPS)

In this case, 100 pictures were selected based on their normative valence ratings from
the International Affective Picture System (IAPS), a collection of standardized photographic
materials [34,35]. Examples of unpleasant pictures include bloody scenes, violent scenes,
tragic scenes and harmful animals, such as cockroaches, snakes and spiders. Each picture
was shown for 3 s, followed by an inter picture interval of 0.5 ± 0.2 s. An entire series of
100 pictures lasted 320–350 s.

1.2.2. Short Standardized Film Fragments (SSFF)

A short film fragment was selected from the database of Gross and Levenson [36]. To
induce state anxiety, we selected the basement chase scene (5′) from the movie The Silence
of the Lambs [37], which is widely and successfully used to induce related anxiety mood
states [38–40].

1.2.3. Music Selection

Neutral music and happy music pieces were randomly selected from the Chinese
Affective Music Mood System (CAMS), which provides a standard set of music stimuli
for emotional research with Chinese participants [41]. Neutral music can induce soothing,
pleasurable and calming emotions, and happy music can induce exciting and happy
emotions. The music in the CAMS was selected by professional musicians and had a fixed
loudness that was comfortable for participants. Six pieces of music were included for each
musical emotional type (Neutral music: N06, N07, N09, N27, N38, N49; Happy music:
H01, H02, H12, H14, H15, H46). Each piece of music was divided into 15 s, 30 s and 45 s
in length, which has been shown to better activate emotion [42]. We excluded sad music
because it may worsen subjects’ mood [43–45]. In addition, the blank stimulus (no sound)
was used as a control condition.

1.2.4. Questionnaire

The State-Trait Anxiety Inventory–State Anxiety scale (STAI-S) was administered to
determine differences in subjects’ state anxiety levels before anxiety induction, after anxiety
induction (before the anxiety intervention) and after the anxiety intervention. The STAI-S
evaluated the subjects’ current state of anxiety by asking how they felt ‘at this moment’
using items that measure subjective feelings of tension, nervousness, worry and arousal.
Internal consistency was high, with Cronbach’s α = 0.95. The State-Trait Anxiety Inventory-
Trait Anxiety scale (STAI-T), the BFI and the TCSQ were completed before the experiment.
The STAI-T assessed how subjects ‘generally feel’ about anxiety. The 20-item STAI-T scores
range from 1 (not at all) to 4 (very much so), resulting in total scores ranging from 20 to 80,
where higher scores indicate greater anxiety [46]. The BFI is a self-reported measurement
tool designed to assess the high-order personality traits of extraversion, agreeableness,
conscientiousness, neuroticism and openness [47]. The TCSQ assessed individual strategies
against stress incidents [48].
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1.3. Experimental Procedures and Tasks

The experiment was divided into the following two stages: the anxiety induction
phase and the anxiety intervention phase (Figure 1A).
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Figure 1. (A) Experimental paradigm. The experimental session had two phases: anxiety induction
and anxiety intervention. Self-rated anxiety scores by scales and eyes-closed resting-state (ECRS)
EEG signals were acquired before and after the two phases. In the anxiety induction phase, we
used 100 negative target pictures (IAPS) and short standardized film fragments as audio-visual
stimuli (AVSs) to evoke anxiety. In the anxiety intervention phase, the participants in each group
received three interventions (neutral music stimulus, happy music stimulus and blank stimulus)
after anxiety induction. (B) The anxiety intervention phase included the neutral music group, happy
music group and blank stimulus group. The durations of the three interventions were 15 s, 30 s and
45 s, respectively. We selected six pieces of the same type of music and repeated the procedure six
times with an interval of 3 s. The intervention lasted for 10 min in total. We set the volume for all the
subjects at 50 decibels, but the subjects were allowed to adjust the volume if they found it to be too
low or too high.

In the anxiety induction phase, we used the evoked anxiety paradigm by autonomous
design, which had been shown to have effects on 60 subjects in another experiment
(30 males, 30 females; M ± SD age, 23.38 ± 1.46 y, Appendix A). Here, 62 subjects viewed
100 negative target pictures, which were selected from the IAPS, and watched the SSFF
during a 10-minute period. The participants were informed that they would be asked
3 questions about the pictures and the video that they observed during the task to maintain
their attention during the passive observation.

In the anxiety intervention phase, 62 subjects were randomly divided into the fol-
lowing three groups: the neutral music group (n = 21), happy music group (n = 21) and
blank stimulus group (n = 20). The durations of the three interventions were 15 s, 30 s
and 45 s, respectively, which have been shown to better activate emotion (Figure 1B).
Each participant was seated in a comfortable chair in a sounded-attenuated, brightly lit,
temperature-controlled (25–27 ◦C) room. The subjects were asked to carefully read the
instructions on the screen and given earphones connected to a computer. We set the volume
for all the subjects at 50 decibels, but the subjects were allowed to adjust it if they found
it too low or too high. All participants were instructed to avoid strong head movements
during the experiment.

EEG signals were acquired during the experiment. All subjects were asked to complete
the STAI, and their resting-state EEGs were recorded with their eyes closed for 3 min
before anxiety induction, after anxiety induction and after the anxiety intervention. E-
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prime 3.0 (Psychology Software Tools, Pittsburgh, PA, USA) was used to program the
experimental tasks.

1.4. EEG Data Acquisition and Analyses

EEG recording was performed with 64 Ag/AgCl electrodes (ANT Neuro, Berlin,
Germany). The electrodes were positioned according to the extended 10–20 system, and the
data were recorded at a sampling rate of 1000 Hz. The bandpass filter was set at 0.3–100 Hz,
and CPz was used as a reference electrode. Electrooculograms (EOGs) to monitor eye
movements were recorded from an additional channel located on the left eye. During the
entire experimental task, the impedance of the electrodes was maintained below 10 kΩ.

Resting-related EEG data were preprocessed with the following procedures. We first
chose 61-channel EEG datasets and used independent component analysis to remove eye
movement interference from raw EEG data. Then, the data were transformed to zero refer-
ence [49,50] using the EEGLAB (https://sccn.ucsd.edu/eeglab/index.php, accessed on 18
April 2021) toolbox REST (http://www.neuro.uestc.edu.cn/content/96, accessed on 18
April 2021) and filtered. Next, to reduce low-frequency drift and high-frequency noise, the
re-referenced data sets were bandpass-filtered in the range of 1–50 Hz. Finally, a threshold
of ± 100 µV was used to exclude fragments contaminated with high-amplitude artifacts.

1.4.1. Power Spectrum Analysis

We analyzed the power spectral density (PSD) of the preprocessed EEG signals ac-
cording to Welch theory [51] by windowing processing on the data through the selected
window and then using the fast Fourier transform (FFT) to calculate the power spectrum
and averages to obtain the relative value of the power spectrum density. Considering that
the gamma band may play an important role in anxiety relief, we focused on the gamma
band for the power spectrum analysis. Power spectrum amplitudes were calculated and
compared across six conditions (neutral music: before the anxiety intervention vs. after the
anxiety intervention; happy music: before the anxiety intervention vs. the after the anxiety
intervention; blank stimulus: before the anxiety intervention vs. after the anxiety inter-
vention) in the gamma band (35–45 Hz). Then, we calculated 2 regional brain segments,
including the temporal lobe (T7, T8) and occipital lobe (O1, Oz, O2).

1.4.2. Brain Functional Connectivity Analysis

The phase-locking value (PLV) is an alternative class of measures for functional
networks that maintain constant phase separation between two signals (i.e., synchrony). In
this study, we employed the phase-locking value to measure the cooperative, synchrony-
defined neuronal assemblies at each frequency bin. The phase-locking value between
signals s1(t) and s2(t) was formulized as follows.

First, we use the following Hilbert transform:

zi(t) = si(t) + jHT(si(t)) (1)

Then, the constant phase between z1(t) and z2(t) by using analytical signals can be
computed as,

∆∅(t) = arg
(

z1(t)Z∗2 (t)
|z1(t)||z2(t)|

)
(2)

Finally, the instantaneous PLV is,

PLV(t) =
∣∣∣E[ej∆∅(t)

]∣∣∣ (3)

Then, based on the phase-locking value constructed in the gamma band (35–45 Hz),
we calculated the difference map of the phase-locking value in the conditions after anxiety
induction and after the anxiety intervention.

https://sccn.ucsd.edu/eeglab/index.php
http://www.neuro.uestc.edu.cn/content/96
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1.5. Statistical Tests

ANOVA tests were used for comparison among before anxiety induction, after anxiety
induction (before anxiety intervention) and after anxiety intervention in the condition
of listening to neutral music and happy music. In the case of all analysis of variances,
multiple comparisons were calculated using Bonferroni’s posttest. Wilcoxon matched-
pairs signed-rank test was used when the assumptions of data normal distribution were
not met in the condition of blank stimulus. ANOVA was used to compare state anxiety
levels after anxiety induction among the neutral music group, happy music group and
blank stimulus group. In the case of a normal distribution, we used a paired t-test to
analyze changes in the power spectrum and phase-locking value before and after the
anxiety intervention; otherwise, we used the Wilcoxon matched-pairs signed-rank test.
Pearson’s correlations were calculated between the power spectrum and state anxiety. The
Kruskal–Wallis test was used in cases of a nonnormal distribution for emotional intensity,
arousal, pleasantness and dominance. One-sample t-tests were used in cases of a normal
distribution for comparisons among neutral music, happy music in familiarity and trend
degree. For correlations between personality traits, trait coping style and state anxiety after
the anxiety intervention, Spearman’s correlations were used when data were not normally
distributed, and Pearson’s correlations were used when data were normally distributed.

2. Results
2.1. Behavioral Alterations in Subjects with State Anxiety in Different Conditions

ANOVA tests were used to make comparisons among the neutral music group
(F = 35.224, p < 0.001) and the happy music group (F = 21.226, p < 0.001) before anxi-
ety induction, after anxiety induction and after anxiety intervention. There were significant
differences in two groups on the level of state anxiety (after anxiety induction > before anx-
iety induction >after anxiety intervention). The Wilcoxon matched-pairs signed-rank tests
were used to compare before anxiety induction with after anxiety induction and compare
after anxiety induction with after anxiety intervention in the blank stimulus. State anxiety
scores of before anxiety induction were significantly lower than after anxiety induction
(z = −3.462, p = 0.001), whereas state anxiety scores after anxiety induction and after the
anxiety intervention were not significantly different in the blank stimulus group. ANOVA
was also used for comparisons among the neutral music group, happy music group and
blank stimulus group before and after anxiety induction. No significant differences in
anxiety levels were observed among the three groups before or after induction (Figure 2A).

The ANOVA test also was used to make comparisons to the decreasing variance of
state anxiety among the neutral music group, happy music group and blank stimulus
group (F = 5.259, p = 0.008) and the Bonferroni’s posttest was used to make multiple com-
parisons among three groups. After the anxiety intervention, compared with the decreasing
variance of state anxiety in the blank stimulus group (M± SD = 5.700± 17.193), the neutral
music (M ± SD = 18.762 ± 11.588, p = 0.013) and happy music (M ± SD = 17.333 ± 13.047,
p = 0.031) both showed the greater effect, but there was no significant difference between
neutral music group and happy music group (after anxiety induction—after anxiety inter-
vention, Figure 2B).

2.2. Power Spectrum in Subjects with State Anxiety in Different Conditions

The power spectrum contrast (before anxiety intervention > after anxiety intervention)
based on the Wilcoxon nonparametric t-test revealed decreased power spectral density
after listening to neutral music in the temporal lobe (z = −2.172, p = 0.030) and occipital
lobe (z = −2.103, p = 0.035) in the gamma band. The power spectrum contrast (before
anxiety intervention > after anxiety intervention) based on the Wilcoxon nonparametric
t-test revealed decreased power spectrum density in the happy music group (z = −2.277,
p = 0.023) in the temporal lobe in the gamma band, but no significant difference was found
in the occipital lobe in the gamma band. No difference was identified between the two
brain regions in the blank stimulus group (Figure 3A).
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Figure 2. The effects of anxiety induction and the anxiety intervention. (A) Analysis of variance
among before anxiety induction, after anxiety induction and after anxiety intervention in state
anxiety scores. The level of state anxiety of three groups in after anxiety intervention are significantly
higher than before anxiety induction. After anxiety intervention, neutral music group and happy
music group were significantly lower than after anxiety induction. Notably, no significant difference
between after anxiety induction and after anxiety intervention under blank stimulus. (B) The
decreasing variance of state anxiety. After the anxiety intervention, compared with the decreasing
variance of state anxiety in the blank stimulus group, the neutral music and happy music both
showed the greater effect, but there was no significant difference between neutral music group and
happy music group (after anxiety induction—after anxiety intervention).

For the temporal lobe, no significant differences in the variance of power spectral den-
sity were found among the neutral music group (M± SEM =−0.198± 0.127), happy music
group (M± SEM =−0.152± 0.073), and blank stimulus group (M ± SEM = −0.146 ± 0.102).
For the occipital lobe, there were also no significant differences in the variance of power
spectral density among the neutral music group (M ± SEM = −0.060 ± 0.063), happy mu-
sic group (M± SEM =−0.040± 0.050), and blank stimulus group (M ± SEM = −0.034 ± 0.023,
Figure 3B).

The state anxiety scores correlated positively with power spectral density in the
occipital lobe when listening to neutral music (r = 0.479, p = 0.028, Figure 3C).

2.3. Brain Functional Connectivity between the Occipital Lobe and Other Lobes

The occipital lobe was demonstrated to be a significant predictor of the effect of the
anxiety music intervention based on the results presented in the previous section. Hence,
the occipital cortex emerged as the preferred region, and phase-locking values between the
occipital lobe and the remaining brain regions were computed. The phase-locking value
contrast (before anxiety intervention < after anxiety intervention) based on the paired t-test
and Wilcoxon nonparametric t-test revealed increased brain functional connectivity after
listening to neutral music at the O2-AF3 (t = 2.384, p = 0.027), O2-Fz (t = 2.807, p = 0.011),
O2-F1 (t = 2.649, p = 0.015), O2-F3 (t = 2.256, p = 0.035), O2-F7 (t = 2.145, p = 0.044), O2-
FC1 (t = 2.919, p = 0.008), O2-FCz (z = 2.659 p = 0.008) and O2-F2 (t = 2.129, p = 0.046)
channels in the gamma band. The phase-locking value in the happy music group based on
the Wilcoxon nonparametric t-test revealed increased brain functional connectivity at the
O2-TP8 (z = 1.964, p = 0.050) channel in the gamma band (Figure 4).
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anxiety intervention—before anxiety intervention). (C) Correlation analyses between state anxiety and the power spectrum.
Positive correlations were identified between state anxiety scores and power spectral density in the occipital lobe in the
gamma band under the neutral music condition (after anxiety intervention—before anxiety intervention).
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Figure 4. Brain functional connectivity in the whole brain and the phase-locking value differences
before and after the anxiety intervention at the O2 electrode in the gamma band. Red lines denote
enhanced functional connectivity. Blue and red half violins denote anxiety induction and anxiety
intervention, respectively.

2.4. Analysis of Musical Elements, Personality and Coping Style

The scores of the indexes of emotional intensity (EI, z = −3.887, p < 0.001), arousal
(A, z = −3.209, p = 0.001), pleasantness (P, z = −2.142, p = 0.032), familiarity (F, t = −2.280,
p = 0.028) and trend degree (TD, t = −2.297, p = 0.028) in the neutral music group were
significantly lower than those in the happy music group. No significant difference in
dominance was observed between the two groups (Figure 5A). The average tempo of
neutral music ranged from 55 to 100 bpm (M ± SD = 72.833 ± 15.753), which was lower
than that of happy music, which ranged from 90 to 129 bpm (M ± SD = 11.500 ± 15.783).
For neutral music, major mode accounted for 50% of the musical sequence, minor mode
accounted for 50% of the musical sequence, major chord accounted for 41.59% of the musical
sequence, minor chord accounted for 37.54% of the musical sequence and other chord
accounted for 20.87% of the musical sequence. For happy music, major mode accounted for
100% of the musical sequence, major chord accounted for 83.67% of the musical sequence,
minor chord accounted for 7.89% of the musical sequence and other chord accounted for
8.44% of the musical sequence (Figure 5B). Considering individual differences, we also
correlated trait personality and trait coping style with state anxiety after listening to neutral
music. The state anxiety scores were significantly negatively correlated with the personality
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trait extraversion (r = −0.466, p = 0.033) and an active coping style (r = −0.512, p = 0.018) in
the neutral music group (Figure 5C).
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Figure 5. Analysis of musical elements, personality and coping style. (A) Analysis of variance
of the scores for affective valences between the neutral music group and the happy music group.
(B) Differences in characteristics between neutral music and happy music. The average tempo of
neutral music was slower than that of happy music. For neutral music, major mode accounted for
50% of the musical sequence, minor mode accounted for 50% of the musical sequence, major chord
accounted for 41.59% of the musical sequence, minor chord accounted for 37.54% of the musical
sequence and other chord accounted for 20.87% of the musical sequence. For happy music, major
mode accounted for 100% of the musical sequence, major chord accounted for 83.67% of the musical
sequence, minor chord accounted for 7.89% of the musical sequence and other chord accounted for
8.44% of the musical sequence. (C) Correlation analyses between personality traits, trait coping style
and state anxiety after the neutral music intervention. Negative correlations were found between
state anxiety scores and personality trait extraversion and active coping style when listening to
neutral music.
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3. Discussion

Our results indicated that neutral music and happy music both had the effect of state
anxiety intervention. Moreover, neutral music ameliorating state anxiety was associated
with a decreased power spectral density of the occipital lobe and increased brain functional
connectivity between the occipital lobe and frontal lobe. Happy music ameliorating state
anxiety was associated with the increased brain functional connectivity between the occipi-
tal lobe and right temporal lobe. These findings may extend the current understanding of
state anxiety.

3.1. Music Intervention Has the Effect When Coupled with an Anxiety Intervention: A Perspective
from the Musical Elements, Personality and Coping Style

Prior studies on anxiety have identified that listening to prerecorded music may have
a beneficial effect on preoperative anxiety [12]. Listening to both neutral and happy music
reduced subjects’ anxiety [13,14]. Here, by setting three groups (neutral music, happy music
and blank stimulus) together, we found that the neutral music group and happy music
group both showed better effects than blank stimulus group after the anxiety intervention.

Even though the anxiety reductions were similar for the two types of music, there
were fundamental differences between these types of music. Compared with happy
music, neutral music has a lower average tempo (Appendix B). A study showed that
slow music had a better effect on anxiety than fast music, which is consistent with our
results [52]. Moreover, we found that the proportions of both mode and chord in neutral
music were more balanced than happy music. Happy music has more popular chords
than neutral music, which are always used in many popular songs. The chords and
pitches in neutral music often deviate from modes, which is a common technique to add
more emotion and tension to songs. Musical modes and chords have well-established
emotional resonance [53].Multiple modes or chords may alleviate anxiety more than one
mode or chord alone. Music may have played a specific biological role in the existence
of a distinctive brain knowledge system, and some elements of music knowledge (such
as melodies) may be meaningful to the study of science [54]. The anterior portion of
the bilateral temporal lobes is vital in the discrimination of melodies and chords [55].
When hearing musical sounds, such as chords, subjects might show unique patterns of
connectivity between temporal and occipital lobe regions [56]. The results of our study are
in accordance with these results. In addition, emotion from music is another important
factor in anxiety interventions. Emotional intensity, arousal, pleasantness, familiarity and
trend degrees associated with neutral music were significantly lower than those associated
with happy music. These elements of neutral music illustrate that subjects listening to both
relaxing and calm music may be satisfied and happy during anxiety interventions.

The morphology and function of the medial prefrontal cortex (mPFC) and the dorsal–
lateral prefrontal cortex (dlPFC) in particular were associated with individual differences
in trait personalities with anxiety [57–59]. Personality plays an important role in the modu-
lation of state anxiety. Inferior frontal areas may also be implicated in apathy, compulsive
behaviors and changes in personality and social deficits [60]. Higher scores on the ex-
traversion personality trait were accompanied by less anxiety induced by neutral stimuli
with neutral music. The role of personality is a mediator between depressive mood and
mortality [61]. Personality acted as a mediator between music and anxiety. The individuals
who were skilled at interpersonal interactions in the majority groups lessened anxiety-like
behaviors. Subjects with extraversion personality have a relatively larger capacity of emo-
tion than other trait personalities. In addition, coping style, which is known to impact
psychological well-being, may serve as a control for variables in future studies [62]. The
individuals with positive coping styles under the condition of neutral music reduced the
risk of state anxiety. Such positive reinterpretation is not only a means to reduce emotional
distress but also a form of active, problem-focused coping [63].
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3.2. Music Interventions in Anxiety Correlate with Decreased Power Spectral Density of the
Occipital Lobe

An fMRI study used visual-to-music sensory substitution to study the processing of
numerical symbols and letters in congenitally blind individuals [64]. Auditory stimuli can
activate the visual cortex [54]. These studies indicate that auditory stimuli are associated
with the visual cortex. In our study, the power spectrum could reflect decreased power
spectral density at the occipital lobe in the gamma band under the condition of neutral
music. A study provided further support for the involvement of anterior temporal and
occipital cortical regions during anticipatory anxiety and suggested that both excitatory
and inhibitory processes were associated with anticipatory anxiety alterations [65]. Our
results were consistent with the study mentioned above, which demonstrated that low
state anxiety was associated with a decrease in power spectral density in the temporal lobe
and occipital lobe after neutral music intervention. Further detailed investigations of the
interplay between music and anxiety interventions confirmed the important role of the
occipital lobe. Previous studies have suggested that the patterns of occipital lobe activity
were sufficient for decoding emotion categories evoked by images and emotional states
elicited by cinematic movies [66]. The process of musical emotion may be associated with
the occipital lobe. The acoustic signals might be enhanced in the occipital cortex at the
gamma band to evoke neutral and relaxing emotions. The neutral and relaxing emotions
evoked by neutral music prevented increasing state anxiety. According to the musical
affective valence and musical characteristics, neutral music exhibited a lower affective
valence, a slower rhythm and smoother tempo. These contact characteristics may have been
important factors in anxiety intervention by music. One recent study revealed that natural
sounds improve health, increase positive affect and lower stress and annoyance [67], which
may be consistent with the emotional tone of neutral music in our study.

In addition, both the neutral music group and the happy music group maintained
decreased the power spectral density of the temporal lobe. Temporal lobe structures
include the amygdala and the hippocampus, the right amygdala is robustly associated with
negative emotion, particularly in fear [68], and positive stimuli activate the left amygdala
through the brain’s reward system [69]. Neutral and happy music intervention improved
state anxiety to different extents by the interactions of positive and negative emotion. The
interactions of emotion may exist inside and not be associated with acoustic signals.

3.3. State Anxiety Intervention by Different Emotional Music Has Different Brain
Functional Connectivity

Another finding further showed that the brain functional connectivity between the oc-
cipital lobe and frontal lobe would increase after neutral music intervention. Connectivity
of the PFC is a locus that is also associated with mood regulation. Anxious participants
showed a larger asymmetry in favor of the hemisphere than that of the control group [69].
Negative emotion has been linked to the medial frontal cortex, including the anterior
midcingulate cortex [70]. Individuals with high anxiety or an anxiety disorder had de-
creased functional connectivity changes associated with the network of the frontal lobe
in tasks [71]. The control group showed significantly more prefrontal activation and less
activation in the occipital lobes than the autism spectrum disorder group during emotional
face matching [72]. Our results were consistent with this finding. Through power spectra
analysis, the occipital cortex emerged as our preferred region, and we found that the
brain functional connectivity between the occipital lobe and frontal lobe increased after
neutral music intervention. Furthermore, the medial prefrontal cortex interacts with both
the ventral hippocampus and the amygdala and may modulate the anxiety state based
on previous experiences or internal needs of the animal [73]. However, which region
in the PFC has a direct link with anxiety under stressed conditions is often unclear. An
electroencephalography study explored how the push–pull interaction between top-down
and bottom-up attention manifests itself in dynamic auditory scenes, and a controlled
rhythmic sound sequence significantly suppressed phase-locking and gamma responses to
the attended sequence, countering enhancement effects observed for attended targets [74].
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Anxiety is related to enhancing activation of the ventral attention networks [72]. Attention
can change the brain when music acts as an acoustic stimulus in the process of anxiety
intervention. Our results indicate a possible brain mechanical pathway between neutral
music and anxiety. When we listened to neutral music, our attentional resources were
occupied and developed bottom-up attention. In addition, brain functional connectivity
increased between the occipital lobe and right parietal-temporal lobe after happy music
intervention. High anxiety is also associated with increased connectivity between the
amygdala and distributed brain systems, which are involved in attention, emotion percep-
tion and regulation, and these effects are most prominent in the basolateral amygdala [75].
The right hemisphere has a special role in emotion in the intact brain [76], and happy
intonations lead to right-lateralized activation in the temporal lobe [77], which illustrates
that the right temporal lobe may specialize in happy emotional processing after listening
to happy music. Under the condition of shifting attention, empathy may automatically par-
ticipate [78] and further deepen the intervention of neutral emotion on anxiety. For happy
music intervention, the change in brain function mainly originated from the happiness
emotion and anxiety trading off with each other. For neutral music intervention, the change
in brain function might mainly originate from emotion, attention and empathy working
together. This strongly indicates the interaction with attention. This finding suggests that
brain functional connectivity between the occipital lobe and frontal lobe might be a unique
therapeutic target for using neutral music to treat state anxiety.

This study has some limitations. First, patients with anxiety disorders should be
recruited to determine the therapeutic effect of neutral music on anxiety in the future.
Second, only two emotional types of music were selected in this experiment. Whether other
types of music can ameliorate anxiety and the associated neural mechanisms remain to be
further explored. In addition, correction for multiple comparisons was not performed with
respect to the testing of multiple channels and groups of EEG channels, so our findings
should be considered exploratory rather than confirmatory. Finally, further studies should
also consider attentional and emotional effects on state anxiety modulation by music.

4. Conclusions

In conclusion, neutral music and happy music had better effects on alleviating state
anxiety than blank stimulus. The brain mechanisms supported that neutral music amelio-
rating state anxiety was associated with a decreased gamma power spectral density of the
occipital lobe. Neutral music ameliorating state anxiety was associated with an increased
brain functional connectivity between the occipital lobe and frontal lobe, which might have
been caused by bottom-up auditory attention and enhanced emotional blunting in the
relatively narrow rhythm. For happy music, the brain mechanism was associated with
enhanced brain functional connectivity between the occipital lobe and right temporal lobe,
which might simply depend on a trade-off between happy emotions and anxious emotions.
Our findings also suggested that musical elements, trait personality and trait coping style
played important roles in the anxiety intervention. This study may be important for deeply
understanding the mechanisms evoked by state anxiety music interventions and may
contribute to clinical treatment with nonpharmaceutical interventions in the future.
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Figure A1. The effect of the anxiety-induced paradigm.

To test the efficacy of anxiety induction, the STAI was used to evaluate state anxiety
before anxiety induction, after anxiety induction, 5 min after anxiety induction and 10 min
after anxiety induction. Wilcoxon matched-pairs signed-rank tests among before anxiety
induction, after anxiety induction, five minutes after anxiety induction and 10 minutes
after anxiety induction in state anxiety. The level of state anxiety before induction was
significantly lower than those after anxiety induction (z = −6.167, p < 0.001), five minutes
after anxiety induction (z = −4.625, p < 0.001) and 10 minutes after anxiety induction
(z = −2.790, p = 0.005).

Appendix B

Table A1. Analysis of musical elements.

Music Tempo Mode Chord

N06 55 D
Major chord: 50%
Minor chord: 50%
Other chord: 0%

N07 70 Am
Major chord: 25%;
Minor chord: 75%
Other chord: 0%
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Table A1. Cont.

Music Tempo Mode Chord

N09 80 E
Major chord: 16.67%

Minor chord: 0%
Other chord: 83.3%

N27 70 D Major chord: 66.67% Minor chord: 20.83%
Other chord: 12.5%

N38 100 #Fm
Major chord: 50%
Minor chord: 50%
Other chord: 0%

N49 62 #Cm Major chord: 41.17% Minor chord: 29.41%
Other chord: 29.41%

Average of all
neutral music 72.83 Major mode: 50%

Minor mode: 50%
Major chord: 41.59% Minor chord: 37.54%

Other chord: 20.87%

H01 100 G Major chord: 77.08% Minor chord: 22.92%
Other chord: 0%

H02 105 E Major chord: 92.31% Minor chord: 0%
Other chord: 7.69%

H12 110 C
Major chord: 100%
Minor chord: 0%
Other chord: 0%

H14 90 D Major chord: 68.89%
Minor chord: 24.44% Other chord: 6.67%

H15 129 G Major chord: 66.67% Minor chord: 0%
Other chord: 33.33%

H46 129 #F Major chord: 97.06% Minor chord: 0%
Other chord: 2.94%

Average of all
happy music 110.5 Major mode: 100%

Minor mode: 0%

Major chord: 83.67%
Minor chord: 7.89%
Other chord: 8.44%

We analyzed each piece of music through music theory and deduced each bar (half bar or quarter bar if necessary). Then, they were tested
by at least three musicians or composers to ensure the accuracy of the analysis. The letters in mode represent the mode (major or minor) of
the piece of music, where the corner mark m represents minor, and vice versa. For example, the mode of N06 is D, which means that the
mode of N06 is D major mode. The mode of N07 is Am, which means that the mode of N07 is A minor mode. The proportions of major and
minor chords are calculated in terms of how long they are in the audio.
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