'," frontiers
in Neuroscience

ORIGINAL RESEARCH
published: 23 January 2018
doi: 10.3389/fnins.2017.00744

OPEN ACCESS

Edited by:
Robert J. Zatorre,
McGill University, Canada

Reviewed by:
Boris Kleber,
Aarhus University, Denmark
Alfredo Raglio,
Istituti Clinici Scienti ci Maugeri Spa
SB, Italy
Antoni Rodriguez-Fornells,
University of Barcelona, Spain

*Correspondence:
Cheng Luo
chengluo@uestc.edu.cn
Dezhong Yao
dyao@uestc.edu.cn

TThese authors have contributed
equally to this work.

Specialty section:
This article was submitted to
Auditory Cognitive Neuroscience,
a section of the journal
Frontiers in Neuroscience

Received: 26 June 2017
Accepted: 20 December 2017
Published: 23 January 2018

Citation:

He H, Yang M, Duan M, Chen X, Lai Y,
Xia Y, Shao J, Biswal BB, Luo C and
Yao D (2018) Music Intervention
Leads to Increased Insular
Connectivity and Improved Clinical
Symptoms in Schizophrenia.

Front. Neurosci. 11:744.

doi: 10.3389/fnins.2017.00744

Check for
updates

Music Intervention Leads to
Increased Insular Connectivity and
Improved Clinical Symptoms in
Schizophrenia

Hui He ', Mi Yang *2", Mingjun Duan *2, Xi Chen?, Yongxiu Lai !, Yang Xia?*, Junming Shao !,
Bharat B. Biswal !, Cheng Luo * and Dezhong Yao *
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Schizophrenia is a syndrome that is typically accompanied Yo delusions and
hallucinations that might be associated with insular patHogy. Music intervention, as
a complementary therapy, is commonly used to improve psychitric symptoms in the
maintenance stage of schizophrenia. In this study, we empieed a longitudinal design
to assess the effects of listening to Mozart music on the indar functional connectivity
(FC) in patients with schizophrenia. Thirty-six schizopénia patients were randomly
divided into two equal groups as follows: the music intervetion (MTSZ) group, which
received a 1-month music intervention series combined withntipsychotic drugs, and the
no-music intervention (UMTSZ) group, which was treated sely with antipsychotic drugs.
Resting-state functional magnetic resonance imaging (fMIR scans were performed at
the following three timepoints: baseline, 1 month after badine and 6 months after
baseline. Nineteen healthy participants were recruited asontrols. An FC analysis seeded
in the insular subregions and machine learning techniques eve used to examine
intervention-related changes. After 1 month of listeningot Mozart music, the MTSZ
showed increased FC in the dorsal anterior insula (dAl) anapterior insular (P1) networks,
including the dAI-ACC, PI-pre/postcentral cortices, and RACC connectivity. However,
these enhanced FCs had vanished in follow-up visits after 6 amths. Additionally, a
support vector regression on the FC of the dAI-ACC at baselm yielded a signi cant
prediction of relative symptom remission in response to mus intervention. Furthermore,
the validation analyses revealed that 1 month of music inteention could facilitate
improvement of the insular FC in schizophrenia. Togethehése ndings revealed that
the insular cortex could potentially be an important regiorin music intervention for
patients with schizophrenia, thus improving the patientspsychiatric symptoms through
normalizing the salience and sensorimotor networks.
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INTRODUCTION have suggested that music therapy can have uniquely matiyati
emotionally expressive and relationship-building quaditian
Neuropsychiatric conditions, such as schizophrenia, displaychizophrenia Rolvsjord, 2001; Solli, 20p8Music therapy
a complex and diverse neurobiology, which has long beefas been shown to signicantly increase the patients' level
associated with diculty in distinguishing between the &  of interest in external events and to diminish their negativ
and “non-self’ as well as with an uncertainty regardingsymptoms {ang et al., 1994 In addition, music listening
whether one's actions and thoughts are independent fronhas also been performed at the group level in patients. After
external in uences. Various passivity symptoms, such astandi - music intervention, signi cant advantages were detectad i
verbal hallucinations, thought insertion, and emotion pessing, some measures concerning personal relations and subjgctivi
especially in response to emotional stimuli, may be caused By patients with schizophreniaHayashi et al., 2002Cognitive
these experiences. These symptoms are often referred to @8k performance could also be facilitated after listening to
rst-rank symptoms, which play a key role in the diagnosismusic by Mozart in patients with schizophreniasi{cksohn
of patients with schizophrenia\{aters and Badcock, 200 and Cohen, 2000 However, the particular mechanism behind
Neuroimaging data also support the idea that these symptomgis phenomenon is still poorly understood; the neural
are related to altered brain functional ConneCtiVity (FG))(nltO System Changes induced by the |0ng_term e ects of music
et al., 2012; Wojtalik et al., 20L7Prolonged treatment with jntervention could translate into clinically meaningful ets.
antipsychotic drugs is a common choice for the remissionmportantly, neuroimaging studies have highlighted that siw
stage of schizophrenia. Complementary therapies, such a&€mughan modulate the state of neural systems, e.g., the insulaoniet
intervention (I'alwar et al., ZOQG and COgnitiVE'bEhaVioral (Baumgartner et a|.’ 2006; Koelsch et a|.’ ZOWSIC training
intervention (Rector and Beck, 20)1are also used for patients could lead to signi cant reorganization in insula-basedwerks,
with schizophrenia. Speci cally, recent studies of patienthw potentially facilitating the high-level cognitive and a ewti
schizophrenia showed that music intervention could sigantly  functions that are associated with the integration of maétisory
improve psychiatric symptomsMossler et al., 2011; Lu et al., jnformation in the context of music performanceZgmorano
2013. et al., 201y, In addition, the right anterior insula is also a key
Music is one of the oldest and most basic sociocognitiv@ode in the brain's singing network, which is responsible for
domains of the human species. It is considered as a profounghe integration of salient signals across multiple sensory and
capacity to bind individuals together emotionally and to na  cognitive domains that guides vocal behavigieper et al., 2097
our physiological behavior, emotions, and subjective pefoapt Thus, the insula might be an important region related to music
of time (Habibi and Damasio, 20)4Music listening and music  intervention in patients with schizophrenia.
therapy (such as music performance and/or listening by pagient  The human insular cortex forms a distinct lobe and involves
etc.) are often justi ed by the proposed need for a medium forthree major functionally unique subregion¢en et al., 209}
communication and expression. Listening to Mozart K.448 doul including the ventral anterior insula (vAl), dorsal anteriinsula
temporarily enhance spatial-temporal reasoning on humangdAl), and the posterior insula (Pl). The dAl functions as
(Rauscher et al., 19p30ther forms of music were found to an integral hub in integrating the interactions between eth
be equally e ective in the short-termGardiner et al., 1996; brain networks involved in externally oriented attentiomda
Rauscher et al., 1907The discovery of these e ects of music self-related cognitionurth et al., 2010; Uddin et al., 20)4
opened a new page for the study of the impact of music ofhe vAI appears to be more involved in aective processes,
humans. Furthermore, music therapy is one therapeutic methogind the PI is associated with sensorimotor processibgafg
that uses musical experiences to help people with serious mental a|. 2018 Of these three subregions, particular attention
disorders develop relationships and address issues thantld§  has been paid to the dAl because it is a key node in the
not be able to by using words alonBr{iscia, 1998; Gold et al., salience network (SN), which contributes to stimulus dttec
2009. Research has extensively and continuously examined thgd salience processing\(rth et al., 2010; Uddin et al., 2014;
cognitive e ects of music listening on listeners and musier#py  Nomi et al., 2015 Moreover, task-based investigations have
on patients with dementia, anxiety, and schizophrefia\(icevic  revealed that the dAl is the most exible insula subregiofe¢
etal., 1994; Foster and Valentine, 2001; Chan et al.,)2003 et al., 201} The dAl has also been reported to facilitate the
The eect of music intervention is associated with thedetection of salient exogenous stimuli and to coordinatevoek
regulation of behaviors, such as emotion and sensorimotogwitching between the default mode and central executive
processing in our bodiedamasio, 2001; Habibi and Damasio, networks (/enon and Uddin, 2010 Thus, the insula provides
2014; Luo et al., 2014; Li et al., 2D1bat are considered core the basis for a sense of the physiological condition of the body
elds of abnormality in schizophrenia\{lylie and Tregellas, (sensorimotor processing) and for the representations ofalig
2010. To assess the e ect of music therapy on patients witrom the external environment (external emotional stinuli
schizophrenia, almost all studies have compared both indadid (Craig, 2004; Singer et al., 200 other words, the insula is a
and groups of patients receiving standard care with or withouikely candidate region for where the integration of intatrand
music therapy Talwar et al., 2006; Ulrich et al., 2007The  external information and the maintenance of the balance’een
duration of these studies varied from 1 to 4 months (40—them occur.
60min per week), while no later follow-up assessments over Many de cits observed in schizophrenia might be related
a longer term were included. More practically, clinical regort to insula pathology \(Vylie and Tregellas, 2010; Dong et al.,
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2017). Dysfunction of the insula may contribute to the di culty Design
in recognizing emotional facial expressions in patients withlfo examine the e ect of music intervention sessions on patient
schizophrenia\(villiams et al., 200)] as well as to the di culties  with schizophrenia, we conducted a quasi-randomized cdletto
in evaluating and creating emotionally vocal expressiongrial. The study spanned a period of 6 months. The design
(Mitchell et al., 200y Individuals with schizophrenia have an consisted of three timepoint-tests, including a baselinst,te
impaired right anterior insula modulation of the central exgive a 1 month later test and a 6 months later test, that were
and default mode networksJiang et al., 20)7which could used in this study. The experimental inpatients and contcblle
predict a patient's cognitive performanc&ig¢ran et al., 2013  inpatients were compared using the reference of the HCs. The
Furthermore, the loss of insight that is seen in schizophadrds inpatients with schizophrenia were randomly divided into two
also been associated with morphometry of the posterior insulgroups by psychiatrists, a music intervention schizophrenia
(Palaniyappan et al., 20)L1In response to a painful stimulus, group (MTSZ, 22 patients) and a no-music intervention
lower activation of the middle-posterior insula provided suppo schizophrenia (UMTSZ, 23 patients), that only controlled for
for the existence of a basic de cit in interoceptive perception the balance of age, gender and education level in the two
schizophrenia I(innman et al., 2013 Importantly, the insula, patientgroups. The experimental patient group underwent music
especially the anterior part, is involved in identifying sedijvely  intervention in addition to a stable drug treatment strayeg
self-generated from externally generated informatiorcéxding  (changeless antipsychotic drugs and their doses). The @ntr
to one interpretative hypothesis\(ylie and Tregellas, 20),&he  group received the stable drug treatment as well. The meditat
abnormalities in the insular cortex might lead to the attritton ~ dosage information of the patients is shown in Table S1.
of internally generated sensory information to an exteswlrce, The blinded assignment and assessments, which included the
thus eventually contributing to the hallucinations in patte with  resting-state MRI, psychiatric symptoms and neuropsycholdgica
schizophrenia. measurements, were performed at three timepoints during the
Therefore, in this study, we investigated whether the e ectsnusic intervention in the two patient groups. A ow chart of the
of long-term music intervention in patients with schizophiian patient interventions throughout the study is shownkigure 1
could positively improve patients' symptoms and behaviorsThe patients with schizophrenia were given information about
through changes in the insula functional network. Based orthe study procedures and the music intervention. Every subje
evidence from the diagnosis of patients with schizophrenigrovided written consent to participate in this study. Part of
and from functional neuroimaging studies, we hypothesizeadonsent include the exact information of the music intertien
that music intervention could positively modulate the FC ofprocessing and security provisions. The study was approved
the insula in patients with schizophrenia. These intervemtio by the Ethics Committee of the clinical hospital of CBSI in
a ected areas are important for regulation and self-re ectio accordance with the Helsinki Declaration. All the methodsave
These altered FCs could positively improve patients' symptomsarried out in accordance with the approved guidelines.
and behaviors. To validate our hypothesis, we used restatg-s . .
functional magnetic resonance imaging (fMRI) and machindContent of Music Intervention
learning approaches to examine the e ects of long-term musidn this study, the musical piece used was Mozart's sonata K.448,

intervention on patients with schizophrenia. which has been widely used in scienti ¢ studies to assess the
e ects of music Rauscher et al., 1993; Coppola et al., 2015;

MATERIALS AND METHODS Xing et al., 2016 One professional music therapist, who had
long-term working experience in music therapy, participated in

Subjects this experiment. The MTSZ group received a 1-month course

Seventy- ve subjects (56 patients and 19 healthy controldp music intervention (Mozarts sonata K.448 music listegyiB0
participated in this study. The patients with schizophrenia ever sessions), in addition to antipsychotic drugs. Each sedsiok
recruited from the clinical hospital of Chengdu Brain Scienc 30 min per day. During these sessions, the main activity that t
Institute (CBSI). The inclusion criteria for the inpatieritsthis ~ patients participated in was the peaceful listening of the makic
study was a primary diagnosis of schizophrenia, accordingeéo t Mozart's sonata K.448 from a stereo system that was instialled
Structured Clinical Interview for the DSM-IV Axis | disorder @ quiet room. At the beginning of the experiment, the therapist
clinical version (SCID-I-CV), by two experienced psychistsi  introduced the background of music to the patients. Finalfigra

The exclusion criteria were acute psychotic symptoms, @ach session, the therapist recorded the information abbet t
secondary diagnosis of organic psychosis or dementia, biesta musical experience of the patients. The UMTSZ was set as the
drug treatment, not being able to mingle in a group, as welcontrol group that was treated solely with antipsychoticgku

as the presence of other arts interventions (art, dance, and L. .

movement). A set of matched MRI data of 19 healthy controld*Sychiatric and Neuropsychological

(HCs), which was used as a healthy reference, was also ebtairAssessment

from the clinical hospital of CBSI research databases. The HBecause the patients stayed in di erent wards, three evalsiato
were screened for a history of medical or neuropsychiatries, of the neuropsychological assessments, and one psychiatrist
as well as for major neurological or psychiatric illness inithe assessed them. The psychiatric symptoms of the patients were
rst-degree relatives. The controls and patients were metctor  assessed by a psychiatrist using the Positive and Negative
age, gender and years of education. Symptom Scale (PANSS). For the neuropsychological assessmen
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(n = 56)
£ Excluded (n = 11)
gE Acute psychotic symptoms
=3 (n=17
eR Unstable drugs treatment
e (n=4)
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(n = 45)
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58 (n = 22) (n = 23)
§ 2 Received allocated intervention Received allocated intervention
— A (n = 22) (n = 23)
<<

w0

~
SRS
23
=2 Center (n = 1) performing the Center (n = 1) performing the
gt intervention intervention
= o Number of patients treated by Number of patients treated by
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o
=
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=
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=8 Lost to 1-month follow-up Lost to l-month follow-up
o (n = 0) (n=0)
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F
i
a
T
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< 6-month follow-up (n = 9) 6-month follow-up (n = 13)

FIGURE 1 | Consort diagram showing the ow of patients through the studyfrom baseline to the 1- and 6-month follow-ups.

before the start of the study, the evaluators were traingdéruse  (Tamkin and Kunce, 1995 The target patterns contained
of observer instruments to achieve a high inter-rater klisy.  geometric and abstract gures and were displayed to the stgjec
Then, we administered the Block Design Test (BDT) and thdor 10s. After that, the subjects were required to duplicake th
Benton Visual Retention Test (BVRT), as well as the SpatiatMazgures from immediate memory. Finally, the Spatial Maze task
Test from the Wechsler Adult Intelligence Scale Revised (8¥Al which also comes from the WAIS-R, is one of the most reliable
R) (Wechsler, 1981to the two patient groups. The BDT, which measures of visuospatial anterograde memory function.

re ects visuospatial abilityaufman, 200}, requires the subjects

to duplicate 10 target patterns using a set of two-colored Wock MRI Data Acquisition and Preprocessing

The patterns were presented in order of ascending diculty. The experiments were performed on a 3T MRI scanner (GE
The BVRT is a well-established neurodiagnostic instrunteat  DISCOVERY MR750). at the University of Electronic Science
has been used to assess visuospatial perception and retentimd Technology of China. During scanning, we used foam
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TABLE 1 | Participant fundamental information.

MTSZ patients UMTSZ patients MTSZ patients UMTSZ patients Healthy p
baseline baseline 1-month 1-month controls
Gender (Male/Female) 5/13 5/13 - - 7112 0.78%
Age (years) 4538 9.69 4572 7.63 - - 4442 470 0.863°
Education level (years) 11.94 3.24 11.22  2.90 - - 11.36 281 0.641P
Head motion 0.062 0.031 0.089 0.065 0.078 0.046 0.088 0.067 0.075 0.055 0.560°
Duration of iliness (years) 19.66 11.11 18.00 8.18 - - 0.611°
Medication dosage in CPZ equivalents (mg) 339.23 94.15 320.53 142.50 - - 0.645°

MTSZ, Music intervention schizophrenia; UMTSZ, no-music interventicsthizophrenia; CPZ, chlorpromazine; Indicated values are shown mean standard deviation.
Indicates the p-values for the comparisons (Chi-square test) among the MT&baseline), UMTSZ(baseline), and healthy controls.

bIndicates the p-values for the comparisons (Analysis of variancanong the MTSZ(baseline), UMTSZ(baseline), and healthy controls.

CIndicates the p-values for the comparisons (Two-sample t-tests) betweethe MTSZ and the UMTSZ at baseline.

padding and ear plugs to reduce head motion and scanning noisalgebra (DARTEL), and segmentation into gray matter (GM),
respectively. The resting-state functional MRI data were medu white matter and cerebrospinal uid. The segmented GM was
using gradient-echo echo planar imaging sequences (repetiti modulated using nonlinear deformation. Then, we obtained th
time [TR] D 2,000 ms, echo time [TH) 30ms, ip angle [FA]D  total GM volume and total intracranial volume (TIV) of each
90, matrixD 64 64, eld of view [FOV]D 24 24 cn?, slice subject. The GM volumes of all the subjects were normalized b
thickness/ga® 4 mm/0.4 mm), with an eight channel-phased dividing the individual TIV score of each subject. The GMual
array head coil. All subjects underwent a 510-s restinggsteain  is related to the local functional connectivity strengthrass a
toyield 255 volumes (32 slices per volume). The rst ve vokesn brain region (iang et al., 2003 Thus, to avoid the e ects of GM,
were discarded for the magnetization equilibrium. Subsedly, the patients and HCs' normalized GM volumes at baseline were
high-resolution T1-weighted images were acquired using a 3ntered as the global variable to correct for the global GMva
dimensional fast spoiled gradient echo sequenceTB008 ms, e ect across subjects in the statistical analysis.
FAD 9 degree, matriP 256 256, FOWVD 25.6 25.6 cnf, slice
thicknessD 1 mm, no gap, 152 slices). During the resting-statd=unctional Connectivity Mapping
fMRI, all the subjects were instructed to have their eyesedos The same analysis was performed in all three groups. In the
and to move as little as possible without falling asleep. previous literature, three subregions of the insula, inalgcdthe
The functional data preprocessing was performed using SPM&ntral anterior insula (vAl), dorsal anterior insula (dpdnd the
(Statistical Parametric Mapping, http://www. Lion.ucl.ak/  posterior insula (PI), were subdivided based on the clusterin
spm/). A series of preprocessing steps were performed for eaoh the FC patterns in the unilateral insul®éen et al., 2091
subject as follows: (1) slice timing correction; (2) headtiom According to the template of the insula from the ndings of Dee
correction; (3) normalization: the functional data were sally et al. each ROl was used as a seed in the whole-brain FC analysis
normalized (3 3 3mm) to the EPI template; (4) the images in each of the three groups. The mean BOLD series of each ROI
were smoothed by a 6-mm full width at half maximum Gaussiarwere extracted from these seeds. Subsequently, an FCiamaigs
kernel; (5) temporal ltering was performed at bandpass 0.01-performed between the seed and all the voxels in the brain. The
0.08 Hz; and (6) nuisance signals were regressed out, ingud resulting correlation coe cients were transformed usingker's
white matter, cerebrospinal uid, and 12 motion parametersr-to-z transformation.
(x-,y-,z-translations, three rotations, their derivags), except for
the global signal due to a recent excellent study that dematest ~ Statistical Analysis
that altered global brain signal was observed in patienth witBaseline Functional Connectivity Analysis between
schizophrenia, which may underlie profound alterations ire th the Patients and HCs
neural information ow in patients with schizophrenia¥éng We established baseline abnormalities between the healthy
et al., 201} In addition, a recent study also demonstrated thatcontrols and the patients with schizophrenia through a voxel
head motion has a substantial impact on F@ver et al., 20)2  wise two-samplé-test, with gender, years of education, and age
Thus, any subjects who had a maximum translation in any of thes covariates, within an explicit mask from the union set @& th
cardinal directions larger than 2.0 mm or a maximum rotation one-samplé-test results of the two groups. Due to the greater
larger than 2.0 degree were excluded from subsequent asialysiumber of patients than the number of healthy controls, anaqu
In addition, framewise displacement (FD) was evaluated & thnumber of the HC group and patients with schizophrenia who
three groups as suggestedmbywer et al. (2012) were randomly selected from the two patient groups was entered
The structural images were processed using the SPMBto the statistical comparison. To ensure a high reprodditibi
toolbox, with spatial normalization to the MNI-space using aof our results at baseline, these steps were repeatedly pe&dorm
di eomorphic anatomical registration through exponentiatbéel 200 times, which led to a total of 200 two-samiptest results. For
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0.010¢

0.405

0.005** 0.311

0.002**

8.228 0.007*  11.311

6.13

5.00 29.78 6.05 27.78 6.15 30.78

5.97 24.72

30.05

28.22 7.03

PANSS-general score

Indicated values are shown mean standard deviation. BVRT, Benton visual retention test; PANSS, positive amegative symptom scale; “t-test2” means the t-test between MTSZ and UMTSZ*p < 0.05, **p < 0.01.

each insular subregion, we calculated the probability maplseof
comparison results, where the voxels exhibited signi caoug

di erences P < 0.05, cluster level false discovery rate corrected)
across the total 200 tests.

Longitudinal Analysis in Patients

After tests for normality, homogeneity of variance and Malyh
test of sphericity through Matlab 2016a software, the remgkate
measures ANOVA andpost-hocanalyses were performed to
assess the music interventiontime interaction and the main

e ects of music intervention and time on the FC, as well as on the
symptom and neuropsychological measurements. Age, gender,
illness duration, education characteristics, GM, and meéica
dosage were used as the potential confounding covariatdein t
statistical analysis. Speci cally, in each FC map, the witfrioup
z-values map was analyzed using a one-sartyst (P < 0.05,
cluster level false discovery rate corrected). Then, wieictesd

the ANOVA to the mask of the union of the one-samghest
results. The signi cance threshold of the group di erences f
the ANOVA was set t&® < 0.05 (cluster level false discovery rate
corrected;Forman et al., 1995We extracted the FC, symptom
and neuropsychological measurements that showed signi can
changes in the repeated measures ANOVA from the MTSZ and
UMTSZ groups for thepost-ho@nalysis.

Validation Analyses

Validation analyses were included to address the potential
e ects related to music intervention in more detail. Two
established classi ers [support vector machine (SVM) aodt-
hocanalysis(PHA)], in which two levels were set, including &lev
with an intervention e ect and a level without an interventio

e ect, were applied to the intra and inter group validation
analyses. To identify the dierence between the groups, two
classi cation models (classi ers_ MTSZ and classi ers_UMTSZ)
were conducted, respectively. First, in the intra-groupdadion
analysis, we used the leave one out cross validation (LOOCV)
strategy to predict the intervention e ect in the MTSZ and
UMTSZ groups. Second, for the inter-group validation analysi
two classi cation models were built based on the data of the
MUSZ and UMTSZ groups. Then, two decision models were
used to predict the intervention e ect in the validation groups;
the other patient and HC groups, in which the baseline data of
the patients would be classi ed as a level without an intetizen

e ect, 1-month data of the patients and HCs would be predicted
to divide into a level with an intervention e ect. The validai
performances of the two classi cation models were adopted
to evaluate the therapeutic e ect. In other words, a higher
performance of the model was re ective of a better therapeutic
e ect of these classi ers. Detailed information can be found
section 3 of the Supplemental Information.

Furthermore, to predict the changes in the individual PANSS
scores and neuropsychological measurements in the MTSZ
group, a support vector regression (SVR) algorithm was used
to calculate the regression model, in which the percentage of
change scores (1 — [score at 1-month/score at baselinelg wer
estimated based on the FCs at baseline. An epsilon SVR based
on the model implemented in the SVMChang and Lin, 2001
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FIGURE 2 | The FC patterns of each seed in three groups. Patterns of sigrcant positive correlations with the following six seeds: Bateral dorsal anterior insula(p\):
left dAI; (B): right dAl], bilateral posterior insula(C): left PI;(D): right PI], bilateral ventral anterior insuldf): left vAl;(F): right vAl], in healthy control (“a”: HC) and music|
intervention patients with schizophrenia (“b”: MTSZ), anthusic no-intervention patients with schizophrenia (“c”: MTSZ). For display purposes, all of the maps are
shown with t score between 3.5 and 10.

with a linear kernel and default parameters was applied, usingr@called because they were no longer interested in the expati

LOOCYV procedure. after being discharged from the hospital. Five patients with
schizophrenia with excessive head motion were also excluded,
RESULTS so thirteen (13/18) UMTSZ and nine (9/18) MTSZ patients were

included in the follow-up analysis. Through comparison aniaslys

Forty- ve patients with schizophrenia nished the randomite the long-term e ect of music intervention was evaluated.
controlled trial at two time-points (baseline and 1-monthl&w- . L.
up). Nine of them (four in MTSZ and ve in UMTSZ) were Changes in Clinical and
excluded due to the excessive head motion during the MRI scarleuropsychological Measurements
Thus, 18 MTSZ, 18 UMTSZ, and 19 HC were included in theThrough a repeated measures ANOVAs analysis, we observed
following analysis. The demographic information is displayjed signicant music intervention main eects and music
Table 1 intervention  time interaction in the PANSS and BVRT

To further examine the e ect of music intervention on the scores {able 2. None of the symptoms or neuropsychological
insular networks, we did the follow-up visits 6 months later measurements showed signi cant main e ects of tinkast-hoc
as we expected that the e ect of music intervention wouldanalysis revealed no signi cant di erence between the MTSZ
vanish gradually after the period of interventio®((étin et al., and UMTSZ groups at baseline for any of the features of the
2009. However, nine patients with schizophrenia (25%) were nopsychiatric symptoms or neuropsychology. The signi cant
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FIGURE 3 | Music intervention * time interactions on the FC map of the fedAl. (A) Denotes the altered FC in patients compared with the HCs. Theool color
indicates decreased FC. The maps are shown with probabilitgcores between 80 and 100%. (B) Denotes the signi cant music intervention * time interactio that was
observed between the left dAl and the ACC(C) The bar maps present the FC differences between-group and whin-group in the regions showing signi cant music
intervention * time interaction. The data are expressed ashié mean valueC standard error. **p < 0.001. PM: probability map. The blue circle marks the same igion
in (A,B), which represents the positively modulated region througlmusic intervention in patients.

increase in the BVRT and the decrease in the PANSS scores w&@C. In addition, decreased FC was observed between the
found in the MTSZ group following music intervention, but bilateral Pl and the sensorimotor regions, as well as thepiteti

not in the UMTSZ group Table 2. Furthermore, the e ects area in patients. While in the bilateral Pl and vAIl networks,
of music intervention had vanished in the MTSZ group at thethe patients also demonstrated increased FC with the basal
follow-up visits after 6 months [comparison results between ganglia regions compared with the HCBigures 3A 4A, 5A,

and 6 months from the baseline: BVR{[j7) D 3.76,p D 0.001; Figure S1). In addition, compared to the UMTSZ group, the
PANSS-total scor¢j;7) D 5.24p< 0.001; PANSS-positive score:MTSZ patients demonstrated decreased correlations with the
ta7 D 2.51,p D 0.022; PANSS-negative scdig7y D 2.70,pD  precentral and supplementary motor areas in the bilateral dAl

0.015; PANSS- general scdyey D 3.56,0 D 0.002]. networks (uncorrecte® < 0.05; Figure S2). If the strict threshold

) ) o (voxel level false discovery rate correcied 0.05) was used, no
Baseline Functional Connectivity di erence was observed between the MTSZ and UMTSZ groups
Abnormalities between Patients and HC at baseline.

The FC patterns of each seed were remarkably similar across . . . .

the MTSZ, UMTSZ, and HC groupsFigure 2. Compared Music Intervention Effects in Longitudinal

to the HCs, the patients demonstrated decreased FC betwe&hanges of Functional Connectivity

the three insular subregions and the orbital frontal cortes After 1 month of music intervention, the repeated measures
well as temporoparietal junction. In the left dAl and bilatera ANOVA analysis showed signi cant music interventiontime
VAl networks, the patients exhibited decreased FC with thénteraction e ects on the FC between the left dAl and the ACC
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FIGURE 4 | Music intervention * time interaction effect on the FC of thieft PI. (A) Denotes the altered FC in the patients compared with the HCsThe cool color
indicates decreased FC, and the hot color indicates increasd FC. The maps are shown with probability score between 80 ah 100%. (B) Denotes the signi cant
music intervention * time interactions that were observedithe left PI-ACC FC and the Pl-left precentral FQC) The bar maps present the FC differences
between-group and within-group. The data are expressed astte mean valueC standard error. p < 0.05, **p < 0.001. PM: probability map. The circles mark in(B),
which represent the positively modulated region through msic intervention in patients in(C) (blue circle: ACC; black circle: left precentral).

(Figure 3B Table 3 in the patients.Post-ho@nalysis revealed signi cant di erence in the FC after music intervention was
that the FC between the left dAl and the ACC did not show anyfound.
signi cant di erences between the MTSZ and UMTSZ groups at  The 6-month follow-up investigation is illustrated Figure 6.
baseline but was found to be signi cantly increased in the MTS The increased FC between the left insula (dAl and PI) and the
patients following music interventiorFigure 3C). Importantly, =~ ACC in response to the music intervention mentioned above had
this increased connectivity was observed to decrease iarati a signi cantly reduced alteration compared with the secoodrs
compared with the HCs at baseline. (after 1-month of music intervention). In a word, a diministl
Regions showing signi cant music intervention time e ectof musicintervention was observed after 6 months of lmus
interaction e ects on the FC of the left Pl were located in theintervention.
ACC and the left precentral gyruEigure 4B Table 3, with non-
signi cant lower values in the MTSZ group compared to thePrediction of Music Intervention Effects by
UMTSZ group at baseline and signi cant increases in the MTSA/alidation Analyses
group following music interventionKigure 4C). The binary and linear predictions of music intervention by
Signi cant music intervention time interaction e ects on the FCs yielded an accuracy rates signi cantly above thel lev
the FC between the right Pl and the ACC, left precentral, anéf chance Figure 7A, Table 4. In the classication model
right precentral gyrus were observedriqure 5B Table 3, inter-group validation analysis, the classi ers_ MTSZ, basad
with non-signi cant lower values in the MTSZ group the FCs from MTSZ group, had better accuracy than the
compared to the UMTSZ group at baseline and signi cantclassi ers_ UMTSZ. In addition, through this validation dgsis,
increases in the MTSZ patients at the 1-month follow-upthe e ect of music intervention had vanished in the MTSZ
(Figure 5Q). Finally, no signicant main eects of time group at the 6-month follow-up (Figure S3, Table S2). Dethile
or group music intervention factors were observed in anyinformation about the validation analyses of the follow-vipits
regions. In the right dAl and bilateral vAlI networks, no can be found in section 3 of the Supplemental Information.
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FIGURE 5 | Music intervention * time interaction effect on the FC of theght PI. (A) Denotes the altered FC in the patients compared with the HC. fie cool color
indicates decreased FC, and the hot color indicates increasd FC. The maps are shown with probability scores between 80d 100%. (B) Denotes the signi cant
music intervention * time interaction that was observed irhie PI-ACC FC and the Pl-bilateral precentral FQC) The bar maps present the FC differences
between-group and within-group. The data are expressed ashte mean valueC standard error. p < 0.05, **p < 0.01. PM: probability map. The circles mark in(B),
which represents the positively modulated region through msic intervention in patients in(C) (blue circle: ACC; black circle: left precentral; purple gile: right
precentral).

Furthermore, the SVR results, which were based on the Fceived music intervention. However, at the 6-month falo
between the left dAl and the ACC in the MTSZ at baselineup investigation demonstrated the e ect of music listeningdh
were signi cantly associated with the actual percentageigha vanished.
in the PANSS-positive scores of the MTSZ grouf(0.47,p < In patients with schizophrenia, abnormal external stimulus
0.01;Figure 7B). The mean absolute error between the predictedesponses are central to its psychopathologlitison et al.,
percentage of change in the PANSS-positive score and thel actd&8¢, weakening social cognition and regulation of emotion,

score was 8.37%. which is associated with poor social functioningquture et al.,
2009. Structural and functional de cits in the insula have been
DISCUSSION implicated in patients with schizophrenia for disturbed respass

processing $hepherd et al., 20).ZThe dAl plays a crucial role
To the best of our knowledge, this study is the rst to assesk the SN, which has extensive involvement in the detectio a
the eect of long-term music intervention on the insular processing of salient eventSi{ang et al., 20)3in addition to
neural circuit in patients with schizophrenia. Consistentttwi its relation to marking objects that require further prociegsby
previous studies, the patients with schizophrenia illustratedntegrating external stimuli with internal homeostatic rtexts
the dysfunctional insular connectivity in this study. Afte (Nomi et al., 201§ In schizophrenia, abnormal functioning
listening to Mozart's sonata music, we observed the positivef the anterior insula is involved in hallucinations\fylie and
improvement e ect on the abnormally lower insular FCs Tregellas, 2010 Dysfunction of the SN has been observed in
(within the dAI and Pl networks) using correlation and schizophrenia between the bilateral anterior insula ancessv
pattern classi cation analyses. Furthermore, the principanodes of the SN, which has been related to cognitive dysifamct
ndings of the SVR analysis indicated that the FC of(White et al., 201)) Similar to previous ndings, at baseline,
the left dAl with the ACC at baseline could predict the we observed decreased FC between the dAl and the ACC in
improvement in the psychiatric symptoms in the patients whoschizophrenia. More importantly, in the MTSZ group, after
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TABLE 3 | Signi cant music intervention * time interaction on FC of sutegion of disintegration in sensorimotor processing domain might
insula through repeated measure ANOVA. enhance our understanding of schizophrenia pathophysiology
Regions  BA MNI coordinates Peak Cluster (JaV|tt,'200}) Speci ca]ly, the po_sterlor insula is involved in
E-score voxels  Sensorimotor processingS{ephani et al., 20).11t has been
ascribed an integrative role, linking information from dirse

X Y z sensorimotor functional regions and playing an important

L gl role in sensorimotor processingN{euwenhuys, 2012 In the
ns.L BA 48 38 6 6 7582 86 current_ study, we ob;erviq de;rea_sed FC blfetweefn th_g Pl and
ROLL BA 48 45 5 10 5474 ser,ljonmclnorreglonsm sc |20|c; rer:jla at baseélnle:.éb\;fkehmg )
ACCR BA 24 5 o4 26 11756 56 to Mozarts sonata music, we found increase etween the

bilateral Pl and sensorimotor regions of the MTSZ group, tHoug
ACC.L BA 24 2 21 26 7.263 C . ) .

there were no signi cant di erences in the patients compared
LEFT PI . . . i S

with controls at the baseline. Previous studies have inditthat
PreCGL  BAG 57 5 27 13.421 118 - : . : .

music listening can clearly modify the sensorimotor procegsin
ACCR BA 24 2 15 28 9.290 65 . .
AceL BA o4 L s ”0 673 of the body, e.g., temperature and galvanic skin responses
RIGI'-IT - ’ (Blood and Zatorre, 2001; Trost et al., 2012; Li et al., 2014

Our previous study also revealed that FC was signi cantly
ACCR BA 24 2 12 30 11.528 165 increased in the multi-sensorimotor cortices of musicians
ACCL BA24 2 13 29 11.344 (Luo et al., 201 Additionally, music intervention might be a
MCCR  BA24 ! o 33 10173 useful neurorehabilitation tool for patients with chronitrake
McC.L BA 24 3 & 87 9.424 and could lead to functional network reorganization in the
PreCGL  BAG 57 8 st 9.126 e sensorimotor cortexRojo et al., 2071 Thus, in our study, the
PreCGR  BAG 44 1 34 8.770 3  increased sensorimotor connectivity after listening to Mds

BA, Brodmann area; dAl, dorsal anterior insula; PI, posterior insayl Ins, insula; ROL, sonata music might be a compensatory response to other
rolandic operculum; PreCG, precentral gyrus; ACC, anterior cingula cortex; MCC,  abnormal connectivity in the sensorimotor network in patient
middle cingulate cortex. Altogether, these ndings may indicate that the increasdtsF
of the Pl network, as the positive regulatory e ect of long-term
music intervention, might increase sensorimotor processing
listening to Mozarts sonata music, we found that long-termpatients with schizophrenia.
music intervention could positively improve the abnormallyvo The functional dierentiation of the insular cortex has
FC between the dAl and the ACC. Extending these results heralready been indicated by excellent recent studies. Thdansu
in the MTSZ group, the SVR analysis provided a continuouss thought to play a role in the functional integration betwee
prediction of positive symptom remission based on the baselindi erent functional systems by integrating information fino
FC between the dAIl and the ACC. Music listening can evokeéhese diverse system€r@ig, 2004; Nieuwenhuys, 201Zhe
emotional feelings, such as peacefulness, fear andSjop¢da insula was reported to be involved in not only integrating
et al.,, 200). These e ects could be related to music's abilitycognitive tasks and emotion, as well as in sensation, but
to alter brain functional networks that are associated wvilte also processing of the reciprocal in uence of emotion and
processing of external emotional stimuBr@ttico et al., 2013; interoception Critchley, 2005; Cao et al., 2Q16mportantly,
Zatorre and Salimpoor, 20).3The dAl and the ACC, which the dAl, as the key node of the SN, is the critical functional
are joined by interacting structural connections, are spégd hub in these processes. A posterior-to-anterior progression of
for anticipation and evaluation of external stimuli@vero increasingly complex representations in the insula provides
et al., 200R These results indicated that the SN may be ara foundation for the sequential integration of interocepgtiv
important network for music intervention. Increased furmtial awareness with the external sensory environmefitra(g,
integration within the SN had a positive improvement e ect on 2002, 201)l. This processing could then create subjective
the abnormally low FC in the SN and might positively regulatefeelings from the integration of intero- and exteroceptive
the assignment of “salience events” in schizophrenia. Thisensory information, providing a basis for the “self” and
phenomenon might improve stimulus response and cognitivedenti cation of the boundaries between the “self” and othe
function in patients. (Namkung et al., 20)7that is considered a core abnormality
Of no less importance, schizophrenia is a severe mentaf schizophrenia. Importantly, a recent study reported that
disorder that is associated with derogated sensorimotomusic intervention as an addition to standard care could
processing Javitt, 200R Neuroimaging studies have shown help patients with schizophrenia to improve their global state,
decreased connectivity in the sensorimotor functionalwmks mental state and social functionind/Pssler et al., 2031 1n
in patients with schizophrenia/(alther and Strik, 2012; Chen the MTSZ group, after listening to Mozarts sonata music,
et al., 201x Furthermore, regions of the sensorimotor cortexwe found that long-term music intervention could improve
have displayed widespread abnormal FC with higher-ordethe FC between the Pl and ACC, which is one important
regions in patients with schizophreni&fufmann et al., 20)5 region in the SN. In patients, the increased PI-SN FC
Thus, it has been hypothesized that targeting the functionaiight enhance the integration between the interoceptive and
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FIGURE 6 | Six-month effects of music intervention versus no-music tervention on insular FC in the patients with schizophrenid'he data are expressed as the
mean value standard error. (A) FC of left dAl and ACC;(B) FC of left PI and ACC(C) FC of left Pl and left precentral gyrus{D) right Pl and ACC;(E) right PI and left
precentral gyrus;(F) right Pl and right precentral gyrus.

FIGURE 7 | The pattern classi cation results.(A) Represents the validation result through the machine leaimg analysis. In the training cohort, the MTSZ at baseline
and the MTSZ at 1-month were included. The validation cohortonsisted of the UMTSZ at baseline, the UMTSZ at 1-month anchie HCs. The blue line indicates a
threshold with an 83.3% speci city and a 61.1% sensitivity fo differentiating the MTSZ at 1-month from the MTSZ at basele in the training cohort. Fitting this
threshold to the validation cohort provided the accuracy foclassifying the UMTSZ at baseline, the UMTSZ at 1-month antthe HCs. (B) Represents the prediction
result based on the SVR. The scatter map shows a signi cant caelation between the predicted and true individual percemige of change in the PANSS-positive score.

exteroceptive systems and improve both subjective feelinds aabovementioned ndings might re ect that music listening
the functioning between sensorimotor processing and responould temporarily normalize the reciprocal connections betwe
to an external stimulus. Consistent with this speculatioftera the interoceptive and exteroceptive systems, then could eeliev
music intervention in the MTSZ patients, we found remissionsthe psychiatric symptoms and behavior in patients with
in the psychiatric symptoms, re ecting the e ects of long- schizophrenia.

term music intervention. In addition, we found remission in

the performance on the BVRT, which is a well-established

neurodiagnostic instrument that assessed visuospatiaépéon  LIMITATION

and retention Gtrauss et al.,, 20p6in the MTSZ group.

Previous studies have indicated that the e ects of musidn this study, there were several limitations. First, theatidesign
might not be durable in humans Gardiner et al., 1996; ofourstudy, whichincluded two groups of non-medically trec
Rauscher et al., 19p7n this study, the short-term e ects of patients with schizophrenia, is ethically questionable fdigpes.
music intervention were also observed on insular subregio®econd, a single musical piece was selected (Mozarts sonata K.
networks, psychiatric symptoms and BVRT performance. Théd48) in our study. The special e ects of Mozart's music might be
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TABLE 4 | Validation performance (%) of classi ers based on FCs of MTS@r UMTSZ.

Classi er Intra-group validation (LOOCV) Inter-group val idation (patients) Inter-group validation (HCs)
Sensitivity, % & Speci city, % P Sensitivity, % 2 Speci city, % P Sensitivity, % ©
SVM_MTSZ 83.33 (15/18) 66.67 (12/18) 77.78 (14/18) 11.11 (2/18) 84.21 (16/19)
SVM_UMTSZ 44.44 (8/18) 33.33 (6/18) 27.78 (5/18) 38.89 (7/18) 26 (1/19)
PHA_MTSZ 83.33 (15/18) 61.11 (11/18) 66.67 (12/18) 11.11 (2/18) 84.21 (16/19)
PHA_UMTSZ 22.22 (4/18) 44.44 (8/18) 16.67 (3/18) 33.33 (6/18) 183 (2/19)

SVM, Support vector machines; PHA, post-hoc analysis; MTSZ, music intgention schizophrenia; UMTSZ, no-music intervention schizophrenia; H@8ealthy control; LOOCYV, leave one
out cross validation.

aSensitivity (true-positive rate) depicts the proportion at level without thapeutic effect (baseline) who are correctly identi ed in the inter-gup validation (patients).

bSpeci city (true-negative rate) depicts the proportion at level with therapetic effect (1-month) who are correctly identi ed in the inter-group vatiation (patients).

¢Sensitivity depicts the proportion of inter-group (HC) for classifyinthem as the state after intervention. Because there are two states: beforedseline) and after(1-month) intervention
for any classi er, HC should be classi ed into after intervention st rather than before intervention state.

observed in patients. Further studies should investigaetacts AUTHOR CONTRIBUTIONS
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