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Abstract

Background
Currently, music therapy interventions in stroke rehabilitation have begun to diversify. This study observed
the effect of music therapy on cognitive function in patients with post-stroke cognitive impairment
(PSCI).

Methods
42 patients diagnosed with PSCI were randomly selected and divided into the conventional rehabilitation
(CR) group (N = 18) and the music therapy (MT) group (N = 24), both the CR group and the MT group were
given conventional medication and cognitive rehabilitation, while the MT group was given additional
music therapy cognitive training for a total of 8 weeks. Patients' cognitive function was assessed by the
Mini-mental State Examination (MMSE), Montreal Cognitive Assessment (MoCA), and Loewenstein
Occupational Therapy Cognitive Assessment (LOTCA). The degree of neurological de�cits, motor
function and activities of daily living (ADL) were assessed by National Institute of Health stroke scale
(NIHSS), Fugl-Meyer assessment scale (FMA) and Modi�ed Barthel Index (MBI). All those assessments
were tested at the baseline, 4 weeks and 8 weeks after the intervention.

Results
At 4 and 8 weeks after the intervention, the MT group had higher increases in MMSE, MoCA, and LOTCA
scores than the CR group (p < 0.05). At 4 weeks after the intervention, there was no statistical difference in
the increase of NIHSS, MBI, and FMA scores between the two groups. At 8 weeks after the intervention,
the increase of FMA score was higher in the MT group than in the CR group, but there was no statistical
difference in the increase of NIHSS and MBI scores between the two groups.

Conclusions
Music therapy combined with cognitive rehabilitation was signi�cantly more effective than conventional
rehabilitation in restoring cognitive function in patients with PSCI, but the 8-week music therapy
intervention did not have a signi�cant advantage in improving neurological de�cits, ADL and motor
function. In addition, music therapy can improve the cognitive domains of verbal �uency, attention, visual
perception, spatial perception, and thought operations in patients with PSCI.

Trial registration: The registration number of the clinical trial is ChiCTR2000040612. Registration date:
03/12/2020.
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Background
Stroke is a common cerebrovascular disease that remains an important public health problem worldwide
and is the second-leading cause of death and third-leading cause of death and disability combined[1, 2].
Stroke seriously affects the daily life of patients and places a heavy burden on families and society[3, 4].
Approximately 16 million people worldwide suffer from stroke each year, of which 5.7 million die and
about 5 million become disabled[5]. With a stroke prevalence of 1114.8/100,000, an annual incidence of
246.8/100,000, and a mortality rate of 149.49/100,000, China has become the country with the highest
lifetime risk of stroke and the highest disease burden[6, 7]. Cerebrovascular disease such as stroke often
leads to cognitive impairment, and vascular cognitive impairment (VCI) has become the second leading
cause of dementia after Alzheimer's disease[8].

Post-stroke cognitive impairment (PSCI) is an important subtype of VCI, referring to a clinical syndrome
characterized by cognitive impairment that appears after a stroke event and persists up to 6 months,
affecting between 33% and 61% of stroke patients[9]. The number of individuals with PSCI continues to
rise due to the aging of the population and the increasing number of stroke survivors[10]. PSCI is an
important cause of the current stroke disease burden and has become a hot topic in international stroke
research and a focus of clinical intervention. The clinical manifestations of PSCI present diversity and
complexity due to multiple factors such as PSCI stroke etiology, type, lesion site, primary disease, and
complications, which are related to memory impairment, learning ability impairment, attention
impairment, and perceptual impairment[11]. The high disability rate of PSCI seriously affects patients'
ability to perform activities of daily living (ADL), mental health, quality of life (QOL) and survival time, and
hinders the recovery process[12]. Early and comprehensive interventions for PSCI to delay disease
progression, maintain and improve cognitive function, and improve basic daily function are the key and
di�cult issues to be addressed in stroke rehabilitation. Comprehensive interventions for PSCI include
pharmacotherapy and rehabilitation. Although cholinesterase inhibitors, non-competitive N-methyl-D-
aspartate receptor (NMDAR) antagonists and ginkgo biloba extract are effective in improving cognitive
function, there is no reliable clinical evidence of e�cacy and the presence of adverse drug reactions such
as nausea, diarrhea and confusion signi�cantly reduces patient compliance with treatment[13, 14]. Non-
pharmacological rehabilitation treatments, including psychological interventions, cognitive rehabilitation,
and music therapy, can effectively compensate for the limitations of pharmacological treatments[15].
Cognitive rehabilitation is a therapeutic activity that combines clinical neuropsychology, rehabilitation
and behavioral and cognitive training to delay further deterioration of cognitive impairment, ADL and
motor function based on the assessment of the patient's brain injury and cognitive function, with the goal
of improving cognitive function[16, 17]. So far, studies on post-stroke cognitive impairment (including
medication and rehabilitation training) still lack recognized and effective treatment methods, so the
search for new and effective treatment methods is important for both prevention and prognosis
improvement of PSCI.
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Music therapy (MT) is a systematic intervention process that uses the unique physio-psychological
effects of music and the therapeutic relationships developed during the treatment process to help
patients develop individualized treatment plans targeted at achieving physical and mental health,
involving many disciplines such as medicine, psychology, and physics[18]. MT can usually be divided into
individual therapy or group therapy, and is conducted in a passive (e.g., listening) or active (e.g., singing,
drumming, hand clapping, dancing) format[19–21]. MT has developed rapidly in a relatively short period of
time due to its outstanding features such as wide applicability to the population, low equipment
requirements, and high operability, and still has a large room for growth. In recent years, MT has been
increasingly used as an intervention in the treatment of medical disorders. MT is very effective in
reducing pain and anxiety and improving patient satisfaction in emergency departments, and can also
play an analgesic role during surgery[22, 23]. MT has signi�cant e�cacy in the treatment of
schizophrenia[24], depression[25] and autism spectrum disorder[26], and is also widely used in the
rehabilitation of movement disorders[27], speech disorders[28] and mood disorders caused by neurological
diseases[28]. Through systematic intervention, music therapy can accelerate the recovery process of
patients with neurological diseases.

Currently, MT interventions in stroke rehabilitation have begun to diversify, not only for enhancing the
effectiveness of motor training in hemiplegic patients, but also for improving the recovery of speech
function, improving cognitive function, and relieving negative emotions[29, 30]. However, the number of
randomized controlled studies observing the e�cacy of MT in patients with PSCI is small, and the
effectiveness of MT in cognitive rehabilitation applications in PSCI is still not fully demonstrated, and
furthermore, the interventional effects of music therapy on speci�c cognitive domains in PSCI are not yet
known. Therefore, we hypothesize that MT is effective in improving cognitive function in PSCI and that
some cognitive domains may be improved to a better extent than others. In this study, we investigated the
clinical e�cacy of MT on PSCI by longitudinally assessing cognitive function, including total cognitive
function scores and scores in each cognitive domain, in patients in the CR and MT groups baseline, 4
weeks and 8 weeks after the intervention.

Methods
This study (ChiCTR2000040612) was approved by the institutional review board of China Rehabilitation
Research Center (CRRC). Written informed consent was obtained from all the patients. The study was
conducted in accordance with the principles of the Declaration of Helsinki.

1 Sample size calculation
The main validity index in this study was the increase in MoCA score. Previous studies showed an
increase in MoCA score of 5.65 ± 2.67 after three months of music therapy intervention and 2.73 ± 2.84
after three months of conventional rehabilitation intervention in patients with PSCI. When the signi�cance
level of the statistical test was 0.05 bilaterally and the degree of certainty was 90%, the maximum
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possible shedding rate of 20% in the study was considered, according to the PASS 11.0 software “Means
—Two Independence Means—T-Test (Inequality)---Two-Sample T-Tests Assuming Equal Variance”
calculated that 24 cases were needed to enroll in each group, and the total number of cases in both
groups was 48.

2 Patients
This study screened 79 patients diagnosed with PSCI from December 2020 to July 2022 in the
Department of Neurorehabilitation of Boai Hospital, China Rehabilitation Research Center, Beijing, due to
early discharge and poor cooperation, 42 patients were �nally included in the study (Fig. 1). The inclusion
criteria were as follows: 1) Patients with CT or MRI-con�rmed new-onset cerebrovascular disease within 6
months of onset; 2) Age 18 to 80 years; 3) Glasgow Coma Scale score < 8; 4) Native Chinese language; 5)
The Mini-mental State Examination score ≤ 17 in the illiterate group, ≤ 20 in the elementary school group,
and ≤ 26 in the middle school and above group; 6) Able to maintain a sitting position independently for
30 minutes. The exclusion criteria were as follows: 1) Pre-existing cognitive impairment before the current
onset; 2) Severe cardiopulmonary and other systemic diseases; 3) Bradycardia; 4) Combined audiovisual
impairment; 5) Abnormal emotional behavior and psychosis; 6) Epilepsy. The exit and termination criteria
were: patients who could not complete the examination items as required or could not cooperate with the
treatment.

In this study, the patients were randomized using the computer-generated random number table method
and divided into a music therapy (MT) group and the traditional rehabilitation (CR) group. A computerized
RAND function was used to generate a random number table, specifying odd numbers as the MT group
and even numbers as the CR group. Each patient who met the inclusion and exclusion criteria was
entered into the study, and the group was determined by the odd or even number of random numbers on
the table according to the order of entry. Patients were pre-treated according to the randomization results.
Ultimately, 42 patients were randomly divided into the MT group (N = 24) and the CR group (N = 18).

Due to the pending nature of the intervention, patients knew whether they were undergoing music therapy
training, so the study could not be blinded to the patients, but the clinical assessors and statistical
analysts in the study were blinded. In this study, stroke and post-stroke cognitive impairment was
screened and diagnosed in patients in the department of neurorehabilitation by physicians who were
quali�ed as associate directors or above. The clinical assessors before and after treatment in this study
were all the same neurorehabilitation physicians to be less subjective bias in the assessment.

3 Intervention
Both the CR group and the MT group were given conventional medication, including maintaining blood
pressure and blood glucose stability, nourishing nerves, and preventing decubitus ulcers and infections;
both were given cognitive rehabilitation, which mainly included training treatment for patients' attention,
thinking ability, memory, orientation, and calculation ability, etc. The treatment was given 5 times a week
for half an hour each time for 8 weeks.
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In the MT group, additional music therapy cognitive training was conducted by a professional music
therapist, and the treatment lasted for 8 weeks, 5 times a week, for half an hour each time. The music
therapy cognitive training consisted of music mnemonic training, music sensory orientation training,
music attention control training, and music executive function training. The form of music therapy
cognitive training is a combination of active and passive music therapy. Active music therapy involves
the patient's rhythmic participation in music, including the patient's interaction with the music therapist,
singing, playing and composing music; passive music therapy involves the patient listening to music to
regulate the patient's central nervous system functions through melody, rhythm and timbre factors[31, 32].
The choice of music is based on a combination of the needs of the treatment, the patient's own
appreciation of music and the degree of enjoyment of music, mainly classical or folk music with a
soothing rhythm. Tracks such as: The Blue Danube (piano), Grassland Night (sung by Fei Yun), Spring
Song (Mendelssohn - piano), Autumn Whispers (piano), Swan Goose (sung by Fei Yun).

4 Evaluation
All primary and secondary outcomes will be measured at baseline, 4 weeks post-intervention, and 8
weeks post-intervention.

4.1 Primary outcome
The primary outcome of this study is the cognitive function of PSCI. The Mini-mental State Examination
(MMSE), Montreal Cognitive Assessment (MoCA), and Loewenstein Occupational Therapy Cognitive
Assessment (LOTCA) were used to evaluate cognitive function.

MMSE is the most widely used cognitive screening scale and contains orientation, memory, attention,
language and other cognitive domains. It is more sensitive to memory and language cognitive domains
and has a higher sensitivity and speci�city for dementia diagnosis, but is relatively less sensitive to mild
cognitive impairment[33, 34]. MMSE scores are closely related to education level, and the normal cut-offs
were classi�ed as: illiterate > 17, elementary school > 20, junior high school and above > 24.

This study also uses Moca, a cognitive screening, diagnostic tool with high sensitivity and speci�city[35].
Compared to MMSE, MoCA evaluates more cognitive domains and places more emphasis on the
assessment of cognitive functions in executive function and attention[36]. MoCA includes several
cognitive domains including visuospatial and executive functions, naming, attention, language,
abstraction, delayed recall, and orientation; a score of 30 out of 30, with ≥ 26 being normal and < 26
being impaired cognitive function.

LOTCA has been widely used to assess the effects of various brain diseases on cognitive function,
especially in the assessment of cognitive dysfunction after cerebrovascular disease, with good reliability
and validity[37]. The Chinese version of the second edition of LOTCA has been tested and also has good
validity, reliability and sensitivity, which can systematically and comprehensively assess cognitive
function[38, 39].
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4.2 Secondary outcomes

4.2.1 Neurological function
The National Institute of Health stroke scale (NIHSS) is a widely used measure of neurological function in
clinical trials and patient assessment[40]. NIHSS includes consciousness, ataxia, sensory, speech, motor,
visual �eld, and eye movements, with a total score of 42, with higher scores indicative of more severe
neurological de�cits in patients. NIHSS score ≤ 5 indicates mild neurological de�cit, 5 15 indicates
moderate de�cit, ≥ 16 indicates severe de�cit[41, 42].

4.2.2 Activities of daily living
The Modi�ed Barthel Index (MBI) was used to evaluate the ability of activities of daily living, including 10
items related to bowels, bladder, grooming, toilet use, feeding, transfer, mobility, dressing, stairs and
bathing, each item can be divided into four score bands according to its degree: 0, 5, 10 and 15, with a
total score of 100[43]. MBI has a high sensitivity and reliability for evaluating stroke rehabilitation[44]. A
score of 0 20 indicates complete dependence; 25 45 indicates heavy dependence; 50 70 indicates
moderate dependence; 75 95 indicates mild dependence; and 100 indicates independent living[44, 45].

4.2.3 Motor function
Motor function was evaluated using Fugl-Meyer assessment scale (FMA). FMA is one of the most widely
used quantitative measures of movement disorders for assessing recovery in patients with hemiplegia
after stroke and is applicable in both clinical and research settings[46]. The total score of FMA is 100, < 50
indicates severe motor impairment; 50 84 indicates marked motor impairment; 85 95 indicates moderate
motor impairment; 95 99 indicates slight motor impairment[47].

4.3 Cognitive domains
MoCA was subdivided into visuospatial and executive functions (5 points), naming (3 points), attention
(3 points), serial subtraction (3 points), sentence repetition (2 points), verbal �uency (1 point), abstraction
(2 points), delayed recall (5 points), and orientation (5 points).

LOTCA was subdivided into six domains: orientation (16 points), visual perception (16 points), spatial
perception (12 points), motor praxis (12 points), visuomotor organization (28 points), and thinking
operations (31 points).

5 Statistical analysis
Data were statistically analyzed using IBM SPSS version 26.0. Data values of continuous variables were
expressed as means ± standard deviations, categorical variables were expressed as numbers and
percentages. The Chi square test was used in the comparison of categorical data. The independent
samples t-test was used to determine signi�cant differences in MMSE, Moca, LOTCA, NIHSS, MBI, FMA
and each cognitive domain between the MT and CR groups. To con�rm the signi�cant differences in
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MMSE, Moca, LOTCA, NIHSS, MBI, FMA and each cognitive domain before and after intervention in each
of the MT and CR groups, a paired t-test was used. A value of p < 0.05 was considered statistically
signi�cant.

Results
The study �nally included 42 patients (male = 31) with a mean age of 57.36 ± 12.18. At baseline, there
were no differences between the two groups in terms of demographics, cardiovascular disease and risk
factors, or clinical data (p>0.05). Patients with both ischemic and hemorrhagic stroke were included to
re�ect the true clinical patient pro�le undergoing rehabilitation and to increase the generalization effect of
this intervention. The main risk factors for stroke include high systolic blood pressure, high body-mass
index, high fasting plasma glucose and smoking[1]. 73% of the patients in this study had hypertension,
21% had diabetes, 21% had hyperlipidemia, and 38% smoked (Table 1).

1  Change in total score increase for MMSE, MoCA and LOTCA

At 4 and 8 weeks after the intervention, the total MMSE, MoCA and LOTCA scores increased in all patients
(Table 2, p<0.001), while the improvement in MMSE, MoCA and LOTCA scores was greater in the MT
group than in the CR group (p<0.05). The increase in MoCA and LOTCA scores was greater in the MT
group than in the CR group from 4 weeks to 8 weeks after intervention (p<0.05), but the increase in MMSE
scores was not signi�cantly different from that in the CR group (Table 3, p>0.05).

2  Change in total score increase for NIHSS, MBI and FMA 

At 4 and 8 weeks after the intervention, the total NIHSS, MBI and FMA scores increased in all patients
(Table 2, p<0.001), but there was no signi�cant difference in the increase in NIHSS, MBI and FMA scores
between the two groups at 4 weeks after the intervention (p>0.05). At 8 weeks after the intervention, the
increase in FMA scores was greater in the MT group than in the CR group(p<0.05), while NIHSS and MBI
scores remained statistically indistinguishable in both groups, although they both still improved. The
same was true for the change in scores from 4 weeks to 8 weeks after the intervention (Table 3).

3  Cognitive domains

At baseline, PSCI patients had impairment in all cognitive domains, but there was no signi�cant
difference between the MT and CR groups (Table 5). After 4 weeks of intervention, all patients showed
signi�cant improvement in the cognitive domains of MoCA (p<0.05) except for two domains of sentence
repetition and verbal �uency; all patients showed signi�cant improvement in all cognitive domains of
LOTCA (p<0.05), with the MT group improving signi�cantly better than the CR group in two domains of
visual perception and thinking operations (Table 4 and Table 5, p<0.05). At 8 weeks after the intervention,
verbal �uency improved in all patients (Table 4, p<0.05), while the MT group showed greater improvement
in verbal �uency and attention cognitive domains in MoCA and visual perception, spatial perception and
thinking operations in LOTCA than the CR group (Table 5, p<0.05).
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Discussion
The purpose of our study was to investigate the effect of music therapy on the recovery of cognitive
function in PSCI. A total of 42 patients were included in this study and randomized to the MT and CR
groups. After 8 weeks of intervention, we found that although the cognitive function scores in both
groups improved compared to the pre-intervention period, the improvement was more pronounced in the
MT group.

PSCI is one of the subtypes of vascular cognitive impairment, emphasizing the causal relationship
between stroke and cognitive impairment, mainly in terms of memory, attention, orientation, visuospatial
function and executive dysfunction[48,49]. Age, gender, education level, stroke type, and lesion site are
in�uential factors of PSCI; in addition, history of underlying chronic diseases such as hypertension,
myocardial infarction, type 2 diabetes and lifestyle are signi�cantly associated with PSCI[50,51]. PSCI not
only severely affects patients' daily life, life satisfaction and social participation, but also increases
mortality[52,53]. 

Music therapy is an intervention that has been widely used in recent years in the treatment of stroke. The
research on music therapy in stroke rehabilitation has become a popular �eld, and more and more studies
have con�rmed that music therapy has a signi�cant role in promoting stroke rehabilitation[54,55].
Rosemann et al. concluded that memory or attention de�cits do not contribute to impaired music
perception after stroke[56]. Neuroimaging studies have shown that the neural activity associated with
music listening goes far beyond the auditory cortex, encompassing a wide range of neural networks in
prefrontal, temporal, parietal, and subcortical regions, as well as limbic and paralimbic systems, which
are associated with attention, semantics, memory, and emotional processing[57]. In addition, music
therapy affects the release of acetylcholine and norepinephrine in the hippocampus, improving the
function of neural networks and thus cognitive function. Daily, long-term music listening improves
auditory and verbal memory, attention and mood, and induces early structural gray matter changes after
stroke[29]. Furthermore, different types of musical interventions may have different effects on PSCI.
Audiobook listening has been found to be associated with distraction from worry and anxiety reduction;
positive music listening was strongly associated with relaxation as well as enhanced attentional
control[58]. The form of music therapy cognitive training used in our study was a combination of active
and passive music therapy. Patients who underwent 8 weeks of music therapy training showed greater
overall cognitive improvement than those in traditional cognitive rehabilitation, demonstrating the
positive effect of music therapy on cognitive recovery in PSCI.

We also observed that the limb motor function of PSCI patients also improved signi�cantly 8 weeks after
the music therapy intervention, with a better improvement than in the CR group. Motor dysfunction occurs
in approximately 90% of stroke patients and is a major factor in the quality of life and social participation
of patients[59,60]. One study found that patients trained with silent instruments showed a smaller degree
of improvement compared to those trained with audible instruments. Further studies showed that the
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input of sound during listening to music integrated the auditory system with the motor system, increased
the excitability of the motor cortex, increased the secretion of hormones, enzymes and other active
substances that affect recovery in the body, and improved neurological function and subsequently motor
function[61]. These studies a�rm that musical melodic rhythms play a role in the recovery of motor
function. Between 25% and 74% of stroke patients are partially or fully dependent on others for daily
living due to functional impairments such as motor or cognitive impairments[62]. In our study, after 8
weeks of intervention, both groups of music therapy and traditional cognitive training improved in
neurological function and ADL compared to pre-intervention, but a more dominant intervention effect of
music therapy was not observed, which we speculate may be related to the short duration of the
intervention and the small sample size.

Domain-speci�c tests for cognitive assessment require different tests, consume a lot of time and may not
be practical to apply in a clinical setting. Although the primary purpose of the MoCA and LOTCA is to
assess overall cognitive function, it also has subcategories that assess all cognitive domains. The
present study longitudinally assessed changes in cognitive domain scores in both groups before and
after the intervention. During the course of the study, it was noted that certain subcategories improved
cognitive function more signi�cantly than others, even within the same cognitive domain. Therefore, the
MoCA cognitive domains were further divided into several subcategories and LOTCA was subdivided into
six domains. Brotons and Koger used the Western Aphasia Battery (WAB) to assess the effect of musical
interventions on patients with dementia and found that musical interventions improved patients' verbal
�uency[63]. Some studies have reported that listening to music and playing active instruments improves
visual perception and increases activity in areas related to emotion and attention in the early post-stroke
period[64,65]. Our study also found that music therapy intervention signi�cantly improved verbal �uency,
attention, and visual perception, as well as spatial perception and thinking operations in patients with
PSCI.

There were some limitations in the study. First, this was a single-center, small sample study, and all
patients were Chinese. Therefore, these results may not be generalizable to all populations. Second, this
study used MMSE, MOCA and LOTCA to evaluate cognitive function. However, the assessment of speci�c
cognitive domains by subcategories of MOCA and LOTCA has not been fully validated. Further studies
using domain-speci�c cognitive assessments may be needed to con�rm these �ndings. Finally, the short
duration of the intervention in this study, 8 weeks, may not be su�cient to observe improvements in
neurological de�cits and activities of daily living, and further studies may require longer observational
follow-up.

Conclusions
In conclusion, the present results demonstrate that music therapy was able to improve the overall
cognitive function of PSCI patients, especially the cognitive domains of verbal �uency, attention, visual
perception, spatial perception, and thinking operations, with better recovery than conventional cognitive
rehabilitation. Music therapy was able to improve limb motor function, neurological function, and ADL in
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PSCI, and better improve motor function compared to traditional cognitive rehabilitation, but there was no
signi�cant advantage for neurological function and ADL over the shorter intervention time of 8 weeks.
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