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Background: Overseas employees experience high stress from cultural, work, and social challenges. This study examines whether combining music-based intervention and aerobic exercise reduces stress, and explores the influence of age, occupation, music preference, and long-term effects.

Methods: We conducted a randomized trial with 92 Chinese expatriate workers, randomly assigned to either (1) an experimental group receiving weekly 45-min resource-oriented music-based intervention sessions plus 30-min moderate-intensity exercise, or (2) a control group receiving placebo interventions (background music + stretching) for 5 weeks. Stress levels were assessed using the Global Assessment of Recent Stress (GARS) at baseline (pre-intervention), post-intervention (0 months), and at 1-, 3-, and 6-month follow-ups through online surveys, supplemented by qualitative interviews.

Results: The experimental group demonstrated significant stress reduction (GARS scores decreased from 3.59 ± 0.71 to 2.68 ± 0.57, p < 0.001), with effects sustained at 6 months (p < 0.05). Subgroup analyses showed enhanced efficacy for (a) employees aged 40–49 years, (b) classical music listeners, and (c) high-stress occupations like seafarers. Qualitative data corroborated these findings by highlighting participants’ subjective experiences of improved emotional regulation, reduced anxiety, and increased relaxation, aligning closely with the quantitative stress reduction outcomes.

Conclusion: This dual-modality intervention effectively reduces stress among overseas workers, with benefits influenced by individual characteristics. The results support implementing personalized, non-pharmacological stress management programs in multinational corporations to promote global workforce mental health.
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Introduction

In recent years, with the acceleration of globalization, an increasing number of Chinese employees have chosen to work overseas (1, 2), making significant contributions to corporate internationalization and the implementation of China’s “Belt and Road” initiative (3). However, the complexity of overseas work environments has also imposed unprecedented psychological stress on employees (4, 5). Research indicates that challenges such as cultural adaptation, language barriers, separation from family and friends, and the high intensity and risk associated with job responsibilities contribute to significantly higher stress levels among overseas employees than their domestic counterparts (6, 7). Moreover, social isolation and a lack of local support systems further exacerbate mental health issues (8). Prolonged exposure to high stress harms employees’ physical and mental health, significantly reduces work efficiency, increases absenteeism, and elevates turnover rates. Existing studies have shown that psychological stress can lead to anxiety, depression, and other mental health issues, as well as physiological conditions like cardiovascular diseases, even posing life-threatening risks (9). Therefore, providing effective stress management strategies for overseas employees has become an urgent priority for enterprises and academic researchers.

Occupational stress is strongly associated with increased absenteeism, decreased job satisfaction, lower performance, and heightened turnover intentions, thereby undermining organizational productivity and efficiency (10). Economic stress further amplifies these effects by reducing employees’ innovation and work engagement through absenteeism (11). Another subtle yet impactful issue is presenteeism—employees being physically present but mentally or emotionally disengaged—resulting in reduced team performance and productivity (12). Furthermore, job stress correlates negatively with job satisfaction, which in turn reduces employee loyalty, motivation, and organizational commitment (13). These risks are particularly pronounced in high-stress occupations such as healthcare, logistics, and maritime shipping, where employees are more susceptible to burnout, absenteeism, and depression, especially during crises like the COVID-19 pandemic (12). Although awareness of workplace mental health has grown, current interventions are often short-term and lack individualization. Therefore, there is an urgent need to develop effective, sustainable, and culturally adaptable strategies for stress management among expatriate employees.

Music-based interventions have emerged as diverse non-pharmacological approaches in the field of mental health (14). By delivering structured musical stimuli, they help regulate emotions through mechanisms such as activation of the limbic system and reduction of cortisol levels (15). This approach is based on the emotional regulation functions of music, which improve emotional states by influencing the central nervous system (14, 16–18). Studies have demonstrated that resource-oriented music therapy effectively reduces stress-related hormones, such as cortisol, promotes relaxation, and improves sleep quality (19, 20).

Systematic reviews have shown that music-based interventions can reduce salivary cortisol levels, possibly through enhanced parasympathetic activity (19). This study is grounded in Resource-Oriented Music Therapy (ROMT), which promotes mental health by activating internal resources such as cultural identity, aesthetic preferences, and emotional memory, rather than focusing solely on deficits. Unlike traditional pathology-based models, ROMT adopts a strengths-based approach using techniques like improvisation and analysis of preferred music to support self-healing (21). Personalized music has shown greater effects in reducing state anxiety than standardized playlists, especially in populations facing cross-cultural adaptation stress (22). However, with limited evidence for transnational employees, most existing research has focused on perioperative patients and older adults (23, 24). Thus, evaluating the effectiveness of music-based interventions in stress management for overseas workers is both necessary and timely.

Aerobic exercise is an important physiological intervention for stress management, regulating cortisol secretion via activation of the hypothalamic–pituitary–adrenal (HPA) axis (25). Recent research supports the utility of diurnal salivary cortisol patterns as indicators of regulatory function within the HPA axis, particularly in relation to stress adaptation and adrenal sensitivity (26). When combined with music listening, rhythmic auditory stimuli can enhance exercise adherence, while exercise-induced endorphin release and music-induced dopaminergic activation may produce synergistic effects (27, 28). This dual-modality approach engages emotional regulation through the limbic system and autonomic balance through physical activity (29, 30). In addition to cortisol, heart rate variability (HRV) is increasingly recognized as a reliable non-invasive biomarker of autonomic nervous system activity and stress reactivity. Decreased HRV reflects reduced parasympathetic tone and heightened stress responses, making it a valuable physiological indicator in emotion regulation and music intervention studies (31). However, such combined interventions are underexplored, particularly among overseas employees. Most existing studies emphasize short-term outcomes, with limited evidence of sustained effects. Further research could provide new perspectives for psychological health interventions.

This randomized trial evaluates the effectiveness of a combined music-based intervention and moderate-intensity aerobic exercise in reducing stress among overseas employees. In our current study, a triadic moderation model incorporating age, occupation, and music preference is proposed to examine the role of personalized factors. Long-term follow-up addresses the current gap in evidence regarding the durability of such composite interventions. Building on existing literature in psychophysiology and music therapy, this study applies a dual physiological-psychological perspective to interpret the synergistic mechanisms of the intervention, focusing on neuroendocrine regulation and behavioral pathways. These findings provide empirical support for developing cross-culturally adaptive stress management strategies in the workplace and offer new directions for non-pharmacological mental health interventions.



Materials and methods


Participants

This randomized controlled trial (RCT) was conducted online, with participant recruitment carried out in collaboration with the human resources departments of large Chinese multinational corporations. Recruitment was conducted online through internal corporate platforms, WeChat groups for expatriate employees, and LinkedIn. Inclusion criteria were as follows: (1) Chinese nationality with over 1 year of overseas work experience; (2) self-reported stress-related issues; and (3) no significant hearing or visual impairments. Based on a previous study on music therapy for stress reduction (32), a medium effect size (Cohen’s d = 0.5) was assumed. With a two-tailed independent samples t-test, α = 0.05, and statistical power set at 0.80, the estimated minimum required sample size was 45 participants per group. Considering an anticipated attrition rate of approximately 10%, the target sample size was set at 92 (46 per group). A total of 128 overseas employees from Chinese enterprises enrolled in the combined music-based and moderate-intensity aerobic exercise intervention program (Figure 1). After screening, 92 eligible participants were included and randomly assigned to the experimental and control groups (n = 46 each) using a computer-generated randomization sequence, meeting the statistical power requirement. Randomization was performed using a computer-generated random number table to ensure allocation concealment and minimize selection bias. Due to COVID-19 restrictions and time zone differences, all procedures were conducted remotely via Zoom, including informed consent, baseline assessments, and intervention delivery.

[image: Flowchart depicting participant screening and study process. Online recruitment included 120 participants; 12 were excluded initially. Primary screening had 108 eligible, 8 excluded. Secondary screening had 100 eligible, 4 excluded. Participants were randomized into experimental and control groups, each with 48 participants. Both groups completed the study.]

FIGURE 1
 Flowchart of participant inclusion and exclusion in the resource-oriented music therapy and exercise interventions study.




Research methods and procedures

Participants were randomly assigned to the experimental or control group. The control group received a placebo intervention consisting of weekly exposure to non-personalized background music, such as standardized piano pieces or natural ambient sounds with consistent tempo and minimal emotional variation (Supplementary Table S1), followed by 30 min of low-intensity physical activity. Exercises included neck rolls, shoulder rotations, lateral trunk bends, leg stretches, and simplified standing balance movements. These activities emphasized flexibility and gentle movement, with heart rate maintained below 50 percent of the estimated maximum. All sessions were supervised by trained assistants.

The experimental group received a five-week intervention comprising a weekly 45-min personalized music therapy session (Supplementary Table S2) followed by 30 min of moderate-intensity aerobic exercise. Exercise activities included brisk walking, step routines, balance training, and foundational yoga poses such as Tadasana, Cat-Cow, and Bridge. To control for order effects, the intervention followed a fixed sequence in which music therapy was conducted first, followed by aerobic exercise. This structure was based on the relaxation-before-activation principle, which aims to reduce autonomic arousal through music and establish a physiological and psychological foundation for subsequent physical activity (33). A five-minute rest period was included between components to facilitate the transition. The control group followed the same structure, with background music preceding stretching and movement, to ensure consistency in intervention timing and format and to minimize potential procedural confounds.

Music selections were based on individual preferences collected during baseline assessment (34), drawn from a standardized music library, and adjusted in tempo according to real-time HRV. During the intervention, HRV was continuously monitored using wearable devices to assess participants’ autonomic responses. The HRV data informed real-time adjustments to the music intervention, aiming to enhance relaxation and stress reduction. The aerobic exercise component included brisk walking or yoga, with metronome-guided audio used to help maintain the target heart rate zone. The control group received placebo interventions involving non-personalized background music and light stretching exercises. All interventions were delivered once per week over 5 weeks.

As illustrated in Figure 2, at the beginning of the study, participants completed a demographic questionnaire, including music preferences. Certified music therapists (MT-BC), accredited by the American Music Therapy Association, developed individualized treatment plans and made adjustments during the sessions as needed. Each music session involved live music and singing, and participants were instructed to avoid other activities during the session to maintain full engagement.

[image: Flowchart illustrating a study process. Enrollment: 128 assessed, 32 excluded, leaving 96 randomized into experimental (48) and control (48) groups. Allocation: both groups complete the first GARS scale. The experimental group uses customized music, while control has non-personalized music. Follow-up involves weekly sessions for five weeks. Analysis concludes with the second GARS scale completion.]

FIGURE 2
 Flow diagram of the treatment process.


The intervention was evaluated across three dimensions. Perceived stress was measured using the Global Assessment of Recent Stress (GARS) (35) at five time points: baseline (pre-intervention), post-intervention (0 months), and at 1-, 3-, and 6-month follow-ups through online surveys. Salivary cortisol levels were collected using mail-in sampling kits and analyzed to evaluate HPA axis activity as a physiological marker of stress. Exercise adherence was monitored using Fitbit wristbands provided uniformly by the research team. Adherence was defined as achieving an average of at least 8,000 steps per day. To ensure balanced allocation between the experimental and control groups, block randomization was conducted using the REDCap (Research Electronic Data Capture) system (36). A block size of four was applied, meaning every four consecutively enrolled participants were randomly assigned, in a preset sequence, to two participants per group. This approach maintained group balance throughout recruitment and is particularly suitable for randomized controlled trials with moderate sample sizes, minimizing allocation bias. Randomization was performed by the research team in a blinded manner to preserve allocation independence and objectivity. Outcome assessors were blinded to group assignments, and the visual interfaces for both interventions were kept consistent to control for expectation-related bias.



GARS

The GARS is a valuable tool for measuring individual stress levels across various environments, including music-based intervention settings (35). By conducting GARS assessments before and after music-based intervention sessions, therapists can better understand the effects of resource-oriented music therapy listening on reducing clients’ stress levels. This study used changes in GARS scores to identify factors influencing participants’ overall stress levels and specific stressors. The GARS items were adapted to align with the study’s objectives (Supplementary Figure S1). Participants were asked to rate the frequency and intensity of each stressor on a 5-point scale, ranging from “never” to “always” for frequency and “not stressful at all” to “extremely stressful” for intensity. Based on the scale, personal information has been added.



Resource-oriented music therapy listening program

Resource-oriented music therapy listening is a music-based intervention approach designed to discover and utilize the internal resources of patients to promote recovery and growth. This study’s resource-oriented music-listening method includes five steps (Supplementary Table S3). The first step is the preparation phase, which involves collecting personal information and signing the agreement to participate in the experiment. This step aims to understand the participants and lay the foundation for the music-listening intervention. The second step was a preliminary assessment conducted by a board-certified RMT to evaluate participants’ stress levels. The music therapist calculates the total score based on the participants’ completion of the five-point GARS assessment. This step helps the therapist understand the participants’ stress levels and guide the development of the music-based intervention plan. The third step is the music intervention, which alleviates overseas employees’ work and life stress through music-based interventions. The intervention consists of a private music-based intervention program conducted over five consecutive weeks, with one 45-min session per week. The program may include discovering internal resources, sharing music, selecting music matching the internal resources, resource-oriented guidance, and listening to music. In the discovering internal resources phase, the music therapist assists participants in identifying their internal resources, including self-awareness, coping skills, and resilience. Participants are encouraged to share their music preferences in the sharing music phase, providing insights into their emotions and experiences. The internal resource matching phase involves selecting music that corresponds to the internal resources identified in the first phase. Finally, the resource-oriented guidance phase helps participants learn how to use their internal resources to manage stress and promote health. The fourth step is the reassessment, where participants’ stress levels are re-evaluated after the five music-based intervention sessions. The total score of the five-point GARS assessment is calculated to evaluate the effect of the music-based interventions intervention. This step objectively measures stress level improvement and informs further treatment plans. The fifth step is evaluating the effectiveness of the music-based interventions, conducted through one-on-one interviews. The purpose is to investigate participants’ entire treatment process and resource orientation. During the interviews, participants are asked about their experiences, emotions, and the effects of the music-based interventions intervention.



Follow-up

The follow-up assessments were conducted at 1 month, 3 months, and 6 months after the intervention. Data were collected through online surveys, utilizing the GARS to evaluate stress levels at each time point. No instances of data loss or participant dropout were reported during the follow-up period, ensuring the completeness and reliability of the collected data.



Data collection and analysis

Data were collected at two-time points: before and after the five-week intervention. Participants completed the standardized five-point GARS questionnaire to quantify stress levels, supplemented by one-on-one in-depth interviews to obtain qualitative data. All participants provided written informed consent before participation, with clear communication of voluntary involvement, data confidentiality, and the right to withdraw at any time. The GARS was administered at five time points: baseline (pre-intervention), post-intervention (0 months), and at 1-, 3-, and 6-month follow-ups to assess changes in perceived stress over time. Post-intervention interviews explored participants’ subjective experiences, emotional changes, and perceptions of the intervention’s impact, providing contextual support for the quantitative findings.

All data were double-entered and cross-verified for consistency. Outliers were addressed before analysis. Statistical analyses were conducted using SPSS version 27. Data normality was tested using the Shapiro–Wilk and Kolmogorov–Smirnov tests (p > 0.1). Non-normal variables were log-transformed. Gender and history of mental illness, as categorical variables, were compared between groups using chi-square tests. Continuous variables including age, years working overseas, coded profession scores, and baseline perceived stress were analyzed using independent samples t-tests. Within-group differences in stress were analyzed using paired t-tests (df = 45, 95% CI) and between-group differences using independent samples t-tests with Hedges’ g correction (df = 90). Time effects were evaluated using repeated measures ANOVA with Greenhouse–Geisser correction. Moderating effects of age, occupation, and music preference were examined using hierarchical regression analysis (ΔR2 > 5% indicating clinical relevance). Sensitivity analyses included Bland–Altman plots, and Mann–Whitney U tests. Effect sizes were interpreted according to Cohen’s criteria (Cohen’s d ≥ 0.8, indicating a large effect). All statistical codes and datasets are available upon request.




Results


Baseline characteristics comparison

Table 1 presents the experimental and control groups’ baseline demographic characteristics and pre-intervention stress levels. In the experimental group, there were 33 males and 13 females, while the control group included 37 males and 9 females. The difference in gender distribution between groups was not statistically significant (χ2 = 0.73, p = 0.393). The mean age was identical across groups at 32.89 years (SD = 5.413) (t = 0.000, p = 1.000). The mean occupational code was 2.63 in the experimental group and 2.89 in the control group. Average years of overseas work experience were 3.22 for the experimental group and 3.83 for the control group. These differences were not statistically significant (p > 0.05). Regarding history of mental illness, 4 participants in the experimental group and 1 participant in the control group reported having a history. The between-group difference was not statistically significant (χ2 = 2.030, p = 0.154). Pre-intervention stress levels, as measured by the Global Assessment of Recent Stress (GARS), showed a mean score of 3.59 (SD = 0.71) in the experimental group and 3.65 (SD = 0.63) in the control group (t = 0.435, p = 0.664). The experimental group comprised 72% male participants, and the control group had 80% male participants. Regarding occupational composition, 42.4% of participants were in technical roles and 35.9% in project management positions.


TABLE 1 Demographic characteristics and pre-test perceived pressure assessment of participants.


	Demographic characteristics
	Experiment group
	Control group
	Difference



	M (SD)
	M (SD)
	Test
	p-value

 

 	Gender 	Male = 33
 Female = 13 	Male = 37
 Female = 9 	χ2 = 0.730 	0.393


 	Age 	32.89 (5.413) 	32.89 (5.413) 	0.000 	1.000


 	Number of years working overseas 	3.22 (2.149) 	3.83 (2.058) 	1.387 	0.169


 	History of mental illness 	Yes = 4
 No = 42 	Yes = 1
 No = 45 	χ2 = 2.030 	0.154


 	Profession 	2.63 (1.181) 	2.89 (0.900) 	1.192 	0.237


 	Pre-test 	 	 	 	


 	Perceived pressure assessment 	3.59 (0.71) 	3.65 (0.63) 	0.435 (90) 	0.664





Gender and history of mental illness were analyzed using chi-square tests due to their categorical nature, while continuous variables such as age, years working overseas, profession (coded), and pre-test stress scores were compared using independent samples t-tests.
 



Analysis of the occupational background and overseas work experience of the experimental group participants

This section reports the occupational backgrounds and overseas work experience of participants in the experimental group (Table 2). Among the 46 participants, 33 were male and 13 were female. The age range was 23–48, with a mean age of 32.9 and a median age of 32. Overseas work experience ranged from 1 to 10 years, with a mean of 3.2 and a median of 3 years.


TABLE 2 Demographic information of participants.


	Variable
	Category
	Count (n)

 

 	Gender distribution 	Male 	33


 	Female 	13


 	Age distribution 	20–29 	14


 	30–39 	25


 	40–49 	7


 	Range 	23–48 	


 	Mean age 	32.9 	


 	Median age 	32 	


 	Overseas work years 	1 	10


 	2 	12


 	3 	7


 	4 	6


 	5 	7


 	8 	3


 	10 	1


 	Range 	1–10 	


 	Mean years 	3.2 	


 	Median years 	3 	


 	Daily working hours 	– 	10


 	Psychiatric history 	Male 	2


 	Female 	2


 	Profession distribution 	Manager 	2


 	Seafarer 	13


 	Legal Specialist 	3


 	Salesman 	9


 	Technician 	7


 	Bank Staff 	2


 	Logistical Personnel 	10


 	Total 	Total 	46




 

Occupational categories included 2 managers, 13 seafarers, 3 legal professionals, 9 sales staff, 7 technicians, 2 bank employees, and 10 logistics and customer service personnel. Four participants (2 male and 2 female) reported a history of mental health conditions, including anxiety and depression. The average reported working hours per day was 10 h.



The significant effect of resource-oriented music therapy in reducing seafarers’ stress levels

This study collected and analyzed Global Assessment of Recent Stress (GARS) scores before and after the intervention. The experimental group had a mean pre-intervention score of 3.59 (SD = 0.71), which decreased to 2.68 (SD = 0.57) after the intervention. The control group’s pre-intervention mean score was 3.65 (SD = 0.63), and the post-intervention score was 3.52 (SD = 0.64). Independent-sample t-tests showed a statistically significant difference between the post-intervention scores of the two groups (t = −6.633, p < 0.001), with a partial η2 of 0.328, indicating a moderate effect size (Table 3).


TABLE 3 Comparison of GARS pre-test and post-test scores between groups.


	Measure
	Group
	Mean
	Std. Deviation
	Std. Error Mean
	
t

	p-value

 

 	Pre-test score 	Experimental group 	3.593 	0.706 	0.104 	 	


 	Control group 	3.654 	0.632 	0.093 	0.435 	0.664


 	Post-test score 	Experimental group 	2.685 	0.57 	0.084 	 	


 	Control group 	3.522 	0.639 	0.094 	6.381 	<0.001




 

Individual changes in stress levels are shown in Figure 3A. The experimental group displayed overall decreases in GARS scores, with some participants showing larger reductions. The control group showed relatively stable scores across the intervention period. Figure 3B presents a boxplot comparison of pre- and post-intervention scores. The experimental group’s median score decreased after the intervention, with a concurrent reduction in score variability.

[image: Scatter plot and box plot displaying GRAS scores for 46 patients. Panel A shows scores for experimental and control groups across first and second evaluations. Panel B shows box plots comparing distributions for each group across evaluations, with significant differences noted.]

FIGURE 3
 Visualization of changes in work-related stress among participants before and after resource-oriented music-based interventions. (A) Scatterplot of GARS scores for experimental (n = 46) and control groups (n = 46) recorded during the first and second evaluations. Red and green dots represent the first and second evaluations for the experimental group, respectively, while orange squares and blue triangles represent the first and second evaluations for the control group. (B) Box plot comparing GARS scores between groups before and after the intervention. Four categories are depicted: first and second evaluations for both the experimental and control groups. Statistical comparisons were conducted using independent sample t-tests, with significance levels indicated as *p < 0.05, **p < 0.01, and ***p < 0.001.


To complement the subjective GARS assessments, salivary cortisol samples were collected from all 92 participants at both baseline and immediately after the five-week intervention. However, due to temperature fluctuations during international mailing, a portion of the samples degraded and did not pass laboratory quality control. As a result, valid paired cortisol data were not sufficient for inclusion in statistical analysis. Preliminary inspection of the available samples suggested a downward trend in the experimental group, while the control group remained relatively stable. Although not analyzed quantitatively, this observed pattern aligns with theoretical models of HPA axis modulation and supports further physiological investigation in future studies.



Greater stress relief observed in participants aged 40–49

A subgroup analysis was conducted based on age groups within the experimental cohort to further examine the influence of age on the outcomes of resource-oriented music therapy interventions (Table 4).


TABLE 4 Age on therapeutic music listening in stress relief of overseas dispatched employees.


	Age group
	Measurement stage
	Number
	Min
	Max
	25% Percentile
	75% Percentile
	Mean ± SD
	S.E. Mean
	LCL
	UCL
	Med

 

 	20–29 	Pre-test 	13 	31 	46 	38.5 	44 	40.46 ± 4.18 	1.158 	38 	45 	41


 	Post-test 	19 	33 	21.5 	31 	26.77 ± 5.00 	1.387 	21 	31 	27


 	30–39 	Pre-test 	26 	31 	53 	37 	45.25 	41.19 ± 5.70 	1.118 	37 	44 	41


 	Post-test 	16 	44 	21 	34 	27.35 ± 8.29 	1.626 	22 	33 	24.5


 	40–49 	Pre-test 	6 	39 	51 	40.5 	48.75 	45.17 ± 4.62 	1.887 	39 	51 	44


 	Post-test 	13 	38 	16 	30.5 	22.67 ± 9.00 	3.676 	13 	38 	20





LCL, Lower Confidence Limit; UCL, Upper Confidence Limit.
 

Participants aged 40–49 showed the largest reduction in stress levels. The mean GARS score for this group decreased from 45.17 (SD = 4.62) before the intervention to 22.67 (SD = 9.00) after the intervention, with the median score decreasing from 44 to 20. The 20–29 age group showed a reduction from 40.46 (SD = 4.18) to 26.77 (SD = 5.00), and the 30–39 age group showed a decrease from 41.19 (SD = 5.70) to 27.35 (SD = 8.29). Figure 4B presents the distribution of stress scores across age groups. The 40–49 group demonstrated a visible narrowing of score variability, with most post-intervention scores concentrated in the lower range.

[image: Box plots on GRAS score distributions. (A) Scores by age groups: 20-29, 30-39, 40-49 years, showing significant differences. (B) Scores by music preference: Folk, Popular, Classical, Hip hop, highlighting notable differences. (C) Scores by professions: Manager, Seafarer, Legal Specialist, Salesman, Technician, Bank Staff, Logistical Personnel, illustrating variations.]

FIGURE 4
 Impact of resource-oriented music therapy interventions on stress reduction across different age groups, music preferences, and occupational categories. (A) Violin plot illustrating stress reduction across age groups, with participants aged 40–49 showing the most significant improvement. (B) Grouped scatterplot highlighting stress relief effects based on music preferences, with participants preferring classical music demonstrating the most notable benefits. (C) The bar chart shows changes in stress across different occupational categories, with seafarers experiencing the most significant improvement in stress *p < 0.05, **p < 0.01, and ***p < 0.001.




Among different occupational groups, sailors show the most significant stress relief effect

Stress score changes were analyzed across different professions within the experimental group to examine the potential influence of occupational categories on the effectiveness of resource-oriented music therapy interventions (Table 5).


TABLE 5 Profession on therapeutic music listening in stress relief of overseas dispatched employees.


	Occupation
	Measurement stage
	Number
	Min
	Max
	25% Percentile
	75% Percentile
	Mean ± SD
	S.E. Mean
	LCL
	UCL
	Med

 

 	Manage 	Pre-test 	2 	46 	48 	46 	48 	47 ± 1.14 	1 	46 	48 	47


 	Post-test 	17 	21 	17 	21 	19 ± 2.83 	2 	17 	21 	19


 	Seafarer 	Pre-test 	14 	33 	50 	41 	46 	42.93 ± 4.36 	1.165 	41 	46 	43.5


 	Post-test 	16 	38 	19.75 	28.75 	24.36 ± 6.48 	1.731 	19 	31 	22.5


 	Legal 	Pre-test 	3 	35 	45 	35 	45 	40.33 ± 5.03 	2.906 	35 	45 	41


 	Post-test 	19 	23 	19 	23 	20.33 ± 2.31 	1.333 	19 	23 	19


 	Sales 	Pre-test 	9 	31 	51 	36 	44 	40.33 ± 5.81 	1.936 	35 	44 	41


 	Post-test 	13 	44 	19.5 	33.5 	25.56 ± 9.96 	3.321 	19 	39 	22


 	Technician 	Pre-test 	7 	33 	50 	37 	47 	41.43 ± 5.80 	2.192 	33 	50 	42


 	Post-test 	27 	44 	28 	39 	34 ± 6.38 	2.41 	27 	44 	34


 	Bank employee 	Pre-test 	2 	38 	39 	38 	39 	38.5 ± 0.71 	0.5 	38 	39 	38.5


 	Post-test 	27 	30 	27 	30 	28.5 ± 2.12 	1.5 	27 	30 	28.5


 	Logistics 	Pre-test 	9 	31 	53 	36.5 	44 	40.67 ± 6.42 	2.141 	33 	45 	40


 	Post-test 	16 	33 	24.5 	32.5 	27.78 ± 5.61 	1.869 	24 	33 	30





LCL, Lower Confidence Limit; UCL, Upper Confidence Limit.
 

Seafarers showed the greatest reduction in stress levels, with mean GARS scores decreasing from 42.93 (SD = 4.36) before the intervention to 24.36 (SD = 6.48) after the intervention. The median score declined from 43.5 to 22.5. Managers showed a reduction from 47 (SD = 1.14) to 19 (SD = 2.83), sales staff from 40.33 (SD = 5.81) to 25.56 (SD = 9.96), and technicians from 41.43 (SD = 5.80) to 34 (SD = 6.38). Bank employees had the smallest change, decreasing scores from 38.5 (SD = 0.71) to 28.5 (SD = 2.12). Figure 4A visually represents the changes in stress scores across different occupational categories. Among these, seafaring work is characterized by extended time away from home, irregular schedules, and high-risk conditions, which are associated with a greater reduction in stress scores following the intervention.



Among different music preferences, classical music enthusiasts experience significant stress relief

To investigate the impact of music preference on the effectiveness of resource-oriented music therapy interventions, this study analyzed the changes in stress scores before and after the intervention among participants with different musical preferences (Table 6). Participants who preferred classical music demonstrated the most significant stress reduction. Their pre-intervention mean stress score was 40.71 (SD = 3.86) with a median of 41, which significantly decreased to 21.43 (SD = 5.44) post-intervention, with a median of 19. This change was the largest among all music preference categories. In comparison, participants who preferred folk music showed a reduction from 41.91 (SD = 5.73) to 27.88 (SD = 8.13), while those who preferred pop music had their scores drop from 40.33 (SD = 4.46) to 25.5 (SD = 3.39). Only one participant preferred hip-hop music, and their stress score remained unchanged at 20 points before and after the intervention, making it difficult to draw any significant conclusions. Figure 4C further illustrates the influence of music preference on intervention outcomes, highlighting that participants who preferred classical music showed a notably greater improvement in stress relief when exposed to music that matched their personal preferences.


TABLE 6 Music preference on therapeutic music listening in stress relief of overseas dispatched employees.


	Music preference
	Measurement stage
	Number
	Min
	Max
	25% Percentile
	75% Percentile
	Mean ± SD
	S.E. Mean
	LCL
	UCL
	Med

 

 	Folk music 	Pre-test 	32 	31 	53 	39 	46 	41.91 ± 5.73 	1.013 	39 	45 	42


 	Post-test 	13 	44 	21.25 	33.75 	27.88 ± 8.13 	1.437 	23 	33 	27.5


 	Pop music 	Pre-test 	6 	35 	46 	36.5 	45.25 	40.33 ± 4.46 	1.82 	35 	46 	39.5


 	Post-test 	21 	30 	21.75 	27.75 	25.5 ± 3.39 	1.384 	21 	30 	26.5


 	Classical music 	Pre-test 	7 	33 	45 	40 	44 	40.71 ± 3.86 	1.459 	33 	45 	41


 	Post-test 	16 	30 	17 	28 	21.43 ± 5.44 	2.057 	16 	30 	19


 	Hip hop music 	Pre-test 	1 	44 	44 	44 	44 	44 	— 	— 	— 	44


 	Post-test 	20 	20 	20 	20 	20 	— 	— 	— 	20





LCL, Lower Confidence Limit; UCL, Upper Confidence Limit.
 



Long-term effects of music-based and aerobic exercise interventions

To assess the long-term effects of the combined music-based and aerobic exercise intervention, follow-up evaluations of stress levels were conducted at 1 month, 3 months, and 6 months post-intervention (Table 7). The experimental and control groups achieved 100% retention throughout the six-month follow-up period (n = 46 per group).


TABLE 7 Changes in stress levels during follow-up (GARS scores).


	Time point
	Experimental group mean stress score (GARS)
	Control group mean stress score (GARS)
	Significance (p-value)
	Change in experimental group (%)
	Change in control group (%)

 

 	Baseline (pre-intervention) 	3.60 ± 0.70 	3.65 ± 0.65 	– 	– 	–


 	Post-intervention (0 Months) 	2.70 ± 0.60 	3.50 ± 0.60 	<0.001 	↓25% 	↓4%


 	Follow-up (1 Month) 	2.75 ± 0.65 	3.55 ± 0.62 	<0.001 	↓24% 	↓3%


 	Follow-up (3 Months) 	2.90 ± 0.70 	3.60 ± 0.65 	<0.01 	↓19% 	↓1%


 	Follow-up (6 Months) 	3.05 ± 0.75 	3.62 ± 0.68 	<0.05 	↓15% 	↓1%




 

At the 1-month follow-up, the experimental group had a mean GARS score of 2.75 (SD = 0.65), slightly increasing compared to the post-intervention score of 2.70 (SD = 0.60), corresponding to a 1.85% change. The control group reported a score of 3.55 (SD = 0.62), similar to its baseline level of 3.65 (SD = 0.65). The between-group difference remained statistically significant (p < 0.001). At 3 months, the experimental group’s mean stress score increased to 2.90 (SD = 0.70), representing a 19.44% reduction from baseline. The control group scored 3.60 (SD = 0.65), nearly identical to its baseline. The between-group difference remained significant (p < 0.01). At 6 months, the experimental group had a mean stress score of 3.05 (SD = 0.75), a 15.27% reduction from baseline. The control group’s score was 3.62 (SD = 0.68), consistent with the initial measurement. Independent-sample t-tests indicated a statistically significant difference between groups at this time point (p < 0.05). All follow-up data were analyzed using complete cases without imputation for missing values.




Discussion

Using a randomized trial design, this study systematically evaluated the effects of a combined music-based intervention and moderate-intensity aerobic exercise on stress levels among overseas employees. The results demonstrated that this intervention significantly reduced stress levels, with varying degrees of effectiveness observed across individual factors such as age, occupational category, and music preference. Participants synchronized their pace with musical rhythm during the exercise phase using metronome-guided audio. In the music listening phase, the volume and tempo of personalized music tracks were dynamically adjusted based on HRV, with calming tracks automatically selected when HRV decreased to enhance parasympathetic activation. The experimental group showed significantly lower GARS scores compared to the baseline at the end of the intervention, while the control group exhibited no similar improvements, indicating the substantial benefits of combining music and exercise interventions. Furthermore, a six-month follow-up revealed that the intervention effects were sustained over time, providing new empirical evidence for the long-term value of stress management strategies. These findings confirm the potential of music and exercise in the mental health domain and offer tailored psychological intervention strategies for overseas employees as a unique population. This research provides innovative stress management approaches for enterprises and policymakers, significantly improving overseas employees’ work efficiency and wellbeing.

The findings of this study align closely with the known physiological mechanisms underlying music-based and aerobic exercise interventions. Hillman et al. reviewed how aerobic exercise can enhance emotional regulation and cognitive function by promoting prefrontal cortex activation, neurogenesis, and the expression of brain-derived neurotrophic factor (37). The significant reduction in stress scores observed in the experimental group may reflect both psychological and physiological mechanisms. Although salivary cortisol samples were collected in this study, temperature-related degradation limited the analyzable dataset. Nevertheless, the observed stress reduction aligns with previous findings suggesting that music and exercise may modulate HPA axis activity and cortisol levels (19), while aerobic exercise contributes to emotional regulation by promoting the release of endorphins and dopamine (38). The persistence of the intervention effect, as evidenced by sustained reductions in stress scores at the 6-month follow-up, may reflect exercise-induced neuroplasticity, such as enhanced prefrontal cortex function (28).

In addition, the moderating role of personalized music preference may be explained through neurophysiological mechanisms. Participants who preferred classical music experienced greater stress relief, possibly because of its stable tempo and gradual harmonic progression are more likely to activate the default mode network and support emotional integration (17). These findings can be understood through a dual physiological-psychological perspective, where music and exercise jointly exert effects through cortisol reduction and neurotransmitter release, while personalized resource alignment, such as music preference, further enhances intervention outcomes via limbic system activation (39). This provides a theoretical foundation for the individualized design of stress management interventions.

Neuroscientific research suggests that music preferences like classical music may enhance emotional regulation by activating the mesolimbic reward system, including regions such as the nucleus accumbens and ventral tegmental area (39). EEG-based evidence further indicates that music interventions can improve prefrontal inhibitory control, which may account for the more pronounced stress reduction observed among participants aged 40–49 in this study, a group characterized by greater prefrontal cortex maturity (40, 41). Additionally, research on inter-brain synchrony in improvisational music therapy suggests that individuals in high-stress occupations, such as seafarers, may exhibit greater sensitivity to music-induced neural coupling due to prolonged social isolation, potentially contributing to stronger stress relief effects (42, 43). Additionally, Koelsch et al. systematically described how music activates the prefrontal cortex, limbic structures, and reward-related regions, highlighting its potential role in emotional regulation and the facilitation of social connectedness (44). These converging findings support the hypothesis that combined music and exercise interventions may induce stress reduction through multisystem neural processes, including emotional regulation, cognitive control, and social synchrony.

While the intervention effects observed in this study are consistent with previous findings, the design and outcomes offer several novel contributions. First, to our knowledge, this is the first randomized trial to evaluate the combined effects of music-based and moderate-intensity aerobic exercise interventions specifically targeting stress reduction in overseas employees—a population facing unique stressors related to cultural adaptation, occupational demands, and social isolation. Second, the study systematically examined the moderating roles of personalized factors such as age, occupational category, and music preference, offering theoretical support for tailored intervention design. Third, the six-month follow-up extended the time frame of evaluation beyond the short-term focus of most existing studies, providing insights into the sustainability of the intervention.

Despite its strengths, the study has several limitations. The overall sample size was relatively small, especially within specific occupational and music preference subgroups, which may limit the generalizability of the findings. Additionally, all interventions and assessments were conducted online, making it difficult to fully control external environmental influences. Finally, while the six-month follow-up adds value, longer-term outcomes remain unexplored.

Future research should consider larger and more diverse samples across cultural contexts to enhance generalizability. Longer intervention and follow-up periods are recommended to examine sustained effects and optimal intervention frequency. Neurophysiological methods such as resting-state fMRI and EEG hyperscanning could be used to explore the underlying mechanisms of personalized responses, particularly in relation to age and music preference. Integrating music and exercise interventions with other approaches, such as psychological counseling or cognitive behavioral therapy, may also help evaluate the synergistic effects of multimodal interventions.

The findings of this study offer practical implications for organizational management. Combining music-based and aerobic interventions can provide a cost-effective and accessible method for managing stress among overseas employees. Personalized intervention designs may further enhance acceptance and satisfaction, particularly in resource-constrained international work environments. This approach demonstrates strong potential for scalable implementation in similar occupational contexts.

In conclusion, this study provides the empirical evidence for the effectiveness of a combined music-based and aerobic intervention in managing stress among overseas employees. It highlights the moderating role of personalized factors and offers a novel, long-term perspective for non-pharmacological mental health interventions. These findings lay a scientific foundation for the development of more effective, culturally adaptive workplace stress management strategies.



Conclusion

In summary, the following preliminary conclusions can be drawn: combining music-based interventions and moderate-intensity aerobic exercise significantly reduces stress levels among overseas employees (Figure 5). The intervention is particularly effective for participants aged 40–49, those who prefer classical music, and individuals in high-pressure occupations (e.g., seafarers). The combined intervention demonstrates immediate stress relief effects and sustained long-term benefits. This study supports the feasibility and provides preliminary evidence for effectiveness of personalized and multidimensional interventions in psychological management for high-stress occupational groups.

[image: Infographic conveying stress reduction research findings. It details international work-related stressors, a study with music and exercise interventions, and outcomes. Key findings show that personalized interventions, including music and exercise, significantly reduce stress, benefiting mental and physical states. Effects last six months. Classical music is most effective for ages forty to forty-nine, with notable relief for seafarers.]

FIGURE 5
 Mechanisms and effects of the combined resource-oriented music therapy and aerobic exercise intervention in significantly reducing stress among overseas employees.




Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

This study was approved by the Clinical Ethics Committee of Institutional Review Board at Fuzhou University (IRB No: FZU-PSY2024-0165).



Author contributions

YW: Conceptualization, Data curation, Project administration, Writing – original draft. HW: Formal analysis, Funding acquisition, Software, Writing – review & editing. YS: Conceptualization, Methodology, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.



Acknowledgments

The author gratefully acknowledges the support of Galaxy Music (Xiamen) Health Management Co., Ltd. for their valuable contributions and assistance throughout the project.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2025.1603059/full#supplementary-material


SUPPLEMENTARY FIGURE S1 | Adjusted GARS.




Abbreviations


GARS, Global Assessment of Recent Stress; SD, Standard Deviation.




References
	 1. Li,J, Zhao,Y, and Han,X. Would you work abroad? The effect of English proficiency on Chinese employees’ willingness to accept international assignments. Int Bus Rev. (2020) 29:101669. doi: 10.1016/j.ibusrev.2020.101669
	 2. Mengni,X, Ling,H, and Haomiao,Z. A study on the cross-cultural social integration of Chinese enterprises in Brazil. JBTP. (2024) 12:p79. doi: 10.22158/jbtp.v12n4p79
	 3. Fei,D. Flexible sovereignty and contested legality: the overseas employment and legal struggles of Chinese workers. Environ Plan D. (2024) 43:442–63. doi: 10.1177/02637758241288101
	 4. Goh,YW, Kim,S, Wang,R, and Goh,PS. Do Chinese employees avoid seeking social support when coping with work stress? J Manag Organ. (2022) 31:2079–97. doi: 10.1017/jmo.2022.48
	 5. Wang,X, and Gao,Y. Analyzing the effectiveness of workplace stress management programs on employee well-being and productivity in Chinese corporations. Am J Health Behav. (2024) 48:1354–67. doi: 10.5993/ajhb.48.5.15
	 6. Kirmayer,LJ, Narasiah,L, Munoz,M, Rashid,M, Ryder,AG, Guzder,J , et al. Common mental health problems in immigrants and refugees: general approach in primary care. Can Med Assoc J. (2010) 183:E959–67. doi: 10.1503/cmaj.090292 
	 7. Doki,S, Sasahara,S, and Matsuzaki,I. Stress of working abroad: a systematic review. Int Arch Occup Environ Health. (2018) 91:767–84. doi: 10.1007/s00420-018-1333-4 
	 8. Hack-Polay,D, and Mahmoud,AB. Homesickness in developing world expatriates and coping strategies. German J Hum Resour Manag Zeitschrift für Personalforschung. (2020) 35:285–308. doi: 10.1177/2397002220952735
	 9. Sara,JDS, Toya,T, Ahmad,A, Clark,MM, Gilliam,WP, Lerman,LO , et al. Mental stress and its effects on vascular health. Mayo Clin Proc. (2022) 97:951–90. doi: 10.1016/j.mayocp.2022.02.004 
	 10. Sharma,S. Work stress and employee performance: analysis of work stress and it’s implication on employee performance. Poonam Shodh Rachna. (2024) 11. doi: 10.25215/1104.031
	 11. Sanchez-Gomez,M, Giorgi,G, Finstad,GL, Alessio,F, Ariza-Montes,A, Arcangeli,G , et al. Economic stress at work: its impact over absenteeism and innovation. IJERPH. (2021) 18:5265. doi: 10.3390/ijerph18105265
	 12. Akbari,J, Abolghasemian,M, Ghaffari,A, Moghaddas,F, Mououdi,MA, Rahimi Kamal,S , et al. Presenteeism and productivity loss among employees of Iranian gas transmission company manufacturers. Iran J Ergon. (2021) 9:33–47. doi: 10.30699/jergon.9.1.33
	 13. Albert,A, Sanjaya,M, Chandra,K, Theng,BP, and Lim,B. The influence of job stress to job satisfaction among employees in IEC Malaka Medan. JCI. (2022) 2:1589–608. doi: 10.53625/jcijurnalcakrawalailmiah.v2i4.4306
	 14. de Witte,M, Pinho,A d S, Stams,G-J, Moonen,X, Bos,AER, and van Hooren,S. Music therapy for stress reduction: a systematic review and meta-analysis. Health Psychol Rev. (2020) 16:134–59. doi: 10.1080/17437199.2020.1846580 
	 15. Park,J-I, Lee,I-H, Lee,S-J, Kwon,R-W, Choo,E-A, Nam,H-W , et al. Effects of music therapy as an alternative treatment on depression in children and adolescents with ADHD by activating serotonin and improving stress coping ability. BMC Complement Med Ther. (2023) 23:73. doi: 10.1186/s12906-022-03832-6 
	 16. Bradt,J, and Dileo,C. Music interventions for mechanically ventilated patients. Cochrane Database Syst Rev. (2014) 2014:CD006902. doi: 10.1002/14651858.cd006902.pub3 
	 17. Hakimi,S, Hajizadeh,K, Hasanzade,R, and Ranjbar,M. A systematic review and meta-analysis of the effects of music therapy on postpartum anxiety and pain levels. J Caring Sci. (2021) 10:230–7. doi: 10.34172/jcs.2021.033 
	 18. Meghani,S, Frishkopf,M, Park,T, Montgomery,CL, Norris,C, and Papathanassoglou,E. Music-based interventions and theoretical mechanisms in post-ICU survivors: a critical narrative synthesis. Intens Crit Care Nurs. (2025) 86:103777. doi: 10.1016/j.iccn.2024.103777 
	 19. Yangöz,ŞT, and Özer,Z. Effects of music intervention on physical and psychological problems in adults receiving haemodialysis treatment: a systematic review and meta-analysis. J Clin Nurs. (2022) 31:3305–26. doi: 10.1111/jocn.16199 
	 20. Zhao,N, Lund,HN, and Jespersen,KV. A systematic review and meta-analysis of music interventions to improve sleep in adults with mental health problems. Eur Psychiatry. (2024) 67:e62. doi: 10.1192/j.eurpsy.2024.1773 
	 21. Gold,C, Rolvsjord,R, Aaro,LE, Aarre,T, Tjemsland,L, and Stige,B. Resource-oriented music therapy for psychiatric patients with low therapy motivation: protocol for a randomised controlled trial [NCT00137189]. BMC Psychiatry. (2005) 5:39. doi: 10.1186/1471-244x-5-39 
	 22. Jacoby,N, Margulis,EH, Clayton,M, Hannon,E, Honing,H, Iversen,J , et al. Cross-cultural work in music cognition. Music Percept. (2020) 37:185–95. doi: 10.1525/mp.2020.37.3.185 
	 23. Gooding,L, Swezey,S, and Zwischenberger,JB. Using music interventions in perioperative care. South Med J. (2012) 105:486–90. doi: 10.1097/smj.0b013e318264450c 
	 24. Hoang,P, King,JA, Moore,S, Moore,K, Reich,K, Sidhu,H , et al. Interventions associated with reduced loneliness and social isolation in older adults. JAMA Netw Open. (2022) 5:e2236676. doi: 10.1001/jamanetworkopen.2022.36676 
	 25. Smith,PJ, and Merwin,RM. The role of exercise in management of mental health disorders: an integrative review. Annu Rev Med. (2021) 72:45–62. doi: 10.1146/annurev-med-060619-022943 
	 26. Abelson,JL, Sánchez,BN, Mayer,SE, Briggs,H, Liberzon,I, and Rajaram,N. Do diurnal salivary cortisol curves carry meaningful information about the regulatory biology of the HPA axis in healthy humans? Psychoneuroendocrinology. (2023) 150:106031. doi: 10.1016/j.psyneuen.2023.106031 
	 27. Ochmann,DT, Philippi,KFA, Zeier,P, Sandner,M, Hillen,B, Neuberger,EWI , et al. Association of innate and acquired aerobic capacity with resilience in healthy adults: protocol for a randomized controlled trial of an 8-week web-based physical exercise intervention. JMIR Res Protoc. (2021) 10:e29712. doi: 10.2196/29712 
	 28. Zieff,GH, Stoner,L, Frank,B, Gaylord,S, Battle,S, and Hackney,AC. Aerobic exercise, mindfulness meditation, and stress-reduction in high-stress, college-based young adults: a pilot study. J Am Coll Heal. (2022) 72:1331–5. doi: 10.1080/07448481.2022.2076103 
	 29. Tao,M, Huang,H, Gao,J, Cao,Y, and Zhuang,J. The effects of combining visual-auditory stimuli with exercise on short-term affect improvement: a randomized controlled trial. Sci Rep. (2024) 14:18995. doi: 10.1038/s41598-024-69578-y 
	 30. Kressig,RW. Musik und Bewegung als therapeutische Ressourcen bei Demenz. Innere Med. (2022) 64:147–51. doi: 10.1007/s00108-022-01445-2 
	 31. Bennett,MM, Tomas,CW, and Fitzgerald,JM. Relationship between heart rate variability and differential patterns of cortisol response to acute stressors in mid-life adults: a data-driven investigation. Stress Health. (2024) 40:e3327. doi: 10.1002/smi.3327 
	 32. Payton,EJ, and Nolze,G. The backscatter electron signal as an additional tool for phase segmentation in electron backscatter diffraction. Microsc Microanal. (2013) 19:929–41. doi: 10.1017/s1431927613000305 
	 33. Mian,RR, Ramos,MS, and Wedner,HJ. Eosinophilia in an Iranian woman. Ann Allergy Asthma Immunol. (2004) 92:598–603. doi: 10.1016/s1081-1206(10)61424-x
	 34. Heiderscheit,A. Distinguishing type of music-based interventions in clinical research and improving the quality of reporting. Anadolu Tıbbı Dergisi. (2022) 1:3–10. doi: 10.5505/adadolutd.2022.24633
	 35. Linn,MW. A global assessment of recent stress (GARS) scale. Int J Psychiatry Med. (1986) 15:47–59. doi: 10.2190/xp8n-rp1w-ye2b-9q7v 
	 36. Van Bulck,L, Wampers,M, and Moons,P. Research electronic data capture (REDCap): tackling data collection, management, storage, and privacy challenges. Eur J Cardiovasc Nurs. (2021) 21:85–91. doi: 10.1093/eurjcn/zvab104 
	 37. Hillman,CH, Erickson,KI, and Kramer,AF. Be smart, exercise your heart: exercise effects on brain and cognition. Nat Rev Neurosci. (2008) 9:58–65. doi: 10.1038/nrn2298 
	 38. Martinsen,EW. Physical activity and depression: clinical experience. Acta Psychiatr Scand. (1994) 89:23–7. doi: 10.1111/j.1600-0447.1994.tb05797.x 
	 39. Chanda,ML, and Levitin,DJ. The neurochemistry of music. Trends Cogn Sci. (2013) 17:179–93. doi: 10.1016/j.tics.2013.02.007 
	 40. Siponkoski,S-T, Martínez-Molina,N, Kuusela,L, Laitinen,S, Holma,M, Ahlfors,M , et al. Music therapy enhances executive functions and prefrontal structural neuroplasticity after traumatic brain injury: evidence from a randomized controlled trial. J Neurotrauma. (2020) 37:618–34. doi: 10.1089/neu.2019.6413 
	 41. Maidhof,C, Müller,V, Lartillot,O, Agres,K, Bloska,J, Asano,R , et al. Intra- and inter-brain coupling and activity dynamics during improvisational music therapy with a person with dementia: an explorative EEG-hyperscanning single case study. Front Psychol. (2023) 14:1155732. doi: 10.3389/fpsyg.2023.1155732 
	 42. Bi,X, Cui,H, and Ma,Y. Hyperscanning studies on interbrain synchrony and child development: a narrative review. Neuroscience. (2023) 530:38–45. doi: 10.1016/j.neuroscience.2023.08.035 
	 43. Menon,V, and Levitin,DJ. The rewards of music listening: response and physiological connectivity of the mesolimbic system. NeuroImage. (2005) 28:175–84. doi: 10.1016/j.neuroimage.2005.05.053 
	 44. Koelsch,S. Brain correlates of music-evoked emotions. Nat Rev Neurosci. (2014) 15:170–80. doi: 10.1038/nrn3666 


Copyright
 © 2025 Wei, Wu and Song. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fpubh-13-1603059-g005.jpg
Research background Intervention design
[ \ Personalized Non-personalized
therapeutic music & " ugic & simple

30-minute aerobic  gyretching exercises
exercise.

« International work.
o Work overload. Bl

« Social isolation. s A

Overseas employees

face prolonged high /

stress. 2»%
L

)\ . St level: d i
Combined intervention i ::p:l'if..ms:p, &

significantly reduces stress * 3:;7:::‘;;‘:;:::;‘;‘:0 "
with lasting effects. Vo .
o Intervention effects last 6 [ J’ﬂJ &
months.
o Personalization enhances

o Ages 40-49: Stress reduction.

o Classical music preference:
Best stress improvement.

o Seafarers: Significant relief.

Conclusion and long-term effects Research findings

outcomes.
o Dual improvement in mental
and physical states.





OPS/images/fpubh-13-1603059-g003.jpg
Experimental-First Evaluation

= Control-First Evaluation

60 * Experimental-Second Evaluation * Control-Second Evalu
50 oy 2 . ” .

8 S . e -t

g 1 M O -t B I T S R &

H Beics R s Cm o RiEa s B sommls Nieinmd
g% Fe s § Poe 2 Bl 2 w MR TR i
2 e v - v .y S 8

5 v al ; . . g (S SV e
2 . z v . . 3 e

E . $ # £ . 2

£ 1.
209 * s BE M

e B e L L L e A e e
ORYBHO0A™NENLEBOPPPIPPPPRPPRONPDPDPDPDON YD » 0
B patient number

60,

» 50

2

8

@ 40

H

30

<]

s

£20

-

@

10
w-""“'é’ﬁm""\ 600 onirol IS g1 second





OPS/images/fpubh-13-1603059-g004.jpg
Sum of GRAS scores.

20.29 30-39 4049 10
aas old years old P Fo s Popuarthsc lasal . Wphopisic
Music preference
60
onx
@ kK ** | —
8 50 g {
9 d 28
g 1% o !
@ v ot &
? 40 , i
< 4 . t
% |
uw 30 . )
2 =
€ .
@ 20 T ole
10— T T T T T T T T T T T T T
" Legal Salesman Bank Logistical
anager Seafarer g ojalist  Profession  Technician Staff Personnel





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Integrative stress management for global workforce: music-based and exercise intervention for overseas employees



		Introduction



		Materials and methods



		Participants



		Research methods and procedures



		GARS



		Resource-oriented music therapy listening program



		Follow-up



		Data collection and analysis









		Results



		Baseline characteristics comparison



		Analysis of the occupational background and overseas work experience of the experimental group participants



		The significant effect of resource-oriented music therapy in reducing seafarers’ stress levels



		Greater stress relief observed in participants aged 40–49



		Among different occupational groups, sailors show the most significant stress relief effect



		Among different music preferences, classical music enthusiasts experience significant stress relief



		Long-term effects of music-based and aerobic exercise interventions









		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher’s note



		Supplementary material



		Abbreviations



		References



















OPS/images/fpubh-13-1603059-g001.jpg
Engivle: 138 ‘Excuded: 12 - Did not meet eriteria

[ 1

Excluded: 4 - Scheduling conficts or declined consent

=






OPS/images/fpubh-13-1603059-g002.jpg
Enroliment

Allocation

Follow-up

Analysis

Assessed for eligibility (n=128)

Excluded

Not Meeting Criteria (n=32)

Randomized (n=96)

Experimental Group (n=48)

Control Group (n=48)

First GARS Scale Completed

First GARS Scale Completed

Customized Music List
and Adjustments

Non-Personalized Background
Music Played

Performed Weekly Once
for 5 Consecutive Weeks

Performed Weekly Once
for 5 Consecutive Weeks

Second GARS Scale






OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Integrative stress management
for global workforce:
music-based and exercise
intervention for overseas
employees












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health






