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Effects of dance mindfulness
and combined interventions

on social anxiety in left behind
rural adolescents: a randomized
controlled trial

Xiaofen Ding¥*, QianYang3*, Yuqin Sun?*‘ & Chunxia Lu3**

This study aims to examine the effects of three intervention approaches—Latin dance intervention
alone, mindfulness intervention alone, and a combined mindfulness-Latin dance intervention—on
social anxiety among left-behind adolescents in rural China. A randomized controlled trial was
conducted with 84 participants(age =10.90 + 3.05) assigned to four groups: a Latin dance-only group,

a mindfulness-only group, a combined Latin dance and mindfulness group, and a control group. The
intervention lasted 12 weeks. Social anxiety was assessed at baseline, post-intervention, and at a
6-week follow-up. Data were analyzed using repeated measures ANOVA. Significant reductions in
social anxiety were observed over time in all three intervention groups (F(3, 80)=15.42, p<0.001),

with no significant change in the control group (p>0.05). The combined intervention group showed the
greatest improvement, and treatment effects were maintained at follow-up. Combined intervention
produced the most substantial and sustained reductions in social anxiety, whereas Latin dance led to
rapid but less durable improvements and mindfulness yielded modest but stable effects. These findings
suggest that integrating body-based and cognitive-emotional approaches may represent a superior
strategy for enhancing both the effectiveness and maintenance of social anxiety interventions in left-
behind adolescents.

Keywords Left-behind adolescents, Social anxiety, Latin dance intervention, Mindfulness intervention,
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China’s rapid industrialization and urbanization over the past decades have led to large-scale rural-to-urban
migration, resulting in the formation of a massive population of migrant workers. According to the National
Bureau of Statistics, as of 2022, approximately 295.6 million individuals were classified as rural migrant
workers, with 172 million working outside their registered domicile—accounting for over one-third of the
rural household population'. While labor migration has generated substantial economic benefits, it has also
contributed to widespread parental absence and the emergence of a socioeconomically and psychologically
vulnerable subgroup: left-behind adolescents. Left-behind adolescents—defined as youth aged 13 to 18 who
reside in rural areas without the continuous presence of one or both parents for at least six months due to
labor migration—exhibit elevated risks of psychological and behavioral problems®. Empirical studies have
documented a higher prevalence of depression®, anxiety?, post-traumatic stress symptoms®, and externalizing
behaviors such as aggression and delinquency?n this population. These outcomes are exacerbated by emotional
neglect, reduced parental monitoring, and limited access to psychosocial resources®-2.

Among the various mental health challenges faced by adolescents, social anxiety is particularly prominent
and persistent. Social anxiety refers to an intense fear of negative evaluation in social situations, which can lead
to impaired academic performance, disrupted peer relationships, and reduced quality of life>!°. Recent meta-
analyses have provided updated estimates of global prevalence, with higher rates typically observed in younger
populations'!. In the Chinese context, a systematic review by Tang et al.'’reported an overall social anxiety
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prevalence of approximately 12% among children and adolescents, highlighting its public health significance.
Notably, left-behind adolescents appear to be at even greater risk. A meta-analysis synthesizing 18 studies
(N=18,544) using the Social Anxiety Scale for adolescents reported a pooled detection rate of 36.1% among rural
left-behind adolescents, significantly higher than the 20.2% observed in non-left-behind peers. More recent
studies have yielded prevalence estimates ranging from 12% to over 30%, depending on the measurement tools
and sampling period, consistently indicating that left-behind adolescents experience disproportionately high
levels of social anxiety. Given the enduring nature of social anxiety and its elevated burden in this vulnerable
population, identifying effective, targeted interventions for left-behind adolescents is both urgent and essential.

Latin dance, in contrast, offers a socially engaging and movement-based modality grounded in embodiment
theory!? and social learning theory', Through rhythmic coordination, nonverbal expression, and interpersonal
synchrony, Latin dance enhances body awareness, social connection, and emotional expression!>!6. fostering
self-efficacy and confidence!”!8. Compared to solitary physical activity, Latin dance naturally embeds peer
interaction and feedback, making it a culturally relevant and feasible intervention for Chinese adolescents!®1°.

Mindfulness-based interventions (MBIs) have gained strong empirical support as evidence-based
approaches for managing anxiety in youth. Rooted in present-moment, nonjudgmental awareness?!, MBIs
improve attentional control, emotional regulation, and cognitive defusion?>-2%. According to the Self-Regulatory
Executive Function model?. mindfulness reduces rumination and avoidance—two core mechanisms underlying
social anxiety—by increasing meta-awareness and acceptance-based coping. Thus, mindfulness primarily
targets internal cognitive-emotional regulation, helping adolescents relate to social-evaluative thoughts with
less reactivity.

While prior studies have explored mindfulness and Latin dance separately, few have examined their
integration. Importantly, the two modalities may be theoretically complementary: mindfulness strengthens
internal awareness and emotional regulation, whereas Latin dance promotes external social engagement and
embodied expression. When combined, mindfulness provides a cognitive foundation for managing anxiety,
and Latin dance offers real-time opportunities to apply these skills in social contexts. In addition, mindfulness
enhances interoceptive awareness, enabling individuals to more accurately perceive and interpret internal
bodily signals that support emotional clarity, which in turn contributes to more adaptive responses to social
anxiety.This dual-target approach addresses both intrapersonal and interpersonal dimensions of social anxiety,
potentially producing synergistic effects that exceed either intervention alone.Therefore, the present study
investigates whether the integration of mindfulness and Latin dance yields superior outcomes compared to each
intervention implemented independently.

Despite increasing research on psychosocial interventions, left-behind adolescents in rural China remain
underrepresented in intervention studies and face unique stressors such as disrupted attachment and limited
mental health resources?®. Therefore, the present study evaluated the effects of three interventions—mindfulness,
Latin dance, and a combined mindfulness + Latin dance program—on social anxiety among rural left-behind
adolescents. We hypothesized that while both mindfulness and Latin dance would reduce social anxiety, the
combined intervention would yield the greatest and most sustained improvements due to the complementary
mechanisms of internal regulation and external social engagement.

Methods

Participants

A priori power analysis for repeated measures ANOVA (4 groups x 3 time points: baseline, post-intervention,
and 6-week follow-up) was conducted using G*Power 3.1.9.7. Assuming a medium-to-large effect size (f=0.30,
based on Cohen’s conventions?” and prior studies of mindfulness and Latin dance interventions in adolescents?®,
a=0.05, and power (1-{)=0.85, a minimum of 20 participants per group was required. To account for an
estimated 15% attrition rate, the target enrollment was adjusted to 23 participants per group, yielding a total
sample size of 92 participants. In practice, 8 participants dropped out during the study period due to illness or
scheduling conflicts (4 from the latin dance group, 4 from the mindfulness group, 4 from the combined group
and 4 from the control group,). Participant flow and attrition are summarized in the CONSORT diagram (See
Fig. 1).

A total of 84 participants were rural left-behind adolescents from Huaihua Experimental Middle School in
Hunan Province, China, who were screened and identified as being at risk for social anxiety, using a combination
of school counselor referrals, posters, and classroom announcements. Recruitment was facilitated through
cooperation with the school administration and classroom teachers, who distributed study information sheets
and consent forms to guardians of eligible left-behind students. Participation was voluntary, and only students
who met the inclusion criteria and returned written parental consent and child assent were enrolled. Inclusion
criteria were as follows: (I) aged 13-18 years; (II) scoring>8 on the Adolescent Social Anxiety Scale; (IIT) no
formal mindfulness training in the past year; (IV) Participants did not regularly engage in physical exercise
or meditation training, in order to avoid exposure to similar interventions and to ensure the feasibility of
completing the 12-week intervention; and (V) absence of serious physical illness.

Participants were excluded if they met any of the following conditions: (I)Use of psychiatric medication,
including ongoing treatment with antidepressants or anxiolytics; (II) History of neurological or psychiatric
surgery, either scheduled or recently performed; (III) Regular engagement in psychological counseling
or psychotherapy; (IV) Participation in any concurrent behavioral or pharmacological clinical trial; (V)
Involvement in instructor-led or structured exercise programs; (VI) Diagnosis of neurological disorders (e.g.,
epilepsy, traumatic brain injury).
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Fig. 1. Flow Diagram.

Study design

This study employed a parallel-group, evaluator-blinded randomized controlled trial (RCT) design to assess
the effects of three interventions—Latin dance (LG), mindfulness (MG) and a combined mindfulness and
Latin dance program (LMG)—on social anxiety symptoms. To clarify the overall study duration, the 12-week
intervention phase was followed by a 6-week follow-up period to evaluate the short-term sustainability of
treatment effects, resulting in a total study timeline of 18 weeks. Control group (CG) served as a no-intervention
and did not receive any treatment during the study period. Interventions were delivered by professionals with
appropriate credentials: mindfulness instructors were nationally certified psychological counselors with formal
MBSR training; Latin dance instructors held physical education degrees and Latin dance coaching certifications.
The study adhered to the ethical guidelines of the Declaration of Helsinki and was approved by the University
Medical Research Ethics Committee (Approval No. 2022039). Written informed consent was obtained from all
participants and their parents or legal guardians before enrollment. No adverse events were reported during the
intervention or follow-up periods.

Randomization and allocation

Eligible participants were randomly assigned to one of the four groups (LG, MG, LMG, CG) in a 1:1:1:1 ratio
using a computer-generated randomization sequence created in SPSS (v26.0). Stratified randomization was used
based on gender to ensure balance across groups. An independent statistician generated the sequence, and group
assignments were placed in sequentially numbered, opaque, sealed envelopes to ensure allocation concealment.
Randomization was conducted by a coordinator not involved in recruitment or delivery of interventions.
Outcome assessors, who were psychology graduate students trained in mental health measurement, remained
blinded to participant group allocation throughout the study.

Ethics approval
The study was approved by the Ethics Committee of Hunan Normal University prior to the initiation of the
project (Approval Number: 2022039).

Consent to participate
Informed consent was obtained from all participants before the commencement of the study. All procedures
complied with the Declaration of Helsinki.
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Intervention procedures

Latin dance group

Participants in this group engaged in a supervised Latin dance program four times per week for 12 weeks,
consistent with physical activity guidelines recommending moderate-intensity exercise at least 3-5 days per
week for mental health benefits in youth?. Each 40-minute session consisted of: Check-in and 10-minute warm-
up (joint mobility, dynamic stretching), 25-minute dance-based aerobic training using basic Latin steps (e.g.,
stationary cha-cha turns, forward and side steps, cha-cha combinations), 5-minute cool-down and relaxation,
Latin dance sessions were progressive in intensity, gradually increasing from basic to combined steps to sustain
a moderate-intensity range (55%-70% of maximum heart rate). Blood pressure and resting heart rate were
measured at baseline for all participants to screen for exercise contraindications and to establish physiological
baselines(see Fig. 2 for detailed session structure).

To ensure consistent exercise intensity and participant engagement across all dance sessions, a standardized
choreography and fixed pacing were used for each class. Heart rate was monitored at multiple time points
during the sessions to maintain physical activity within a safe and moderate-intensity range. Instructors also
used an engagement observation checklist to rate students’ effort, coordination, and participation, and provided
immediate feedback or encouragement when necessary to maintain involvement. These procedures helped
ensure both fidelity and safety in the implementation of the Latin dance intervention.

Mindfulness group

This 12-week intervention consisted of four weekly sessions lasting 40 min each. The frequency and duration
were based on prior evidence indicating that mindfulness-based programs delivered 4 times per week for 40 min
per session are effective in reducing anxiety and enhancing emotional regulation in adolescents?**. The program
followed a three-phase structure. Phase 1 (Preparation) introduced foundational concepts and strategies related
to mindfulness to build students’ awareness of its relevance to emotional well-being. Phase 2 (Practice) served
as the core of the intervention, with each session incorporating 20-minute guided mindfulness exercises using
standardized techniques such as positive affirmations, gratitude journaling, and visualization of successful social
interactions. Phase 3 (Integration) emphasized the application of learned strategies in daily life through activities
such as guided meditation, mindful eating, and structured emotional regulation tasks, aiming to facilitate the
incorporation of mindfulness into everyday routines. A standardized intervention manual adapted from youth-
appropriate mindfulness protocols (e.g., Mindfulness-Based Cognitive Therapy for Adolescents) was used to
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Fig. 2. Flowchart of working Latin dance intervention.
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ensure consistency. Each session was delivered in small groups of 8-12 participants to maintain group cohesion
and allow for individualized guidance (see Fig. 3 for the intervention flowchart).

To ensure adherence to the mindfulness protocol, multiple fidelity-monitoring strategies were implemented.
Attendance was recorded at every session to track participant engagement. In addition, students completed brief
practice logs to document any mindfulness activities conducted outside of class. Instructors used a standardized
session fidelity checklist to ensure that core components (e.g., breathing awareness, body scanning, guided
reflection) were delivered consistently. Furthermore, instructors participated in weekly supervision meetings
with the research team to review session quality and address any deviations from the protocol.

Combined group

This group participated in an integrated training schedule four times per week for 12 weeks. Each session
consisted of 20 min of mindfulness (following the same curriculum as the mindfulness group), a 5-minute
rest, and 20 min of Latin dance (as described above). This structure aimed to leverage the emotional regulation
benefits of mindfulness with the social and physical engagement of latin dance(see Fig. 4 for schedule overview).

Control group

Participants in the control group were randomly selected and received no active intervention during the 18-week
period. They were instructed to maintain their normal daily routines and did not participate in any structured
exercise or mindfulness training. However, they underwent the same monitoring procedures and completed the
same assessments as the intervention groups to ensure consistency and comparability in outcome evaluation.

Measures

Social anxiety symptoms

Social anxiety was assessed using the Social Anxiety Scale for adolescents (SASA), originally developed by
La Greca et al. and later translated and validated in Chinese by Wang Xiangdong®"*2. The scale contains two
subscales—Fear of Negative Evaluation and Social Avoidance—using a 3-point Likert format. A total score of
>8 was used as the clinical cut-off. In the current sample, the SASA demonstrated high reliability (Cronbach’s
a=0.892), with subscale alphas exceeding 0.70. The Kaiser-Meyer-Olkin (KMO) value was 0.729, indicating
good sampling adequacy.

Statistical analysis

All analyses were conducted using IBM SPSS Statistics (v26.0). Descriptive statistics summarized baseline
demographics and symptom variables. Factor analysis of variance and chi-square tests assessed between-group
differences at baseline. A repeated measures ANOVA was performed to analyze primary outcomes. Assumptions
of normality (Shapiro-Wilk), homogeneity of variance (Levene’s test), and sphericity (Mauchly’s test) were
checked. Greenhouse-Geisser correction was applied when necessary. Statistical significance was set at p <0.05.
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Fig. 3. Flowchart of working Mindfulness intervention.
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Fig. 4. Flowchart of working combined intervention.

Results

Baseline characteristics of participants

A total of 84 (age=10.90 £ 3.05) left-behind adolescents were randomly allocated to four groups: Control (CG),
Latin Dance (LG), Mindfulness (MG), and Combined Intervention (LMG), each comprising 21 participants.
Baseline demographic and psychosocial variables—including age, gender distribution, parental marital status,
and frequency of parental return—did not significantly differ across groups (all p>0.05), indicating group
comparability prior to intervention(see Table 1).

Intervention effects on social anxiety

At baseline (T,), the four groups did not differ significantly in social anxiety (SA) scores (p>0.05), indicating
comparable starting levels {CG: 10.52+1.99, 95% CI [9.74, 11.30]; DG: 11.14£3.29, 95% CI [9.82, 12.46];
MG: 10.95+3.29, 95% CI [9.63, 12.27]; LMG: 11.00£3.19, 95% CI [9.72, 12.28]}. A significant Group x Time
interaction was found (F(6,192) =7.85, ° = 0.14, p<0.01), therefore simple effect analyses were conducted to
further examine the nature of this interaction. There was also a significant main effect of Time (F(2,192) =41.89,
n? = 0.39, p<0.001), with overall SA scores decreasing from T, to T, and T,. From T to T , the control group
showed no meaningful change (p >0.05), whereas DG {7.57 £ 1.60, 95% CI [6.93, 8.21]}, MG {8.90+ 1.95, 95% CI
[8.12, 9.68]}, and LMG {5.63£1.41, 95% CI [5.07, 6.19]} demonstrated significant reductions (all p <0.05). This
pattern persisted at Tz: CG remained stable {10.67 +2.13, 95% CI [9.80, 11.54], p>0.05}, while LG {7.43+1.54,
95% CI [6.82, 8.04]}, and MG {8.67+1.39, 95% CI [8.11, 9.23]} maintained their improvements. Notably, the
LMG group exhibited the largest and most sustained decrease, reaching the lowest SA level at T, {5.41+1.40,
95% CI [4.86, 5.96]}. In contrast, a significant main effect of Group (F(3,96)=23.60, n° = 0.37, p<0.001)
suggested different overall levels of SA across groups. Post-hoc comparisons confirmed that at both T, and
T,, all intervention groups scored significantly lower than the control group (p<0.05). Furthermore, the LMG
group had significantly lower SA scores than both DG and MG at T, and T, (p<0.05), the difference between
DG and MG did not reach statistical significance and the LMG showed the greatest magnitude of reduction
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Variable Characteristic | CG (n=21) | LG (n=21) | MG (n=21) | LMG (n=21) | F/x* | p
Male 12 (57.14) 11 (52.38) 11 (52.38) 12 (57.14)

Gender 0.06 | 0.98
Female 9 (42.86) 10 (47.62) 10 (47.62) 9 (42.86)

Age 10.57+0.75 | 10.24+0.89 | 10.19+0.87 | 10.62+0.97 1.35 | 0.26
Married 14 (66.67) 13 (61.90) 14 (66.67) 12 (57.14)
Divorced 4(16.67) 5(23.81) 5(23.81) 5(23.81)

Parental marital status 0.87 | 0.46
Digamy 2(9.52) 2(9.52) 1(4.76) 2(9.52)
Widowed 1 (4.76) 1(4.76) 1(4.76) 2(9.52)
Father outing 10 (47.62) 9 (42.86) 13 (61.90) 11 (52.38)

Parental outings Mother outing | 6 (28.57) 6 (28.57) 4(19.05) 4(19.05) 0.42 | 0.74
Parents outing | 5 (23.81) 6 (28.57) 4(19.05) 6 (28.57)
Once a week 2(9.52) 2(9.52) 2(9.52) 2(9.52)
Once a month | 3 (14.29) 4(19.05) 2(9.52) 2(9.52)

Parental frequency of returning home 0.10 | 0.96

Once a year 11(52.38) | 10(47.62) |11(52.38) | 13(61.90)
<Onceayear |5(23.81) 5(23.81) | 6(28.57) 4(19.05)

Total 10.52+1.99 | 11.14+3.29 | 10.95+3.29 | 11.00+3.19 0.52 | 0.67
SA FNE 6.14+1.59 | 6.76+£2.05 | 6.71+1.90 6.05+2.36 1.53 1 0.21
SAD 476+1.30 | 4.81£2.02 | 4.86+1.42 5.05+1.50 0.13 | 0.94

Table 1. Comparison of general information among the four groups (M +SD, n (%)). SA, Social Anxiety; FNE,
Fear of Negative Evaluation; SAD, Social Avoidance and Distress.

and demonstrated a more continuous and sustained improvement over time, indicating a superior effect of the
combined intervention.

At baseline (T,), the four groups did not differ significantly in fear of negative evaluation (FNE) scores
(p>0.05), indicating comparable initial levels {CG: 6.14+1.59, 95% CI [15.63, 19.17]; LG: 6.76 +£2.05, 95% CI
[15.24, 18.68]; MG: 6.71£1.90, 95% CI [15.42, 19.14]; LMG: 6.05+2.36, 95% CI [15.36, 18.96]}. A significant
Group x Time interaction was observed (F(6,192)=3.72, n° = 0.94, p<0.01), indicating that changes in FNE
scores over time differed among groups, and therefore simple effect analyses were conducted. The main effect of
Time was also significant (F(2,192) =34.49, #° = 0.37 p <0.001), with overall FNE scores decreasing from T to
T, and T,. From T to T,, the control group showed no meaningful change (p>0.05), whereas LG {4.43+1.72,
95% CI [11.93, 14.55]}, MG {4.52+1.12, 95% CI [13.20, 16.00]}, and LMG {6.05+2.36, 95% CI [10.45, 12.43]}
demonstrated significant reductions (all p <0.05). This improvement pattern persisted at T2: the control group
remained stable(p>0.05), while LG {4.43+1.72, 95% CI [11.73, 14.19]} and MG {4.52+1.12, 95% CI [12.91,
15.57]} continued to maintain lower scores. Notably, the LMG group exhibited the largest and most sustained
reduction, reaching the lowest FNE level at T, {3.67£1.24, 95% CI [9.46, 11.34]}. In addition, a significant
main effect of Group was found (F(3,96) =11.90, 5° = 0.24, p<0.001), suggesting overall group differences in
ENE levels. Post-hoc comparisons showed that at both T, and T,, all intervention groups scored significantly
lower than the control group (p <0.05). Moreover, the LMG group had significantly lower FNE scores than both
DG and MG at T, and T, (p<0.05), indicating that the combined intervention produced the greatest and most
enduring improvements over time.

At baseline (T,), the four groups did not differ significantly in social avoidance (SAD) scores (p>0.05),
indicating comparable starting points {CG: 4.76+1.30, 95% CI [11.78, 15.26]; LG: 4.81+2.02, 95% CI [11.16,
14.12]; MG: 4.86+1.42, 95% CI [12.35, 15.17]; LMG: 5.05+1.50, 95% CI [11.98, 14.82]}. A significant Group
x Time interaction was detected (F(6,192)=3.19, > = 0.15, p<0.01), indicating that the trajectories of SAD
scores differed among groups, and thus simple effect analyses were conducted. The main effect of Time was
also significant (F(2,192)=19.82, n* = 0.26, p<0.01), with overall SAD scores decreasing from T, to T, and
T,. From T to T,, the control group showed no meaningful improvement (p >0.05), whereas LG {3.76+1.14,
95% CI [9.20, 11.20]}, MG {3.86+1.35, 95% CI [10.72, 12.80]}, and LMG {3.19+1.12, 95% CI [8.00, 9.28]}
demonstrated significant reductions (all p<0.05). This pattern remained consistent at T : the control group
stayed relatively stable (p>0.05), while LG {3.48+1.21, 95% CI [8.94, 10.90]} and MG {3.76 £1.30, 95% CI
[10.43, 12.53]} maintained decreased levels. Most notably, the LMG group achieved the lowest SAD score at
T, {2.76 £0.94, 95% CI [7.39, 8.77]}, showing the most pronounced and sustained reduction. Furthermore, the
main effect of group was significant (F(3,96)=8.08, 7> = 0.15, p<0.001), indicating overall differences among
groups. Post-hoc analyses confirmed that at T, and T,, all intervention groups scored significantly lower than the
control group (p<0.05). In addition, the LMG group had significantly lower SAD scores than both DG and MG
at T, and T, (p<0.05), demonstrating that the combined intervention yielded the strongest and most persistent
improvements in social avoidance.(See Table 2; Fig. 5).

Discussion

Interpretation of findings

This study aimed to evaluate the effects of Latin dance and mindfulness interventions on social anxiety
among left-behind adolescents in rural China. The results demonstrated that three interventions significantly
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Index | Group | T, T, T, FIPgroup | F/Pime | FIV /P rouprtime
CcG 10.52+1.99 | 10.76 £2.61 10.67+2.13

= LG 11.14+3.29 | 7.57£1.60%" | 7.43+1.54%" 23.60/0.37 | 41.89/0.39/ | 7.85/0.14/
MG | 10.95+329 | 8.90+1.95" 8.67+139%AA | <0.001 <0.001 | <0.01
LMG | 11.00+3.19 | 5.63 % 1.4120cc™ | 5. 4] + 1 40mbec” AN
CcG 6.14+159 |6.19+2.09 590+1.61

eng |G |676£205 4434172 | 414£1.06™" 11.90/0.24/ | 34.49/0.37/ | 3.72/0.94/
MG  |671£1.90 |452+1.12" 3.48+1.57%" <0.001 <0.001 <0.01
LMG |6.05+2.36 |3.67+1.24%" 3.19+1.122%"AA
CcG 476+130 |4.81+0.87 4.76+0.94

SAD LG 4814202 |3.76+1.14" 3.48+1.21%" 8.08/0.15/ | 19.82/0.26/ | 3.19/0.15/
MG  |486+142 |386+135 3.76+1.30% <0.001 <0.01 <0.01
LMG |[5.05+1.50 |3.19+1.12%" 2.76+0.94%"AA

Table 2. Effects of different interventions on social Anxiety. a <0.05, compared with CG; b <0.05, compared
with DG; ¢<0.05, compared with MG; * p<0.05, compared with T Ap <0.05,compared with T .

reduced social anxiety symptoms compared to the control condition. These improvements were sustained at
follow-up. Importantly, the combined intervention group showed the most pronounced reductions in anxiety,
outperforming both the Latin dance-only and mindfulness-only groups.

Comparison with previous literature

Latin dance has been recognized as an effective approach to promoting psychological well-being, as its integration
of rhythmic movement, music, and self-expression can alleviate stress and enhance mood and engagement!®3334,
Consistent with these findings, our study also observed immediate reductions in social anxiety following the
Latin dance intervention. Nevertheless, similar to previous school-based studies reporting improvements in
self-efficacy and peer connectedness'®'. our results also indicated enhanced social interaction and engagement
among participants in the Latin dancegroup, which may serve as short-term protective factors against social
anxiety. However, unlike prior studies that reported relatively sustained benefits, we found that the effects of
Latin dancediminished at follow-up. This discrepancy may be due to differences in intervention duration, the
absence of ongoing practice, or the heightened academic pressure faced by rural adolescents, suggesting that
Latin dancealone may not produce lasting changes without continued support.

Mindfulness-based interventions (MBIs) have shown efficacy in reducing cognitive reactivity and improving
emotional regulation by promoting non-judgmental awareness of internal experiences®.Prior research has
demonstrated reductions in rumination and negative self-referential thinking, as well as improvements in
self-esteem and anxiety regulation®®*. Our findings partially align with this literature: the mindfulness group
exhibited moderate reductions insocial anxiety, supporting the role of attentional regulation and emotional
awareness. However, the effects in our study were smaller than those reported in many adult samples, which
may reflect developmental differences in cognitive maturity and the need for age-appropriate adaptations. This
reinforces concerns about the direct transferability of adult-based mindfulness protocols to adolescents and
highlights the importance of tailoring MBIs for younger populations.

Importantly, our combined intervention (mindfulness + dance) produced the most significant and sustained
improvements, exceeding the effects of either modality alone. The superior outcomes observed in the combined
intervention group may be attributed to a synergistic effect of mindfulness and Latin dance, which operate
through distinct yet complementary pathways. At the psychological level, Latin dance offers a socially engaging
and emotionally evocative context in which adolescents can actively apply mindfulness skills. By maintaining
present-moment awareness during dance activities, participants are better able to stay grounded, reduce self-
critical thoughts, and manage anxiety in real-time social interactions. Conversely, mindfulness enhances
awareness of bodily sensations and emotional states, which may increase confidence, expressiveness, and
interpersonal attunement during dance. This reciprocal facilitation promotes emotion regulation, improves
social functioning, and strengthens self-efficacy. From a neurobiological perspective, the integration of physical
movement and cognitive focus may activate complementary mechanisms. Aerobic exercise such as Latin dance
increases endorphin levels, enhances cerebral blood flow, and promotes the release of neurotrophins like brain-
derived neurotrophic factor (BDNF), thereby supporting neural plasticity and brain health?*-%°, Mindfulness,
in turn, regulates the stress response system and modulates neural circuits involved in emotion regulation and
attentional control*>*!2, Evidence from animal studies further suggests that both physical exercise and mental
training independently promote hippocampal neurogenesis, while their combination yields additive effects on
neuronal proliferation and integration®*~4!. Taken together, these psychological and neurobiological mechanisms
may explain why combining mindfulness with Latin dance produces greater improvements in social anxiety than
either intervention alone. The synergistic effects observed in this study extend previous literature and provide
novel evidence that a multimodal intervention may be particularly effective for addressingsocial anxiety in left-
behind adolescents in rural contexts.
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Fig. 5. Effects of different interventions on Social Anxiety.

Practical implications

These findings have important practical implications. First, they support the use of low-cost, school-based
interventions in rural areas where mental health services are scarce. Integrating physical activity with
psychological training appears culturally acceptable and feasible in these settings. Second, the success of the
combined intervention offers a model for linking physical education with social-emotional learning in school
curricula, promoting more holistic development. Third, this approach may help address mental health disparities
among left-behind adolescents, who face unique emotional challenges due to parental absence.

Scientific Reports|  (2026) 16:5468 | https://doi.org/10.1038/s41598-026-35039-x nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Practically, schools can incorporate brief mindfulness exercises to improve emotional regulation and
structured Latin dance sessions to enhance engagement, motivation, and peer connection. The combined model
provides an adaptable and scalable framework for educators and policymakers, enabling rural schools to support
resilience, reduce psychological distress, and sustain academic motivation within existing resources.

Limitations
This study has several limitations. (I) the sample consisted solely of left-behind adolescents with elevated
social anxiety from a single rural region in China. The geographic, cultural, and demographic homogeneity
of the sample limits the external validity of the findings. Because left-behind adolescents experience unique
socio-emotional stressors due to prolonged parental absence, the observed intervention effects may not fully
generalize to urban youth, adolescents from non-left-behind families, or individuals in other cultural contexts.
(I1) All psychosocial variables were assessed using self-report questionnaires. Although researchers provided
instructions and supervision, social anxiety is associated with self-criticism, avoidance, and social desirability
bias, which may have influenced participants’ responses and affected data accuracy and internal validity. In
addition, relying solely on self-report measures limits the ability to capture behavioral or physiological
manifestations of anxiety. Future studies should therefore consider incorporating multi-method assessment
approaches—such as parent or teacher reports, behavioral observations, or physiological indicators—to obtain
a more comprehensive understanding of adolescents’ anxiety profiles. (III) The age range of the sample was
relatively narrow and primarily limited to early adolescence, which restricts developmental representativeness.
Future studies should include a broader age range to examine whether different developmental stages exhibit
differential responsiveness to mindfulness- and dance-based interventions. (V) all participants exhibited
elevated levels of social anxiety, which enhances internal validity but limits understanding of the interventions’
applicability to general or subclinical populations. Including typically developing adolescents or individuals with
varying levels of social anxiety in future research would help determine the broader.

although the sample demonstrates adequate statistical power and provides valuable insights into a specific
regional context, its restriction to a single county in Hunan Province limits the generalizability of the results.
Future research incorporating samples from diverse socioeconomic regions across China would help verify the
broader applicability of the findings.

Conclusion

Opverall, the findings demonstrate that both Latin dance and mindfulness interventions produced reductions in
social anxiety among left-behind adolescents; however, the magnitude and sustainability of their effects differed.
Latin dance led to relatively rapid improvements in social anxiety symptoms, likely due to its socially engaging
and emotionally stimulating nature, but these effects tended to diminish over time. Mindfulness training also
reduced social anxiety, particularly by enhancing emotional awareness and regulation, yet the immediate impact
was modest. In contrast, the combined intervention yielded the most substantial and enduring improvements,
suggesting a synergistic effect in which the experiential social context of Latin dance and the internal regulatory
skills of mindfulness mutually reinforce one another. These results indicate that integrating body-based and
cognitive-emotional approaches may offer a more comprehensive and sustainable strategy for alleviating social
anxiety in left-behind adolescents.

Data availability

Research data will be available from the corresponding author with a reasonable request.
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