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This study compared changes in mental well-being following mindfulness-
based yoga, transcranial direct current stimulation (tDCS), and their
combination among students at Torbat-e Jam Faculty of Medical Sciences. This
pretest—posttest study included three active intervention groups. Forty-five male
students aged 18-24 years were allocated to mindfulness-based yoga, active
tDCS, or combined yoga plus active tDCS (n=15 per group). Each group
completed 12 sessions over 6 weeks. Mental well-being was measured using the
Magyar-Moe and Keyes scale. Paired t tests, analysis of covariance, and
Bonferroni-adjusted pairwise comparisons were performed in SPSS version 27.
No no-intervention control or sham-tDCS group was included. Mental well-
being scores increased from pretest to posttest in all three active groups
(p<0.05). ANCOVA controlling for baseline scores indicated an overall
between-group difference (p=0.020; n?=0.180), with a higher adjusted mean in
the combined group. In the absence of a control and sham condition, these
findings cannot establish the absolute efficacy of the interventions. The
combined intervention was associated with a higher adjusted posttest mental
well-being score than either active intervention alone. The finding is
preliminary and requires confirmation in adequately powered, sham-controlled
randomized trials with blinded assessment and follow-up.
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Extended Abstract

Introduction

Mental well-being is a multidimensional and dynamic construct that extends beyond the mere
absence of mental illness. It encompasses positive emotional experiences, satisfaction with life, effective
functioning in individual and social roles, and a sense of purpose and meaning in life (Cilar Budler, 2025).
As a central component of overall health, mental well-being can function as a psychological protective
factor against everyday stressors and adverse life events and may enhance individuals’ resilience and
adaptability when confronting challenging circumstances (Chuning et al., 2024). Its importance is not
limited to subjective quality of life or occupational and academic productivity; higher levels of
psychological well-being have also been associated with physical health, interpersonal relationships, and
broader social functioning (Collazzoni et al., 2016). At the societal level, attention to psychological well-
being may contribute to lower health-care burdens and greater collective resilience in response to social
and economic challenges (Iranmanesh & Dasht Bozorgi, 2019).

Mental well-being is particularly important among university students because of its relationship
with academic adjustment and performance. Longitudinal evidence suggests that students’ subjective
well-being can predict subsequent academic performance, including grade-point average (Wu et al., 2025).
Students with higher psychological well-being may demonstrate greater academic motivation and
productivity and may more effectively maintain important educational behaviors such as regular
attendance and timely completion of assignments (Kapil et al., 2025). Conversely, impaired mental health
can negatively affect concentration, academic achievement, and continuation of university education,
whereas strengthening psychological well-being may facilitate both personal and academic development
(Kaspour & Zarean, 2025).

Various evidence-based approaches have therefore been developed to improve psychological well-
being. Positive psychology interventions, for example, focus on strengthening positive emotions and
psychological resources. An eight-week positive education program was reported to improve growth
mindset, resilience, positive emotions, and general health among students (Ng et al., 2025). Training in
coping skills has likewise been associated with reductions in emotional distress over longer-term follow-
up periods (Rege et al., 2025).

Among the approaches attracting increasing attention are mindfulness- and yoga-based
interventions. Mindfulness-based yoga integrates mindful awareness with physical postures, breathing
exercises, and meditation, thereby combining physical activity with deliberate attention to bodily and
psychological experiences. Evidence indicates that such practices may contribute to improvements in
psychological health (Bilagi et al., 2025), including reductions in stress, anxiety, and depressive symptoms
together with improvements in mindfulness, emotional regulation, and general well-being (Sukumar et al.,
2026). A culturally adapted mindfulness intervention has also been associated with reduced perceived
stress and increased psychological resilience and academic self-efficacy among nursing students (Koyuncu
& Yuceer, 2026). Similarly, a 12-week randomized yoga intervention produced improvements in perceived
stress, anxiety, and emotional well-being among university students (Yolanda Castellote-Caballero et al.,
2024).

Transcranial direct current stimulation (tDCS) represents another potentially relevant intervention.
This non-invasive stimulation technique is affected by electrode placement, current intensity, and other
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stimulation parameters. Anodal stimulation can modulate cortical excitability in the targeted region and
may consequently influence cognitive and emotional processes (Cheng-Kai et al., 2019). Previous
systematic-review and meta-analytic evidence has examined the effects of tDCS on depressive and anxiety
symptoms in clinical populations (Zheng et al., 2024), while controlled research has investigated tDCS in
patients with generalized anxiety disorder using pharmacological and sham comparison conditions
(Movahed et al., 2018). However, differences between clinical populations and healthy students, as well as
differences between psychiatric symptoms and mental well-being as outcomes, limit direct generalization
of these findings.

Given the importance of student mental well-being and the emerging evidence regarding student
mental-health interventions, direct comparison of active approaches may provide preliminary evidence
for subsequent controlled trials (Awadalla et al., 2025; Biicker et al., 2018; Chandler et al., 2022). Accordingly,
the present study aimed to compare changes in mental well-being following mindfulness-based yoga,
active tDCS, and a combined intervention consisting of mindfulness-based yoga plus active tDCS among
students of Torbat-e Jam Faculty of Medical Sciences.

Methods and Materials

The study employed a pretest—posttest design with three active intervention groups. The statistical
population consisted of male students at Torbat-e Jam Faculty of Medical Sciences who voluntarily
participated in the research. Sample size estimation was performed using G*Power based on an assumed
effect size of 0.50, a significance level of 0.05, and statistical power of 0.80. The resulting sample
consisted of 45 participants, with 15 students assigned to each of three groups: mindfulness-based yoga,
active tDCS, and combined mindfulness-based yoga plus active tDCS.

Eligible participants were 18-24 years old, right-handed, had no specific history of neurological
or psychiatric disorders, and were not using psychotropic or antidepressant medications. Absence from
more than two intervention sessions or the occurrence of an adverse event related to tDCS constituted
withdrawal criteria. Written informed consent was obtained before participation, and the study received
ethical approval under code IR.IAU.CTB.REC.1404.054.

Mental well-being was assessed using the 45-item Mental Health Continuum measure developed
by Magyar-Moe and Keyes, which assesses emotional, psychological, and social dimensions of well-
being. Participants completed the measure at pretest, approximately one week before the interventions,
and again immediately after the final intervention session.

All three groups received 12 intervention sessions over six weeks, at a frequency of two sessions
per week. The yoga group performed asanas emphasizing awareness of breathing and movement,
pranayama breathing practices, and mindfulness meditation. Participants in the tDCS group received
active stimulation at an intensity of 2 mA for 20 minutes. The anodal electrode was positioned over F3
and the cathodal electrode over F4 according to the international 10-20 EEG system, with current intensity
gradually increased at the beginning of stimulation. The combined group completed the mindfulness-
based yoga intervention followed by 20 minutes of active tDCS.

Data were analyzed using SPSS version 27. Paired-samples t tests were used to assess pretest-to-
posttest changes within each group. Analysis of covariance (ANCOVA) was subsequently used to
compare posttest mental well-being scores among the three groups while statistically controlling for
baseline scores. Assumptions concerning normality, homogeneity of variances, linearity between pretest



and posttest scores, and homogeneity of regression slopes were evaluated. Following the overall
ANCOVA, Bonferroni-adjusted pairwise comparisons were conducted. Statistical significance was set at
p<0.05.

Findings

The three groups were generally comparable in their baseline demographic characteristics. Mean
age was 21.00 years in the combined group, 20.43 years in the tDCS group, and 20.71 years in the yoga
group. Mean height was 175.57, 176.29, and 175.64 cm, respectively, while mean body weight was 74.93,
73.57, and 75.07 kg, respectively.

Mental well-being scores increased significantly from pretest to posttest in all three active
intervention groups. In the combined intervention group, the mean mental well-being score increased from
175.43 at pretest to 196.14 at posttest, corresponding to a mean increase of 20.71 points (t=6.68, p=0.001).
In the active tDCS group, the mean score increased from 189.14 to 200.07, representing a mean difference
of 10.92 points (t=7.13, p=0.001). The mindfulness-based yoga group also demonstrated an increase, from
a pretest mean of 165.93 to a posttest mean of 178.21, with a mean improvement of 12.28 points (t=4.95,
p=0.001). Thus, statistically significant within-group changes were observed for all three active
interventions. However, because the study did not include either a no-intervention control group or a
sham-tDCS group, these within-group improvements alone could not establish intervention-specific
efficacy.

ANCOVA controlling for pretest mental well-being scores indicated a statistically significant
overall difference among the three active groups (F=4.29, p=0.020, 1*=0.180). The adjusted posttest mean
was highest in the combined group at 197.52, compared with 187.89 in the tDCS group and 189.00 in the
yoga group. Bonferroni-adjusted pairwise comparisons indicated that the combined intervention differed
significantly from active tDCS (p=0.01) and from mindfulness-based yoga (p=0.02). In contrast, the
difference between the active tDCS and yoga groups was not statistically significant (p=0.77). These
findings therefore demonstrate a relative advantage for the combined condition within the three active-
group comparison but do not demonstrate the absolute efficacy of any intervention.

Discussion and Conclusion

The findings showed that mental well-being scores increased from pretest to posttest in all three
active intervention groups and that, after adjustment for baseline scores, participants receiving the
combined mindfulness-based yoga and active tDCS intervention had higher mental well-being scores than
participants receiving either intervention alone. Nevertheless, interpretation of these findings requires
substantial caution because the design did not include a no-intervention control condition or sham
stimulation.

The improvement observed following mindfulness-based yoga is broadly compatible with the
proposition that yoga and mindfulness practices may support psychological well-being by integrating
physical movement, attentional regulation, breathing practices, and meditation. Potential explanations
include improvements in stress regulation, mindfulness, bodily awareness, and psychological self-
regulation. Physiological mechanisms involving autonomic regulation, neurotrophic processes, cortisol
activity, or inflammatory responses have also been proposed in previous research. However, no
physiological variables were measured in the present study; consequently, such mechanisms cannot be
inferred directly from the current data.
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The change observed in the active tDCS group may similarly be consistent with the possibility that
stimulation of prefrontal regions influences processes involved in emotional regulation. Nevertheless, the
present research did not assess neural activity, neurotransmitter function, prefrontal metabolites, or
reward-system activity. No direct conclusion can therefore be made regarding the neurobiological
pathway responsible for the observed changes in mental well-being.

The higher adjusted mean in the combined group may indicate that combining mindfulness-based
yoga with active tDCS is associated with greater improvement than either active intervention administered
separately. This finding, however, should not be interpreted as evidence of a specific synergistic
interaction. Participants in the combined group received a greater total intervention dose and more contact
time, and the study did not employ a factorial design, attention-control condition, or sham stimulation.
The observed difference might therefore reflect the greater intervention exposure, expectancy effects,
nonspecific therapeutic factors, or an actual complementary effect of the two approaches.

Several limitations restrict causal interpretation and generalizability. The study included only 45
male students from a single institution, lacked both no-treatment and sham-tDCS comparison groups,
relied on a self-reported outcome, did not equalize intervention contact time, and included no follow-up
assessment. The durability of the observed changes therefore remains unknown, and the results cannot
readily be generalized to female students, other age groups, other universities, or clinical populations.

In conclusion, the combined mindfulness-based yoga plus active tDCS intervention was associated
with a higher adjusted posttest mental well-being score than either mindfulness-based yoga or active tDCS
alone in this sample. The findings should be regarded as preliminary evidence of a difference among active
intervention conditions rather than proof of absolute treatment efficacy or a specific synergistic effect.
Larger preregistered controlled trials employing sham stimulation, appropriate control conditions,
equalized contact time, blinded outcome assessment, more diverse samples, systematic safety reporting,
and long-term follow-up are required before firm causal conclusions or recommendations for routine
clinical implementation in university counseling settings can be justified.
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