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ABSTRACT
Background: Heart rate variability biofeedback

(HRV-BF) has emerged as a promising non-pharmacologi-
cal intervention for stress and emotional regulation. This
study aimed to evaluate the longitudinal effects of HRV-
BF on perceived stress, depression, and anxiety among in-
ternational medical students over 12 weeks.

Methods: A total of 47 international medical stu-
dents participated in the study, with psychological assess-
ments conducted at two time points (February and May)
over a 12-week period, using the Perceived Stress Scale
(PSS), Beck Depression Inventory (BDI), Zung Self-Rating
Anxiety Scale (SAS), and Beck Anxiety Inventory (BAI).
Statistical analyses included the Wilcoxon Signed-Rank
Test to assess changes over time within each group.

Results: The results revealed significant reductions
in all measured psychological parameters within the bio-
feedback group, with stress (p = 0.007), depression (p =
0.002), and anxiety (p < 0.001) levels showing notable im-
provement over time. The control group exhibited mini-
mal change over time, supporting the observed improve-
ments within the biofeedback group.

Conclusions: These findings support the integration
of HRV-BF training into medical education as a strategy
for enhancing students’ mental well-being. Future research
should explore long-term effects and optimize intervention
protocols to maximize benefits. HRV-BF may serve as a
valuable tool in mitigating the psychological burden as-
sociated with rigorous academic environments.

Keywords: heart rate variability biofeedback, stress,
medical students, anxiety, depression, mental health, non-
pharmacological therapy,

INTRODUCTION
Heart Rate Variability Biofeedback (HRV-BF) has

garnered significant attention as a non-pharmacological
intervention aimed at mitigating psychological distress,
particularly in high-stress populations [1]. HRV-BF in-
volves training individuals to regulate their heart rate
variability through controlled breathing and feedback
mechanisms, thereby enhancing autonomic balance and
emotional regulation [2]. This technique has been asso-
ciated with reductions in stress, anxiety, and depression
across various groups, including healthcare workers and
students [3].

A number of studies, as well as our own, prove that
medical students are notably susceptible to elevated lev-
els of psychological distress due to rigorous academic
demands and highstakes environments [4, 5, 6]. Studies
have reported that the prevalence of depressive disorders
among medical students exceeds 20%, a rate signifi-
cantly higher than that observed in the general popula-
tion [7]. Factors contributing to this heightened vulner-
ability include intense workloads, sleep deprivation, and
the pressure to perform academically [8]. Consequently,
there is a pressing need for effective interventions to sup-
port the mental health of this population [9].

Recent research has explored the efficacy of HRV-
BF in reducing symptoms of psychological distress
among students. For instance, a study assessing HRV-BF
as an adjunct to college recovery programs found sig-
nificant reductions in craving, perceived stress, anxiety,
and depressive symptoms over a 12-week intervention
period [10]. Similarly, another study demonstrated that
a short-term HRV-BF intervention reduced stress and
anxiety levels among university students, suggesting
that even brief biofeedback training can have measur-
able psychological benefits [11].

These findings reinforce the potential of HRV-BF
as an accessible and effective tool for improving mental
well-being in student populations. Due to the consider-
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able academic workload and psychological challenges
faced by medical students, it is crucial to implement tar-
geted interventions that enhance their mental resilience.
Building upon this evidence, our study aims to evalu-
ate the longitudinal effects of HRV-BF on perceived
stress, depression, and anxiety among international medi-
cal students at Varna Medical University.

MATERIALS AND METHODS
The survey included 47 international medical stu-

dents enrolled in the “Medicine” program at the Medi-
cal University of Varna, Bulgaria. Participation began
following approval from the university’s research ethics
committee.

All participants completed 5 baseline question-
naires - sociodemographic questionnaire, Perceived
Stress Scale (PSS), Beck Depression Inventory (BDI),
Zung Self-Rating Anxiety Scale (SAS), and Beck Anxi-
ety Inventory (BAI). These assessments were conducted
at two time points: initially, immediately before the be-
ginning of the investigation in February, and subse-
quently, at the end of the study in May.

The Perceived Stress Scale is a widely used psy-
chological instrument for measuring the perception of
stress. It assesses the degree to which respondents find
their lives unpredictable, uncontrollable, and overload-
ing. The overall scores can be evaluated as follows: 0-
13 – low stress; 14-26 – moderate stress; 27-40 – high
perceived stress [12].

The Beck Depression Inventory is a 21-item self-
report inventory designed to measure characteristic atti-
tudes and symptoms of depression. The total score is
classified as follows: 17–20 indicates borderline clini-
cal depression, 21–30 moderate depression, 31–40 severe
depression, and scores above 40 suggest extreme depres-
sion [13].

The Self-Rating Anxiety Scale is a 20-item self-
report scale that evaluates the severity of anxiety symp-
toms developed in the past several days. The raw score
is converted into an index score, with values above 45
suggesting clinically significant anxiety [14].

The Beck Anxiety Inventory consists of 21 multi-
ple-choice self-report inventory questions to measure
characteristic attitudes and symptoms of anxiety. Scores
between 0–21 indicate low anxiety, 22–35 moderate
anxiety, and scores above 36 suggest potentially severe
anxiety [15].

Group Formation
The selection of participants (n=47) for the bio-

feedback and control groups was based on the results of
the psychological questionnaires administered at the be-
ginning of the study. Students who exhibited elevated
levels of stress, depression, and/or anxiety (n=24), as in-
dicated by their scores on the PSS, BDI, SAS, and BAI,
were included in the study. Those assigned to the bio-
feedback group underwent HRV-BF training, while those
in the control group (n=23) did not receive any inter-
vention and were observed to assess how they managed
stress without external support. This approach ensured
that the study targeted individuals with significant psy-
chological distress, allowing for a clearer evaluation of
the effects of HRV-BF on mental well-being.

Biofeedback Training Protocol
Participants in the biofeedback group underwent

HRV-BF training using the emWave Pro Plus system. The
training consisted of two sessions per week, each last-
ing 30 minutes. During these sessions, participants
practiced slow-paced breathing techniques following a
specific pattern aimed at increasing heart rate coherence.
In addition to the in-lab training, participants were ad-
vised to apply the same breathing techniques at home
after awakening, before sleeping, and before stressful
events. This combination of structured sessions and self-
guided practice was designed to enhance physiological
self-regulation and stress resilience over time.

Statistical analysis
Differences in perceived stress, depression, and

anxiety levels between the biofeedback and control
groups were assessed using the Chi-Squared test for cat-
egorical variables. For continuous variables, the Mann-
Whitney U test was performed due to violations of nor-
mality in the dataset. A p-value of <0.05 was considered
statistically significant. To evaluate changes in psycho-
logical scores over time (February vs. May), the Wilcoxon
Signed-Rank Test was used, as normality was not met for
most variables, making non-parametric testing the appro-
priate choice. This test was applied to analyze changes
in PSS, BDI, SAS, and BAI scores within each group over
time.

The statistical analyses were performed using
Jamovi v.2.6.24.

RESULTS
In this study, 47 international medical students were

involved, with the majority being female - 85.1%, while
males accounted for 14.9%. The sociodemographic char-
acteristics of participants are shown in Table 1.
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Table 2. Chi-Square Test of Group Comparisons in Mental Health Scores

February February May May
Measure Scale Biofeedback Control Biofeedback Control χχχχχ² df

p-

(n=24) (n=23) (n=24) (n=23)
value

0–13 1 (4%) 13 (57%) 8 (33%) 10 (43%)

PSS 14–26 7 (29%) 9 (39%) 16 (67%) 10 (43%) 10.2 2 0.006

27–40 16 (67%) 1 (4%) 0 (0%) 3 (13%)

1–10 3 (13%) 20 (87%) 12 (50%) 17 (74%)

11–16 2 (8%) 1 (4%) 7 (29%) 2 (9%)

BDI
17–20 2 (8%) 1 (4%) 1 (4%) 1 (4%)

15.8 3 0.001
21–30 11 (46%) 0 (0%) 2 (8%) 2 (9%)

31–40 6 (25%) 1 (4%) 2 (8%) 1 (4%)

Over 41 0 (0%) 0 (0%) 0 (0%) 0 (0%)

SAS < 45 10 (42%) 21 (91%) 19 (79%) 20 (87%) 9.03 2 0.011

45–59 11 (46%) 1 (4%) 5 (21%) 3 (13%)

60–74 3 (13%) 1 (4%) 0 (0%) 0 (0%)

75–80 0 (0%) 0 (0%) 0 (0%) 0 (0%)

0–21 8 (33%) 20 (87%) 20 (83%) 20 (87%)

BAI 22–35 11 (46%) 1 (4%) 3 (13%) 2 (9%) 10.2 2 0.006

Over 36 5 (21%) 2 (9%) 1 (4%) 1 (4%)

Table 1. Sociodemographic characteristics of the participants

The psychological evaluation scores for perceived stress, depression, and anxiety among the participants are pre-
sented in Table 2, comparing the biofeedback and control groups at two time points: February and May.

Variable
Number Percent

(n=47) (%)

Gender
Male 7 14,9%

Female 40 85,1%

Age 19-23 31 66,0%

24-26 10 21,3%

27-30 5 10,6%

31-35 1 2,1%

1 4 8,5%

2 11 23,4%

Academic year
3 20 42,6%

4 5 10,6%

5 6 12,8%

6 1 2,1%

Don’t drink 28 59,6%

Alcohol consumption/day Light – one drink (glass, can) or less 18 38,3%

Moderate – more than one drink (glass, can) 1 2,1%

No 40 85,1%

Smoking Less than one pack per day 6 12,8%

One or more packs per day 1 2,1%
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The PSS results indicate a notable difference in stress

levels between the two groups. In February, 67% of the
biofeedback group exhibited high perceived stress (scores

27–40), whereas only 16% of the control group fell into

this category. By May, there was a substantial improve-
ment in the biofeedback group, with no participants re-

maining in the high-stress category, while the control group

still had 13% experiencing high stress.
Regarding depressive symptoms, as measured by the

BDI, there was a significant shift in the biofeedback group

over time. In February, 46% of biofeedback participants
scored in the moderate depression range (scores 21–30),

while 25% had severe depression (scores 31–40). By May,

these numbers had significantly declined, with 50% of the
biofeedback group falling within the minimal depression

category (scores 1–10) and only 8% remaining in the mod-

erate range. In contrast, the control group exhibited a much
slower reduction in depressive symptoms, with a higher

proportion of participants still scoring in the mild and mod-

erate depression ranges.
The SAS further supports these trends. In February,

46% of the biofeedback group had mild anxiety (scores

45–59), and 13% had moderate anxiety (scores 60–74).
By May, there was a reduction in anxiety severity, with

79% of biofeedback participants falling below the clini-

cal anxiety threshold. Meanwhile, the control group re-
mained relatively stable, with a significant proportion still

experiencing mild or moderate anxiety.

The BAI results further reinforce these findings. In
February, 46% of the biofeedback group had mild anxiety

(scores 22–35), while 21% experienced severe anxiety

(scores above 36). By May, there was a noticeable shift,
with 83% of participants who underwent biofeedback train-

ing falling into the minimal anxiety category (scores 0–

21), and only 4% remaining in the severe anxiety range. In
contrast, the control group showed little change over time,

with 87% consistently classified in the minimal anxiety

category and a small but stable percentage still experienc-
ing moderate to severe anxiety. These results indicate that

the biofeedback group experienced a substantial reduc-

tion in anxiety levels, while the control group displayed
minimal improvement.

Changes in Psychological Variables over Time in
Biofeedback and Control Groups

Analysis of the distribution of stress, depression, and

anxiety levels at two time points (February and May) re-

vealed notable trends within the biofeedback and control

groups. The biofeedback group exhibited a significant re-
duction in perceived stress levels, as shown by the de-

creased proportion of individuals classified in the moder-

ate and high stress categories by May. In contrast, the con-
trol group showed relatively minor shifts in stress distri-

bution, with a greater proportion of individuals maintain-

ing moderate stress levels throughout the study period.
The chi-square test confirmed that changes over time were

statistically significant within the biofeedback group (χ²

= 10.2, p = 0.006), suggesting a measurable improvement
in stress management.

Similarly, depression scores demonstrated different

patterns over time within the two groups. In the biofeed-
back group, a substantial number of participants shifted

from moderate and severe depression categories toward

minimal or borderline depression levels by May. Con-
versely, the control group maintained a higher proportion

of participants in the mild-to-moderate depression range.

Chi-square analysis indicated a significant shift over time
within the biofeedback group (χ² = 15.8, p = 0.001), high-

lighting the potential benefit of the intervention on de-

pressive symptoms.
For anxiety measures, both the SAS and BAI scores

indicated pronounced changes in the biofeedback group.

Participants initially exhibiting moderate to severe anxi-
ety showed a marked movement toward minimal anxiety

levels by the end of the study. In contrast, the control group

displayed minimal changes, with a stable distribution of
anxiety levels. Chi-square tests confirmed significant shifts

in the distribution of anxiety symptoms in the biofeed-

back group for both SAS (χ² = 9.03, p = 0.011) and BAI (÷²
= 10.2, p = 0.006).

Within-Group Comparisons over Time (February
vs. May)

The descriptive analysis provides an overview of

the psychological measures (PSS, BDI, SAS, and BAI) as-
sessed separately within the biofeedback and control groups

over time (February to May). Table 3 summarizes the

changes in mean scores from February to May. Among par-
ticipants in the biofeedback group, a consistent decrease

in stress, depression, and anxiety levels was observed across

all psychological measures. In contrast, the control group
exhibited relatively minor changes, suggesting the absence

of substantial spontaneous improvement without interven-

tion. These trends were further evaluated through non-para-
metric statistical testing.
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and anxiety (SAS, BAI) scores significantly decreased in

the biofeedback group, whereas the control group exhib-
ited relatively stable psychological distress levels. The

reduction in distress was statistically significant, as con-

firmed by the Wilcoxon Signed-Rank test, reinforcing the
effectiveness of HRV-BF in modulating autonomic regula-

tion and promoting emotional resilience.

Reduction in Perceived Stress
One of the most notable findings of our study was

the significant reduction in perceived stress (PSS) among

participants who underwent biofeedback training. In Feb-
ruary, 67% of students in the biofeedback group exhib-

ited high perceived stress, but by May, none remained in

this category. This suggests that HRV-BF played a criti-
cal role in reducing psychological distress, possibly

through its effects on autonomic balance, as previously

proposed by other studies [1]. HRV-BF has been shown
to enhance parasympathetic nervous system activity,

which counteracts stress-induced physiological responses

[2]. Our findings align with previous studies, which indi-
cate that biofeedback training can significantly lower

stress levels in high-pressure academic settings [11].

Given that medical students face chronic academic
stress, which increases their risk of burnout, emotional ex-

haustion, and cognitive overload, the observed reduction

in PSS scores highlights HRV-BF’s potential as a preventa-
tive mental health strategy. Future research should inves-

tigate whether long-term HRV-BF interventions can fur-

ther sustain these stress-reducing effects beyond the 12-
week training period.

Depression Symptoms
Our study found a significant reduction in depres-

sive symptoms among participants who received HRV-BF

training. In February, nearly half (46%) of students with

biofeedback training scored within the moderate depres-
sion range, and 25% exhibited severe depressive symp-

To determine whether the data met the assumptions
of normality, a Shapiro-Wilk test was conducted for all

psychological variables. The results indicated that most

measures, including BDI scores at both time points, SAS
scores in May, and BAI scores in February and May, sig-

nificantly deviated from a normal distribution (p < 0.05).

Only PSS scores in May and SAS scores in February dem-
onstrated normality (p > 0.05). Given the overall violation

of the normality assumption across key variables, non-para-

metric statistical methods such as the Wilcoxon Signed-
Rank test were employed in the subsequent analyses (Ta-

ble 3).
The results indicate a significant reduction in per-

ceived stress, depression, and anxiety levels in the bio-

feedback group between February and May. The Wilcoxon
Signed-Rank Test confirmed that these changes were sta-

tistically significant across all psychological measures. The

decrease in stress levels, measured by the PSS, was nota-
ble, reflecting an overall improvement in participants’ abil-

ity to manage stressors. Given that chronic stress is a major

concern among medical students, the observed decline sug-
gests that HRV-BF may be an effective tool for enhancing

stress resilience and emotional stability over time.

DISCUSSION
The present study aimed to evaluate the effective-

ness of HRV-BF as an intervention to enhance the mental
health of medical students. We observed notable improve-

ments in stress, depression, and anxiety symptoms over

time within the biofeedback group, whereas the control
group exhibited relatively stable patterns without mean-

ingful change. The findings provide compelling evidence

that HRV-BF training is associated with significant im-
provements in psychological well-being, particularly

among students who participated in the biofeedback ses-

sions. The perceived stress levels (PSS), depression (BDI),

Table 3. Descriptive statistics and Wilcoxon Signed-Rank Test Results

Measure Group
February May Wilcoxon p-

Mean ± SD Mean ± SD W value

PSS
Biofeedback 19.2 ± 8.11 15.6 ± 7.02 274.5 < 0.001

Control 19.2 ± 7.25 15.6 ± 6.93 98.5 0.819

BDI
Biofeedback 14.9 ± 11.8 9.96 ± 9.01 297.0 < 0.000001

Control 20.4 ± 12.2 17.2 ± 11.5 79.5 0.895

SAS
Biofeedback 39.7 ± 12.2 33.4 ± 9.20 298.5 < 0.000001

Control 41.0 ± 13.5 35.2 ± 10.3 108.5 0.721

BAI
Biofeedback 18.7 ± 13.2 12.2 ± 10.2 300.0 < 0.000001

Control 20.5 ± 13.6 16.8 ± 11.8 100.5 0.801
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toms. By May, the majority of them (50%) had shifted to

the minimal depression category, and only a small per-
centage (8%) remained in the moderate range.

This reduction in BDI scores is consistent with prior

research suggesting that HRV-BF enhances emotional self-
regulation by stabilizing the central autonomic network

[3]. The ability of HRV-BF to increase vagal tone and pro-

mote a relaxation response may explain why participants
experienced improved mood regulation and reduced de-

pressive symptoms after the biofeedback training. Moreo-

ver, previous studies have demonstrated that biofeedback-
based interventions can be particularly beneficial for

populations with high baseline stress levels, as seen in a

cohort of medical students [10].
Expectedly, the control group did not exhibit the

same magnitude of improvement, with a notable percent-

age still scoring in the mild-to-moderate depression range
by May. This suggests that, in the absence of an active

intervention, students may experience persistent depres-

sive symptoms despite the natural course of the academic
semester. The decline in depressive symptoms suggests that

HRV-BF training may have contributed to improved emo-

tional regulation and mood stability. Considering the high
prevalence of depression among medical students, these

findings reinforce the potential of HRV-BF as a non-phar-

macological intervention for mental health support. Given
the strong association between depression and academic

performance, integrating HRV-BF training into medical

curricula as a standardized mental health support tool
could be a valuable strategy.

Anxiety Reduction
Anxiety levels also declined significantly among

the biofeedback group at the end of the training, as indi-

cated by SAS and BAI scores. The proportion of students
experiencing moderate anxiety, evaluated by the SAS in-

ventory, decreased from 46% to 21%, with no participants

experiencing severe anxiety in May. A similar trend was
observed in BAI scores, where severe anxiety cases

dropped from 21% to 4%, and the majority of participants

(83%) fell within the minimal anxiety range. The sharp
reduction in anxiety symptoms suggests that HRV-BF

training may have helped participants gain better control

over physiological responses associated with anxiety, such
as heightened autonomic arousal. The substantial de-

crease in BAI scores, in particular, points to HRV-BF’s ef-

fectiveness in addressing both cognitive and somatic as-
pects of anxiety.

Our results confirm existing literature evidence in-

dicating that HRV-BF improves emotional regulation by

enhancing interoceptive awareness and promoting a state

of physiological calmness [1]. The intervention likely in-
creased participants’ ability to control anxiety-related

physiological responses, such as heart rate fluctuations,

respiratory rate, and muscle tension, which are critical in
reducing stress-induced hyperarousal [2].

Notably, the control group exhibited minimal

change in anxiety scores, suggesting that the benefits of
HRV-BF extend beyond natural semester-based fluctua-

tions in stress levels. This finding is particularly relevant

given that medical students have a disproportionately high
risk of anxiety disorders, which can impair both cognitive

performance and long-term career satisfaction [8].

Comparison with Existing Research and Theoreti-
cal Implications

The findings of our study align with reports dem-
onstrating that HRV-BF is a promising intervention for re-

ducing stress-related psychopathology in high-stress en-

vironments [11]. Moreover, the research extends existing
knowledge by providing longitudinal evidence that HRV-

BF’s benefits persist over 12 weeks of training, suggest-

ing that the effects are not transient but sustained.
A potential explanation for these results is that

HRV-BF trains individuals to develop greater control over

their autonomic nervous system, leading to more effec-
tive stress responses and enhanced cognitive flexibility

[1]. This aligns with polyvagal theory, which posits that

increased vagal tone enhances emotional resilience and
reduces maladaptive stress responses [16].

However, it is important to acknowledge that not

all participants experienced equal benefits. Some indi-
viduals may have required more time or personalized feed-

back to integrate biofeedback techniques into their daily

routines. Future studies should explore whether custom-
ized HRV-BF training protocols (e.g., tailored breathing

patterns or neurofeedback components) could enhance

treatment efficacy.
Limitations and Future Directions
While our study provides valuable insights, several

limitations should be considered. First, the sample size
was relatively small (N = 47), which may limit the gene-

ralizability of our findings. Future research should aim to

replicate these results with larger, more diverse cohorts of
medical students to confirm the robustness of our conclu-

sions.

Second, while we observed significant reductions
in stress, depression, and anxiety levels, we did not as-

sess whether these changes were associated with academic

performance, sleep quality, or neurocognitive outcomes.
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Given that previous studies have suggested a link between

HRV-BF and improved executive functioning, future re-
search could explore whether biofeedback training en-

hances learning efficiency and memory consolidation in

medical students.
Third, the nature of semester-based education im-

poses certain limitations on the duration and consistency

of biofeedback training. The academic schedule, charac-
terized by intensive coursework, exams, and clinical prac-

tice, restricts the time available for structured HRV-BF ses-

sions. Future studies should consider implementing train-
ing programs that align with students’ academic calendars,

ensuring sustained engagement and optimal benefits from

the intervention.
Additionally, this study relied on self-report ques-

tionnaires to measure psychological outcomes, which may

be subject to response bias or social desirability effects.
Future studies should consider incorporating objective

physiological measures (e.g., heart rate variability indi-

ces, salivary cortisol levels) to provide a  comprehensive
assessment of HRV-BF’s impact on autonomic regulation.

Our findings highlight the effectiveness of HRV-BF

in promoting psychological well-being and reducing dis-
tress levels over time. The significant reductions across

all measured variables suggest that HRV-BF training led

to meaningful and lasting improvements in mental health.
Future research should explore whether these effects are

maintained beyond the 12-week training period and in-

vestigate potential moderating factors such as individual
differences in baseline stress levels or engagement with

the intervention.

CONCLUSIONS
This study evaluated the effects of HRV-BF on per-

ceived stress, depression, and anxiety among medical stu-

dents. The findings demonstrate that HRV-BF is an effec-

tive, non-pharmacological tool for improving psychologi-
cal well-being, with significant reductions in stress, de-

pressive symptoms, and anxiety levels in the biofeedback

group. The students who underwent HRV-BF training
demonstrated notable improvements over time, whereas

the control group exhibited relatively stable patterns.

Over a period of 12 weeks, none of the participants with
biofeedback training remained in the high perceived

stress category, while many in the control group contin-

ued to report moderate to high stress. Depression and anxi-
ety levels also declined more significantly in the biofeed-

back group, reinforcing HRV-BF’s role in enhancing emo-

tional regulation and autonomic balance. Given the
chronic stress medical students face, integrating HRV-BF

into academic support programs may serve as a preventa-

tive measure against psychological distress.
In conclusion, HRV-BF is a promising and accessi-

ble strategy for improving mental health in medical stu-

dents. Its integration into university settings could sup-
port better stress management and overall well-being, fos-

tering a healthier academic environment.
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PSS - Perceived Stress Scale
BDI - Beck Depression Inventory

SAS - Zung Self-Rating Anxiety Scale

BAI - Beck Anxiety Inventory
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