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Abstract

College students face a variety of stressors, including
academic pressure, social challenges, and financial
concerns. Mindfulness training by applying breathing and
self-reflecting mantras has been shown to be a useful tool
for reducing stress as part of compassion mindfulness
training (CMT). Physiological measures of these methods
are lacking. Heart rate variability (HRV) captures stress
and anxiety by changes in the sympathovagal balance and
hence may provide insight into the effectiveness of
mindfulness on psychopathology. Thirty-nine students
were recruited and answered the depression, anxiety, and
stress questionnaire (DASS-21) prior to and following 90
days after CMT. Heart rate was recorded for 5 minutes
before CMT and following the 1-week intervention. HRV
features included time-frequency domain, nonlinear
features, and complex correlation measures. Long-term
improvements in DASS-21 were not reflected by all HRV
features. However, changes in HRV patterns indicate an
increase in complexity reflecting the higher adaptability
and flexibility of the autonomic nervous system. The
research outcomes indicate the beneficial effect of short,
self-compassion mindfulness training. Yet, further
research is required to explain its effect on heart rate
variability.

1. Introduction

College students face a variety of stressors, including
academic pressure, social challenges, and financial
concerns. And while stress itself is a short-term response,
college students have also shown high rates of depression
and anxiety [1]. A variety of interventions have been
considered including mindfulness practices [2]. The ability
of mindfulness practices such as emotion labelling,
diaphragmatic breathing, and self-compassion mantras, to
modify emotions has been demonstrated in mindfulness
practitioners [3]. Mindful emotion labelling has been
shown to reduce subjective stress and is a technique of
cognitively responding to emotional states by applying a
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linguistic descriptor to the state [2]. Such practices also
teach self-compassion involving the mindful repetition of
mantras or self-affirmations, but whether these correlate
with improved vagal tone and HRV is still controversial [4,
5]. The current research investigated whether combining
emotional labelling, diaphragmatic breathing, and self-
compassion practices would reduce stress and lead to
improved changes in HRV following a one-week
intervention.

2. Methods.

2.1.  Subjects

Thirty-nine engineering students, comprising 29
females (22.3£3.5 years) participated in this study.
Subjects were screened for psychiatric or neurological
diseases, cognitive deficits, and ongoing psychoactive
drug therapies. All subjects provided written informed
consent. The experimental protocol was approved by
Khalifa University Institutional Review Board.

2.2.  Experimental Protocol

The participants underwent a home-based compassion
mindfulness training (CMT) program over the course of
one week. The subjects were instructed to undertake the
training any time they felt stressed. This consisted of
identifying how they felt and naming their emotions by
consulting the emotion wheel. Then they were instructed
to do deep breathing whilst reciting the self-affirmation
text.

To evaluate the impact of the training, the heart rate
signal was measured twice: once for a five-minute period
before the commencement of the CMT program and about
90 days following the one-week training. The emWave
system (HeartMath) was utilized to record heart rate data
(sampling rate of 370 sps). Subjects filled out the DASS
questionnaire pre- and 90 days post-training. The DASS-
21 is a self-reporting survey with 21 questions that are used
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to assess psychological well-being [6].
2.3.  HRV measures

Heart rate signals were preprocessed to remove ectopic
noise from the signal using the hybrid filter, SDROM-
ADF, based on the single dependent rank order mean
(SDROM) algorithm and adaptive filtering algorithm
(ADF) [7]. A sample segment of 700 beats was extracted
from the denoised HRYV signal and the HRV features were
extracted using the MATLAB toolbox [8,9]. The HRV
features extracted were SDSD (standard deviation of RR
intervals), RMSSD (square root of the mean squared
differences between successive RR intervals), SDNN
(standard deviation of successive normal beats), pNN50
(number of successive RR interval pairs that differ more
than 50 ms divided by the total number of RR intervals),
and TRI (HRV triangular index).

Furthermore, nonlinear detrended fluctuation analysis
(DFA) was evaluated, measuring a1 for short-term fractal
correlations over windows sizes from 4 to 11 beats and o2
DFAol evaluates short-term fractal correlations by
partitioning the signal into non-overlapping windows and
calculating root-mean-square fluctuations, unveiling local
patterns. DFA Alpha 2 extends this analysis to long-term
correlations, using varying window sizes to reveal broader
temporal relationships [10]. Moreover, Poincree plot
analysis was done evaluating SD1, SD2, and SD1/SD2.
SD1 quantifies short-term HRV dynamics by assessing
point spread relative to the identity line. In contrast, SD2
examines long-term trends from the same plot. The
SD1/SD2 ratio offers insights into the balance between
short-term and long-term. Additionally, to better quantify
the dynamic changes in HRV over time we utilized the
complex correlation measure (CCM). The CCM measure
is a function of multiple lag correlation of the signal [11].
Specifically, it is calculated as the SD1 and SD2
normalized area of the fitted ellipse over n-lagged
consecutive points on the Poincare plot (here, lag=1,
capturing insights about consecutive RR intervals).

Statistical significance was determined for the pre-and
post-training using the Wilcoxon signed-rank test (one-
sided).

3. Results

3.1. DASS-21 scores

Results show that CMT had a positive long-term effect
on student mental health as illustrated by DASS-21 scores
on all three dimensions (Fig. 1; Table 1). On average,
stress, anxiety, and depression were reduced by about 3.26
(p<0.0001), 3.39 (p<0.0001), and 1.59 (p<0.01),
respectively.

Figure 1. DASS-21 Pre-Post Average Subscale Scores
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Table 1. DASS-21 scores Pre- and Post- CCM

Variable Before After p
Stress 7.72 + 497 4.46 +3.71 <0.0001***
Anxiety 7.72+4.47 4.33+385 <0.00017
Depression 5.13 + 4.00 354+3.33 0.005**

3.2. HRV measures

CMT had a significant effect on some of the HRV
measures.  Specifically, SDNN (p<0.001), DFAa2
(p<0.05), and CCM (p<0.05) values increased showing
greater HRV complexity. While the normalized low-
frequency component (p<0.05), pNN50 (p<0.05), and SD1
to SD2 ratio (p<0.05) decreased (Fig. 2; Table 2).

Figure 2. HRV Measures Pre-Post Average

Heart Rate (BPM) 5050 (s) L, RMSSD(s) SONM (5) phNsD ) ™

1T a v e

LF Normalized (%) HF Normalized (%) LFHF LF Power (ms’) HF Power (ms?) VLF Power (ms’)

— &
e

) £l e 4000
: L i L L L L "

Hyim Apha2 801 (5) 502 (5} s01:802 . cf.,
S B1 BT NEY B B
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In this paper, we have examined the long-term effect of
one-week compassion mindfulness training on college
students considering the perceived emotional response
with reference to physiological changes following the
CMT. We assessed changes in the emotional aspect using
the three subscales of the DASS-21 scoring system; stress,
anxiety, and depression. To have better insights into the
physiological response, we measured changes in the heart
variability signal using time-frequency domain features,
non-linear variables, and complex correlation measures.
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Table 2. HRV Pre- and Post- CMT

Variable Before After p

HeartRate (BPM) | 85.27 £ 10.64 85.52 +8.38 0.6799

SDSD (ms) 58.41+12.85 54.43+12.92 0.0535

RMSSD (ms) 41.30+9.08 38.49:+9.14 0.0535
SDNN (ms) 4343+1221 52.87 + 23.90 0.0001
PNN50 19.25 + 8.69 16.13+7.91 0.0408

TRI 10.24+2.92 10.44 +329 0.2958

LF Norm (%) 35.99+9.36 30,60 + 11.47 00112

HF Norm (%) 25.65 + 8.40 2469+ 1113 0.1661

LF:HF 1.56 + 0.68 1.49 +0.95 0.1661

LF Power (ms2) | 71271442190  704.92 % 686.45 0.3454
HF Power (ms?) | 486.03+24372  488.14 + 266.67 0.5417
VLF Power (ms2) | 801.25+71342  1108.14 * 1467.18 0.0743
Alpha 1 110012 1.07 £0.14 0.1840
Alpha 2 0.84+0.11 0.91+0.18 0.0303

D1 (ms) 20.22 +6.43 27,24+ 6.47 0.0535
D2 (ms) 67.88+21.31 60.30 + 33.83 0.5139
SD1:SD2 0.45 +0.09 0.42 +0.09 0.0387"
ceMm 0.16 +0.04 0.17 +0.04 00132

p<0.05*; p<0.01**; p<0.001***

Mindfulness-based interventions including CMT are
effective in addressing psychopathology and self-
management of disease by promoting behavioral changes.
This was apparent from the DASS-21 results indicating
improvement in stress, anxiety, and depression scores. Our
results combine a neuroscience-based mindfulness model
that included HRV features with behavioral change [12].
Hence, CMT has been implicated in changes to
parasympathetic activity through an ascending neural
pathway including nucleus accumbens, and ventromedial
PFC control of the amygdala that is associated with vagal
activity [13].

Our results show an overall increase in complexity
illustrated by SDNN, DFA02, and CCM that may indicate
improved functionality and better resilience to stress [14].
Particularly, an increase in SDNN reflects improved
autonomic adaptability. Also, an increase in DAFa2
suggests stronger long-term correlations and enhanced
autonomic flexibility. These metrics deepen our
understanding of heart rate variability, capturing short-
term and long-term dynamics and the intricate interplay of
factors shaping cardiac rhythms with respect to
mindfulness training [15].

Parasympathetic tone, however, was lower Taken
together, the pattern of an increase in SDNN and DFAa2,
along with decreases in LF%, pNN50, and SD1:SD2,
suggests increased complexity and adaptability in the
autonomic nervous system.

We note that although DASS-21 shows long-term
improvement with mindfulness training this was not seen

in all HRV features. Not many long-term follow-ups of
short mindfulness training interventions have been
reported. A one-week program similar to the current one
showed lasting improvement at 2 weeks follow-up. These
results are similar to the current study [16]. The use of a
mobile app — Calm — has shown promise following an
eight-week program [17]. Calm use by college students led
to a reduction in stress and improved mindfulness and self-
compassion. An eight-week mindfulness training course,
which is the standard time for mindfulness training showed
improvement in HRV features. The current intervention
differs from this standard model in that it was a seven-day
intervention based on breathing and a self-compassion
mantra aimed at providing students with a means of
regulating academic stress-related outcomes.

Future research is planned to investigate the dynamic
changes associated with each mindfulness training session
on HRV and evaluate the HRV reactivity associated with
a stressor such as the Stroop test [18].

Finally, the current work indicated that a minimal
mindfulness training program showed a significant long-
term effect on depression, anxiety, and stress.
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