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Abstract
Objectives Deep breathing (DB) is known to elicit positive changes to the heart rate variability (HRV)measurement and improve
the quality of well-being. However, literature reporting on the effects of the mindful DB duration is scant. This study investigated
the HRV indices and its correlation with the mental health scores of three different mindful DB durations.
Methods Fifty participants were recruited and assigned to the control (Con, n = 13), mindful DB for 5 min (DB5, n = 14), 7 min
(DB7, n = 11), or 9 min (DB9, n = 12) group. The HRV was measured during the baseline, mindful DB intervention, post-
intervention, and a follow-up session after 7 days of practicing the DB daily. The mental health state was screened during the
baseline and follow-up session.
Results During the intervention, all three DB groups had a significantly larger standard deviation of the normal-to-normal interval
and normalized low frequency power whereas the normalized high frequency power (nHF) was significantly smaller than the
control group. The depression score for the DB7 and DB9 participants was significantly smaller than the control group (p = 0.024
and p = 0.021, respectively). A significant negative correlation was obtained for the depression score and nHF of the DB9 group
(r = − 0.673, p = 0.016).
Conclusions The mindful DB duration plays a role in the shifting of the autonomic nervous system such that only the reduction in
depression for the DB9 group was associated with the greater activation of the parasympathetic nervous system.
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The variation in the time interval between heartbeats is known
as the heart rate variability (HRV) and it is modulated by the
autonomic nervous system (ANS) which consists of the sym-
pathetic and parasympathetic branches (McCorry 2007). In

normal conditions, the two branches are balanced but a greater
activation of the sympathetic side can occur under certain
pathological conditions such as myocardial infarction
(Buccelletti et al. 2009; Carney et al. 2001; Katz et al.
1999), congested heart failure (Isler and Kuntalp 2007; Patel
et al. 2017; Ponikowski et al. 1997), and diabetic neuropathy
(Chessa et al. 2002; Sridhar et al. 2010). This sympathovagal
imbalance can be inferred from the time domain HRV param-
eters such as the standard deviation of the normal-to-normal
(NN) intervals (SDNN) and the square root of the mean of the
squares of the successive differences between adjacent NN
intervals (RMSSD) (Stein et al. 1994). Aside from the time
domain, the parameters in the frequency domain also provide
information on the autonomic system, especially in the low-
frequency (0.04–0.15 Hz; LF) and high-frequency range
(0.15–0.40 Hz; HF) (Task Force of The European Society of
Cardiology and The North American Society of Pacing and
Electrophysiology 1996). The LF power is reflecting on the
baroceptor-mediated sympathetic and parasympathetic
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nervous systems whereas the HF power is related to the para-
sympathetic nervous system. The ratio of the LF power to the
HF power (LF/HF) has been proposed to reflect the sympa-
thovagal balance, but recent research into this variable had
failed to provide any evidence for this claim (Billman 2011;
Milicevic 2005).

Apart from pathological reasons, the changes in the HRV
can also be brought voluntarily through alteration in the res-
piration rate and rhythm. Respiration and the heart rate are
connected via the respiration sinus arrhythmia (RSA) such
that the heart rate increases during inhalation and the heart
rate decreases during exhalation (Billman 2011). Song and
Lehrer (2003) had investigated the effects of breathing for
5 min at specific respiratory rates of 3, 4, 6, 8, 10, 12, and
14 breaths per minute on the HRV indices. Their outcome
reported non-significant changes in the mean heart rate be-
tween each respiratory rate but a significant difference was
observed for the LF and HF power. The general trend was
when the respiratory rate was lower, the LF power was
greater and the inverse relationship was seen in the HF
power. A similar study by Guzik et al. (2007) who had set a
total 5 min breathing time for different cycles of breath per
minute indicated that at the respiratory rate of 6 breaths per
minute, the SDNN, LF, and HF power were significantly dif-
ferent from 9, 12, and 15 breaths per minute. Additionally, the
RMSSD indicated no difference between each respiratory
rate. On the other hand, the carry-over effects of mindful deep
breathing on the HRVmeasurement have been studied as well
by Prinsloo et al. (2013a) who used a HRV biofeedback-
induced deep breathing intervention. They had evaluated the
changes in the HRV indices during the baseline, intervention,
and a post-intervention period and reported that during the
intervention (lasting for 10 min), both the SDNN, total power,
and LF power of the intervention group were significantly
larger than that of the control group whereas during the post-
intervention period, the inter-group differences disappeared.
Another report by Tharion et al. (2012) had investigated the
changes in the HRV measurement after 1 month of practicing
deep breathing at 6 breaths per minute, once every day for
30 min. As compared to the control group with no exercise
on video-aided mindful deep breathing, there was a significant
increase in the HF and total power, but a decrease was ob-
served for the mean arterial pressure and the respiration rate in
the intervention group after 1 month of practicing. Overall, the
effect of the breathing frequency on the HRV indices, mainly
the SDNN, LF, and HF power, has been extensively investi-
gated in prior literature. However, one long-standing question
that has yet to be answered is how the deep breathing dura-
tions affect HRV indices. From the above-cited studies, it can
be seen that there is no consensus on the breathing duration,
which can range from 5 to 30 min.

Besides the issue of the deep breathing duration, the use
of deep breathing as an intervention to improve one’s

mental state is still an active research area. It is believed
that deep breathing, HRV, and the mental health are inher-
ently linked together such that mindful deep breathing has
the potential to enhance the parasympathetic activity that
may lead to the correction of sympathovagal imbalance
seen in psychological diseases (Agelink et al. 2002; Veith
et al. 1994; Whooley and Wong 2013), and hence achiev-
ing a better mental health state (Brown and Gerbarg 2005).
The efficacy of mindful deep breathing for improving the
mental health in patients with depression, anxiety, and
stress for patients with coronary heart disease (Chung
et al. 2010), post-traumatic stress disorder (Kim et al.
2013), cancer (Hayama and Inoue 2012; Jacobsen et al.
2002; Kim et al. 2005), burn care (Park et al. 2013), and
pregnancy (Yu and Song 2010) has been demonstrated pre-
viously. These results show that mindful deep breathing
may provide an alternative to psychotropic medications
(van Schaik et al. 2004). However, the results have been
mixed in people with good health. Busch et al. (2012)
reported there was a reduction in anxiety and depression
after performing repeated blocks of 5-min duration mindful
deep breathing at a rate of 7 breaths per minute whereas
Lin et al. (2014) had reported that there was no effect on
the anxiety level when mindful deep breath at 6 or 5.5
breaths per minute for 12 min with a 5:5 or 4:6
inhalation-to-exhalation ratio. Notably, the deep breathing
duration is not consistent across different studies and this
may have impacted the results.

In this pilot study, the effects of the mindful deep breathing
duration of 5, 7, and 9 min on the HRV indices and its corre-
lation to mental health state were investigated in a nonclinical,
young adult population. It was hypothesized that longer mind-
ful deep breathing durations would produce greater change in
the HRV indices during the intervention, post-intervention,
and follow-up session as compared to the control group. For
the mental health in terms of depression, anxiety, and stress, it
was hypothesized that the scoring of the mindful deep breath-
ing (DB) groups would be smaller than that of the control
group. Lastly, a negative correlation between the mental
health score and the nHF was expected in the DB groups.

Method

Participants

The required sample size of 52 was determined based on the
rule of thumb proposed by Julious (2005) such that for a pilot
study, the recommended sample size per group should be 12,
as well as considering a dropout rate of 10% (1.1 × 12 × 4 ≈
52). The inclusion criteria of this study were (i) being students
enrolled in the university (regardless of the education level),
(ii) age ranging from 18 to 30, and (iii) have no prior
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knowledge about the deep breathing exercise. As for the ex-
clusion criteria, there was three: (i) those who were sick for the
past 2 weeks before the experiment, (ii) those who were hav-
ing any medical prescriptions, and (iii) those who could not
perform deep breathing for 5 min or more. A total of 56 eli-
gible young adults (23% female) with an age range from 20 to
27 were recruited from the university through the distribution
of flyers and also through word of mouth advertising. All the
recruited participants had a normal or corrected-to-normal vi-
sion and no respiratory or psychiatric diseases as confirmed by
a self-reported questionnaire. There were five participants
who did not come for the follow-up session, and hence were
removed from the final analysis. One more participant was
excluded from the final analysis due to equipment malfunc-
tion during the follow-up session. Consequently, a total of 50
participants were able to complete the protocol and the demo-
graphic information along with the baseline HRV variables
and mental health scores are shown in Table 1. Among the
50 participants, 49 (98%) were enrolled in a bachelor degree
program whereas only 1 (2%) was enrolled in a foundation
program. In terms of the ethnic composition, 1 (2%) was
Aryan, 1 (2%) was Sino-Kadazan, 2 (4%) were Malaysian
Indian, and 46 (92%) were Malaysian Chinese. There were
no differences in terms of the demographic information, base-
line HRV indices, and baseline mental health scores among
the four groups.

Procedure

The research procedures were approved by the local university
scientific and ethical review committee (Reference no.:
U/SERC/04/2017), and therefore been performed in accor-
dance with the Declaration of Helsinki. All the participants
understood the procedures and informed consent was obtained
all individual participants included in the study prior to the
experiment.

The experimental procedure is summarized in Fig. 1b.
Based on the participants’ chosen time slot for the experiment,
they were randomized to one of the four groups: Control
group (Con), mindful deep breathing for 5 min (DB5), mind-
ful deep breathing for 7 min (DB7), and mindful deep breath-
ing for 9 min (DB9). Among the final 50 participants who
managed to complete the protocol, there were 13, 11, 14,
and 12 participants in the Con, DB5, DB7, and DB9 groups,
respectively.

The experiment was carried out in a laboratory room with
sufficient lighting provided by two fluorescent lamps. On ar-
rival to the experiment room, the participants first rested for
15 min sitting upright on a chair to ensure the physiological
state returned to a stable condition. During the same time, the
HRV recording equipment was applied to the participants for
data acquisition. After 15 min was up, a baseline reading of
5 min (R1) was taken followed by the administration of a Go/

Table 1 Demographic information of participants in each group and their respective baseline cardiac variables as well as depression, anxiety, and stress
scores. The values are reported as the mean and the standard deviation in parenthesis

Con (n = 13) DB5 (n = 11) DB7 (n = 14) DB9 (n = 12) p value

Age (years) 22.0 (2.0) 22.5 (1.5) 22.3 (1.7) 21.9 (1.5) 0.844

Age range (years) 20–27 20–24 20–24 20–24 –

Height 168.8 (8.3) 167.6 (8.6) 169.8 (10.6) 169.3 (7.5) 0.942

Weight 61.3 (15.0) 60.4 (13.8) 66.1 (12.1) 58.8 (12.0) 0.525

HRV variables

Mean heart rate (bpm) 73.8 (7.1) 77.0 (7.8) 70.3 (11.2) 68.8 (5.3) 0.087

SDNN (ms) 57.3 (18.5) 48.3 (10.8) 57.1 (19.1) 54.2 (13.1) 0.501

RMSSD (ms) 48.7 (16.1) 40.7 (9.8) 50.9 (21.3) 47.5 (13.4) 0.455

nLF (n.u) 0.39 (0.18) 0.39 (0.13) 0.42 (0.17) 0.50 (0.20) 0.352

nHF (n.u) 0.61 (0.18) 0.61 (0.13) 0.58 (0.17) 0.50 (0.20) 0.352

DASS-21 score

Depression 12.6 (7.7) 12.9 (7.7) 9.7 (7.1) 12.2 (4.8) 0.626

Range 2–28 2–22 0–24 6–22 –

Anxiety 13.7 (7.4) 12.7 (5.5) 12.9 (7.1) 15.0 (7.5) 0.846

Range 0–28 6–20 0–28 4–28 –

Stress 17.8 (8.1) 15.1 (6.2) 14.4 (6.5) 15.7 (7.3) 0.635

Range 6–30 6–24 0–24 6–30 –

Con, control group; DB5, deep breathing for 5 min; DB7, deep breathing for 7 min; DB9, deep breathing for 9 min; bpm, breaths per minute; SDNN,
standard deviation of the normal to normal intervals; RMSSD, square root of the mean of the squares of the successive difference between adjacent
normal to normal intervals; nLF, normalized low frequency; nHF, normalized high frequency; n.u, no unit;DASS-21, 21-item Depression, Anxiety, and
Stress Scale
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NoGo task (T1) that lasts about 10 min. Next, the participants
underwent the intervention (INT). For the participants in the
three DB groups, they were required to follow the video and
perform the mindful deep breathing for their assigned breath-
ing duration of either 5, 7, or 9 min. As for the control group,
the participants were requested to stay at rest for 9 min without
being shown the mindful deep breathing video or any other
instructions. After the intervention period, all the participants
rested for 5 min (R2) and was later carried on with the next
Go/NoGo task (T2). The HRV measurement was recorded at
R1, INT, and R2.

The follow-up session was 1 week after the first session at
the same timeslot for each participant. The mindful deep
breathing video guide was sent to each participant in the DB
groups and they were instructed to perform the exercise once
per day at any time for the 7 days period (the first day was the
first session). Messages were sent to remind the participants
and a confirmation was sent to the researcher every time after
the mindful deep breathing was done. As for the control
group, no such instructions were given and they did not know
about the mindful deep breathing video. During the follow-up
session, all the participants rested for 15 min again while the
HRV recording equipment was being applied. Next, a follow-
up baseline reading of 5 min (R3) was obtained followed by a
third Go/NoGo task (T3). Again, the HRV was only obtained
during R3 but not T3.

The three Go/NoGo tasks (T1, T2, and T3) were employed
to investigate how mindful deep breathing of various dura-
tions might modulate cognitive control. The corresponding
results have been published elsewhere (Cheng et al. 2017),
and thus, only the HRV variables and mental health scores
are the main focus of this study.

Video-Aided Mindful Deep Breathing Intervention The mind-
ful deep breathing intervention in this study was guided by a
video as shown in Fig. 1a The mindful deep breathing tech-
nique employed here was a short-duration, video-aided mind-
ful deep breathing that has been previously shown to induce
an increment conflict monitoring ability (Cheng et al. 2017).
The respiratory rate was set to 6 breaths per minute with 5 s of
inhalation and 5 s of exhalation. This particular rate was cho-
sen because it would create a resonance effect between the
respiration and the heartbeat and produce the greatest change
in HRV (Vaschillo et al. 2006). In the video, there was a
smiley face in the middle and petals were appearing and
disappearing around it. The appearing of the petals signaled
the inhalation process whereas the disappearing of the petals
signaled the exhalation process. This video guide was created
to standardize the breathing rate of the participants. The par-
ticipants were instructed to keep their attention on following
tightly to the video guided mindful deep breathing video
guide, as well as to feel the air flowing in and out from their

Fig. 1 a Screenshots from the mindful deep breathing guiding video and
the b flowchart of the participants and experimental procedure which
consisted of 7 main parts: baseline (R1), first Go/NoGo task (T1),

intervention (INT), post-intervention (R2), second Go/NoGo task (T2),
follow-up baseline (R3), and third Go/NoGo task (T3)
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body throughout the 5, 7, or 9 min of mindful deep breathing
duration. Any longer duration was not considered to avoid the
risk of hyperventilation (Prinsloo et al. 2013b). The links to
the three videos are provided in the Supplementary Materials.

HRV Data Acquisition and Analysis A photoplethysmograph
(PPG) was obtained using a KYTO Mobile Heart Rate
Monitor (Model no: HRM-2935; http://kytofitness.com)
which transmitted the raw interbeat interval data to a
smartphone app named Elite HRV (https://www.elitehrv.
com). Prior to the actual recording, the PPG signal was
visually examined for several minutes to ensure a stable
signal was obtained. The data recording lasted for 5 min for
each mindful deep breathing duration during INT. For the
DB5 group, the reading was taken from the 0th minute to
the 5th minute; DB7 group was from 2nd minute to the 7th
minute; DB9 group was from 4th minute to the 9th minute.
These recording periods provided the recommended 5 min
reading for HRV as proposed by the Task Force of the
European Society of Cardiology and The North American
Society of Pacing and Electrophysiology (1996).
Throughout the three recording periods (INT, R2, and R3),
the participants were instructed to sit still and abstain from
any physical movement including eye blinks in order to re-
duce the motion and EMG-related noise. In the Elite HRVapp,
the raw R-R interval data was exported and analyzed using
HRVAS (Ramshur 2010), which is an open source software
designed to perform HRVanalysis by using MATLAB.

First, the raw R-R interval data were visually inspected for
significant missing data and were discarded from the final
analysis if there was a significant missing of data. Next, the
raw R-R interval data was checked for ectopic beats. Two
filters were used to detect the ectopic beats: when an interval
was 20% more than the previous interval and also intervals
that lay beyond 3 standard deviations from the mean interbeat
interval. Following that, a wavelet detrending method was
used to detrend the data. In the time domain analysis, the mean
heart rate (HR), SDNN, and RMSSD were obtained whereas
in the frequency domain, the normalized power in the LF
(nLF; 0.04–0.15 Hz) and HF (nHF; 0.15–0.4 Hz) bands was
obtained. A Lomb-Scargle Periodogram that uses the least
squares fit of sinusoids to the data was used as this method
do not need the waveform to be stationary (Van Dongen et al.
1999).

Measures

21-Item Depression, Anxiety, and Stress Scale In order to do a
brief screening on the mental health state of the participants,
the 21-item Depression, Anxiety and Stress Scale (DASS-21)
questionnaire was used. The DASS-21, which is the short
form of the DASS that has 42 items, was used to measure
the range of severity for depression, anxiety, and stress. It

comprised of a 4-point Likert scale like items which range
from 0 (did not apply to me at all) to 3 (applied to me very
much, or most of the time), where the participants were re-
quired to indicate the presence of the description over the past
week. To calculate the total score for each category (depres-
sion, anxiety, and stress), the score for each item in the same
category was summed together and then multiplied by two.
The DASS-21 has been found to be reliable when using on
nonclinical samples given that the Cronbach alphas of the
depression, anxiety, and stress scale were 0.88, 0.82, and
0.90, respectively (Henry and Crawford 2005).

Data Analyses

The statistical analysis was performed using SPSS version
24.0 (SPSS, Inc.) and G*Power version 3.1.9.2 (Faul et al.
2007). For the demographic information, as well as the base-
line HRV variables (mean HR, SDNN, RMSSD, nLF, and
nHF) and mental health score fromDASS-21 of each category
(depression, anxiety, and stress), one-way ANOVAwas used
to analyze the difference between the four groups (Con, DB5,
DB7, and DB9) in order to assess the randomization proce-
dure. For the mental health score at R3, a univariate ANCOVA
with the respective baseline reading at R1 as the covariate was
used to analyze the differences between the group (Con, DB5,
DB7, and DB9). For the HRV measurements, they were ana-
lyzed using a 4 × 3 repeated measure ANCOVA with the
group (Con, DB5, DB7, and DB9) as the between-subject
factor, time (INT, R2, and R3) as the within-subject factor,
and the baseline reading at R1 as the covariate. Whenever
the sphericity condition was violated, the Greenhouse-
Geisser (when ε < 0.75) or Huynh-Feldt (when ε > 0.75) cor-
rection was applied depending on the epsilon. A planned con-
trast was carried for any significant group difference such that
the Con group was compared to each of the DB groups with
Bonferroni correction (corrected p = 0.0167) but no compari-
sons were done among the DB groups as these do not address
the hypotheses. For the time variable, a pairwise comparison
with Bonferroni correction (corrected p = 0.0167) was used to
find the specific change. Further, the Pearson correlation be-
tween the percentage change (between R3 and R1) of the
depression, anxiety, and stress score and the nHF was obtain-
ed for each group. The Cohen’s d effect sizes of the HRV
variables and mental health scores within and between the
four groups for all three time points were calculated (Becker
1988; Farnia et al. 2018). The interpretation of the effect size
by Cohen (1992) was adopted. This study focused on the five
HRV indices during the follow-up session (R3) as the co-
primary dependent variables (Offen et al. 2007) whereas the
HRV indices of other time points and the mental health scores
were the secondary dependent variables. A two-sided p value
of < 0.05 was considered as statistically significant. Values are
reported in mean and standard error in parenthesis.
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Result

Heart Rate Variability

The adjustedmean and the standard error for each parameter is
shown in Table 3. For the mean heart rate, there was a signif-
icant time main effect (Table 2), indicating the mean heart rate
during the intervention (INT) was larger than the period of rest
immediately after the deep breathing (R2) (p < 0.001, d =
0.88). For the SDNN, there was a significant time main effect
and a significant time × group interaction. Post-hoc analysis
with Bonferroni correction revealed that during the interven-
tion (INT), the SDNN of the Con group was smaller than that
of the DB5, DB7, and DB9 groups (p = 0.012, d = 1.25, p =
0.033, d = 1.01 and p = 0.033, d = 1.06, respectively).
Furthermore, the SDNN value during the intervention (INT)
was larger than both the rest period immediately after the
intervention and also during the follow-up session (R2 and

R3) for the DB5 group (p < 0.001, d = 0.65 and p = 0.001,
d = 0.57, respectively). The same result was observed in both
DB7 and DB9 groups as well (DB7: p < 0.001, d = 0.64 and
p = 0.004, 0.48; DB9: p = 0.002, d = 0.51 and p = 0.016, d =
0.59), as shown in Fig. 2a. For the RMSSD, there was only a
significant time main effect, indicating the RMSSDwas larger
during the intervention (INT) than the resting period immedi-
ately post deep breathing (R2) (p = 0.003, d = 0.50). These
results are summarized in Fig. 2a, b, Tables 2, 3, and 4.

For the nLF, there was a significant time main effect, a
significant group main effect, and a significant time × group
interaction (Table 2). Post-hoc analysis with Bonferroni cor-
rection showed that during the intervention (INT), the nLF of
the Con group was smaller than that of DB5, DB7, and DB9
(p < 0.001, d = 2.31, p < 0.001, d = 2.39 and p < 0.001, d =
1.87, respectively). Within the DB5 group, the magnitude of
the nLF during the intervention (INT) was larger than both the
resting periods (R2 and R3) (p < 0.001, d = 0.64 and

Table 2 Inferential statistics of heart rate variability (HRV) indices and
mental health scores analyzed using repeated measures ANCOVAs with
the baseline readings (R1) as covariates. The within-subject variable is

time (R2, INT, and R3) whereas the between-subject variable is group
(Con, DB5, DB7, and DB9). The significant main effects/interactions are
italicized

Variable F(dfvariable, dferror) F value p value η2p

Mean heart rate

Time 1.356, 61.020 6.281 0.009 0.122

Group 3, 45 0.096 0.962 0.006

Time × Group 4.068, 61.020 1.175 0.331 0.073

SDNN

Time 1.884, 82.982 24.411 < 0.001 0.352

Group 3, 45 1.904 0.142 0.113

Time × Group 5.532, 82.982 2.990 0.013 0.166

RMSSD

Time 1.664, 74.859 5.496 0.009 0.109

Group 3, 45 1.154 0.338 0.071

Time × Group 4.991, 74.859 1.193 0.321 0.074

nLF

Time 2, 90 74.242 < 0.001 0.623

Group 3, 45 3.931 0.014 0.208

Time × Group 6, 90 4.483 0.001 0.230

nHF

Time 2, 90 74.166 < 0.001 0.622

Group 3, 45 3.948 0.014 0.208

Time × Group 6, 90 4.466 0.001 0.229

Depression score

Group 3, 45 3.607 0.020 0.194

Anxiety score

Group 3, 45 1.156 0.337 0.072

Stress score

Group 3, 45 0.796 0.502 0.050

SDNN, standard deviation of the normal to normal intervals; RMSSD, square root of the mean of the squares of the successive difference between
adjacent normal to normal intervals; nLF, normalized low frequency; nHF, normalized high frequency
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p < 0.001, d = 0.94, respectively). Further, the nHF during the
resting period immediately after the deep breathing (R2) was
larger than that of the follow-up session (R3) (p = 0.007, d =
0.46). For DB7 and DB9, the nLF during the deep breathing
(INT) was larger than both the resting periods (R2 and R3)
(DB7: p < 0.001, d = 0.81 and p < 0.001, d = 0.98, respective-
ly; DB9: p < 0.001, d = 0.72 and p < 0.001, d = 0.87, respec-
tively). Focusing on the nHF, there was a significant timemain
effect, a significant group main effect, and a significant time ×
group interaction (Table 2). Post-hoc analysis revealed that
during the intervention (INT), the nHF of the Con group
was larger than all three DB groups (DB5: p < 0.001, d =
2.31; DB7: p < 0.001, d = 2.39; DB9: p < 0.001, d = 1.87, re-
spectively).Within the DB5 group alone, the magnitude of the
nHF during deep breathing (INT) was smaller than both rest-
ing periods of R2 and R3 (p < 0.001, d = 0.64 and p < 0.001,
d = 0.94, respectively). During the post-intervention resting
period R2, the nHF was smaller than that of the follow-up
resting period R3 (p = 0.007, d = 0.46). For the DB7 and
DB9 groups, the nHF during the intervention (INT) was

smaller than both the resting periods R2 and R3 (DB7:
p < 0.001, d = 0.81 and p < 0.001, d = 0.98, respectively;
DB9: p < 0.001, d = 0.72 and p < 0.001, d = 0.87, respective-
ly). These results are summarized in Fig. 2c, d, Tables 2, 3,
and 4.

When the participants in the three deep breathing groups
were pooled into one single deep breathing group (DB), the
results obtained for the HRV indices were similar as above
(Table S1, Table S2, and Table S3). This indicates that the
mindful deep breathing had a similar effect on the HRV indi-
ces regardless of the deep breathing duration.

Mental Health

For the mental state obtained from the DASS-21, there was
only a significant group main effect observed for the depres-
sion category. Post-hoc analysis revealed that the depression
score for the Con group (13.268 (1.037)) was larger than that
of DB7 (9.240 (1.010)) and DB9 (9.059 (0.021)) during R3
(p = 0.024, d = 0.94 and p = 0.021, d = 0.99, respectively) as

Fig. 2 The adjusted mean of a SDNN, b RMSSD, c nLF, and d nHF for
each group (Con, DB5, DB7, and DB9) during each time (INT, R2, and
R3). Error bars represent the standard error. #, p < 0.05 as compared to the

Con group; ###, p < 0.001 as compared to the Con group; *, p < 0.05; **,
p < 0.01; ***, p < 0.001
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shown in Fig. 3a, Tables 2 and 4. There was no effect on the
anxiety or stress category. Similarly, when analyzing the deep
breathing participants as a whole, there was no effect on the
anxiety and stress category as well. On the other hand, there
was a significant reduction in the depression score for the DB
group as compared to the Con group (Table S1 and Table S3).

Correlation Between HRV and Mental Health

There was only one significant correlation between the per-
centage change of the DASS scores and the nHF of each
group. For the DB9 group, there was a significant negative
correlation between the depression score and the nHF (r = −
0.673, p = 0.016) as shown in Fig. 3b. Since a majority of the
percentage change in depression score was in the negative
range, this negative correlation could be seen as an increased
in the nHF had led to a decrease in the depression score.
Interestingly, when pooled into the DB group, no significant
correlation was found between the nHF and the depression
score for the DB group. This indicates that the mindful deep
breathing duration is an important factor to consider as more
information can be revealed by analyzing the individual
breathing durations.

Discussion

This pilot study had investigated the effects of different mind-
ful deep breathing durations on the HRV indices in both the
time domain (mean heart rate, SDNN, and RMSSD) and the
frequency domain (nLF and nHF) along with the mental
health in terms of depression, anxiety, and stress. During the
mindful deep breathing at 6 breaths per minute (INT), a sig-
nificant increase in the SDNN and nLF was observed for all
three breathing durations of 5, 7, and 9 min when compared to
the control group, with a large effect size for all three groups.
The magnitude of the nHF for all three DB groups was sig-
nificantly smaller than that of the control group during the
intervention as well. There was no difference between the
control and DB groups during the post-intervention period
as well as the follow-up session after 7 days. Besides that,
the self-reported depression score from the DASS-21 ques-
tionnaire was found to be significantly smaller in two of the
three DB groups (DB7 and DB9) as compared to the control
group, again achieving a large effect size of greater than 0.90.
The rationale of choosing a 1-week period of daily practicing
was such that it would be long enough to have an effect on the
HRV measurements and mental health scores, yet brief

Table 3 Heart rate variable (HRV) indices for each group (Con, DB5, DB7, and DB9) during each time (INT, R2, and R3). The values are reported as
the adjusted mean and the standard error in parenthesis

Variable Group INT R2 R3

Mean heart rate (bpm) Con 74.6 (1.4) 72.1 (1.2) 76.2 (2.3)

DB5 76.4 (1.5) 71.9 (1.3) 74.9 (2.6)

DB7 76.4 (1.3) 73.3 (1.2) 73.7 (2.2)

DB9 76.8 (1.5) 72.7 (1.3) 71.4 (2.5)

SDNN (ms) Con 56.3 (7.5) 60.5 (5.0) 53.1 (3.9)

DB5 90.6 (8.3)# 60.4 (5.5)*** 52.7 (4.3)**

DB7 83.9 (7.3)# 57.7 (4.8)*** 55.9 (3.8)**

DB9 85.1 (7.8)# 62.6 (5.2)* 59.3 (4.1)*

RMSSD (ms) Con 41.9 (5.9) 43.9 (3.6) 41.7 (4.2)

DB5 59.4 (6.5) 47.4 (4.0) 42.3 (4.6)

DB7 53.3 (5.7) 38.0 (3.5) 45.6 (4.1)

DB9 56.3 (6.1) 45.7 (3.7) 46.9 (4.4)

nLF (n.u) Con 0.60 (0.03) 0.59 (0.04) 0.49 (0.04)

DB5 0.88 (0.04)### 0.63 (0.04)*** 0.46 (0.05)***,^^

DB7 0.89 (0.03)### 0.62 (0.04)*** 0.51 (0.04)***

DB9 0.83 (0.04)### 0.56 (0.04)*** 0.46 (0.05)***

nHF (n.u) Con 0.40 (0.03) 0.41 (0.04) 0.51 (0.04)

DB5 0.12 (0.04)### 0.37 (0.04)*** 0.54 (0.05)***,^^

DB7 0.11 (0.03)### 0.39 (0.04)*** 0.49 (0.04)***

DB9 0.17 (0.04)### 0.44 (0.04)*** 0.54 (0.05)***

Con, control group; DB5, deep breathing for 5 min; DB7, deep breathing for 7 min; DB9, deep breathing for 9 min; bpm, breaths per minute; SDNN,
standard deviation of the normal to normal intervals; RMSSD, square root of the mean of the squares of the successive difference between adjacent
normal to normal intervals; nLF, normalized low frequency; nHF, normalized high frequency; n.u, no unit; #, p < 0.05 as compared to the Con group;
###, p < 0.001 as compared to the Con group; *, p < 0.05 as compared to INT; **, p < 0.01 as compared to INT; ***, p < 0.001 as compared to INT; ^^,
p < 0.01 as compared to R2
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enough to maximize protocol adherence for participants with
busy lifestyles. We note that the study had a high adherence
rate (91%).

Deep breathing is a fundamental exercise in most mind-
fulness practices (Brown and Gerbarg 2009), although the
form of the deep breathing exercise may differ in terms of
the breathing frequency and duration. Following the oper-
ational definition of mindfulness by (Bishop et al. 2004),
mindfulness comprises of two facets that include the self-
regulation of attention and orientation of one’s experience
in the present moment. In this study, we had instructed the
participants to keep their attention on following tightly to
the video as well as to feel the air flowing in and out from
their body and these two actions falls within the two facets
of mindfulness. The participants would need to regulate
their attention and placed it onto the video in order to
follow the pre-set breathing frequency of 6 breaths per

minute for either 5, 7, or 9 min, along with the need to
bring their consciousness or experience to the present mo-
ment of deep breathing. Not only that these instructions are
similar to the instruction given by coaches of various
mindfulness practices (Cheng et al. 2017), the chosen deep
breathing durations of 5, 7, and 9 min are also in line with
the required daily practice time of 5 to 15 min of many
mindfulness practices (Baer 2015; Bower et al. 2015).
Further, the use of visual cues for attention regulation has
the potential to reduce mind wandering as well as to help
those who are unable to focus while deep breathing with
their eyes closed. Taken together, the mindful deep breath-
ing exercise in this study differs from conventional deep
breathing that does not require one to modulate his or her
attention and experience.

Breathing at 6 breaths per minute for either 5, 7, or 9 min
had resulted in a higher HRV measurement compared to the

Table 4 Cohen’s d effect sizes of the heart rate variability (HRV) variables and mental health scores from the 21-item Depression, Anxiety and Stress
(DASS-21) within and between the four groups (Con, DB5, DB7, and DB9) for all three time points (INT, R2, and R3)

Variable Between group Variable Within group

Con vs DB5 Con vs DB7 Con vs DB9 Con DB5 DB7 DB9

Mean heart rate Mean heart rate

INT 0.34 0.36 0.43 INT vs R2 0.62 1.08 0.76 1.00

R2 0.05 0.28 0.12 INT vs R3 0.20 0.18 0.34 0.68

R3 0.15 0.30 0.56 R2 vs R3 0.47 0.34 0.04 0.16

SDNN SDNN

INT 1.25 1.01 1.06 INT vs R2 0.10 0.65 0.64 0.51

R2 0.00 0.16 0.12 INT vs R3 0.05 0.57 0.48 0.59

R3 0.03 0.20 0.44 R2 vs R3 0.17 0.16 0.04 0.07

RMSSD RMSSD

INT 0.81 0.53 0.68 INT vs R2 0.06 0.31 0.45 0.29

R2 0.27 0.46 0.14 INT vs R3 0.00 0.31 0.16 0.18

R3 0.04 0.25 0.34 R2 vs R3 0.06 0.12 0.20 0.03

nLF nLF

INT 2.31 2.39 1.87 INT vs R2 0.04 0.64 0.81 0.72

R2 0.30 0.19 0.21 INT vs R3 0.26 0.94 0.98 0.87

R3 0.19 0.10 0.22 R2 vs R3 0.28 0.46 0.33 0.27

nHF nHF

INT 2.31 2.39 1.87 INT vs R2 0.04 0.64 0.81 0.74

R2 0.30 0.19 0.20 INT vs R3 0.27 0.94 0.98 0.87

R3 0.18 0.11 0.21 R2 vs R3 0.28 0.46 0.33 0.28
D score

R3 0.82 0.94 0.99

A score

R3 0.22 0.60 0.62

S score

R3 0.07 0.48 0.00

Con, control group; DB5, deep breathing for 5 min; DB7, deep breathing for 7 min; DB9, deep breathing for 9 min; HR, heart rate; SDNN, standard
deviation of the normal to normal intervals; RMSSD, square root of the mean of the squares of the successive difference between adjacent normal to
normal intervals; nLF, normalized low frequency; nHF, normalized high frequency; D, depression; A, anxiety; S, stress
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control group during the mindful deep breathing intervention.
In terms of the time domain variables, the increase in the
SDNN but not the mean HR and RMSSD is consistent with
previous reported literature (Kim et al. 2016; Lin et al. 2014;
Prinsloo et al. 2013a; Wang et al. 2010). From Fig. 2b, it can
be seen that the RMSSD value for the DB groups was larger
than that of Con although they were not statistically different.
These results provide evidence that mindful deep breathing at
a rate of 6 breaths per minute caused an incline of the ANS
towards the parasympathetic side, consistent with the relaxa-
tion feeling obtained during mindful deep breathing
(Kjellgren et al. 2007; Lin et al. 2014; Prinsloo et al. 2011).
Further, it was also shown that the mindful deep breathing
technique employed here modulated the ANS with a

considerable effect with the effect sizes being in the range of
medium to large.

Regarding the frequency domain, the huge difference ob-
served in the nLF and the nHF between the DB groups and the
Con group was due to the breathing frequency of 0.1 Hz (6
breaths per minute), indicating that the participants had
followed the breathing video guide. The power spectrum den-
sity of the HRV is modulated by the breathing frequency such
that the peaks will shift towards and centered around the
breathing frequency (Sanderson et al. 1996). In this study,
the breathing frequency of 0.1 Hz led to a huge peak at around
0.1 Hz, which lies in the LF range (0.04 to 0.15 Hz) and
caused a mixture of the LF and HF power. Even though the
nLF and nHF are associated with the sympathetic and para-
sympathetic activation, respectively, this explanation could
not be applied here as the LF and HF components are indis-
sociable (Malliani 2005). However, this problem was solved
by Aysin and Aysin (2006) who had utilized an enhanced
HRV (eHRV) analysis that takes into account the breathing
frequency for the frequency domain analysis. Using this en-
hanced method, they had successfully isolated the LF and HF
regions when the participants were breathing at 6 breaths per
minute and had found that the HF power was larger than the
LF power. Although not reproduced here, their results provid-
ed further evidence that the three different mindful deep
breathing durations employed here did induce a greater acti-
vation of the parasympathetic nervous system.

Regarding the mindful deep breathing duration, from the
results here, it suggested that mindful deep breathing for 5 min
was the optimum duration as it produced the largest change in
HRVas compared to the control group and this is contrary to
the hypothesis. During the post-intervention period and also
the follow-up session, there was no significant difference be-
tween the DB groups and the Con group, which was in agree-
ment with several studies that reported a similar result
(Prinsloo et al. 2013a; Tharion et al. 2012). Overall, mindful
deep breathing for either 5, 7, or 9 min had produced similar
result of a greater activation of the parasympathetic nervous
system as compared to the control group. Among the three
respiration rates, 5 breaths per minutes seems to be best given
that it produced the greatest change in the HRV indices.

Viewing from the mental health state, the result obtained in
this study has shown that by mindful deep breathing for at
least 7 min per day for 7 days, the depression score was small-
er when compared to the control group (Fig. 3). This is in line
with various literature exploring the usage of mindful deep
breathing as an alternative method to reduce depression in
patients with coronary heart disease (Chung et al. 2010;
Gellis and Kang-Yi 2012), patients on haemodialysis (Tsai
et al. 2015), and even for normal healthy people (Brown and
Gerbarg 2005; Busch et al. 2012). The study conducted by
Busch et al. (2012) had investigated the effect of two different
types of mindful deep breathing, namely the relaxing mindful

Fig. 3 a The adjusted mean score for depression, anxiety, and stress
during R3 obtained from DASS-21 for each group. b A significant neg-
ative correlation between the percentage change of the depression score
and the percentage change of the nHF was obtained for the DB9 group.
The error bars represent the standard errors. *, p < 0.05
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deep breathing and attentive mindful deep breathing on pain
perception, autonomic activity, and mood processing in
healthy undergraduate students. They have reported that by
undergoing either one of the mindful deep breathing training
for 6 weeks, the depression score obtained from the Profile of
Mood States (POMS) was significantly reduced as compared
to the baseline score. From the current result, it seems that
1 week of training in mindful deep breathing can lead to the
same effect. It was also revealed that the notion of Bthe longer
the better^ seems to be supported as the 9 min mindful deep
breathing had resulted in a greater reduction (larger effect size)
in the depression score as compared to the DB7 group.

Besides that, the percentage change of the depression score
was found to be having a negative correlation with the per-
centage change of the nHF in the DB9 group. The increase in
the nHF indicates a greater activation of the parasympathetic
over the sympathetic nervous system (Task Force of The
European Society of Cardiology and The North American
Society of Pacing and Electrophysiology 1996). Given the
negative correlation here, the shifting towards the vagal tone
had led to a reduction in the depression score and this is
consistent with the studies done by Agelink et al. (2002) and
Udupa et al. (2007). One particular interesting point is that the
correlation between the depression score and nHF was only
significant for the DB9 group and not for DB5 or DB7. It may
be possible that the breathing duration plays a role in the
shifting of the ANS such that only DB9’s reduction in depres-
sion was associated with the parasympathetic activation while
the other two groups were not.

Limitations and Future Research

There are few limitations in this study. The first one would be
the relatively small sample size in each group and larger sam-
ple size would inevitably lead to a more accurate result.
Nonetheless, the majority of the effect sizes obtained in this
study fell within the medium and large range (i.e., d > 0.50)
and this shows the potential of this mindful deep breathing
exercise as a behavioral intervention for depression symp-
toms. One cautionary note is that the effect sizes estimated
may be inflated due to the winner’s curse phenomenon
(Button et al. 2013). The second limitation is that the results
for both males and females were combined and analyzed to-
gether. It is known that HRV measurement differs for both of
the genders (Umetani et al. 1998) and by separating them,
more information can be known about the relationship be-
tween the mindful deep breathing duration and the HRV indi-
ces. In this study, the number of females in each group was too
small to make a statistically valid comparison. Further, one
can extend the scope of this study by recruiting both nonclin-
ical and clinical participants in the children, adolescent, and
senior population. It seems possible that mindful deep

breathing will have different effects on the HRV of different
age population given that the HRV decreases with age
(Jensen-Urstad et al. 1997; Zhang 2007).

Lastly, it was observed that only the depression score was
decreased after the mindful deep breathing but not the anxiety
nor stress scores. The reason for this phenomenon is not
known, but one possibility is that the observed result was
due to the 1-week study period adopted in this study. There
is a temporal dependence between depression and anxiety
such that the depressive symptoms are able to predict later
anxiety symptoms and vice versa (Jacobson and Newman
2017). It may be possible that with a practice duration of
longer than 1 week, the anxiety and/or stress score will de-
crease as well and this will be an interesting future research to
elucidate the mechanism for the comorbidity of depression,
anxiety, and stress.
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